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A teacher is not smarter than any other man is, but his ignorance is better organised.

Hardy Mertens

1 Introduction

The 2f' century is called the age of biology (KNAW, 2003). the last few decades, scientific
biological research has become highly developedhgimg consequences for everyday life and
influencing other scientific disciplines. This déy@ment and impact is summarized under the heading
‘New Biology.” The US National Academy of Sciencesporting about a New Biology for the 21
century, speaks about extraordinary scientific teietinological advances in recent years (NRC, 2009).
Nevertheless

“..despite this potential, the challenge of advancing from identifying parts, to defining complex
systems, to systems design, manipulation, and prediction is still well beyond current capabilities, and

the barriers to advancement are similar at all levels from cells to ecosystems.” (NRC, 2009, p. 1)

The Royal Netherlands Academy of Arts and Scienesslysing social challenges for the life

sciences and presenting a strategic foresight am Bielogy, also concludes that New Biology is of

great importance. Their analysis of the internatigrosition of Dutch research in biology confirms

that this research is among the best in the wepddjcularly in disciplines such as neurobiologgil ¢

biology, and developmental biology. Among othersw\Biology can be characterized by

- the integration of sub-disciplines of biology antier scientific disciplines outside biology, such
as physics and computer science;

- the involvement with complex systems, requirinystsms approach;

- a purposeful organization around the solving of weald problems.

(Eckardt, 2001; NRC, 2009; KNAW, 2011).

The emergence of New Biology indicates the needtli@nges in (biology) education, particularly in
scientific education, and consequently, also irosdary education.

“The New Biology represents an integrated, problem-focussed approach to science that is entirely
consistent with research on how students learn best. (...) Integration information from several
disciplines to study practical questions is a valuable approach at any educational level from
Kindergarten on. But it is at the undergraduate and graduate levels that the New Biology both
demands and presents an opportunity for new approaches. The New Biology makes it clear that
biology is not only about observing and describing natural history and phenomena. Rather than
teaching each level of biological organisation separately (..) a New Biology curriculum would
emphasize the interconnections among those levels to understand system-level phenomena.” (NRC,
2009, p. 79)

Learning and teaching New Biology requires new atinnal approaches to acquire knowledge of the
(new) biology, competences to understand complstegys, and new strategies to learn and teach that
knowledge. Therefore, the increasing social impuaréaof biology should require innovation in
biology education.



Problems in current biology education

However, it is observed that current biology ediaeats not in line with the developments in New
Biology (KNAW, 2003). In areas where knowledge isiokly outdated, it is necessary to keep the
curriculum up to date. Nevertheless, outdated amadeivant knowledge is found in current biology
textbooks (AAAS, 2000).

"The science books used in the classroom today provide a lot of facts, but they don't help children

grasp the most basic concepts about the world we live in." (Budiansky, 2001, p. 1).

Although the research of AAAS is about Americanidjy textbooks, it is supposed that the Dutch
situation in education is similar (Boersma, 20Qf)current biology education, three main problems
are recognized (Boersma & Schermer, 2001).

1. There is an overloaded biology curriculum. It isiolis that the 2century indicates for a great
shift in the available amount of information (Frignan, 2006), and biological knowledge
increases quickly.

2. The current biology curriculum conveys only min@levance to students, even in the critical
areas of personal, societal, and scientific relegaStudents have to discover for themselves the
relevance of the knowledge they have to learn.

3. There is a lack of coherence in current biologikabwledge. An increasing amount of
information requires that students are able tccu@ldie processes and (causal) relationships and
construct coherent concepts.

To reduce these problems in biology educationparteof the Dutch Biological Council of the Royal

Academy of Science and Arts recommended an inmmvadf biology education (KNAW, 2003).

Following this recommendation, the Minister of Edtion established a Board for the Innovation of

Biology Education (CVBO) with the task of develogimew examination programmes for upper

secondary biology education and to present recordatiEms for a learning line for students from 4-

18 years of age. The Board elaborated a coherahtaatual learning line for biology education

(Boersma, et al., 2007), with the conviction tha so-called concept-context approach could provide

an important contribution to the solution of thetlemecks (Boersma, et al., 2005). Finally, the f8loa

has formulated its recommendation for new exandmaprogrammes in upper secondary biology
education (Boersma, Kamp, Van den Oever, & Sct20&0), and this advice has now been adopted

by the Minister of Education. The new examinatioogpammes will be implemented in 2013.

Evidence based education

Meanwhile, the Education Council of the Netherlapdblished a recommendation about the need for
evidence-based education (Onderwijsraad, 2006). EHacation Council defined an effective
approach as one in which (1) students operaterliBtéecognitive, social, or other area, (2) whieere

are no obvious disadvantages for the function oflestts, and (3) there are other benefits, such as
lower costs and less workload for teachers. Thuisleace based education is about the effectiveness
of new educational approaches, grounded in a viaweducation, or addressed to an educational
problem.

The advice of the CVBO is grounded in the researclgram of the Freudenthal Institute for Science
and Mathematics Education (FISME) at Utrecht Ursitgrfor the improvement or innovation of
science education in upper secondary educatioharNetherlands (Kuiper, Folmer, Ottevanger, &



Bruning, 2009; 2010). For biology education thegoaon focused on the learning and teaching of
genetics (Knippels, 2002), cell biology (Verho&f©03), and ecosystem behaviour (Westra, 2008). In
addition, other studies are elaborated on learaimdjteaching in chemistry (Westbroek, 2005; Prins,
2010), and physics (Klaassen, 1995; Kortland, 2001)

Behavioural biology education

This thesis is about learning and teaching behaaidhiology in secondary education. Behaviour is,
among all life functions, the most all-inclusivedacomplex expression. Consequently, behavioural
biology is considered a core discipline in the N&mwlogy with cross-links to neurobiology,
evolutionary biology, and psychology (KNAW, 2011).studying behaviour a researcher continually
draws upon disciplines such as morphology, embgyobknd systematics, as well as that of ecology,
for a more complete understanding of the phenomeétiawhich he is concerned (Klinghammer &
Fox, 1971). Bolhuis & Giraldeau (2005) describe shedy of animal behaviour as an area that ranges
from molecules and neurons to individuals and paiahs. Therefore, behavioural biology education
should actually emphasise the use of systems tignkbmpetence in order to interconnect among the
levels of biological organization in order to unstand systems-level phenomena in behaviour.
Therefore, behaviour is considered a biological keycept that is relevant for learning about
biological thinking (Boersma & Schermer, 2001). Bgical thinking is defined as the competence to
think like a biologist and, among others, embradespositions such as form-function thinking,
systems thinking, and evolutionary thinking (Boeas&hSchermer, 2001).

Furthermore, the societal relevance of behaviohialbgy appears from its contribution to animal

welfare, the conservation of species and the utalalgrg of human nature (Bolhuis & Giraldeau, 3

2005). Therefore, accurate observation and desmipdf behaviour contribute to the study of
domesticated animals, and not only biology and pslggy students should be taught behaviour, also
to veterinary, animal science, wildlife, sociologand anthropology students (Klinghammer & Fox,
1971).

Despite its importance, it appears that behaviobi@bgy in Dutch secondary education is largely
outdated (Van Moolenbroek, Boersma, & Waarlo, 2088) that students are not aware of behaviour
(Van Moolenbroek, Boersma, & Waarlo, 2007). In #iddi, scientific research on behavioural biology
education is including educational practice anddemes’ understanding of behaviour, is scarcely
available.

Current didactical strategies for genetics (Knigp2002), cell biology (Verhoeff, 2003), and ecglog
(Westra, 2008) are domain-specific, although comptssuch as the concept-context approach and
the problem posing approach could be useful foraaning and teaching strategy (LT-strategy) for
behavioural biology as well. In addition, LT-strgiees for genetics and cell biology focus on
structures. The behaviour of populations in ecesyst has been described with mathematical
equations, with the emphasis on modelling. Lesn#tin was paid to the development of a dynamic
systems concept.

In contrast, explanation of behavioural change asaptation are central notions for an LT-strategy
for behaviour. Consequently, learning and teachirg dynamic and complex nature of behaviour



requires a domain-specific strategy. However, agadte LT-strategy for behavioural biology is not
yet available.

As we described before, a concept-context apprizacbnsidered as meeting the three main problems
in current biology education. However, a strategythe use of successive contexts in educationtis n
available. Therefore, the challenge of behaviobialogy education is to develop a learning and
teaching strategy (LT-strategy) wherein studentguime an understanding of the dynamic and
complex nature of behaviour, both in their own divand in the lives of other organisms. In order to
meet this challenge, we formulate the followingegash question:

What are the characteristics of an adequate leguania teaching strategy for behavioural biology in
secondary education that increases students' asgs®h behaviour?

Design research

Every teacher should be interested in the effentige of his/her teaching, and wonder what could be
improved in his/her teaching. However, teaching aleesumes learners. Therefore, teachers should
focus on both learning and teaching. Learning aaghing processes are influenced by a broad range
of factors. ‘Abiotic’ factors influence the classra climate, such as temperature, (day) light, ats!
space, and time (of the day, of the year). ‘Bioféctors influence the interaction between studants
teacher, and the students themselves.

Actually, we examine behaviour in the classroomtHis thesis, we will argue for behaviour as the
outcome of a dynamic and complex system. It igadiff to investigate complex learning and teaching
processes, for example, the relation between tedmdteaviour and students' results (Martens, 2010).
Additionally, the main possibility to improve edtica is through increasing the professionalism of
the teacher (Wiliam, 2010). It is the professioradkacher to motivate his students, and thereéore,
understanding of LT-processes is a necessary ¢onddr effective teaching. Good instruments, such
as textbooks, technology, and the competencestthesn, could contribute to the effectiveness ef th
LT-process.

Nevertheless, in the Netherlands, most teacheraadchave access to systematic research on the
effectiveness of their teaching, and, researchscanother discipline. However, because of its

relevance for teachers and students, educatiosahreh should join the educational practice. In the
words of Schoenfeld (1999, p. 8):

"Educational research has evolved to the point where it is possible, much of the time, to conduct
research in contexts that are of practical importance, working on problems whose solutions help make
things better and contribute to theoretical understanding. Finding and working on such problems is a

high leverage strategy for making a difference in the years to come."

However, the nature of the relationship betweemmhand practice of teaching and learning is the
subject of an on-going discourse (Jorg, Davis, &kKrians, 2007). The many different learning
theories demonstrate the complexity of the edunatipractice (Woolfolk, 2007). The educational
practice can be considered as a complex systemedtaires specific conditions for teaching methods
to be effective and a thorough knowledge of leaynprocesses (Jacobson & Wilensky, 2006).



Consequently, educational research is complicaaed, new knowledge should be developed in
interaction between theory and practice (diSes€z&b, 2004).

Additionally, the increasing knowledge about therkitng of the brain provides new insights for
teaching and learning processes, such as Sousa: stat

"Teachers try to change the human brain every day. The more they know about how it learns, the
more successful they can be. (...) There is a growing interest among educators in the biology of
learning and how much an individual's environment can affect the growth and development of the
brain." (Sousa, 2006, p. 3)

Therefore, in addition to an innovation of the by curriculum and classroom practice, there aso i

a need for an innovation of the educational systsetf (Schoenfeld, 1999; Burkhardt & Schoenfeld,

2003). In particular, the practice of educationairiculum innovation should be based on educational

research. Shymansky & Kyle (1992) formulates fasuanptions for educational research:

1. Theprocessof curriculum reform should be investigated.

2. Research should ber educational reform, nadbout educational reform. It should unify (not
separate) the work of educational theorizing ardttue.

3. Research should contributeitoprovingcurriculum, instruction, and assessment.

4. Science curriculum reform and curriculum reform eash shouldtransform schools and
classrooms.

Being a principal of a secondary school, we consille increasing professionalism of the team of

teachers to be a matter of urgency. In additioadileg a team or teaching a class is influencing

behaviour. That is the reason for our fascinatmmeducational research: to improve the educational 5

practice, particularly for the practice of biologgiucation. It is for that reason that the reseésclan

adequate LT-strategy for behavioural biology coadly be done by design research. Design research

provides insight into learning in classrooms byngsiwell-structured instructional interventions

(Joseph, 2004), and interaction between reseaesigmand pedagogical practice.

Outline of this thesis

This thesis is built up with the following componenAn LT-strategy is founded on our view on
learning and teaching that is described in chaptéfwo educational approaches will be integrated,
and the chapter ends with a set of design criferian LT-strategy.

In chapter 3 we elaborate the methodology of theeldpmental research approach. Before we
describe the exploration phase and the empiricas@hwe argue for a justification of the used
research methods.

Chapter 4 describes 2tentury behavioural biology, followed by the eledin of the implications
for biology education. The exploration results isugpplement of the set of design criteria for an LT
strategy.

The current and desired educational practices red in chapter 5. From some prior studies, we
learned that current state of behavioural biologyDutch secondary education is not suitable for
teaching 21 century behaviour, and we argue for an approacimfmvation of behavioural biology
education.

In chapter 6, we construct an LT-strategy for béhanal biology, taking into account the formulated
design criteria. From the LT-strategy, a scenasiddsting in the classroom is described.




The scenario is tested in two subsequent resegobbsc and chapter 7 focuses on the instruments and
methods used in the empirical research phase.

To create an overview, an outline of the intendad axecuted scenario in the research cycles is
described in chapter 8. Chapter 9 provides for @halysis of students' conceptualization of the
CONCEPBEHAVIOUR.

Finally, in chapter 10, we answer the researchtgpreand review the design criteria. Furthermore, w
discuss two implications: the role of the teached asystems thinking in an LT-strategy for
behavioural biology.



There is nothing more practical than a good theory

Kurt Lewin

2 View on learning and teaching

2.1 Introduction

Over ten years of teaching biology, we developedoon intuitive ideas about learning and teaching
processes. These ideas are based on what workbd olassroom. After designing our own lessons
and materials, we then tested these in the classeom modified them after reflection. In additian t
the commercially available biology teaching matsriave developed learning materials for our
students, and discovered that they want to beegtimvolved in their learning processes. In ortder
create active learners and enhance their motivatieriet them collaborate or role-play by usinghbot
fictional and real situations. Designing lesson ariats we asked ourselves: what should students
learn, why should they do this and how could theyttds effectively? What, why and how. ‘What’ is
the quest to acquire knowledge. ‘Why’' asks for mmtibn, meaning, and justification. ‘How’
examines characteristics of teaching and learninggsses.

Today, education often focuses only on ‘learnindern’, which is a strategic approach, because it
deals with learning strategies. The question ‘howearn’ is salient: what can be learned if we db n
know how to learn? However, the answer to the dguestvhy should we learn this’ gives students
understanding and insight in the curriculum. Tharef ‘learning to think’ is a more fundamental
approach, because of its more lasting impact. thiegrto think’ helps people to survive.

Three keywords are important in our view on leagrand teaching. First, education should be focused
on the development of thedependencef students. They must ‘learn to think’ and secdhdrefore
ought to be challenged to lective in their own learning processes, changing knowdeflgpm
available to useful or functional (Van Parreren9@;9Van Oers, 2006). Thinking also appeals to
imagination which is in our view the third keywordn image may say more than a thousand words,
even if the image is painted by words. Narrative®r{es) trigger the attention and emotions of
students and lead to their involvement. A story @so be understood as a personal representatin of
real, authentic social practice that is relevanstadents.

Besides the question how to create active, motivatedents, there is also the question if our way o
teaching is effective in promoting the learningaafr students. During this Ph.D. research a more
founded view on learning and teaching was developedhis chapter, we will explore how the
aforementioned view is phrased in learning theosied we will argue for approaches that could be
used to learn the biology of behaviour. In sec@idhwe will argue that acquiring knowledge is above
all, the construction of useful knowledge in onmind. Therefore, we adopt the cultural historical
activity theory. Section 2.3 exposes why learniag to be meaningful. Finally, in section 2.4 we wil
conclude which implications these findings may hdge a learning and teaching strategy and
introduce two approaches: the concept context agpraand the problem posing approach.



2.2 Acquiring knowledge

There are several theories about how people acnmevledge and the view on learning is linked

with the view on the nature of knowledge (MayerQ2) Since classical antiquity philosophers, such
as Socrates and Aristotle, became thoughtful atfeinature of knowledge. Socrates distinguished
knowledge as episteme from knowledge as phron&isrhenbal, 2005). Knowledge as episteme
means the

"objective, conceptual, general knowledge, transferred by a specialist" (Doornenbal, 2005, p. 28).

Episteme is cognitive knowledge, free of actinditade, and personality. According to Socrates,
episteme is only a semblance of knowledge and wisamt the thing itself. Knowledge in the sense
of phronesis stands for practical wisdom or prattimowledge. Doornenbal (2005, p. 39) describes
phronesis as

"knowledge that is reflected in someone's acting and which supposes self-knowledge and the ability of

(critical) self-reflection."

Phronesis focuses on understanding of specificcretm circumstances and complex, ambiguous
situations. Generally, one important differencethie characteristic of knowledge as episteme and
phronesis could be seen in the role of activityisEgme is free of acting, while phronesis is rdéiec

in someone's acting. Thus, knowledge as episterseeis as objective; it is learned free of contiext.
phronesis knowledge is always connected with dgtamnd therefore to the activity context. It has a
subjective nature.

Even today, these types of knowledge are distifgais Van Parreren (1990) distinguishes rote
knowledge from functional knowledge. Rote knowledg€eevoid of meaning or understanding. Rote
knowledge can easily be reproduced, and is obtayechemorisation or repetition. It is imprinted.
Functional knowledge functions in a different contidan that in which it has been learnt.

What kind of knowledge has to be learnt and taugh# question is not which knowledge is superior,
but rather which contributes most to students' ibgvaent. It is clear that knowledge that can beduse
in different circumstances and contexts is the mbetpful type for developing students’
independence; this is functional knowledge that masning and is used. Nevertheless, it does not
mean that rote knowledge is unworthy of being ledrrFunctional knowledge cannot exist without
rote knowledge. Obviously, an arbiter in a footlma#ltch needs rote knowledge above all, because the
speed of the game. A physician, conversely, cangtain all the existing medical knowledge that
there is, and usually he has enough time to firiduat he needs to know.

Sometimes, functional knowledge is described asnimgéul knowledge and seen as the opposite of
rote knowledge (Mayer, 2002; Birgerstam, 2002),ibist more fruitful to conceive rote-meaningful as
a continuum (Novak, 1977), because knowledge alMaagsmore or less meaning for someone. Thus,
the question is when knowledge has meaning foraemé&? ‘When’ indicates for a process or for
conditions. In this reasoning, a learning process process of meaning making in relation to oun ow
experiences (Mayer, 2002; Birgerstam, 2002). Megfninearning requires relevant knowledge and
emotional commitment (Birgerstam, 2002; Novak & @si2008). Meaningful learning occurs when



students acquire knowledge and cognitive processeded for successful problem solving. (Mayer,
2002). Meaningful learning requires prior knowleddpecause learning is a process in which new
information is related to an existing relevant aspef an individual's knowledge structure (Novak,
1977). Experiences, commitment, and prior knowleddlepoint to the context-bound nature of
knowledge and the need for acting. Acting could &ls defined as the capability of problem solving.
Summarizing, we distinguish two dimensions of krexge. A dimension based on relevance or
usefulness in contexts and a dimension based odetfpee of acting (see figure 1). Relevance can be
seen as aonditionfor and acting as jprocessof meaning making.

Relevant
Situational Functional
knowledge knowledge
\ .
g) pnronesis -C_n
s o,
(-
S &
() o
) S
e Q
Rote Operational
knowledge knowledge
episteme
Irrelevant

Figure 1. Knowledge characterised by the degrees of relevance and acting.

Furthermore, in figure 1, we also distinguish ditw@al and operational knowledge. Situational
knowledge is specific to a particular situationdamostly acquired by experiences (Conway &
Bekerian, 1987; Savelsbergh, De Jong, & Fergusasslde 2002). We define operational knowledge
as the knowledge that is required to execute a tasistly acquired by exercise. Knowing how to
control a machine is an example of operational kedge.

Since knowledge is the outcome of learning procestés necessary to examine learning processes.
Mayer (2002, p. 227) writes that

“a focus on meaningful learning is consistent with the view of learning as knowledge construction in
which students seek to make sense of their experiences. (...) In contrast, a focus on rote learning is
consistent with the view of learning as knowledge acquisition in which students seek to add new

information to their memories."

Meaningful learning occurs when experiences causghange in an individual's knowledge or
behaviour (Mayer, 2002; Woolfolk, 2007). Therefoiteis recognized as an important educational




10

goal. The human brain continually reorganizesfitsetause of the input. Teachers try to change the
human brain every day (Sousa, 2006). Learning ésdbtcome of interaction (Kirschner, 2006).
Biologically, organisms learn in interaction witliressors (see more in chapter 4). In short,
experiences in contexts are salient conditiongddaming and thus, learning requires a social pact
within which students are invited to perform alhdiof activities. Practitioners of such a social
practice use knowledge in activities that are dtutste for that practice.

Recent research on learning and remembering swggesbottleneck between acquiring new
knowledge and remembering prior knowledge. Thenbr@innot do both at the same time, which
supports the idea that learning rote knowledgeiscantributing sufficiently to the students’ cotwé
development (Huijbers, Pennartz, Cabeza, & Dase2&@9). In line with the argument that functional
knowledge is most helpful for the development ofishts’ independence, we argue that learning has
to be meaningful for the learner to acquire funeidknowledge.

Current educational performance

Since functional knowledge contributes most to deselopment of students, education should be
focused on that type of learning. However, whathis actual educational practice in classroom?
Brooks & Brooks (1993) note five characteristics airrent practice in the classroom. First,
classrooms are dominated by teacher talk. Seceadhérs rely heavily on textbooks. Third, students
work in relative isolation on tasks that requirevitevel skills, rather than higher-order reasoning.
Fourth, student thinking is devalued in most classrs because teachers do not challenge students to
think, but rather want to discover whether studdémisw the right answers. Fifth, there is a premised
notion that a fixed world exists that the learnaeustncome to know. Although they describe the
American situation, its relevance for the Dutchcticee can be recognised.

In the Netherlands there have been several efforfist students learn more independently (so called
‘studiehuis’), but this is primarily stimulated lolye limitation of student-teacher contact time. (K&
Boersma (2008) noted in a case study of the diffege between traditional and innovatory biology
education that more conventional teachers wantaicerknowledge relevant, but due to a lack of time,
this desire moves easily to the background. Thegefihe students' question why they have to learn
something demonstrates that they do not see tlewamte of the curriculum. Many teachers are
chained by the curriculum, and

"many students struggle to understand concepts in isolation, to learn parts without seeing wholes, to
make connections where they see only disparity, and to accept as reality what their perception

questions." (Brooks & Brooks, 1993, p. 7)

Lipman (1988) notes the transmission of knowledge eultivation of wisdom as the two principal
aims of education. He also remarks that traditionrdl societies emphasise the first aim. Knowledge
then is

"thought of as a body of eternal verities, perennially applicable to an unchanging world" (Lipman,
1988, p. 1),

where in contrast, this world is actually compl®&irgerstam, 2002). Generally, the emphasis of the
current teaching practice is on knowledge as apistéhe transfer of objective knowledge, with dittl
understanding and activity by students.



What can be the reason for this emphasis? Behamiois still firmly attached to the current
educational system. It describes human behaviouthbystimulus-response relation coupled with
positive or negative reinforcement. Many times entd see learning as an achievement instead of a
development. They learn for the test. Another ifice on education is the philosophy of logical
positivism, also called logical empiricism. Thisas'philosophy asserting the primacy of observation
in assessing the truth of statements of fact amdirigpthat metaphysical and subjective arguments no
based on observable data are meaningfeSsg here again the emphasis on facts, on rotel&dge:

Van Aalsvoort (2004a; 2004b) analysed the lacketévance in chemistry education for students in
secondary education and argued that logical pdsiticurrently ignores the relation between science
and society.

Nevertheless, times change. Research about legponaogsses, brain development, and the abundant
availability of information makes is necessaryafiact on what is usage in education and whatas th
effectiveness of learning and teaching. During Heventies and eighties of the last century,
educational research showed a change from behswido another view on knowledge acquisition:
constructivism (Boersma, 1995). Constructivism ighdlosophical position that views knowledge as
the outcome of experience mediated by one's ovan kriowledge and the experience of others. It is a
much-used approach in the spectrum of learningrighgowith a wide palette of meanings. Brooks &
Brooks (1993) formulated guiding principles of coostivism. Education is based on (1) posing
problems of emerging relevance to students, (2)cstring learning around primary concepts, (3)
seeking and valuing students' points of view, @ming curriculum to address students' supposition

and (5) assessing student learning in the confextaching. 11

In this respect, learning would be considered aactine process that only takes place when learners
are actively engaged in learning; asanstructiveprocess, because learners have to connect new
knowledge with their prior knowledge to construataning. Furthermore, in the constructivist view,
learning is aself-regulatedprocess, whereby learners have to regulate anttotdheir learning
process on their own. A next characteristic is teatning is considered as#uatedprocess, because

it is always linked to a specific situation and @, in which learning takes place, and asoaial
process, because knowledge is always constructeteiraction with other people. Finally, learnirgg i
considered as amotionalprocess, because learning only takes place whendes are motivated and

in a good mood to learn (Reinmann & Mandl, 2006pnk these characteristics of constructivist
learning processes, it could be concluded thamniegrand teaching processes should be learner-
centred. From the notion that learning is a sadfitated process, it could be concluded that legrisn

a strictly personal and conscious process.

We have two objections to constructivism as defingdBrooks & Brooks (1993). First, self-regulated
learning requires both will and skill (Montalva &oifres, 2004) and one cannot expect students to
regulate these just needs by themselves, becaas#etielopment of children is usually triggered by
the acts of adults. Learning is interaction, and guestionable whether it is a conscious process.

The second objection is the proposed role of thefter. The role of teaching in constructivist l&agn
processes is generally seen as a facilitator (\dgljah, Luan, & Bakar, 2008), and learning is not

! Source: Logical positivism. (n.d.). The American Heritage® Dictionary of the English Language, Fourth Edition. (Retrieved

February 2012, from http://www.answers.com/topic/logical-positivism)
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discovering more, but rather interpreting througtiifferent scheme or structure (Fosnot, 1993). We
disagree. Learners must be able to participateantiges. The British philosopher, Herbert Spencer,
stated that the great aim of education is not kedgé but action. Therefore, cognitive development
must be directed instead of being followed or fetitd. The learner needs an expert: knowledge
should be made relevant and meaningful by the &acim sum, the role of the teacher is
underexposed in constructivist learning processesentioned above.

The cultural historical activity theory

For a theoretical underpinning of our view on Iéagrnand teaching that combines constructivism with
a directive role for the teacher, we adopt theucalthistorical activity theory. This theory solvie
problem of the missing teacher role in the charaties of the constructivist learning process \agé
sketched above.

The psychologist Lev Vygotsky (1896-1934) suppo®t the cognitive development of a child
should be directed. In his cultural-historical aityi theory, an expert is important for the devetemt

of children. Shortly before he died, Vygotsky fodated his cultural historical activity theory
(CHAT). Vygotsky assumed that

"every function in the child's cultural development appears twice: first, between people
(interpsychologically) and then inside the child (intrapsychologically). This applies equally to voluntary
attention, to logical memory, and to the formation of ideas. All the higher functions originate as actual

relationships between individuals." (Vygotsky, 1978, p. 57).

Vygotsky's theory embraces the following three dasinciples:

1. Learning processes require interaction betweaman beings and their environments. An individual
lives in communities, and the development of arividdal, including the cognitive, is stimulated by
relationshipsSocial interactiorplays a fundamental role in the development ohiam.

2. Cognitive development is enhanced when peoplek wo their Zone of Proximal Development
(ZPD). To reach the ZPD, and to support them ag éine learning new things, children need the help
of adults or more competent individuals.

"The zone of proximal development of a child is the difference between his actual developmental level
determined by independent problem solving and his potential developmental level determined
through problem solving under adult guidance or in collaboration with more capable peers" (Vygotsky,
1935, p. 42)

Simply stated, the cognitive operations that aettidan complete with the assistance of someoee els
today, he or she can accomplish alone tomorrow.

3. Cognitive development is led kactions Actions can be mental actions: thoughts and words
Language is the vehicle for bringing thoughts frone person to another. Development is directed by
the dialogue but once concepts have been learned, there ysaoninternal monologue. This is called
the process dhternalization In contrast to Piaget, Vygotsky maintained that ¢hild's external self-
focused speech during activities did not disappeatead, through a dialectical transformationgimn
speech guided the child's planning and other emgrtdiought processes. To recapitulate, children



obtain their cognitive skills by imitation of adsilor a more competent peer in their neighbourhiood,
their culture.

2.3 Motivation and meaning

In addition to the abovementioned principles, Vgfigtconsidered that a child has an intrinsic dtove
learn. Deci & Ryan (1985) postulate human beingadcise organisms with innate tendencies toward
psychological growth and development, a developriteitis related to the environment:

"The social environment in which they attempt to satisfy their basic needs, suggests that the degree of
basic psychological need satisfaction influences development, performance, and well-being." (Deci &
Ryan, 2000, p. 263)

Ryan & Deci (2000a) studied the phenomenon of matitm and developed the Self-Determination
Theory (SDT). The SDT maintains that the understapdof human motivation requires a
consideration of innate psychological needs for met@nce, autonomy, and relatedness. Motivation is
not something given by a teacher, but it emergesnwihese needs were satisfied. Ryan & Deci
(2000b) distinguish the level and orientation oftivetion, how much and what type of motivation
respectively. Orientation of motivation answers tjuestion why someone acts. A motivated student,
will not ask why he has to do some task, but findecessary to know something (Westbroek, 2004)
or sees the usefulness of what he is learning @oath, Brown, & Cocking, 2000; Sousa, 2006).

The SDT describes two types of motivation: intrinand extrinsic. Intrinsic motivation is

"the tendency to seek out novelty and challenges, to extend and exercise one's capacity, to explore
and to learn" (Ryan & Deci, 20003, p. 70)

With extrinsic motivation, environmental factorstside the performer tend to act. Intrinsically
motivated people have more interest, excitement @rdidence, which in turn are manifested as
enhanced performance, persistence and creatistygompared with persons who are extrinsically
motivated. Another difference between in- and egid motivation is the goal of the drive.

Extrinsically motivated people perform an activity attain an outcome and intrinsically motivated
people are satisfied by the activity itself. Ryar&ci (2000b, p. 60) note that

"given that many of the educational activities prescribed in schools are not designed to be intrinsically
interesting, a central question concerns how to motivate students to value and self-regulate such

activities, and without external pressure, to carry them out on their own."

Extrinsic motivation is usually characterized asrapoverished form of motivation, but it can als® b
an important force, and

"knowing how to promote more active and volitional forms of extrinsic motivation becomes an

essential strategy for successful teaching." (Ryan & Deci, 2000b, p. 55).

The SDT supposes that there are various typestohgic motivation, varying in the degree of self-
determination, and people who internalize extefaetors have internal reasons for action (internal
perceived locus of causality). Internalization refe people's active attempts to transform ariresitr
motive into personally endorsed values and thusm#dase behavioural regulations that were
originally external (Ryan R. , 1995; Ryan & Ded)(®a).
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"With increasing internalization and its sense of personal commitment come greater persistence,

more positive self-perception, and better quality of engagement." (Ryan & Deci, 2000b, p. 61).

Internalization is facilitated by the psychologicgaeds of relatedness, autonomy, and competence.
Motivation is enhanced when one need is accompanitéthe other needs. Relatedness — the need to
feel connectedness with others — is most import@aninternalization. Autonomy is the feeling of
volition that can accompany any act. Studies hdwews that increasing autonomous extrinsic
motivation was associated with more engagementerbpérformance, lower dropout, higher quality
learning and better teacher ratings (Ryan & De@DQ2). Internalization is a function of perceived
competence, also called self-efficacy. People ayeertikely to participate in activities when theaef
efficacious with respect to those activities (Rgabeci, 2000a).

Several similarities between the SDT and the CHAT be noticed. Both theories emphasise social
interaction and environmental or cultural factdiegilitating cognitive development and (intrinsic)
motivation. According to Vygotsky, internalizatios the internal reconstruction of an external
operation and is clearly a central issue in chitth@ocialization. In the SDT, internalization is
continually relevant for the regulation of behavi@eross the life span (Ryan & Deci, 2000a). The
three psychological needs that facilitate intemaion also have similarity with terms of the CHAT.
Autonomy could be compared with "voluntary attenficdhe willingness to act. Relatedness relates to
emotions and the need for social interaction withegts and the context. The relationship between
learning, emotion and body state runs much dedyzar tany educators realize. Decision-making is
also an emotional process, making meaning and edfppeople to respond appropriately in different
contexts (Mortimer & Scott, 2003; Immordino-Yang Bamasio, 2007). Relatedness is not only
necessary for the transfer of knowledge, but teaeheouragements also increase intrinsic motivation
(Ryan & Deci, 2000a). Competence could be relabetie zone of proximal development (ZPD). The
ZPD embodies a concept of readiness to learn thagihasises upper levels of competence.
Competence, as mentioned in the SDT, is when ogle &apable to solve a problem independently.
Reaching the level of actual development means ribat knowledge must be connected to prior
knowledge and experiences of students. It also snézat new knowledge has to make sense and
meaning, because it is related to relevant concgptients already know. Consequently, motivation
and meaning are mutually linked: the need to adtthe need to know. Meaningfulness then is the
essence of the need to act and the need to know.

Furthermore, social interaction supposes a socgttige. Figure 2 shows the relation between an
individual and a practice, between the need tocaact the need to know. An individual has to gain
relevant or useful knowledge to participate in acgice. When new, relevant information is linked to
prior knowledge, it becomes meaningful (Novak, 1)9%&hd the individual's cognitive structure is
changed. To participate in the practice, an indiglchas to interact, and these actions are negetssar
maintain the social structure of the practice. Tinaivation to know emerges from the need to act,
when knowledge lowers the threshold for acting.
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Figure 2. Interaction between an individual and a practice.

While the CHAT gives a mind-set of how cognitivevelmpment takes place by interaction with an
expert, the SDT gives insight into the underlyittifdes and goals that give rise to action.

2.4 Implications for a learning and teaching strategy

Design criteria for an LT-strategy could be develdpgrom both theories. We distinguish three
building blocks for an LT-strategy. An LT-strateghould include the use of contexts, emphasise
conceptual relations within contexts, and evokeeadnto act. These three components are closely
interconnected, but have different goals.

The use of contexts

A school context diverges in several ways fromadbetexts of real life. Kneppers, Van Boxtel & Van
Hout-Wolters (2009) write that it is important taderstand situations outside school where students
can function in order to give concepts meaning.yThmphasise the importance of a context for
learning. Among others, Brown, Collins & Duguid 889 noticed that students need much more than
abstract concepts. They emphasise the need fogrggitb be exposed to authentic activities with the
use of domain specific conceptual tools. In thedsaf Immordino-Yang & Damasio (2007, p. 9):

"Simply having the knowledge does not imply that a student will be able to use it advantageously

outside of school".

A context is understood here as a recognizableakpractice wherein people need knowledge to act
(Boersma, et al., 2007) and according to VygotsAT the context determines the meaning of a
concept (Van Aalsvoort, 2004b). A context couldoat® understood as a narrative (Bruner, 2003),
and contributes therefore to the motivation of etud (Whitelegg & Malcolm, 1999; Pilot & Bulte,
2006).

The execution of authentic activities in authentantexts to teach concepts instead of learning
concepts by teaching contexts is a condition foammegful learning and constructivist learning
environments are also appropriated to relate seieémcsocio-scientific issues (Pilot & Bulte, 2006).
Because of their complexity, contexts have to b&kle for education and a conceptual framework is
necessary to describe concepts in relation to etdr, determined by their role in acting in a estit
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Interaction

According to the CHAT, learning is the outcome ofagtivity, the interaction between a person and
its environment, and the outcome of a narrativegse (Van Oers, 2006; 2006a). Interaction can be
understood at several levels. In the research anogie of the Langeveld Institute for the Study of
Education and Development in Childhood and Adoleseeat Utrecht University, three types of
interaction are distinguished (Kirschner, 2006)st-iconsidering the interaction between learner an
teacher, effective education requires interactietwben teacher and students (Van Parreren, 2005).
As mentioned before, a learner needs an expertttandittitude of the teacher with respect to the
students is quintessential.

"A dominant teacher, for example can expect to elicit obedient student behaviour and a friendly

teacher can expect to elicit a pleasant student reaction." (Kirschner, 2006, p. 10).

The second type is the interaction between equivdémrners. Kneppels, Van Boxtel & Van Hout-
Wolters (2009) conclude that problem solving inl tda is an activity done by people together, but
school situations learners generally learn aloreerdfore, opportunities for social interaction will
trigger students' involvement with the curriculuBransford, Brown & Cocking (2000) note that
people must work collaboratively and share theiovidedge and that students are motivated when
what they are learning has an impact on others.tAing type is the interaction between learners and
artefacts/tools. Curricula should be designed tpheamsise the interaction between learners and their
learning task (Dahms, et al., 2007), connectingilisuput-of-school experiences to classroom
education (Uitto, Juuti, Lavonen, & Meisalo, 2008Wit (2004) stresses the important role of physica
sensation as a starting point for human learninfprination must be registered as sensation to be
available for processing in the brain: the relati@ween ‘head and heart’. In addition to theseehr
types, a fourth type of interaction can be noteshely that of a learner with oneself. New knowledge
must interact with the learner's cognitive struetuherefore, a learning task should be situatetien
students' ZPD. This would be reached by evokingvest

Evoking motives

A third difference between school life and reak li§ abstract thinking in contrast to reasoning.
(Bransford, Brown, & Cocking, 2000; Kneppels, Vaoxigl, & Van Hout-Wolters, 2009). Reasoning
is acquiring a reason for motion, in other word#ting a motive. Van Aalsvoort (2004b) cites a
twofold function of a motive, namely a cognitivedaan emotional one.

"As a derivative of the object with its properties, it directs and organizes activity. As a characteristic of
the subject with its needs, it has the function of exciting activity. (...) Whereas a need only excites, a

motive directs and organizes activity as well." (Van Aalsvoort, 2004b, p. 1637).

We cannot be clever without questions. Thinkingrigen by questions and social practices should be
designed in such a manner that they utilize stwenritical thinking skills while their thought
processes are being challenged and new knowledgened (Dahms, et al., 2007). Therefore, motives
should be evoked by asking the right questions, @fiéction on motives should stimulate new
questions. In other words, the design generateddahieed questions for students and the motives mus
be in a logical sequence.



From building blocks to an educational model

In the Netherlands, large-scale innovation of thericula of chemistry, physics, mathematics and
biology has been launched over the last decades ifihiovation was triggered by four problems:
curriculum overload, lack of coherence, lack ofewance for students and insufficient transfer
(Boersma, 2001; Boersma & Schermer, 2001). Thesklgms are noticed in other countries as well
(Fratt, 2002; Gilbert, 2006).

Two approaches are used in Dutch developmentabmeseo explore the question how to get an
adequate learning and teaching strategy, in omexddress the problems mentioned above. These
approaches can be associated with the buildingkbloamed previously in this section. First, along
with the remarks on getting motives, we descrilgegitoblem posing approach:

"a programmatic view of the possibilities for improving science educational practice at a content-

specific level" (Klaassen, 1995, p. 88).

The second approach is called the concept-conmrbach, which, is meant in particular as a model
for the selection of concepts for learning sciermat, can also be used as an educational model.
Therefore, we integrate these two approaches.

2.4.1 Problem posing approach

The problem posing approach has been developecelabdrated at the Freudenthal Institute for
Science and Mathematics Education (FIsme) and éas elaborated in several theses with the aim of
involving students actively in their learning prese(Klaassen, 1995; Vollebregt, 1998; Kortland,
2001; Knippels, 2002; Westbroek, 2004; Schalk, 208@stra, 2008, Prins, 2010). The problem 17

posing approach could be summarized as

"bringing students to such a position that they themselves come to see the point of extending their
existing conceptual resources, experimental base and belief system (with accompanying changes of

meaning) in a certain direction" (Klaassen, 1995, p. 111).

The aim of the problem posing approach is thatesitelknow why they do something in any stage of
the learning process, in other words they have tiveto learn.

"The emphasis of a problem posing approach is thus on bringing students to such a position that they
themselves come to experience a content-related sense of purpose and come to see the point of
extending their existing conceptual knowledge and experiences in a certain direction, i.e. in the

direction of the concepts to be taught." (Lijnse, 2005, p. 19).

Lijnse (2005) distinguishebaving a motivefor doing something antleing motivatedo do it. A
content related motive directs students' thoughtsraay lead to internalization of external motigati
(see section 2.3). Two essential ingredients ofpitedlem posing approach are the construction of
global andlocal motives. A global motive stimulates students toethe topic and it gives them some
insight into what is coming. A global motive coddd a central steering question, which is answetred a
the end of the lessons. It would be evoked wherdbie could be related to the interest of students
by showing its relevance for them. Local motivessiniead to participation in the next learning
activity. Building a motive could be compared wilte use of an advanced organizer (Ausubel, 1960;
Novak, 1977), because it provides anchorage initagrstructure.
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The problem posing approach assumes that the stigeior knowledge is largely correct. Correct
prior knowledge and everyday life experiences f@mommon ground for a starting point (Lijnse,
2007). Learning and teaching activities are basedhe prior knowledge of students and their own
questions (motives), structured by the teacher t{&od, 2001). Therefore, the role of the teacher is
crucial, because the teacher brings students to awituation by applying activities that they cann
perform without help. It is necessary to find etiilm between autonomy and guidance.

In the problem posing approach, a sequence ofréiééed learning and teaching activities forms the
structure of a design of the learning and teacpigess. Varying with the focus of the strategye fi
or six phases are distinguished (Klaassen, 1998]dtal, 2001; Bulte, Westbroek, Van Rens, & Pilot,
2004; Westra, 2008). In reflection on the problensipg approach Lijnse quotes (2005, p. 21) the
following phasing.

Questioning

Phase 1. Orienting and evoking a global interest in and motive for a study of the topic at hand.
Phase 2. Narrowing down this global motive to a content-specific knowledge-need

Activity

Phase 3. Extending students' existing knowledge in view of the global motive and the more specifically

formulated knowledge-need

Phase 4. Applying this knowledge in situations for which the knowledge was meant

Reflection

Phase 5. Creating, by reflecting on the developed knowledge, a need for a theoretical orientation.

Phase 6. Developing further theoretical knowledge within this orientation.

Lijnse (2005) notes that phase 2 and 5 representbthe main points of a problem posing approach,
namely the creation of relevant needs. This makegtoblem posing approach different from other
learning cycle models, such as 5E (Bybee, et GD6® for teaching science from a constructivistic
view. 5E stands for five stages in a learning cyelegage, explore, explain, elaborate and evaluate.
Whereas, for example, the 5E model lets studengkexideas, the problem posing approach allows
students to explore activities in a context inghase of a socio-cultural practice.

Since knowledge strongly connected to a contextm@ty obstruct transfer, and consequently
abstraction is required. (Bransford, Brown, & Caxki2000). The reflection phase provides this and,
coincidentally, serves at the same times to develapew motive. The question remains whether
knowledge in one context developed according tgptieblem posing approach can be used in another
context. This process is indicated as recontexdatitin (Boersma, et al., 2007) and will be expldine
in the next section.



2.4.2 Concept-context approach

Approximately eight years after the developmenttlod problem posing approach, educational
research was started at the Freudenthal Institut&éience and Mathematics Education at Utrecht
University on the so-called concept-context appndadmprove science education.

According to Gilbert (2006) the use obntextscould reduce the curriculum load. Van der Zande
(2011), however, found that the use of context@agbult in additional extracurricular conceptst tha
imply an overloaded biology curriculum. Howeverr &l things the concept-context approach is an
approach that is intended for the choice of legygoals and organizing knowledge (Boersma, et al.,
2007). The concept-context approach has also ddnehtimplications, because of the close
connection between context and concepts and, dogatal Vygotsky's CHAT, the learning process is
the result of the interaction between the learmet his environment (Van Oers, 2006a; Kirschner,
2006). Contexts have a dual function: relating rddfie concepts to contexts and improving the
relevance of the science curriculum by selectimgtexts having relevance for the students (Boersma,
et al., 2007).

Definitions of a context are quite divergent. L#itire shows contexts seen from a positivistic
perspective or from a situative perspective (Vats¥@ort, 2004a; 2004b), where scientific knowledge
is considered independently from or respectivelybedded in contexts. According the CHAT a
learning theory and the definition of context esfated: a context is seen as a social practiceevhe
scientific knowledge is embedded in the performasfddeactivity (Boersma, et al., 2007).

Boersma et al. (2005) argue that understandingntegbas a social practice is most appropriate for
the choice of practice for education, becauseso€liaracteristics. A social practice is constitutgd
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one or more cultural historical definadtivities providing for theneedof its participants.

"In social practices participants perform goal-directed activities, using knowledge, symbols, language,

tools, and sharing meanings and values." (Westra, 2008, p. 29).

The activity is the central notions in the CHAT and is definedtlae physical and mental actions,
executed by a person interacting with another peos@rganism (Boersma, et al., 2007). Examples of
activities are observing, researching, choosind,taking care for.

According to Vygotsky, aonceptemerges and takes shape in the course of a conméraction
aimed at the solution of a problem, so a concephiactive part of the intellectual process. Vygpts
stated that direct teaching of concepts is impéssimd a waste of time. Concepts are tools for
thoughts and control one's activities (Vygotsky34:9Wellings, 2003; Dahms, et al., 2007). In the
concept-context approach a concept is explainezhasportant idea of biology, with which relevant
specific knowledge can be connected (Boersma,.e2@05). Knowledge is context-bound, with the
consequence that the meaning of a concept may &idi@ one context to another. The situated nature
of scientific knowledge means that knowledge carsiotply be applied in other social practices.
Another implication of the situated nature of sti@n knowledge is that one cannot speak about
misconceptions, because of the fact that the mgaofha concept may scientifically wrong, but
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appropriate in a non-scientific social practiceisTdiso typifies the close relation between congext
concepts.

Since knowledge is embedded in activities, andefloee situational, its relevance differs from one
practice to another, depending on the object, thgitees and the context. Considering a contexa as
social practice implies that practices can be dtarzed by several parameters, such as goal,
instruments, nature of knowledge, and language (&g Goedhart, Kaper, & Ellermeijer, 2004).
Boersma et al (2005; 2007) use two criteria togati@e practices, namely, the motives for and matur
of knowledge production. Based on the aim of aextnand the use of (biological) knowledge in it,
they distinguish three types of practices: life-ldopractices, professional practices and scientific
practices. Life-world practices are practices lifk@nilies and sport clubs, while practices like
laboratory, physiotherapy, and garden centres aofegsional practices. Examples of scientific
practices are ecological and behavioural research.

Difference in relevance of knowledge signifies tiexessity to generalize the meaning of concepts.
Wellings (2003), considering the interaction of sfameous and scientific concepts in the
development of higher mental processes, descrifieptocess from a Vygotskian point of view (see
figure 3). Spontaneous concepts are developed émyalay-life learning, beginning in concrete
phenomena, while scientific concepts are develdpadhool learning. Integration of the spontaneous
concepts and the scientific concepts only evokesrwdducation occurs in students' Zone of Proximal
Development.

®+/ﬁ\= ﬁﬁﬁﬁ-’ﬁﬁ

Spontaneous Scientific Zone of Proximal New conceptual
Concepts concept Development Understanding

Figure 3. Interaction between spontaneous and scientific concepts. (Adapted from Wellings, 2003)

The new conceptual understanding appears in thefube concept in another practice. Students are
only able to use the acquired concepts if theyusanthem in a variety of contexts. Therefore, sttgle
have to adapt the meaning of a concept: this psorsesalled recontextualisation (Van Oers, 1998b;
2001).

For example, the terrstress has several meanings (Keil, 2004). In a life-wapldctice, daily life
learning, it could be described as mental straieraptional pressure. Commonly, it has a negative
connotation and is sometimes seen as a state aoithén times as a process. In a medical context,
stress is essentially the rate of wear and tetireifbbody (Selye, 1978). In mechanics, stress isottoe

on an object. From this highly different sensds itlear that generalizing of the concepess as a
state of tension, caused by environmental stinstteésors) will be necessary, but for learning ot
enough to transfer the concept from one practi@ntiher. By transferring the term stress to amothe
practice, one has to change the meaning of the teithrout losing sight of generalization.

Literature about learning considers transfer acc#pability of a student to apply what was learimed
new situations and to learn related information enguickly. (Bransford, Brown, & Cocking, 2000;



Sousa, 2006; Woolfolk, 2007). In that case, transfe static, measurable process. However, where
the meaning of a concept may differ from pract@enactice, it is difficult to speak about the dagr

of transfer as a criterion for the outcome of #arhing process. Therefore, the concept transteseamsi
the mutual relation between the learner and theigcand in recent literature based on socio-aualtu
learning the term ‘transition’ is used (Beach, 1,998n Oers, 1998). Transition implies activity and
changes the relation between a learner and a smtigity. Transition is the capability of a studen
adapt his or her understanding to participate wttsar practice, which requires recontextualisation.
the concept-context approach, transition is indumeteaching concepts in different social practices

2.4.3 Integration of the two models

Integrating the concept-context approach with tmeblem posing approach, needs interpreting
contexts from the cultural-historical view as sbgeactices where activities are (made) meaningful
for students. Integration of the problem posingrapph in the concept-context approach is illustrate
in figure 4. The starting point for each LT-actiis a problem or question raised by students and
induced by the teaching process, the central sgepiiestion. All learning activities should contrie

to the answer to the central steering questingchvbuides an activity in a social practice.

Reflection on an LT-activity has to promote traiositof the learned concepts and this process takes
place both within a context and between contexts.

The teacher plays an important role in the prooégsauguration in a social practice. He or shetbas
be the expert and has to bring spontaneous anutifici€oncepts together, so that students contstruc
new understandings and will be able to act.

2.5 Design criteria for a learning and teaching strategy

The design of the learning and teaching strategpdébavioural biology education will be based on
design criteria. In this section, we will summarike educational design criteria as underpinneten
above sections, particularly section 2.4.

1. An LT-strategy for behavioural biology should beséd on behavioural biology concepts used in
authentic social practices,which means existing in social reality. The behaxéd biology
concepts should be elaborated and students shau&lthe opportunity to explore their personal,
societal and/or scientific relevance.

2. Participation in a social practice motivates leagnas the outcome dhteraction between a
person and his/her environmeAn LT-strategy for behavioural biology must promatteraction
between learners and their learning environmeanieducationally appropriate social practice.

3. Learning activities must promote the thinking prses of students. Therefore, an LT-strategy for
behavioural biology must evokeotivesor one or more steering questions. The sequentd of
activities must provide a storyline and create opputies for non-interrupted learning.



Recontextualisingof earlier acquired concepts is not self-evidertiew other practices are
introduced, and should be incorporated explicitlytihe LT-strategy. This implies that an LT-
strategy should consist of more than one practice.
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Figure 4. Integration of the concept-context approach and the problem posing approach.



3 Developmental research approach

3.1 Introduction

The aim of this study is to develop an adequate ewridence based LT-strategy for behavioural
biology in upper secondary biology education. laper 2, we described the theoretical underpinning
of an adequate learning and teaching strategy, icdmgbthe problem posing approach with the
concept-context approach. The next step is to dpvah LT-strategy that could adequately be used
within the educational practice. Therefore, we n@e@dequate research method.

Because of our view on learning and teaching #matling is the construction of meaning, elicited by
interaction, an LT-strategy must be investigatethiwireal educational practice. However, because of
its dynamic and complex nature, investigating etlanal practice is not easy. In essence, an adequat
LT-strategy should contribute to the improvemenedficational practice. Therefore, the design of an
adequate LT-strategy should be developed in intieracwith the educational practice in the
classroom.

In educational research, a developmental reseapgmoach is used if solutions for complex
educational problems are required (Van den Akk€032 Boersma, Knippels, & Waarlo, 2005).
Nowadays, developmental research is also callesign research, because it provides insight into
learning in classrooms by using well-structuredtringional interventions (Joseph, 2004), and
interaction between research, design and pedadqgiaetice. In section 3.2, we will describe the

approach for this study.

3.2 Designresearch

Developmental or design research knows several fiame approaches. In an overview article about
design research, Edelson (2002) notes the diffesebetween the traditional and the contemporary
roles of design research. Whereas the traditionlel consists of the test of an educational theory,
nowadays design research is a process in whiclgrdgdays a critical role in the development of
theories for educational design (Boersma & Waa2@09). Traditional research mainly focuses on
descriptive knowledge, while developmental resedotiuses on prescriptive knowledge (Van den
Akker, 1999). However, design experiments are dame as a way to carry out formative research to
test and refine educational designs based on plascderived from prior research (Collins, Joséph,
Bielaczyc, 2004). They are approached by instraefionterventions to provide understanding and
improvement of learning in real-world practice, eirtitvining research, design, and pedagogical
practice (Joseph, 2004; Van den Akker, GravemeéifeKenney, & Nieveen, 2006). The emphasis is
on justifying educational design theory, insteaddef/eloping educational materials, such as with
curriculum development. Developmental researcherseasary because of the difference between an
intended curriculum (‘in vitro’) and an executedrroiculum (‘in vivo’), wherein the learning
environment plays a distinctive and influentialerdLetschert, 2004; McKenney, Nieveen, & Van den
Akker, 2006). Just the interplay between educatitmeory and practice makes educational research
difficult (Martens, 2007). Developmental researskaimed to solve complex problems in educational

general characteristics of the design researchoappr and in section 3.3, we describe the usei®f th 23
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practice (Van den Akker, Gravemeijer, McKenney, &eWen, 2006), by investigating both the
characteristics of the interventions and the preeeof designing and developing the interventions

(Plomp, 2010).

Predictive Research

Hypotheses based
upon observations
and/or existing
theories

=

Experiments to test
hypotheses

=

Theory refining
based on test
results

&0

Application of theory
by practioners

T

Design Research

Specification of new hypotheses

Analysis of practical
problems by
researchers and
practioners in
collaboration

Development of
solutions by design
principles(...)

=

Iterative cycles of
testing en refining of
solutions in practice

—

Reflection to
produce “design
principles” and
enhance solution
implementation

t

i

i

Refinement of problems, solutions, methods, and design principles

Figure 5. Predictive and design research approaches in educational research (after: Reeves, 2006, p. 59).

Figure 5 shows a schematic view of the differerirapches of predictive and design research. An
important characteristic of design research is thaliminates the boundary between design and
research, whereby the design process is consideyeal learning process (Edelson, 2002). Design
research methodologies are relatively new, and ma@ospecific language is developing (Kelly,
2004). A challenge of educational design resea¢h characterize the complexity and solidity &f th
design in a way that will be valuable for othersu@b & Squire, 2004). Cobb, Confery, diSessa &
Lehrer (2003) identified five characteristics obig experiments.

1. The aim of design experiments is to develop ribscabout both the learning process and the
materials and approaches that are designed to dguppblearning. Therefore, developmental research
focuses on the process, whereby it is attemptedderstand why certain interventions work.

2. Design research methods are highly intervergtamiand therefore suitable for testing innovagion
Nevertheless, design research is strongly suppbstethd connected to prior research, and guided by
research goals (Edelson, 2002). Instructional wetetions are designed with explicit theoretical
grounding (Burkhardt & Schoenfeld, 2003). A desigaearcher might hypothesize that a certain kind
of representation (intervention) will help learnessdevelop knowledge about a particular idea at th

a certain activity structure will motivate learnémsa particular way (Joseph, 2004; Collins, José&ph
Bielaczyc, 2004).

3. Design experiments always have both a prospeetid a reflective side. On the prospective side,
designs are based on a hypothesized teaching amding process. In developmental research,



researchers begin with a set of hypotheses andipliés that they use to guide a design process.
Importantly, these hypotheses and principles atedetailed enough to determine every decision. On
the reflective side, design experiments are coujeedriven, and during the research process, data
analyses from several perspectives lead to newpshad conjectures. In conducting a retrospective
analysis, extensive longitudinal data sets are rgéee during an experiment.

4. Design experiments have iterative cycles of glesAs conjectures are generated, tested and
sharpened, new conjectures are developed and t&tedesult is an iterative process featuringeycl

of invention and revision. The design researcheoxqed through iterative cycles of design and

implementation, using each implementation as arodppity to collect data to inform subsequent

design.

"Through a parallel and retrospective process of reflection upon the design and its outcomes, the
design researchers elaborate upon their initial hypotheses and principles, refining, adding, and
discarding — gradually knitting together a coherent theory that reflects their understanding of the
design experience." (Edelson, 2002, p. 106)

5. Theories developed during the experimental m®@ge humble not merely in the sense that they
are concerned with domain-specific learning proegsbut also because they are accountable to the
activity of design. The theory must really workdathe critical question must be asked whether the
theory informs prospective design, and if so, inatwkvay. Therefore, the outcome is directly
concerned with the problems addressed by the poameis, and the design involves researchers in the ;5
improvement of education.

3.3 Outline of the research design

For two decades, the developmental research plainwk use in this thesis has been in use by
researchers of the Freudenthal Institute for Seieamd Mathematics Education of Utrecht University.
The research plan of this study is structured io plvases: an explorative phase and a cyclic rdsearc
phase (figure 6).

Explorative phase

In the explorative phase, explorative researchxeceted in order to determine the domain-specific
learning and teaching problems. Furthermore, tddbai theoretical foundation of learning and
teaching, an articulated view on general educatitheries and educational practice is developed by
studying literature. The explorative phase resiit® domain-specific philosophy of learning and
teaching and in building blocks for an LT-strategiich is expressed in chapter 2.

In this study we analysed the content of Dutchdgjgltextbooks on behavioural biology in secondary
education together with the current state of thefibehavioural biology. This elaboration was aiime
to define possible difficulties and problems in &ebural biology education. First, ideas of consept
in behavioural biology that should be taught weodlected. After that, research was done to gain
insight in the ideas of students about behaviodentifying prior knowledge, and collecting
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educational building blocks for an LT-strategy fmhavioural biology (chapter 4 and 5). The domain-
specific philosophy of learning and teaching, tlgured insights in the students' ideas, and the
behavioural biology concepts to be selected altlgi# design criteria for an adequate LT-strategy fo
behavioural biology education.

Theoretical > Domain-specific philosophy of learning & teaching
& A A A
Practical v v v
orientation » LT strategy 4 |- LT strategy, |— LT strategy,
A A
A 4 A 4
LT case studies 4| |LT case studies,
1stresearch cycle 2 research cycle
Explorative phase Research phase

Figure 6. Design of developmental research (from: Boersma, Knippels, Verhoeff, Waarlo, & Van Weelie, 2002),
consisting of an explorative phase and a cyclic research phase. An LT-strategy is tested in two or more

subsequent research cycles, which result in a domain specific educational theory.

Cyclic research phase

In the research phase, the design criteria wereatpealized in a cyclic process of design, field-
testing in case studies, reflection on the desigidl, revision of the design. The research cycleg wer
planned until development no longer resulted irthier improvement of the LT-strategy. Generally,
two or three cycles are sufficient to develop alflnoT-strategy. A complete cycle is shown in deiail
figure 7.

The data and literature collected in the explomptase, and the view on learning and teachingltres
in design criteria and learning objectives. A fitStstrategy is designed (chapter 6), and followting
problem posing approach a sequence of problemabsmted in a sequence of learning and teaching
activities. The problems are presented in a logiga} for students, corresponding to the findings of
the explorative phase.

The LT-strategy is elaborated into a scenario thegcribes the LT-activities of the teacher and
students. A scenario predicts and theoreticalltifjas in detail the teaching—learning processtas i
expected to take place and why it is expected ppéia in that way (Lijnse & Klaassen, 2004). This
process is described in chapter 6. Simultaneouslyirainteraction with the scenario, lesson malkeria
were constructed.
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Figure 7. Detailed research cycle of the developmental research approach. The boxes show a (sequence) of

products, while the arrows sign for activities. Adapted from Knippels (2002).

With the scenario and the lesson materials, thesttdtegy is empirically validated in real teaching

practice (chapter 7). With the help of the dats seat are collected from the test phase the eadcut

scenario is compared with the intended versionyighag for a revision of the scenario (chapter 8),

the learning materials, and the LT-strategy. THégeaa new research cycle is elaborated. Finally,
with the data of the last (second) research cytlejents' conceptualization is reconstructed (enapt

9) and a final design is proposed, the researcBtiqueis answered, and in reflection on the design
process new theoretical insights on educationajdese articulated (chapter 10).

We would expect that this research on an adequitrategy for behavioural biology delivers design
clues for the use of social practices, and th@dhiction of the systems thinking competence.
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There is no non-behaviour

4 Conceptualizing ‘behaviour’

4.1 Introduction

Behaviour is inherent to organisms. Each organishmabies and people in our society have a great
interest in the scientific backgrounds of behavidaraddition to philosophy and ethics, psychology
and sociology are involved with this topi@ehaviour is a key biological concept (Van Ca@id01;
Kamp & Boersma, 2001), and is studied in etholdgghology may be described as the biological
discipline of the behaviour of humans and animBketends et al, 1973), or as the biological stdfdy o
behaviour (Tinbergen, 1963).

Nowadays many scientists prefer the term ‘behawidiology’ instead of ethology, because the study
of behaviour also includes new research disciplswesh as neurobiology and cognitive psychology
(Bolhuis, 2002; Bolhuis & Giraldeau, 2005). In sent4.2, we give an overview of ?l:entury
behavioural biology. First, we discuss the defamtiof behaviour and the current disciplines of
behavioural biology. The multidisciplinary charactd behavioural biology raises the question of
what is the science of behaviour. Therefore, tts¢ pert of the section reviews how behavioural
biology is structured according to Tinbergen's fouestions and which concepts belong to these
questions.

The discussion on current behavioural biology egdke question of what concepts must be taught in
secondary biology education. In section 4.3, wd imidlicate the implications for education and a
resultant set of design criteria for an LT-strategybehavioural biology.

4.2 21st century behavioural biology

Definition and disciplines of behaviour

Although it might seem easy to define the concéftetaviour, it appears that behavioural biologists
do not agree on what constitutes behaviour (LeMitidicker, & Freund, 2009). Levitist al. (2009)
note that many textbooks assume that the readenskmhat is meant. For example, Campbell &
Reece (2005) describe behaviour in their study Emkvhat an animal does and how it does it." This
definition seems to be clear, but as Levigtsal (2009) argue, it does not meet the criteria for
scientific correctness: operational, essential elyigipplicable and succinct. Based on a conserfsus o
views of behavioural biologists, Levitet al (2009) formulate the following, more precise déifon

of behaviour:

Behaviour is defined aghe internally coordinated responses (actions actons) of whole living
organisms (individuals or groups) to internal andéxternal stimuli, excluding responses more easily
understood as developmental changésévitis, Lidicker, & Freund, 2009, p. 6).

ZA survey with the Biosis Previews — behavioral sciences — journal list and the Thomson Reuters Master Journal List
JOURNAL LIST with the search words behaviour and behavior results in a list of more than hundred different scientific

journals.



This definition justifies three conclusions. Finsith the emphasis on stimuli, causality is an inig@at
aspect of behaviour. Behaviour is described asnaptex phenomenon, which emerges not by one
cause but by a combination of internal and extecaalses. Second, behaviour is reserved to whole
organisms, while the additions ‘internal’ and ‘(mduals or groups)’ signify a distinction in lewebf
biological organization. Third, there is always aeiour; inaction (e.g. freeze) is also behaviour.

If behaviour is reserved to the whole organism,ghestion must be discussed if plants (and projozoa
do show behaviour or not. Taking account of thidiniteon of behaviour, the question can be
answered affirmatively. Silvertown & Gordon (19889)ve defined plant behaviour as the response to
internal and external signals, and noted that #mgguage of animal behaviour is being used
increasingly to describe plant activities, sucifaaging and habitat choice. Trewavas (2003; 2009)
considers intelligence similarities in learning, communication and meyndretween plants and
animals in discussing aspects of plant behaviowe. ddncludes that in terms of complexity of
signalling and problem solving within their own @éawnmental context, plants lack nothing compared
with animals in skill and behavioural complexity.onever, following the boundaries of the
contemporary scientific disciplines regarding bebax; in this thesis we will consider behaviour as
animal behaviour, with connections to human behavio

In the afore mentioned definition of behaviour depenental processes are excluded, because in
general such modifications are relatively sloweamntiphenomena considered as behaviour and they are
primarily based on ontogenetic programs, altholgly are influenced by internal and external stimuli
(Levitis, Lidicker, & Freund, 2009). Moreover, thiftbes not mean that developmental processes as
explanation for behaviour are excluded, but théndafn answers the question of what behaviour is,

while an explanation answers why behaviour arises. 29

The question of explanations of behaviour is ingaséd in behavioural biology. Behavioural biology
is a relatively young but major discipline withimology, with its roots in ethology. In the nineteen
thirties Konrad Lorenz and Niko Tinbergen laid tasis for ethology. On the occasion of Loren?' 60
birthday in 1963 Tinbergen published an article "@ms and methods of Ethology"”, which still has
authority (Bolhuis, 2002) and which was recentlgrigted in the book "Tinbergen's legacy" (Bolhuis
& Verhulst, 2009). In this article Tinbergen demvates the close affinity between ethology and the
other disciplines of biology and states that the rman's land' between ethology and neurophysiology
in the meantime will be invaded from both sidesysamuently with mutual influence. He argues that
all branches of science that that pay attentioadjpects of behaviour should come together within
‘Behavioural Biology'.

Indeed, the current state of behavioural resedrotvs that boundaries between the different branches
of behavioural biology increasingly match each nothiEhanks to new techniques, especially in
molecular biology and brain investigation, new oppoities for integrated research approaches in
behavioural biology arise (Bateson, 2003), delivgnnore understanding of the role of genes in the
occurrence of behaviour (Joosse, 2001). New irgeiglinary research fields, such as neuroethology,
behavioural endocrinology and behavioural genetiese become fields in their own right (Hogan,
2009).

3 Intelligence is described by Trewavas (2009) as the capacity for problem solving and is seen as a whole organism property.
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Today, much attention is paid to the functioninghaf brain in relation to learning processes aeit th
influence on behaviour, resulting e.g. in the gikoe of educational neuroscieficéhe release of a
new journal Mind, Brain and Education, and resegoohgrams about the brain, cognition and
behaviour at several universities. Finally, withdweing complete, Hogan & Bolhuis (2009b) report
that the relation between ethology and psychologg become closer since the publication of
Tinbergen's paper. Therefore, Bolhuis (2002) ardoea broad view in behavioural biology research:
not only ethology, but also disciplines as neurligjp and cognitive psychology are included in
behavioural biology. Table 1 gives an overviewlw# turrent disciplines and shows that behavioural
biology is wider than ethology.

Table 1. Main disciplines of current behavioural biology, based on Bolhuis & Giraldeau (2005), Klapwijk (2005),
Fraser & Weary (2005) and Hogan (2009).

Neuroethology (or neurobiology) and  Studies the mechanisms of the brain and nervous system, which are the

cognitive neuroscience neuro-physiological basis for behaviour.

Behavioural ecology Addresses the function of behaviour. During the last decades the attention
shifted from socio-biology, which interprets social behaviour in the light of
evolution, to optimality theories, which try to answer the question how
natural and sexual selection could be responsible for behaviour patterns,

and then to predict these.

Cognitive ecology Studies the relation of an animal's ability to collect and process information
in relation to its ecology. Examples are the diversity in birdsong and the
question if having a food store has a selective pressure on spatial memory.

Applied research on animal Seeks the solution of practical problems, arising from the use of animals, or

behaviour addresses the prevention of undesirable animal behaviour. Research on the
welfare of animals is aimed at designing better accommodation for animals

in confinement, on the farm and in the laboratory.

Concepts of behavioural biology
Tinbergen wrote in the aforementioned article that

"there is no consistent ‘public image' of ethology among outsiders; and worse: ethologists themselves

differ widely in their opinions of what their science is about." (Tinbergen, 1963, p. 410).

Therefore, the confusion about the definition ohdsdour and the multidisciplinary character of
behavioural biology evokes the question of whatdtience of behaviour is about. What are the ‘big
guestions’?

The big question people ask when they observe lmlrais: “Why does it do this?” which is the
question about the explanation of behaviour. Tigber (1963) believed that the following four
guestions should be asked about the natural balmawi@ny animal:

* What triggers the behaviour?

« How does the behaviour develop?

* http://www.brainandlearning.eu/ (Retrieved February 2012)

> See also appendix A: Overview of scientific disciplines studying behaviour.



*  Whatis it for?

* How did the behaviour evolve?

Respectively, these questions are abouthsesthedevelopmenor ontogeny, théunctionand the
evolutionof behaviout. Tinbergen states that answering these four qurestivould lead to a much
deeper understanding of behaviour, although tleecensiderable overlap between the four questions.
Even today this distinction in types of explanasiois seen as one of Tinbergen's most lasting
contributions to the study of behaviour (Bolhui6p2; Sherry, 2009) and the questions have served as
a useful framework for many researchers in thel fidlbehavioural biology, because

"you cannot understand animal behavior if you do not also understand the meaning of Tinbergen's

four questions." (Hogan & Bolhuis, 20094, p. 26).

Evolution of behaviour often depends on mechanisiiehaviour and the development of behaviour
is essentially a causal problem, but has also imat aspects (Bolhuis & Giraldeau, 2005). Although
causes and development are merged into the ‘mexharef behaviour’, a clear distinction between
these issues in scientific research is necessais, 2002).

The first ethologists, Tinbergen, Lorenz, and Voris¢h dealt particularly with the causes of
behaviour, while they focused on observing the bielua of animals in their natural environment. In
the nineteen seventies, ethology was dominatetidjuinctional question, significantly influenced by
the publication of Wilson's book ‘Sociobiology’ (29). In this period, emphasis was laid on
evolutionary explanations of behaviour, at the @ggeof the mechanism of behaviour. Since that
time, because of the multidisciplinary characteth&f causal question, attention to the mechanism of
behaviour has increased. 31

The abovementioned spectacular developments ifiglgeof animal behaviour do evoke the need for
a comprehensive survey of the concepts used invimiral biology. The book “The Behavior of
Animals, Mechanisms, Function, and Evolution”, tent by twenty prominent scientists in the
contemporary disciplines of behavioural biologypresents the current state of behavioural studies
(Bolhuis & Giraldeau, 2005). The book has threemparts: Mechanisms of Behavior, Function and
Evolution of Behavior, and Animal Behavior and Hum@ociety. These sections correspond to the
questions of Tinbergen and are partially concermigld the relevance of research on animal behaviour
in our everyday lives. Below, we will present a ghoverview of the most important topics and
concepts.

Mechanisms of behaviour: causation & ontogeny

Causation is the immediate effect of external ameérnal factors on the occurrence of behaviour
(Hogan & Bolhuis, 2009a). Tinbergen (1963), analgsihe causation of behaviour, refers to Lorenz’
three statements about behaviour. First, just asrganism has physiological characteristics, it has
behavioural characteristics. Second, even in istively simple form, behaviour is more complex

® The four questions are derived from the three major problems in Biology, formulated by Huxley (1942): “mechanical-
physiological” (causation), “adaptive-functional” (survival) and “historical” (evolution). Tinbergen added the fourth question

about ontogeny. Nowadays, these four questions also have authority in other biological research (Medicus, 2005).



32

than the types of movements usually studied by iplogists. Third, behaviour is controlled by
internal factors, more than most physiologistsewad at that time.

Within behaviour patterns and systems could beingisished. Systems and patterns presuppose
structure and need activation. The structure okelabioural mechanism is formed by systems of
perception, processing and motor activity or me@ranwhile the activation of these systems is given
by stimuli. Perceptual mechanisms analyse incomsirggsory information and solve the problem of
stimulus recognition. The motor mechanisms cootdirthe neural output to the muscles, which
results in recognizable patterns of movement. Tér@ral mechanisms coordinate the perceptual and
motor mechanisms, and provide the basis for anallsirmood or internal state (Hogan, 2009). Figure
8 is a schematic representation of the structura behaviour system. For the sake of clarity, we
retained the connections between perceptual andrmachanisms.

The complexity of behaviour increases with the amboof behaviour systems involved in that
behaviour, and their interactions. This stressesstitond statement of Lorenz that even in its gmpl
form behaviour is vastly more complex than the sypemovements usually studied by physiologists
(Tinbergen, 1963).

Perceptual Central Motor
mechanisms mechanisms mechanisms
5 E
1]
4 D
Stimuli 1 Behaviour
C —>

A SSVAN

A

Figure 8. Conception of a behaviour system. Perceptual mechanisms (PM) 1-4 receive stimuli from the external
world. Central mechanism (CM) i processes the output of the PM 1-4 and activates the motor mechanisms
(MM) A-D. This forms a behaviour system. A second behaviour system is formed by [PM4-5, CM ii and MM D-
E]. CM i and ii could also interact. The output of all MM results in behaviour. (Adapted from Hogan 2009, p.
37).

Activation of a behaviour system is influenced himsili, also described as motivational factors
(Hogan, 2005). Motivation is described by Hogarmasther term for Tinbergen's causal question and
is understood as a combination of internal andreatecausal factors. Internal factors are situated
the body, while external factors come from outdfuebody. For example, a hungry animal is seeking



food. Being hungry is caused by internal factorsdpced by the metabolism of the organism and
seeking is directed by the environmental circunar(external factors).

In fact, the arrows in figure 8 could be consideasdhe internal causal relations and these uméerli
the third statement of Lorenz that behaviour istadled by internal causal factors more than most
scientists believed at that time (Tinbergen, 19¢3).

Behaviour patterns and systems develop in a dynproicess. Development is defined as the change
in behaviour including the underlying mechanismain individual from conception until death
(Bolhuis, 2005) and is influenced by causal fac{etegan, 2005). Therefore, within the question of
the development of behaviour, the nature/nurturetrowersy has been debated: what is innate
behaviour and which behaviour is acquired? The €phenATE is confusing, because it has different
meanings, e.g. ‘present at birth’, ‘a behaviouriéflectence caused by a genetic difference’, or ‘not
learned’. In common usage, ‘innate’ means errorigdhat behaviour is ‘genetically determined’ ‘It

is in our genes’: as a matter of invariability. Tdiscovering of a new gene for a distinct human
characteristic or behaviour, such as aggressiomlasholism (Wang, et al., 2004), is reported
frequently. However, while scientists report wikie tusual prudence, the reporting of these new genes
in the media is somewhat simplified and thereforisleading (Bateson, 2001). Genes are often
considered as more important phenomena than emwé@otal variables for explaining mental
development. Barendrecht (2004) called this th@égeoctrine’. Of course, the genetic component of
many human characteristics and behaviour appedrs tonsiderable (Van Aken, 2002), and because
of the interaction between genes and the envirohnehavioural genetics has resulted in a serious
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decrease of research on environmental influencdsbaviour. However, nowadays,

"..it is clear then, that because of the immensely complex system in which they [genes, JvM] are
embedded, no simple correspondence is found between individual genes and particular behavior
patterns or psychological characteristics. Genes store information coding for the amino acid sequences
or proteins. That is all." (Bateson, 2001, p. 566).

Nothing happens in isolation and each behaviouepais affected by many different genes, while
each gene influences many different behaviour peiteSome genes are only expressed in special
environmental circumstances. Therefore, the stisithsponse is not a single cause reaction, but is
elaborated in networks (Bateson, 2001).

Moreover, research shows how subtle environmeatdbfs cause variation between and within sexes.
Crews & Groothuis (2009) illustrate this with theaenple of the influence of the incubation
temperature on the development of the brain andhisbehaviour of the leopard gecko, a species
where the sex determination is determined by teatpes.

Consequently, the enormous progress of researctbelmvioural development has made the
nurture/nature debate obsolete. Research in thee @rdehavioural development deals now with
physiological processes and gene expression (C&wWaroothuis, 2009) and the assumption that
every event has a single cause is slowly beingaogil by an understanding of coordinated processes
(Bateson, 2001; 2004).

However, behaviour is not only a coordinated preasdscausation; it is also a developmental process
of acquiring behaviour. Development is induced i mechanism by which individuals interact with
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and are changed by their environment (Kirkpatrickd&ll, 2005). This mechanism is called learning,
which is defined by the Penguin Dictionary of Bigjoas the

"acquisition by individual animal of behavior patterns, not just as an expression of a maturation
process but as a direct response to changes experienced in its environment" (Thain & Hickman, 2000,
p. 367).

This description emphasises the interaction betvatrrctures and the internal and external stimuli
(see figure 8), which is not, as is often saidweenn heredity and environment. It is between oggani
and environment! Moreover, the organism is differah each state of its development (Lehrman,
1953). Nowadays, Lehrman's view is adopted by nstwtients of behaviour (Hogan & Bolhuis,
2009b), and it is clear that the development ofavedur is seen as a complex and dynamic process
(Bolhuis, 2005).

Organisms process their experiences in many waysekample, imprinting is a learning process,
where the dynamic character of development is m@tdimprinting is contemporarily defined as the
learning process through which the social preferenof young animals become restricted to a
particular stimulus or class of stimuli (Bolhuis)(5). Imprinting occurs during sensitive periods,
which means that the behaviour of an animal caimfieenced by experiences in a particular phase of
their development. These sensitive periods areghigbcaused by physiological clock mechanisms,
related to the animal’'s physical development, sagftthe growth of a neural network or increasing
motor ability (Hogan & Bolhuis, 2009b). The end afsensitive period can be induced by their
development: once imprinted, the sensitive perindse In addition to imprinting, other types of
learning processes can be distinguished, whickwaranarized in table 2.

Furthermore, attention must be paid to the relatibfearning processes with memory and cognition
(Emery & Clayton, 2005). Animal cognition is theaudy of the processes resulting in adaptive or
flexible behaviour in animal species (Andrews, 20@8nery & Clayton (2005) characterized it as the
study of the mental lives of animals, dealing wahrning, memory and thought. In fact, learning is
internal information processing by the individubéyitis, Lidicker, & Freund, 2009) and cognition is
the structure by which humans and animals acgpi@gess, store and act on information from the
environment. However, the study of animal cognitiemot free from pitfalls. Emery & Clayton
(2005) associate the study of animal cognition wifbur pitfalls: anthropomorphism,
anthropocentrism, the use of anecdotes as evidamceunnecessarily complicated explanations of
why an animal behaves in a certain way.



Table 2. Overview of learning processes, adapted from Kirkpatrick & Hall (2005), Emery & Clayton (2005) and
Bolhuis (2005).

Imprinting The learning process through which the social preferences of young animals become
restricted to a particular stimulus or class of stimuli.

Habituation The waning of a response with repeated presentation of its eliciting stimulus.

Imitation A form of learning where the observer copies the actions of the demonstrator to achieve
the desired goal. Social learning is the ability to learn from other individuals in the social
group. It may be easier, safer, and quicker to profit directly from the experiences of other
animals.

Conditioning A process of behaviour modification by which a subject comes to associate a desired
behaviour with a previously unrelated stimulus. Conditioning is simply stated as a stimulus-
response association or associative learning: learning depends on the formation of

associations.

Insight The mechanism by which a novel problem encountered for the first time is solved
immediately without recourse to the trial-and-error’ learning method. Insight is a form of
reasoning, maybe appearing by generalizing former experiences to principles or with the

ability of animals to form mental representations of objects.

There is nearly no discussion about characteritinge of them as a pitfall, but while many (bioldgy
behaviour researchers (and also biology teachedsafZ& Ginossar, 1998)) consider anthropomorphic
explanations of behaviour illegitimate, the sciBoti discourse about the usefulness of
anthropomorphism is alive (Wynne, 2007a; 2007b;t@ras& Mitman, 2005; Kennedy, 1992). 35
Anthropomorphism is the attribution of human moatiea, characteristics, or behaviour to
nonhumans. The complexity of behaviour should impbnscious beliefs and desires, as some
researchers argue (Wynne, 2007a). The statemdrththpresence of consciousness of animals cannot
be excluded at all is based upon our own menta¢mapces of feelings, motivations and thoughts.
Because of our awareness of these things in o@sebe take it for granted that animals feel anakthi
too. The question “can animals think?” is therefpaaticularly posed in the field of comparative

cognition and behaviour studies, dealing with tbgnition and consciousness of animals (Griffin &
Gayle, 2004). Another thought is that useful hypsts for scientific study could be produced when
projecting oneself into the situation of a membEawother species (Wynne, 2007a). This form of
anthropomorphic thinking as a tool for developingypttheses is known as ‘critical
anthropomorphism’, in contrast to ‘naive anthropopiism’, a form of ‘folk psychology’. Examples
of the use of critical anthropomorphism are foum¢hie work of Brosnan & De Waal (2003) and Weir
& Kacelnik (2006). Below we present an example dfegt of De Waal, primatologist at Emory
University, where he compares the emotion of langthiumans with animal behaviour.

” Trial and error is a method of reaching a correct solution or satisfactory result by trying out various means or theories until
error is sufficiently reduced or eliminated (The American Heritage Dictionary of the Englisch Language, n.d.). It is
questionable if trial-and-error is a biological learning process or a psychological method for problem solving where the
learning processes as insight or conditioning (by reinforcement) play a role (Hull & Spence, 1938; Campbell, 1956). Since
trial and error is not recognized as a biological learning process in Bolhuis & Giraldeau (2005) and Campbell & Reece (2005),

itis not included.
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"The infectiousness of laughter even works across species. Below my office window at the Yerkes
Primate Center, | often hear my chimps laugh during rough-and-tumble games, and | cannot suppress
a chuckle myself. It's such a happy sound. Tickling and wrestling are the typical laugh triggers for apes,
and probably the original ones for humans. The fact that tickling oneself is notoriously ineffective
attests to its social significance. And when young apes put on their play face, their friends join in with

the same expression as rapidly and easily as humans do with Iaughter."8

Kennedy (1992) argues that anthropomorphisms dralste. However, it becomes more implicit. He
calls this neoanthropomorphism or unwitting antlarmprphism and he argues that anthropomorphic
thinking about animal behaviour is built into us.owever, the legitimate use of critical
anthropomorphism in these articles is criticizedvynne (2007b). The main contra-argument of the
usefulness of anthropomorphism is that it is nobwe for objective understanding, because humans
can never understand the understanding of otherespe

Function & evolution of behaviour
The conceptuncTion has several notions in biology, so we need tonéeiti for behavioural biology.

Wouters (2003) distinguishes the concepiction in four manners: as an activity, as a biological
(causal) role, as the survival value (biologicalaxttage) and as a selected effect, as explainedblie
3.

Table 3. Description of the four notions of the concept FUNCTION. Adapted from Wouters (2003, p. 635).
1. Activity What an organism (part or whole) does or is capable of doing. What is it doing?
2. Biological role The way in which an item or activity contributes to a complex activity or capacity of an
organism. How is it used?
3. Biological advantage The advantages to an organism of a certain item or behaviour being present or having a
certain character. How is it useful?
4. Selected effect The effects for which a certain trait was selected in the past which explain its current

present in the population. Why was it selected in the past?

The four notions of the concepincTioN can be positioned comprehensively (Boerwinkel, 30and
are distinguished, because each different kindunttion has a different explanatory role. However,
each explanation level depends on the previous.leve

Biologists still make the distinction between proate and ultimate causes, where proximate causes
focus on the environmental stimuli that trigger &dbur, and the ultimate causes address the
evolutionary significance of behaviour (Campbell Reece, 2005). However, the terminology of
ultimate causes is misleading: ultimate causesnareauses at all; they do not bring about the
response (Wouters, 2003; Bolhuis, 20FF@)\cTion described as activity and as a biological roleldou
be seen as causal explanations, while the biolbgidaantage and selected effect are functional
explanations (Medicus, 2005).

8 http://discovermagazine.com/2009/oct/19-monkey-see-do-connect/ (Retrieved November 2009)




In behavioural ecologysuncTion is seen as the biological advantage - the surwrahle, or as a
selected effect or advantage (Cuthill, 2009). la finst casefuncTion is defined as the means by
which behaviour increases fitness and it is synagrwith the current survival value. In the second
case, the function of behaviour is the selectiveaathge that led to its current prevalence, sastd
historical character.

As we described before, Tinbergen (1963) distirfyrds the question of the function from the
evolution of behaviour. In both questions behavisuconsidered as aimed for survival, and survival
strategies are important, such as impressive betiguvierritorial behaviour, social, and reproduetiv
behaviour. In much research on animal behaviowugion refers both to the process of selection tha
gives rise to the evolution of adaptations, and historical pattern by which biological diversity
emerges (Ryan, 2005). Consequently, to avoid carfuand following Tinbergen, a clear distinction
between the function and the evolution of behavinust be made. When speaking about the function
of behaviour, we mean the third conceptimction: function as a biological advantage (table 3).
When speaking about the evolution of behaviour, ftheth connotation is intended: function as a
selected effect.

Function, seen as a biological advantage, impliesguestion of why a specific behaviour pattern is
useful. From Darwin's theory of natural selectinatural selection is seen as the process that teads
adaptations. Adaptations are defined as charattsrithat exist because of the action of natural
selection because they accomplish a function thatributes to an individual's fitness. Consequently
adaptations have a survival value (Giraldeau, 2005)

How can the change of a trait increase the fitoéss organismPITnEss is expressed in the offspring
of an organism in a particular environment. Therefthe study of the function of behaviour embraces
guestions about sexual selection, and questionst aptimality, for example in developing a foraging
theory. Even questions about the defence of organ@re part of the research of the function of
behaviour.

Within the question of the function of behavioaommunicaTioN is an important concept, because
most of the time, it is a part of the behaviourgpartoire of animals and it mediates fundamental
aspects of their lives, e.g. reproduction and sah(iMcGregor, 2005). Furthermore, McGregor notes
that

"...communication is probably the area of behavior that best illustrates how answers to all four

questions come together to provide more complete explanations." (McGregor, 2005, p. 227).

An example is research in neurobiological aspeétbirmisong that includes both functional and
mechanistic questions.

Communication also connects with other scientiisciglines. For example, psychology explains how
communication is perceived and physiology, phyaid chemistry help explain how communication
is achieved.

The outcome of the study of the evolution of bebavis a reconstruction. Such a reconstruction is t
some extend a questionable enterprise, both beaafuiee lack of fossil behaviour and because
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behaviour is the outcome of internal and extern@dractions. Tinbergen argues that the evolutionary
study of behaviour has two major aims:

"The elucidation of the course evolution must be assumed to have taken, and the unravelling of its
dynamics." (Tinbergen, 1963, p. 428).

A way to explore the evolution of behaviour is tlgh comparing the behaviour of groups of closely
related species. In contemporary research, phy&gerelations are used, because it gives less erro
than arguments based on strong logical inferengar{R2005).

Darwin (1859) claimed that psychology would devebop evolutionary basis, which implies that a
psychological continuum can be found between mehadiner organisms. Darwin published the well-
known comparison of facial expressions between amh animals (Darwin, 1872). Contemporary
research on human nature by the primatologist Dal\Wigaalso an example of this view (De Waal,
2005), although the idea of a psychological contmuvas already criticized in the sixties by Hodos
& Campbell (1969

Another topic of behavioural research is the evolubf social systems. Some animals form groups,
which have a social structure and patterns of atesn and in many societies only one or a fewhef t
group reproduce. The modelling of the reproductiifierences among species may lead to a general
theory of social evolution (Pusey, 2005). This meaicludes issues of aggression, conflict resofytio
cooperation and altruism. Studies of the evolutibeocial systems are linked with disciplines sash
population biology, evolutionary psychology, andeeveconomics, and are important for animal
welfare and conservation biology.

Behaviour evolves under the influence of selectiwassure. This selection pressure can be quite
different in closely related species, while in digt species similar selection pressures may occur
(Bolhuis, 2009). Furthermore, since mechanisms edfawiour can bias the direction of evolution,
knowledge of causation of behaviour is necessargxplain the direction of evolution. A deep
understanding of behaviour requires that all faugsgions of Tinbergen are involved (Ryan, 2005).

Animal behaviour and human society

The societal relevance of behavioural biology appdeom its contribution to animal welfare, the
conservation of species and the understandingmBhuwature (Bolhuis & Giraldeau, 2005).

The young field of applied animal behaviour scienegearches animal welfare issues, which arise in
the management of wild, farmed, companion and ktboy animals (Fraser & Weary, 2005). Starting
points for research are practical problems withmahihousing, the interpretation and prevention of
abnormal behaviour, and the affective states oftiem® and feelings (fear, pain, distress). The
affective state of an animal is a more controvéisiue, because if refers to the psychological-wel
being of an animal. Do animals have psychologiealds (Hogan, 2009)?

Although there is no universally accepted defimitad welfare, it is generally agreed that physeadi
psychological (or mental) well-being are componeftsvelfare. Animal welfare is the physical and
psychological state of an animal as regards iemgit to cope with its environment (Broom, 1993).

9 They argued that comparative psychologists had failed to distinguish between data from living representations of a
common evolutionary lineage and data from animals that represent divergent lineages, which had consequences for the

development of generalizations with any predictive value.



The World Animal Net, the world's largest networkamimal protection societies with consultative
status at the UN, in agreement with the World Sgcier the Protection of Animals, adds a third
component: the state of naturalness. The statatafainess refers to the ability of the animalutibilf

its natural needs and desires. The frustrationhe$e¢ natural needs and desires harms its welfare
(World Animal Net, 2009). This concept implies thia¢ir welfare will suffer if animals are unable to
express a normal range of behaviour patterns (Ha2@09). These three dimensions of welfare are
also mirrored in the ‘Five Freedoms', which werevedeped by the UK's Farm Animal Welfare
Council and are used in many countries as a usefakure to assess animal welfare (EU, 1998). The
Five Freedoms are a useful tool to identify sitragi that compromise good animal welfare — that is,
any situation that causes fear, pain, discomfaoiyry, disease, or behavioural distress. The Five
Freedoms are:

e Freedom from hunger and thirst

e Freedom from discomfort

e Freedom from pain, injury and disease

* Freedom from fear and distress

e Freedom to express normal behaviour

Just as other research disciplines of behavioynjeapbanimal behaviour research stretches beyomd th
boundaries of animal behaviour research, combibetgavioural observations with research to stress
physiology and environmental design. Studies okatian are in particular numerous in the field of
applied ethology and seek answers to practicallpnab that confront farmers or people who keep
animals as pets. An example is feather pickingaefliipy, which decreases egg production. Research_____
shows that feather picking is not caused by anglsifiactor and there are indications that stress
mediates the expression of feather picking (Hogang).

While animal welfare is about individual organisneencerns about extinction and habitat loss of
species, mostly caused by the disturbance of thiecgrment by humans, are researched in the field of
animal behaviour and conservation biology (Caro &lig, 2005). Conservation biology is concerned
with the response of populations to environmendaitdrs. There are two threads in conservation
biology. First, the conservation of small populape.g. in a zoo, and second, the conservation of
declining populations, which contributes to the sEming of endangered species in the wild
(Caughley, 1994). The contribution of behaviourgeaarch to conservation biology is still limited
(Suthterland, 1998) but its relevance is growingr. &ample, knowledge about behavioural research
methods and ontogeny can provide practical toolaidomonitoring programs, or it can predict the
effects of human disturbance on the size of a @tjoul (Caro & Eadie, 2005).

Finally, the understanding of human nature is adrand interdisciplinary field of interest. Althdug
human behaviour seems to have unique traits, ssitdnguage and culture, and its own science (e.g.
social science and anthropology), the study of ahimhaviour could shed light on the behaviour of
humans (Daly & Wilson, 2005). Many other discipbnef biology rely on the continuity of anatomy,
physiology and brain between humans and nonhumasisg animal models, in particular when
research on human beings is too risky or unethloabehavioural biology, animal models are also
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used to research human behaviour and cognitioreXample the use of rats to explore memory tasks
or the study of aggression. Parallel developmeptatesses in humans and animals have been
discovered (Hogan & Bolhuis, 2009b), while homologatructures in the brain may be studied with
the use of MRI techniques.

4.3 Implications for education

In the previous section, we presented an overviéwhe current development and concepts of
behavioural biology. In this section, we will dissuthe topics and concepts of behavioural biology t
which secondary education should pay attention.aBge it is impossible to cover all behavioural
biology, we will take the main points and make lection of concepts.

Considering the developments in the field of théawioural sciences as reviewed in the previous
section, we draw three conclusions. First, behaaidoiology is adynamicresearch field with many
cross-links to other research disciplines that icamsbehaviour. Developments in this research field
are abundant because of the use of new reseafuftigaes, such as fMRI-scans of the brain. Because
of the many cross links and the start of novel aede disciplines, behavioural biology may be
considered an important discipline. Therefore,h@aga broad view of behavioural biology instead of
ethology, as pleaded by Bolhuis (2002), shoulddo¢ @f secondary biology education.

The second conclusion is that behaviour shoulddnsidered as emergent property afymamicand
complexsystem. Although there is no unambiguous definjtmrcomplex system may be defined in
general as a system in which many independent coemts interact with each other in multiple
(sometimes infinite) ways, difficult to predict amdsulting in emergent properties not reducible to
their elements (Brownlee, 2007; Heylighen, 2008aAdL999). A complex system is also adaptive
(i.e., they always adapt in a way that benefitsriheand the basic concept of complexity is that all
components tend to organize themselves into pattémt colonies and immune systems are examples
of complex systems.

Behaviour is multicausal, and organisms behavatgraction with environmental factors at multiple
levels of biological organization. As shown fronethdefinition of behaviour (Levitis, Lidicker, &
Freund, 2009), there is no non-behaviour and behavis reserved to whole organisms and
populations, although the causes of behaviour ¢@examultiple levels of biological organization.
Behaviour cannot be explained by analysing its aomepts or from only one perspective.

Teaching a broad view of behavioural biology whiteounting for the complexity of behaviour needs
to consider a systems approach. The theoretickddigd Ludwig von Bertalanffy (1968) articulated an
organismic approach to the study of life with hisn@ral Systems Theory (GST), and based on his
work other systems theories are developed. A systhaoretical approach requires a systems thinking
competence that could be described as being abs&utly biological phenomena from a systems
perspective (Verhoeff, 2003; Boersma, Waarlo, &dslsen, 2011). As Knippels (2002), Verhoeff
(2003) and Westra (2008) argued, the systems tign&bmpetence may help students to understand
the coherence between concepts.



The third conclusion is that concepts of behavibhi@logy may bestructuredaccording to the four
guestions of Tinbergen. As we described in the iptesssection, behaviour should be explained from
four perspectives and seen as a dynamic complégmnsyd herefore, a well-defined set of concepts is
necessary. Table 4 indicates the concepts of betatibiology, selected from section 4.2. From the
index of the book of Bolhuis & Giraldeau, all copte that are quoted minimal four times were
classified by the four questions of Tinbergen. &eping with the goals of behavioural biology the
societal relevance of behavioural biology coulddedéined as being concerned with animal welfare,
conservation of species and the understandingedfitiman nature (Bolhuis & Giraldeau, 2005).

Table 4. Concepts of behavioural biology, categorized by the four questions of Tinbergen, as described from
section 4.2 and concepts related to the (social) relevance of behaviour.

Concepts

Causation Internal and external stimuli, Behaviour system, Behaviour pattern, Motivational factors,

Motivation, Biological rhythms, Proximate causes.

Development Learning, Habituation, Imprinting, Imitation, Conditioning, Insight, Innate behaviour, Acquired
behaviour, Heredity, Sensitive period, Cognition, Anthropomorphism.

Function Survival value, Feeding, Reproduction, Defence, Communication, Group behaviour, Ultimate

causes, Impress behaviour, Territory behaviour, Social and reproductive behaviour
Evolution Fitness, Natural selection, Permanent adaptation, Evolution of social systems.
Relevance Welfare, Natural behaviour, Stress, Conservation of species, Extinction, Habitat loss,

Understanding human nature.
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4.4 Design criteria for a learning and teaching strategy

The implications for education as described ingrexious section result in a set of design critknia
an LT-strategy for behavioural biology.

1. An LT-strategy should be based or*'ZEntury behavioural biology, which means at lehat
links must be elaborated with other biological ghines such as physiology, genetics and
psychology.

2. Students should be aware that behaviour emergeslymamic and complex system, which results
from multiple causes and develops through the aat@yn of the organism with its environment.
Therefore, an LT-strategy should emphasise systeimking to achieve awareness of behaviour
and coherence between concepts.

3. The behavioural biology concepts in an LT-stratedpould be structured according to the
perspectives of causation, development, functi@hearolution of behaviour.

4. An LT-strategy should pay attention to the soc&lkvance of behavioural biology in order to
develop students' understanding of its relevance.
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5 Defining educational practice in behavioural
biology

5.1 Introduction

In the previous chapter we described an overvie@1dfcentury behavioural biology and formulated
design criteria for an LT-strategy for behaviousalogy. If behaviour is as important as it seems t
be the gquestion arises how the topic behaviouright and learnt in biology education in the
Netherlands today and how it should be taughterftiture.

In Dutch secondary education, the final examinaisodivided into a school examination and a central
examination. Since 1994 in pre-university educatjewo) and 1995 in upper general secondary
education (havo) ethology is part of the Dutch drbiology examination. Previously, any biology
teacher had a large degree of freedom in teachinglogy, and assessed the topic in a school
examination. From discussions with biology teach#&an de Veen-Unema (1980) concluded that
some of them did not know what to do with the toplowever, the need for teachers to increase their
efforts in teaching ethology after its introductionthe central examinations is still not clear. An
analysis of eight central exams in havo and vw®{2P004, two series a year) shows that students
hardly need knowledge of ethology, because thectigpparticularly used to assess (research) skills
(Van Moolenbroek, Boersma, & Waarlo, 2005). A maximof five points out an average of eighty
points were addressed to ethology, and half oféhmsestions were attributed to the question of
function, while the other half covered the quesgtiohontogeny and causation. Consequently, it ean b
concluded that there is still no tradition in teiachethology in the Netherlands (Dijkstra & Jansen,
1993). Therefore, in the exploration phase we ingated the question of the current educational
practice more in detail. We analysed current Duticthogy textbooks and students’ prior knowledge
about behaviour. Section 5.2 presents the restlthat analysis. In section 5.3 we discuss the
conclusions and implications of the previous sectfor the innovation of behavioural biology
teaching in secondary biology education. This dis@mn results in a set of learning objectives for
behavioural biology in secondary education (sechidh).

5.2 Exploring current educational practice

In line with the design criteria described in seetél.4 three questions could be asked.

1. To what extent is a broad or narrow view of lvétaral biology elaborated in current educational
practice? As we posed in the first design critertbe teaching of behavioural biology should besdas
on 2T century behavioural biology, and linked to othésciplines as physiology, genetics, and
psychology.

2. Does the current educational practice emphésibaviour as a dynamic and complex system?

3. In what manner are the four questions of Tinbergddressed in the chapter about behaviour in
current Dutch biology textbooks and in the thougditstudents?



5.2.1 Behaviour in current Dufch biology textbooks for secondary
education

For many American psychologists and biologistsphblishing of the article "The Curious Behavior
of the Stickleback" (Tinbergen, 1952) 8tientific Americarwas a first exposure to the concepts of
ethology (Dewey, 2007). This article became inflisdnand the research on behaviour of the
stickleback stood as a model in biology textbodkgure 9 shows a picture of the ‘zigzag' behaviour
of the stickleback as described by Tinbergen (1952)
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IN FIRST STAGE of courtship the male stickleback then swims toward him with her head up. The al.-
(left) zigrags toward the female (right). The female  domen of the female bulges with from 50 to 100 eggs.

Figure 9. Picture of zigzag behaviour from the original article of Tinbergen (1952).

The same kinds of pictures of the stickleback aotuded in recent Dutch biology textbooks. Figure

10 shows pictures of courtship behaviour of stio&leks in a popular scientific textbook from 1928 ('

Hart, 1978), and a recent textbook for secondamioby education at pre-university level
(Bijsterbosch, Maier, & Van Wijk, 2004). The samietpres can be found in several other biology
textbooks, including the frequently used textbaBlology' (Campbell & Reece, 2005).

From the work of the first ethologists, researchbers and seagulls (Tinbergen), geese (Lorenz), the
Skinner box, and the Pavlov experimértre noted in recent biology textbooks. Of coursehing is
wrong with these examples, but they are all exampbsed on work of the first ethologists, and the
question is if these textbooks represerit &intury behavioural biology.

What should be taught in upper secondary biologication is indicated in the examination programs
(OCW, 2007; Legierse, 2007) and is specified itakyl(CVE, 2010). The current attainment targets
about behaviour in Dutch upper secondary educatiorer three of the questions of Tinbergen,
causation, function and ontogeny. They do not cdkerevolution of behaviour and notions about
human behaviour are limited. More in detail, th@iatnent targets prescribe students’ understanding
of the behaviour of the sticklebacic.

Since Dutch teaching practice is more influencedheytextbook than by the syllabi we also analysed
four commonly used Dutch biology textbooks at vwnal davo level and ‘Biology’ (Campbell, 1996;
Campbell & Reece, 2005), which is seen as an adedpase for the study of Biology and is used in
the training of biology teachers (Van MoolenbroB&ersma, & Waarlo, 2005).

% The Pavlov reaction is even part of the Dutch ‘Bétacanon,’ a list of 50 topics of science which every Dutchman should

know. www.betacanon.nl. (Retrieved February 2012)
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bron 11 De balts van de stekelbaars

Figure 10. Pictures of the courtship behaviour of the three-spined stickleback in the left pane from ‘t Hart
(1978) and in the right pane from a textbook for secondary biology education at pre-university level

(Bijsterbosch, Maier, & Van Wijk, 2004, p. 19).

How are Tinbergen's four questions representedutc® biology textbooks?

To determine how the four questions of Tinbergem answered in Dutch biology textbooks, we
collected a list of all concepts from the chapteowt behaviour in the biology textbooks. In totl 5

concepts, linked to behaviour, were classifiechimfour categories: causation, ontogeny, functimh a

evolution (figure 11).
Total

Evolution

10% Causation

19%

Function

%

Figure 11. Relative distribution of behavioural biology concepts across four categories representing the four

questions of Tinbergen.

After classification, concepts in each textbook avecored to gain more insight in the distributiédn o
the four questions per method. Figure 12 givesdhsgibution of concepts in percentages for folr o
the most frequently used biology textbooks. Itleac that the functional question is most frequentl



represented, while causation and ontogeny eachapprximately 25%. This corresponds with the
emphasis that was laid on the functional questimng the seventies of the last century, as desdrib
in chapter 4.

In Campbell’s Biology (Campbell, 1996) the chaehaviour is the last one of the book and in 8 of
the 14 paragraphs evolution of behaviour takesrgooitant place. The classification of the chapter i
‘Campbell’ is based on several research domainm fathology, such as behavioural ecology,
cognitive ethology and socio-biology, completely line with the prevailing conceptions of the
seventies in the last century. In a latter editdampbell & Reece, 2005) the chapter is placetiat t
beginning of the sector about ecology, the studyirgéractions between organisms and the
environment, but the big picture is the same asrde=d previously.

Biologie voor jou - vwo Nectar HAVO en VWO

Evolution 3% Causation Evolution 0%
21% Causation
27%

Function
36%

Function
2%
Ontogeny
33% Ontogeny
36%
Biologie Actief Biologie Overal
Causation
Evolution 7% 10% Evolution 6%
Causation
29%
Ontogeny Function
2 34% 2%
Function

48%

Ontogeny
8%

Figure 12. Classification of concepts of the behaviour chapter in four Dutch biology textbooks for secondary

education. (vwo = pre-university level; havo = upper general secondary education)

Is behaviour viewed in a broad or a narrow view?

The question if a broad or narrow view on behawbbiology is presented in textbooks is answered
by checking statements about the relation betwésnlagy and psychology and genetics, and about
societal consequences of animal behaviour researahimal welfare. These statements showing the
actual developments of behavioural biology are ee=d in the textbooks only to a limited extent.
Heredity of behaviour is generally addressed indiseussion about nature/nurture, while coherence
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between genetics and behaviour and between hornamrtbbehaviour is not elaborated. The chapters
about behaviour do not refer to other disciplinebiology, such as physiology.

The placement of the behaviour chapter in biol@gching textbooks is another indication for a broad
or narrow view. Sometimes, the behaviour chaptesitisated at the beginning of a textbook, but
generally, it is placed at the end. Since behavi®an isolated topic in textbooks, it indicatasaarow
view.

The complex nature of behaviour in biology textisook

Do current biology textbooks emphasise behavioua dynamic and complex system? As we have
discussed in section 4.3, the dynamic and compdéure of behaviour should be presented in biology
textbooks in an adequate manner, following Tinbegéour questions and exploring different levels
of biological organization. However, because of the@row view, different levels of biological
organization are not necessarily explored. Theeefdr can be concluded that behaviour is not
presented in the textbooks as the result of a cexnglystem. The introduction of the chapter
Behaviour from a frequently used biology textbodkiologie voor jou’ (Biology for you) is an
illustration of this conclusion:

Introduction

Your parents or teachers have probably made comments on your behaviour. For example: "Be quiet".
They wanted your mouth or body would show less movement. All your activities seen together are

your behaviour. Even animals exhibit behaviour.

The issue that is first addressed is how behaviour is studied. Then we discuss how behaviour is caused
and what factors determine behaviour. Also, various forms of behaviour are discussed. Finally, we will
discuss similarities and differences between the behaviour of animals and humans. (Smits & Waas,
1998)

In this textbook ‘studying behaviour’ focuses onh&dour systems, fixed action patterns, an
ethogram, and protocol. In contrast with the d&bni of behaviour, behaviour is only seen in this
textbook as actions and not as inactions. ‘Formbedfaviour’ stands for the function of behaviour,
while behaviour is ‘determined’ by heredity andriéag processes. Speaking about human behaviour,
the textbook states that learning processes foahsrare more important than they are for animals. |
short, the afore-mentioned quotation is exemplarylfutch biology textbooks and therefore it could
be concluded that systems thinking, as a mannenderstand the dynamic and complex nature of
behaviour, would not be supported by Dutch bioltegtbooks. This is in line with findings of others
who pose that system thinking is usually not taughDutch biology education (Boersma, 1997;
Knippels, 2002; Verhoeff, 2003).

5.2.2 Students' ideas about behaviour

From our view on learning and teaching (see chapjtéris clear that pedagogy should use strategies
that connect students' prior knowledge with reléwamcepts in behavioural biology. Therefore, ia th
explorative phase of this study we also investidjdahe prior knowledge and ideas of students about
behaviour of human beings and animals (Van MoolegkrBoersma, & Waarlo, 2007). This study is



of critical importance, because no scientific ediocel research about this topic could be foundce Th
aim of the research was to discover the following:
1. To what extent are the four questions of Tinbemgdlected in students' expressions?

2. How do students describe the behaviour of animadshamans?

3. How do students give meaning to observed behaviour?

4. How do students compare human behaviour with an@ahviour?
5. How do students think about the relevance of behasl biology?

These research questions were answered by quesfietidents in open interviews. From three
schools for secondary education 38 students agelb Mears, in the fourth class of pre-university
level were questioned. Not all students had preshoimstruction about behaviour.

Topics of the interviews were the experiences ofients with pets and the behaviour of some
animals, as shown in some video fragments. A systéncategories was developed from the
interviews and all sentences were classified. Tabkhows the relative distribution (%) of these
categories.

Table 5. Relative distribution of 1057 sentences of students (n=38) about behaviour (From: Van Moolenbroek,
Boersma, & Waarlo, 2007).

1. Four questions

Causation 15
Ontogeny 25
Function 14
Evolution 1

2. Description
Affection 5
Observation 30

3. Give meaning to behaviour

4. Comparison human-animal

5. Importance of behavioural research

= N 0N

Others

After examining the qualitative data it was con@ddhat students explain behaviour from several
causes, whereby the stimulus ‘fear' is most fretiy@mentioned. This probably could be explained by
their experiences with the topic of the intervigets. Pets are generally prey animals.

The students’ statements show both internal anerext factors, but students are not aware that they
infer a causal relationship or, for example, thaernal factors are related to the physiology of an
organism. Comparably, external factors were neatteel to ecology.

Only a few statements were found about the rolgeofes in the development of behaviour. Genetic
determinism seems to play no role in the thoughtstudents: some behaviour is in the genes, and
some behaviour gets learnt, so in students' viaeretseems to be no controversy between nature and
nurture. Furthermore, students see the differeet@den innate and learnt behaviour as a continuum.
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However, the concephsTincT is indistinct. In his ‘Origin of species’, even Dan (1859) did not
make a bid to define the conceysrINCT.

Students mention a few learning processes, whetehgitioning is understood as education. They
consider imitation as a learning process, but 8ok bf further attention to leaning processes esoke
the question if students see learning processagag of behaviour.

Students recognize ‘survival’ as the most importhmction of behaviour, but an evolutionary
explanation of behaviour is not coming to their dhin

Students speak only affectionately about behavehen they speak about their pets. Students use
examples to clarify their statements and use aptmorphic language in nearly the half of these
statements. Anthropomorphic language is not onbdughen they speak about their experiences with
pets, but also when they describe animal behaween from a video. In short, students seem to
attribute volition and feelings to animals.

Although students find it difficult to give meanirtig observed behaviour, they think that this should
be done by ‘looking and comparing’. ‘To look’ isetih described as observing and describing
behaviour, while students ‘compare’ by making datalbetween animal behaviour and their own or
by comparing behaviour in different circumstancBtudents make a distinction between animal
behaviour and human behaviour by noting differenicesntelligence, volition, and conscience.
Finally, students find the topic of behaviour venportant, but attain no self-insight from it.

Dijkstra & Jansen (1993) pose that students likdottus on concrete human behaviour, but their
knowledge is generally not ethological. On the bateour research we confirm this statement.
Generalizing, we concluded that students only lgwreral notions of behavioand that they aneot
curiousabout behaviour. Curiosity evokes questions aboeitwhy' of observed phenomena and is
the same as independent thinking (Rondhuis, 20Q4&stions disappear when curiosity disappears
and curiosity disappears when uncommon phenomensean as common (Jansen & Jacobs-Scheper,
2002). The statement that behaviour is very commoorstudents could answer the question why
students did not wonder about behaviour. They weteaware that behaviour could be a biological
phenomenon that can be investigated.

5.2.3 Conclusions and implications

We explored the current Dutch educational practaebehavioural biology by investigating the
chapters about in the Dutch biology textbooks drpdrior knowledge of students about behaviour.
We address our findings to three questions, deffirad the formulated design criteria for an adequat
LT-strategy.

1. To what extent is a broad or narrow view of daral biology elaborated?

2. Is behaviour emphasised in current biology etioicas dynamic and complex?

3. In what manner are the four questions of Tinbergddressed in the behaviour chapter of Dutch
biology textbooks and in the thoughts of students?

Although the content of the chapter on behaviouhetextbooks is an adequate interpretation of the
prescribed topics about behaviour, it is basederstate of the art in the ethology of 30 yearsagb
it shows a narrow view of behavioural biology. Thetch examination programs are strongly based



on the so-called Program Base of the Biologicalf@duKNAW, 1967; Boersma, et al., 2005), which
means that the examination programs in secondarga¢idn have not been fundamentally changed
recently. The textbooks do not emphasise the dymami complex character of behaviour and lack a
reference to the four questions of Tinbergen. Gnadbntrary, relevant concepts are spread over the
whole chapter, so there is no coherence betweerepts) while evolution of behaviour is generally
neglected.

With these textbooks it is imaginable that currbahavioural biology education does not lead to
awareness of behaviour as dynamic and complexathgr to some general notions of behaviour. The
lack of structure by the four questions of Tinbergand the lack of relevance between behavioural
biology and other disciplines of biology is not gdate for students' understanding of behaviour.

Of course, in addition to biology textbooks anddstuts thoughts the practice of the biology teacher
also important, but teacher's ideas or practice® wet investigated. Furthermore, Boersma (1997)
argues that the current teaching of biology is verly helpful to students, because it does not pay
attention to systems thinking. If this conclusi@ndorrect, it is not very likely that the teachers'
practice could compensate the shortcomings of ibledy textbooks. In general, with the available
textbooks no 221 century behaviour can be taught. That implies ¢tatent education in behavioural
biology should be innovated, leading to a great@araness of behaviour.

5.3 Towards an innovation of secondary behavioural biology

education

In chapter 4, we presented an overview of 2&ntury behavioural biology and its implicatioms f 49

biology education. Behaviour should be taught adymamic and complex phenomenon, the four
questions of Tinbergen should be discussed, anavimiral biology should be defined as a dynamic
research field with cross-links to other domain®iology. In the previous section 5.2, we described
current behavioural biology in secondary educatiesulting in the conclusion that the textbooks are
not adequate for teaching*2dentury behavioural biology and that students dialye a general notion
of behaviour. Taking these conclusions into accaonthis section the question will be answered
which concepts are needed to adapt the currentiggdor behavioural biology education today. First
we argue for a selection of relevant behaviouraldgly concepts (subsection 5.3.1). In the subseaquen
subsections 5.3.2 to 5.3.4, a coherent web of g@igace built.

5.3.1 Selection of relevant behavioural biology concepts

To create a balanced curriculum and to avoid aularcoverload, Van den Akker (2003) suggests first,
to focus on core concepts and second, to createaaiion between learning inside and outside the
school. And in the third place, to increase stuslemiotivation to learn, one should move from
traditional, teacher- and textbook-dominated irettam towards meaningful, activity-based, and
autonomous learning approaches. Although the laet goints seems to indicate for pedagogical
criteria, they could also be explained as a needclfmosing concepts or subjects that either are
relevant for society or increase the interest oflshts. Therefore, a curriculum should have sdienti
and societal relevance and must be relevant fonées.
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Since the same curricular problems of science duugaoverload, lack of coherence and lack of
relevance are reported from other countries (eillpe@, 2006), we consulted three other educational
sources concerning behavioural biology educatiom, iavestigated which concepts of table 4 are
relevant from a societal and personal perspecBubsequently, we paid attention to Project 2061 of
the American Association for the Advancement ofe8ce (AAAS), the National Science Education
Standards (NSES) of the American National Academ$aences (NAS), and a German approach
(Puhlfurst, 2005).

In 1989, the American Association for the Advancetref Science (AAAS) started Project 2061 to
improve science education for all students (AAABQ®2a). Project 2061 includes Benchméatksr
scientific literacy, which help educators to reddes their curriculum (AAAS, 2009b). The
Benchmarks present a basis for learning goalsuatlévels, from Kindergarten to Grade 12. Science
in Project 2061 is considered from a human perspedince terms and circumstances change during
the human life span, and science and technologinares centre of these changes. The Project 2061's
Benchmarks for scientific literacy indicate theenadnt ideas for science education. Therefore, it is
interesting to see how the concepiaviour is elaborated.

The concepseHaviour™ is found in three chapters in the Benchmarks ofeRt 2061. The chapter
The Living Environmentleals with the interaction between behaviour dred énvironment. More
about animal and human behaviour is included inctrgptersThe Human Organisrand The Human
Society The chapteThe Human OrganisniCh. 6) emphases thatHAviOUR is constituted by both
inheritance and experiencevith learning as an important distinction between humand other
species:

"Human behavior results from the interaction of inheritance and learning. Besides being a basic
function of most animals, learning defines the most prominent way in which human beings are

different from other species." (Ch. 6, Learning).

Summarizing, this chapter of the Benchmarks emphaghe causes and development of behaviour
Chapter 7, abouthe Human Societyocuses obviously on cultural influences on béhay including
acting in a group and dealing with peer pressure.

"Differences in the behavior of individuals arise from the interaction of heredity, culture, and

experience—the effect of each depends on the other." (Ch. 7, Cultural Effects on Behavior).

Communication is seen from a sociological (ChSd@cial Conflick and a technological view (Ch. 8:
The Designed World, Communicatjon

Summarizing, we conclude that in the BenchmarkBrofect 2061 emphasis is put particularly on the
interaction of organisms with their environment.

1 http://www.project2061.org/publications/bsl/online/index.php (Retrieved October 2009)
12 Searched with ‘behavior’ (Retrieved October 2009)

13 . . . . .
However, the Benchmarks use the concept BEHAVIOUR in an inconsistent way by the use of terms as ‘social behavior’,
‘genetically determined behavior’ and ‘instinctive behavior’ or even ‘free-market behavior’. Here, we only consider the

behaviour of humans and animals.



Another source is the National Science Educatican@&irds (NSES) of the American National
Academy of Sciences (NAS). The NSES (NAS, 1996)aaset of guidelines for science education in
primary and secondary schools in the United State®stablished by the National Research Council
in 1996. Guidelines are indicated for elementarigdie and secondary schools, and have influenced
various learning standards.

What do they indicate about behaviour? First, ati¢irel of the middle school:

"Behavior is one kind of response an organism can make to an internal or environmental stimulus. A
behavioral response requires coordination and communication at many levels, including cells, organ
systems, and whole organisms. Behavioral response is a set of actions determined in part by heredity
and in part from experience. (..) An organism's behavior evolves through adaptation to its
environment. How a species moves, obtains food, reproduces, and responds to danger is based in the

species' evolutionary history. (NAS, 1996, p. 157)

Three conclusions could be inferred from this téitst, behaviour is seen as a response: it is the
outcome of internal and external stimuli, which me¢hat an organism is always showing behaviour.
Second, the description emphasises behaviour asrdinated response at several levels of biological
organization, which should be understood as ancatiin for a complex system. ThiregeDing,
REPRODUCING andDEFENDING as behavioural systems are mentioned as funatioinshaviour.

For the next level of secondary school (9-12) thgict behaviour is included in the sectibife
ScienceWithin this topic, students have to acquire miy@n understanding of the cell, heredity, and
evolution, but also of the behaviour of organisms:

"Multicellular animals have nervous systems that generate behavior. (...) Organisms have behavioral

responses to internal changes and to external stimuli. (...) these responses either can be innate or
learned. (...) Behavioral biology has implications for humans, as it provides links to psychology,

sociology, and anthropology." (NAS, 1996, p. 187)

The statement that behaviour is ‘generated’ bynrwous system is rather incomplete, although it is
followed by a statement about the senses. Howeasrwe saw in section 4.2 (figure 8), the
mechanism of behaviour consists of more than jestas. As in the description at K5-8 level, thel ol
idea’ of the dichotomy of innate and learned behavis included. The text is not referrin to leagi
processes. Behavioural responses are caused bsaciime between the organism and the
environment, instead of partly by heredity and Igaoly the environment. At the K9-12 level the
NSES takes in account the implications of behaviouhumans and ads cross links to other scientific
disciplines.

Both the Benchmarks and the NSES support our viesuwent educational practice: reasoning from
an unclear notion of (the definition of) behavi@md how the topic could be structured. Therefdre, i
is questionable if the aforementioned descriptmmdd contribute to a coherent curriculum, leadimg

a better understanding of behaviour. There is nwistent whole of concepts, even over different
levels of education. It seems that behaviour ewosky is not seen as the outcome of a complex
system.
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Behavioural biology education has also been diszlss Germany (Puhlfiirst, 2005). From 1996 on a
research group develop a scheme for behaviour&@dyieducation, especially human behaviour. In
this view, behavioural biology education shouldude the following themes:

A. History of ethology

B. New ways in behavioural biology: socio-biologguro-ethology, and behavioural ecology.

C. Systematic thought

D. Limits of behavioural sciences

E. Meaning of behavioural findings for humans
Concepts and topics are categorized in (1) goalksebhviour, (2) the ontogeny, (3) mechanisms and
(4) function of behaviour (including evolutionargrcepts). These categories are in accordance with
the four questions of Tinbergen.
The foundation of theme E is interesting for ouesfion about the social and personal relevance of
behaviour. Not all animals live in their naturalvennment, e.g. farm and zoo animals. Their
environmental limitations include that they shoatthpt. Humans have to take into account with the
limits of adaptation by observing behavioural chesigrherefore, the meaning of behavioural findings
for humans is raised from the welfare of animals.
In addition, according to the German approach hubgdravioural biology education should address
- the phylogenetic adaptation of humans to an enment of hunters and collectors;
- the limited adaptability of humans;
- the (social) stress because of the drifting apfanuman nature and civilization;
- the multifunctionality of much behaviour;
- the elaboration of (human) behavioural biology iotber sciences.
(Puhlfirrst, 2005)
From this list can be noticed that the limits oé thdaptability of humans and social stress are
emphasised. It could be relevant for students tergtand how their behaviour in stress situatisns i
restricted. The German approach is considered asffart to elaborate a systematic overview of
behavioural biology in biology education. The fayrestions of Tinbergen, supplemented with the
goals and methods of behavioural biology reseanghpused to structure the domain, while the human
perspective is the starting point. However, then@ar approach seems to propose an innovation of the
content, without recognising behaviour’'s dynamiod aomplexity. Furthermore, it is remarkable that
in this German approach so many concepts (40) sedeeted.

It seems that the three approaches discussed beret dhow new insights. The goals of behavioural

biology education must express social and persoglavance for students. In addition, it seems

unlikely that the approaches will be elaborated ams a coherent and relevant curriculum for

behavioural biology in secondary education, in WHiehaviour is seen as the outcome of a dynamic
and complex system.

Finally, we will answer the question which conceptsbehavioural biology have to be taught as a
minimum. In table 6 we present the concepts thatralevant in learning and teaching behavioural
biology. With this selection of concepts a cohenemierstanding of the behavioural biology can be
safeguarded. Basic concepts are defined as thenadlgineeded concepts to understand behavioural



biology. In table 4 (section 4.3) we indicated tumcepts of behavioural biology, categorized by the
four questions of Tinbergen, and concepts relatethé social relevance of behaviour. From this
overview, concepts can be categorized at a highesl lof abstraction. For example, the concept
HORMONE is brought under the conceptrernAL sTiMuLUs. Consequently, observable behaviour in the
category ‘Function’ is gathered together in thrigecategorieSEEEDING, REPRODUCTION andDEFENDING.
Subordinate concepts are defined here as (1) noavimural biology concepts (e.GiEREDITY,
WELFARE), that show in particular the societal and pertosl@vance and (2) the behavioural biology
concepts that could be omitted to reduce curricoN@rload (e.gcOMMUNICATION, GROUP BEHAVIOUR).

Table 6. Basic and subordinate behavioural biology concepts, relevant in learning and teaching behavioural

biology in secondary education.

Basic concepts Internal and Learning Survival Fitness
external stimuli Habituation Feeding Natural selection
Imprinting Reproduction Permanent
Imitation Defence adaptation
Conditioning
Subordinate Heredity Adaptation Communication Conservation of
concepts Stress Heredity Group behaviour species
Human nature Human nature Welfare (incl.

natural behaviour)

Stress

5.3.2 Evoking coherence between concepts

Selection and structuring of relevant conceptsriscairement for education, just as inducing cotiere
conceptualisation. Many students do not developeit biological knowledge (KNAW, 2003),
because they do not understand that biological gss®s include different levels of biological
organization.

In our view on learning and teaching, we emphassseeptual development within social practices,
wherein the meaning of a concept depends on thextan which the concept is used. In chapter 4 we
argued for a dynamic and complex nature of behavaod suggested that systems thinking could be
supportive in acquiring this understanding, singstesns thinking enables dealing with the multi-
causality of behaviour. It seems to be importantshow the interrelationships between relevant
concepts of behavioural biology, and the coherdrmtereen different levels of biological organization
(Boersma, Waarlo, & Klaassen, 2011)

Furthermore, Vosniadou & loannides (1998) argué¢ $scence learning is a gradual process during
which students’ conceptual structures based orr thegrpretations of everyday experiences are
continuously enriched and restructured. RosemaTn& Koppal (2010) in presenting a method for
analysing the coherence of high school biologytteaks, maintain that coherent textbooks should

a) present a set of age-appropriate scientific ideas and connections among them;

b) clarify the ideas and connections with effective representations;
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c) illustrate the application of the ideas to objects, events, and processes in the real world;

d) avoid the use of unnecessary technical terms or details that are likely to distract students from the

main story. (Roseman, Stern, & Koppal, 2010, p. 50)

According to Boersma et al. (2005) in the concepttext approach coherence should be distinguished
at different levels, including coherence betweencepts. Therefore, the question is how to construct
with the concept shown in table 6 a coherent mofl@oncepts for behavioural biology that can be
learnt and taught gradually.

Summarizing, we suppose that conceptual coherehbehavioural biology emerges when students
have the possibility to explore different levels lmblogical organisation, can relate behavioural
biology concepts to their everyday experiences, &@hdn they have the possibility to build up a
concept web gradually. Therefore, in the next sesti we will describe the use of concept maps
(5.3.3) as a tool for the step-by-step developnwnthe coherence between behavioural biology
concepts, and the introduction of the stress mastraas a tool for inducing coherence between the
perspectives of Tinbergen and different levelsioldgical organisation (5.3.4).

5.3.3 Using concept maps

Models of behaviour are particularly used in (ediocel) psychology (see e.g. Huit, 2009), but also
in behavioural biology (see figure 8). Models asgified representations of the real world could be
used for representation of the relations betweemceupts in a complex system (Ossimitz, 2000).
Because of the strong causality of behaviour (Withemphasis on internal and external stimuli), the
ability of thinking in dynamic processes is alsoiamportant criterion for representing concepts in
behavioural biology. Ossimitz (2001) describes s@verays of building such representations, e.g.
causal loop diagrams (feedback loops), verbal gesmm and stock-and-flow diagrams. For
behavioural biology education, we have to searchaftype of representation of behavioural biology
that supports the before-mentioned dimensions.

Since the publication of a special edition of tleirdhal of Research in Science Thinking in 1990
showed the importance of concept mapping (Al-Kuhi€&e Wandersee, 1990) a considerable amount
of research has validated the usefulness of cgeatincepts maps in meaningful science teaching and
learning (Kinchin I. M., 2001; Gouveia & Valader@f04; Aguilar-Tamayo & Aguilar-Garcia, 2008;
Wallace & Mintzes, 1990). Concept maps promote esttgl meaningful learning, and enhance the
integration and retention of knowledge (Mintzes,ndfersee, & Novak, 1997). In addition, concept
mapping is frequently used by researchers in educat an instrument to investigate students' rhenta
models (Chang, 2007; Kinchin, 2001). Therefore lime with the Vygotskian view of meaning
construction (chapter 2), we decided to use coneggis to represent of behavioural biology.

A concept map is a graphical representation fordiganization and representation of knowledge
(Novak & Cairias, 2008). The core element of a caneggp is a proposition, which consists of two or
more concepts connected by a labelled link. THarim phrase specifies the relationship between the
concepts. Concepts are mental representations iatjote individual to recognize and categorize
events and objects (Aguilar-Tamayo & Aguilar-Gayc2®08). In a concept map, propositions are
connected to each other to form a hierarchicatcsire that represents the organization of knowledge



in long-term memory (Novak & Cafas, 2008). The dasssumption of the concept map is that
interrelatedness is an essential property of kndgde

How can we build a coherent web of concepts of bielaal biology? We identify three steps:
1. Determine the basic causal loops;

2. Conceptualize the causal loops;

3. Expand the conceptualization by elaboratiorhefdoncepts.

First, thinking in interrelated structures, we det@e the basic causal loop of behaviour: the
interaction between an organism and its environr(fanire 13).

Behaviour adapts to

. S .

o . 5. environment
organism triggers

Figure 13. Basic causal loop of the interaction between an organism and its environment.

The second step is to construct a concept map dipgthe behavioural biology concepts as is shown
in figure 14.

welfare
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in order to —»| adapt
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Figure 14. Basic concept map of behaviour of an organism.
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This concept map could serve as the basis for atialu of students’ coherent understanding of
behavioural biology when they are asked to constroccept maps as a reflection assignment.

It could be discussed whether the concepi/ivaL should be replaced by the concepiess, but
according to the basic causal loop, the use ottimeeptsurvivaL fits better than the conceptness.

The behaviour of an organism is aimed at surviwdiile the conceptiTness is classified under the
evolution of behaviour. Our prior study on studéiutsas about behaviour showed that students do not
have any notion about the evolution of behaviowar(Wloolenbroek, Boersma, & Waarlo, 2007), and
even the benchmark of Project 2061 omits the enwludf behaviour. In addition, evolution is seen as
a biological key concept (Boersma, et al., 2008y t understand the evolutionary perspective of
behaviour students have to understand the concdpgsolution as well. However, in the current
educational practice we could not rely on the airunderstanding of the concepts of evolution.
Therefore, it is questionable if it is wise to leand teach the evolution of behaviour apart from t
other concepts of evolution. Thus, when teachirtalmural biology is aimed to make students aware
of behaviour, it is for sake of reducing complexiyd avoiding curricular overload) that we ledve t
learning and teaching of the evolution of behaviaside, and speak from here on about the three
perspectives of Tinbergen, instead of four.

The third step in building a coherent web of cotsépto expand the conceptualization by elabogatin
concepts asTRESS REACTION, LEARNING, SURVIVAL, and WELFARE. These concepts are listed in table 6,
except thesTRESS REACTION. The stress reaction is the connection betweerfuhetional and causal
perspective. When an organism cannot express ngnatlral) behaviour, it experiences stress. Stress
is defined as an organism's total response to @mviental demands or pressures. Studying the
influence OfINTERNAL AND EXTERNAL STIMULI On behaviour, one unavoidably encounters the phenon

of sTrRess. Stress could be recognizable and relevant falestis because of its ubiquitous nature.
Everybody experiences stress, which should be émtigr understandable from the definition of
behaviour. Therefore, the stress reaction, orstRess MecHANISM, iS not only relevant, it could also
serve to induce coherence in the web of behavidniokdgy concepts. The stress mechanism connects
behavioural biology with physiology and psychology.

Although an overload of concepts should be avoideslthink it is necessary to include the stress
mechanism in behavioural biology education, andsequoently in the concept map. The stress
mechanism will be explained in section 5.3.4.

Finally, building a coherent web of concepts foh&édoural biology education as shown in figure 14
must be expanded with the concepts needed to exghiaistress mechanism. This final concept map is
presented in figure 15.
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Figure 15. Expanded and final basic concept map for behavioural biology education.

5.3.4 The stress mechanism

When the phenomenon stress was studied, the tesnmitially used to denote both the causes and the
experienced effects of pressures. More recentlyelrer, the conceptrrRessor has been used for the
stimulus that provokes a stress respthde 1936 the Canadian endocrinologist Selye phbtishis
first ideas about the General Adaptation Syndro@®aS). He introduced the worgtressor for the
causative agent, retaining the testress for the resulting condition (Selye, 1978), to iigtish the
conceptsTress andsTressor. He observed the syndrome as a whole, represeatgeneralized effort

of the organism to adapt itself to new conditi¢@slye, 1936), and stated that

"Adaptability is probably the most distinctive characteristic of life" (Selye, 1978, p. 159).

Selye defined the GAS as the process that describes

1% Stress. (n.d.). Encyclopedia of Medicine. http://www.answers.com/topic/stress (Retrieved January 2010)
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"the non-specific response of the body to any demand" (Selye, 1978, p. 55),

which means that the stress mechanism is a phgstaloprocess. Therefore,

"stress is the state manifested by a specific syndrome which consists of all the non-specifically-induced

changes within a biologic system." (Selye, 1978, p. 64).

The General Adaptation Syndrome progresses in stegges, which are illustrated in figure 16.

T/

Resistance to stress

Alarm

Resistance

Exhaustion

Figure 16. lllustration of the General Adaptation Syndrome, using general resistance to an injury as an

indicator. (adapted from Selye, 1978, p. 111 )

In other words, stress is how the body physioldigaepares and answers to change.

"Anything that causes stress endangers life, unless it is met by adequate adaptive responses;

conversely, anything that endangers life causes stress and adaptive responses. Adaptability and

resistance to stress are fundamental prerequisites for life, and every vital organ and function

participates in them." (Selye, 1950, p. 1383).

The stress response expires via two different axarast reaction of the autonomic nervous system
and a slow reaction via the hypothalamic-pituitadyenal axis (HPA axis) (see figure 17). In the fas
reaction, the hypothalamus activates the autonaraigous system to release the stress hormones
(nor) adrenaline. Adrenaline and noradrenalineesnéted through adrenal. A higher heart rate and
blood pressure is the result, so blood supply éontluscles and brains increases. The organismas abl
to react alertly: fight or flight. The alarm respenis the first stage. When the threat or streissor
identified, the body's stress response is a sfaddaom. Afterwards, the stress level can be meabur

via blood plasma or urine.
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Figure 17. Schematic representation of the two body responses to a stressor. (From:

https://en.wikipedia.org/wiki/Hypothalamic-pituitary-adrenal axis Retrieved February 2012)

The slow stress response runs via the releaserofames. Corticotrophin-releasing hormone (CRH) is
released by the hypothalamus. CRH stimulates thetgoy to produce adrenocorticotropic hormone
(ACTH). ACTH stimulates the adrenal cortices, whigtoduce glucocorticoid hormones (mainly
cortisol in humans). Glucocorticoids in turn actkan the hypothalamus and pituitary (to suppress
CRH and ACTH production) in a negative feedbackleydhe stress hormone cortisol is aimed to
slow down the strength action of adrenaline. Algjlothe body begins to adapt to the strains or
demands of the environment, the body cannot keispughindefinitely, as its resources are gradually
depleted. One could become insane when there identine in stress. Cortisol breaks down the s5g
proteins in the muscles, and so the body gets gnbr@ stress reaction, the body produces tenstime————
more cortisol than usual. Consequently, peopledaetgetic. Cortisol also limits the amount of whit
blood cells, suppressing the immune system. Dwehigh amount of cortisol, the brains diminish the
release of CRH: a feedback loop. Cortisol is messarin blood, urine, and saliva. In the resistance
stage, the body recovers from the reaction in themaphase. Experimental studies in rats have
revealed many different types of stress, physiadjal, or mental stress. Stressors can be of many
different types, but both types activate the HPA& §Xohnson, Kamilaris, Chrousos, & Gold, 1992).

Exhaustion is the third and final stage of the GA&del. At this point all the body's resources are
eventually depleted and the body is unable to rmaimormal function. Exhaustion happens when the
feedback system is out of control and high levélsastisol remain. The initial autonomic nervous
system symptoms may reappear (sweating, raiset tagay etc.). If stage three is extended, longiter
damage may result as the capacity of glands, espettie adrenal gland, and the immune system are
exhausted and the function is impaired resultingéoompensation. A chronic overreaction to stress
overloads the brain with powerful hormones thatiarended only for short-term duty in emergencies.
Their cumulative effect damages and kills brainlsgeéspecially in the hippocampus, which is
sensitive to cortisol. The hippocampus plays a iolenemory, and especially in the memories of
stress situations. We feel, therefore we learn (@naiimo-Yang & Damasio, 2007).

The GAS can be viewed not only physiologically, blgo behaviourally. In the alarm phase, the body
shows the changes characteristic of the first ex@ot a stressor. At the same time its resist&sce
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diminished and, if the stressor is sufficientlyosty (e.g. extremes of temperature), death maytresul
Behaviourally, the alarm reaction could be ‘figlight or freeze’. The organism has to choose:tfigh
flight or freeze to save life. Obviously, sensed amotions play an important role and stress has
much impact on learning and memory (O'Halloran & &Woran, 2001; Cabhill, Gorski, & Le, 2003;
Yonelinas, Parks, Koen, Jorgenson, & Mendoza, 2011)

In the second phase, resistance increases wheimweshtexposure to the stressor is compatible with
adaptation. The defence is twofold: overcompensadiod coexistence. The bodily characteristics of
the alarm reaction have virtually disappeared, aesistance to a stressor rises above normal
(overcompensation). Even when an organism habgudke bodily signs disappear and the body
recovers from the acute stress reaction.

In the exhaustion phase, triggered by long-contig@ixposure to the same stressors to which the body
had become adjusted, exhaustion follows, resufimagly in the death of the organism. The signs of
the alarm reaction reappear, but now may be irsihie; and the individual may experience
symptoms of adrenal failure. At this stage, humexygerience chronic stress, which is known as a
burnout.

The GAS demonstrates a strong relationship betwebaviour and physiology and even psychology.
Influenced by environmental factors and internaygital organization, an organism adapts and has
learning experiences. Organisms adapting insuffibievill not survive. Consequently, he who learns
survives. Therefore, learning and teaching aboatniag processes should be considered as an
inseparable part of teaching behavioural biologgarhing processes always take place in interaction
with the environment and are influenced or limibgdthe capabilities of an organism.

Stress is not only negative. Selye distinguished types of stress: eustress (positive) and distress
(negative). Furthermore, according to our commarssave know that pressure leads to performance,
but too much pressure to depression. This prindgplnown as the Yerkes-Dodson principle (figure
18).
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Figure 18. Influence of stress to performance, known as the Yerkes-Dodson principle. (Adapted from Wikipedia,
https://en.wikipedia.org/wiki/Yerkes-Dodson law, Retrieved February 2012)




5.4 Learning objectives for behavioural biology education

In this study our main goal is that students arerawof behaviour, which is the basic level of
behavioural literacy. In addition, the followingal®ing objectives for behavioural biology education
are formulated.

Students are able

1.
2.

N ORr®

to explain that behaviour is caused by internal extdrnal stimuli;

to describe that behaviour is the result of theermttion between the organism and its
environment;

to determine the function of behaviour;

to describe the development of behaviour;

to recognize the stress mechanism in the behavidunmans and animals;

to carry out a simple behavioural research (onfyratuniversity level);

to discuss applications of behavioural researalogational and scientific practices.
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Over time and cultures, the most robust and most effective form of communication is the creation of a

powerful narrative - Howard Gardner

é Towards an LT-strategy for ‘behaviour’

6.1 Introduction

Chapters 2 and 4 yield the design criteria for arstrategy for behavioural biology. In chapter & w
described our view on learning and teaching, angta&ibnal design criteria for an LT-strategy were
defined. We integrated two educational approacties.concept-context approach and the problem-
posing approach. In the fourth chapter, contenéria for learning and teaching behavioural biology
were described.

In this chapter, we describe the development dfeustrategy for behavioural biology. In section 6.2
the design criteria and learning objectives ardalated for a global design of the LT-strategy. In
section 2.4 we described three building blocksafot T-strategy: the use of authentic social prastic
interaction, and the evoking of motives. Therefdmesection 6.3 we justify the choices for authenti
practices. Section 6.4 makes clear how interadsoplanned, and in section 6.5 we describe how
motives can be evoked.

Starting point for the description of the LT-stigieis the second version of the strategy, while
adaptation from the first to the second versicseisn in retrospect.

6.2 Global design for an LT-strategy for behavioural biology

The findings of the explorative phase and the darsgecific philosophy of learning and teaching
behavioural biology resulted in criteria for designan LT-strategy, which can be divided into aide
for the learning and teaching processes and @&iteri behavioural biology. In chapters 2 and 4, the
following design criteria are formulated:

1. An LT-strategy for behavioural biology should besbéd on behavioural biology concepts used in
authenticsocial practices Authentic means existing in social reality. Thehavioural biology
concepts should be elaborated and students shaudthe opportunity to explore their personal,
societal, and/or scientific relevance.

2. Participation in a social practice motivates leagnas the outcome dhteraction between a
person and his/her environmeAn LT-strategy for behavioural biology must promateeraction
between learners and their learning environmeanieducationally appropriate social practice.

3. Learning activities must promote the thinking prsas of students. Therefore, an LT-strategy for
behavioural biology must evokeotivesor one or more steering questions. The sequentd of
activities must provide a story line and createarpmities for non-interrupted learning.



4. Recontextualisingof earlier acquired concepts is not self-evideritew other practices are
introduced, and should be incorporated explicitiythe LT-strategy. This implies that an LT-
strategy should consist of more than one practice.

5. An LT-strategy should be based @™ centurybehavioural biology, which means at least that
links must be made with other biological disciplinestsas physiology, genetics, and psychology.

6. Students should be aware that behaviour emergeslymamic and complex system, which results
from multiple causes and develops through the act@n of the organism with its environment.
Therefore, an LT-strategy should emphasigstems thinkingp achieve awareness of behaviour
and coherence between concepts.

7. The behavioural biology concepts in an LT-stratedpyould bestructured according to the
perspectives of causation, development, functiod,evolution of behaviour.

8. An LT-strategy should pay attention to the soc&kvanceof behavioural biology in order to
develop students' understanding of its relevance.

An LT-strategy, based on the aforementioned desiijeria, has an intentional learning outcome,
which is defined in learning objectives. In thisidf, the main goal is to make students aware of

behaviour. Consequently, the intended outcomeestiategy is that students are able:
63

1. to explain that behaviour is caused by internal extdrnal factors,
to describe that behaviour is the result of theerattion between the organism and its

n

environment,

to determine the function of behaviour,

to describe the development of behaviour,

to recognize the stress mechanism in the behawefdunmans and animals,

to carry out a simple behavioural research (onfyratuniversity level),

to discuss applications of behavioural researaloaational and scientific social practices.

N o oM~

Outline of the LT-strategy

Figure 19 shows the outline of the LT-strategy,ahhétarts with evoking the central steering questio
in behavioural biology: "Why does a human or anichalthis?" This question can be answered from
Tinbergen's perspectives on behaviour. The cestedring question should focus students on the
educational social practices that will be explofgekign criteria 3 and 7).

The global design of the strategy consists of thmegtices and each practice starts with a steering
question. A steering question will be derived frthra activity of the authentic practice (designesia

1, 2, and 4).

Furthermore, the three stages of the problem posppyoach (questioning, activity, reflection, see
section 2.4.1) are embedded into the strategy. €&2pmntly, the sequenced practices have different



educational aims (Westra, 2008). After evoking ¢katral steering question in the focus lesson, the
LTAs of the first two practices are meant for ansiag the central steering question, while the last
practice (testing) can be seen as a reflectionegphidse first and second practice are aiming torgala
students' prior knowledge on behavioural biologythwhew knowledge, whereby the concepts
acquired in the second practice form an extensfotined concepts from the first practice. The third
practice is meant to test students’ knowledge drabieural biology (design criterion 4).

In addition, each practice, including the focuséss is also built up according to the problem pgsi
approach. A reflection phase follows each LT-attiyphase, wherein students look back to the
steering question of the practice and to the ckstearing question. After that a new steering tjaas
will be evoked, which makes it plausible to chatma new practice.

. . iy
o Central steering question |3
C
w
Steering question first practice >
(9]
Learning activities €
...................................................................... =
< Reflection =
'
Steering question second practice
........................................................................ m
Learning activities §
...................................................................... 3
< Reflection >
i
v
Steering question third practice
......................... 5
Learning activities o1
---------------------------------------------------------------------- (8
Reflection

Figure 19. Outline of the global LT-strategy (adapted from Westra (2008)).

6.3 Selection of authentic social practices

Because of interaction, behaviour appears. So,vii@racould be explored in any practice where
organisms are objects or subjects (see also thnitdef of behaviour, section 4.2). However, for
education it is prudent to select practices whegglected behavioural biology concepts could be
recognised easily. As noted in section 2.4.2, tluagegories of practices can be distinguished: life
world, professional practices and scientific preeti For this LT-strategy, we have selected four
authentic social practices. The first and thirdcfices are the same for students at vwo and havo
level. For the second practice, a distinction islenaetween havo and vwo level, and this practice
differs in topic, category, and level (practicesa?al 2b).



For the LT-strategy, we selected four authentigadqractices:

Practice 1 Caring for your pet (dog) [orientation]

Practice 2a Designing a welfare friendly stabletfmusands of pigs [exploration]
Practice 2b Researching the overtraining syndrarplration]

Practice 3 Dealing with aggressive people [testing]

6.3.1 Criteria for selection of authentic social practices

The level of the lesson series is determined thrdhg interplay between the authentic social practi
and students' educational needs. In fact, authsnti@l practices could be seen as complex systems
with many relationships, wherein execution of &atifg supposes experts' knowledge, while it is an
educational need to bring the social practice thestudents' zone of proximal development. In the
activity theory social practices are analysed by elements: subject, object, instruments, rules,
community and task allocation (Van Eijk, Goedhatper, & Ellermeijer, 2004). Therefore, an
authentic social practice should be adapted anc maidiable for education, and we require critesia f
the selection of authentic practices. In addititve, question should be answered which restrictions
points of attention must be considered to maketigessuitable for teaching and learning behavioura
biology. Why or when are authentic practices suétdibr biology education? In retrospect, the criter
for evaluation of the suitability of authentic ptiaes can be divided in two categories: two
behavioural biology (content) criteria and thre@aeadional criteria. These five criteria are diseass
successively.

1. Aims of behavioural biology

Animal behaviour research contributes in three domeaof human society: animal welfare,
conservation of species, and understanding of humature (Bolhuis & Giraldeau, 2005). Therefore,
the first content criterion is whether an authemsticial practice meets one or more of the aims of
behavioural biology. Authentic life-world, professal, and scientific practices satisfying this
criterion, can be found.

"One area in which studies of causation have been particularly numerous is in the field of applied
ethology. Most of these studies seek answers to practical problems that confront farmers and others

who raise animals commercially or people who keep animals as pets." (Hogan, 2009, p. 43).

All selected practices meet one of the objectiidsetavioural biology. In practices 1 and 2a, welfa

of animals is the aim of the activities, while gree 2b focuses on both the understanding of human
nature and the welfare of animals. Obviously, test tpractice about aggression deals with the
understanding of human nature. Conservation ofiepds not elaborated in the practices, but it is
supposed that this objective could successfullgtptored in a practice such as the zoo.

2. Levels of biological organization

The fifth design criterion requiring that behaviaubiology should be linked to other biological
disciplines such as physiology implies that it mhet possible to introduce the molecular level of
biological organization. The molecular level isuggd in order to include the functions of hormones
in the causal explanation of behaviour. Examplesonmones functioning as components of the stress
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mechanism are adrenaline and cortisol. Adrenafirewell-known hormone, which is used in case of
acute stress situations. Therefore, adrenalinebeansed in a life-world practice. However, in life-
world language it is not necessary scientificallgac. In contrast, the functions of adrenaline and
cortisol are especially studied by endocrinologi$tserefore, introducing the molecular level regsir
the selection of a scientific practice. Howeverhavo level we do not use authentic scientific &loci
practices. Therefore, in the LT-strategy introdgcthe General Adaptation Syndrome ‘embedded
scientific practices’ are included. Embedded pcastiwill be explained in section 6.3.3.

3. Practices should elicit motives

In chapter 2 we argued that meaningful learninguireg functional knowledge. In the case of
meaningful learning students are able to connewat kiowledge with their prior knowledge. New
knowledge becomes more functional when it is relevand when it enables a learner to participate
adequately in a social practice (see figure 1)tHemmore, we argued that adequate participatian in
practice is possible when motives for action aigtet], and problem solving could evoke a motive fo
the execution of activities in a practice. Therefgoroblem solving should be a central issue in the
selected practices, and, according to the Cultdistbrical Activity Theory (CHAT), the nature ofeh
activity of the social practice should be the legdprinciple for the evaluation of the educational
applicability of a social practice. Problem solvib@-activities should meet ‘the willingness to act’
(see section 2.3), and therefore, increase studants/ation to learn.

In the intended curriculum the steering questioa pfactice is the leading motive:

Practice 1 How tearefor your pet?

Practice 2a How tdesigna welfare friendly pig stable?

Practice 2b How toesearchthe overtraining syndrome?

Practice 3 How talealwith aggressive people?

The question of how the problem posing cycle ibalated in the LT-strategy will be discussed in
section 6.5

4. Reducing complexity

For an adequate understanding of behavioural bjobogcepts, it is not desirable to use all concepts
and relationships between concepts applied in #reatic social practice in one educationally addpte
practice. In chapter 4 we argued for a minimumedfdvioural biology concepts that should be taught.
Therefore, complexity has to be reduced, and thsipility to reduce the complexity of an authentic
practice without losing essential elements for b@haal biology education is another criterion for
selecting authentic practices. Reducing complestityuld be directed by the sequence of LTAs - the
storyline -, because each LTA covers a part ofcibretent. Looking backwards, for reduction of the
complexity in the intended curriculum we distindutsvo practical techniques.

First, a causal loop directs the sequence of LTasswe explained in figure 14. This sequence is
structured according to the perspectives of Tindergesign criterion 7). Focusing on the behavioura
biology concepts and ignoring other concepts dishies the complexity. The selection of behavioural
biology concepts and the description of its coheeeare described in section 5.3.



Second, role-playing, conform the activity of thegiice, may result in students’ recognition of the
necessary skills and a need to know how to acdbese skills. Role-playing provides students the
opportunity to empathize with a situation, persomd gerspective. In the case of collaboration,
different roles show students different perspestiire problem solving. By choosing adequate roles
other possible roles in the practice may be omittddch reduces complexity.

In the scenario, the following roles were selected:

e dog owner (practice 1)

* (pig) farmer, economist, animal protectionist aegearcher (practice 2a)

» researcher (practice 2b)

« police officer, behavioural biologist (practice 3)

Practice 2a includes more roles than the othettipes; because the activity ‘designing’ is perfodme
by students in a multidisciplinary team, whereiaytihave to collaborate in order to design a welfare
friendly pig stable. In the practices 1 and 2brthle of a dog owner and a researcher result fram th
perspective of the practice, represented by thealesteering questions. In the third practicedstis
have to focus on the practice of a police officbiovhas to deal with aggression. However, in trae r

of a behavioural biologist students have to givei@on how to deal with aggression in an adequate
manner. Since it can be supposed that a role iscéiméral figure in a story, it may be also an
indispensable element in an educationally adapidteatic practice.

5. Availability of authentic material

Authentic materials, such as research data, videdsarticles, are necessary for production of legrn
materials. Finding original materials is not ditfit the internet is a rich source of data. Neailyof
our sources for the learning material were coll@étem the internet, except research data, whieh ar
usually not published on the internet.

The collected materials were adapted for educattorfit into LTAsS. Articles were adapted, for
example to avoid informal language, to meet stugldéevel of understanding, and to restrict thegext
(language, level, and length). An important comuditis that those articles correspond with the e
practice: life-world, professional or scientificuBents were required to explore each text witataos
questions, aiming to lead students through thestexhile paying attention to behavioural biology
concepts.

Also videos were found, most of them from the in&tr Some videos are a broadcasted tv-reportage,
and owners are inclined to make them availableefducation. Important contributions were the
research videos of horse behaviour, received fresearchers of Utrecht University, Faculty of
Veterinary Medicine. They were so kind to search tfee videos with the best visible differences
between the controls and (over)trained horsesdtfitian, relevant data of heart rate and heart rate
variability were delivered.

6.3.2 Educational description of the selected practices

In this subsection we describe the selected pexctidttention is paid to the relationships with the
selection criteria: the behavioural biology aime thteering question, educational adaptation, the
storyline, and the use of authentic materials.
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Focus lesson

The first lesson is aiming to take away studenttter of course of behaviour, and to evoke intarest
finding an explanation of it: "Why does he do itPHerefore, the story starts with the unexpected
behaviour of a dog, as a preparation to the firatice. Students explore the central steeringtopres
from the three perspectives (causation, function, @evelopment of behaviour) by reading an article
about dominant and submissive behaviour of dogssilected the practice for the focus lesson as a
part of the first practice to allow a non-interregbttransition from evoking the central steering
guestion to the steering question of the first ficac

Practice 1: Taking care of your pet

To increase awareness of behaviour (design crnited)o we selected a first practice in the category
life-world: taking care of your pet, with a dogas example. People love their pets (Archer, 198d) a
most students in secondary education have expesewith pets (Van Moolenbroek, Boersma, &
Waarlo, 2007). Therefore, this practice is relevard suitable for students.

Pets should be cared for. Therefore, the steeriegtipn of this practice is ‘what do you have town

to care well for your pet?’ ‘Caring’ is the centrattivity in this practice and it includes all othe
activities, such as feeding, housing, and nurtufglgsign criterion 3). Students are asked to answer
the steering question of the practice by execudimgmber of LTAs, although the steering question is
not asked explicitly. In the reflection phase ofgiice 1 in the first research cycle the steering
guestion of the practice is connected with there¢steering question of the whole lesson seriesy'W
do they do that?"

"The main question was: ‘what does behaviour mean?’, or: ‘why do they do that?’ We have searched for
answers on that question by taking care of your pets. What do we have to know to care for our

pets?" [1, Learning material, practice 1, LTA4'2]15

In the reflection phases of the learning materiahie second research cycle, the students are &sked
answer the following question:

"In the reflection phase you reflect on what you have learnt about behaviour. Which concepts are used

in the previous lessons?" [2, Learning material, practice 1, LTAS'l]

The story of the practice starts with the obseovathat pets are dependent of humans. Thus, humans
are responsible for the welfare of their pets. €héer, students have to discover what welfare siean
Feeding, housing and breeding are examples ofitiesithat are directed to the welfare of a pet, bu
when and how can you see that a pet is ‘happy? mbst common definition of animal welfare is
‘the physical and mental health of an animal.’ 888, the European Union declared five freedoms for
animal welfare (EU, 1998) (see chapter 4).

In addition, pets show three functional classesabfiral behaviour: feeding, reproduction and defenc
and students explore the function of behaviourdscdbing natural behaviour of pets such as aaog,

> See section 7.2 for explanation of the code of the fragments, and chapter 8 for an overview of the LTAs.



cat, and a rabbit. The ultimate function of behavis of course to survive. However, when a pet is
not able to show natural behaviour, stress ariBais. issue is introduced in the learning materighw

an article about dog stress. Stress is causedrbgsets (internal and external factors or stimuli).
Hormones such as testosterone and cortisol arepeamf internal factors (design criterion 5, 7heT
defence against stressors runs according to ther@lefddaptation Syndrome (Selye, 1950; 1978). In
the alarm phase a pet reacts with fight, flightreeze, which is observable behaviour. When asires
persists after the alarm phase, pets have to dlkeiptresponse (adaptation phase). When adaptation
fails, a pet dies (exhaustion phase). Learning ggees, the vehicle of adaptation and the resulting
development of behaviour, could be distinguishethio ways, namely the development of behaviour
from juvenile to adult and the development of bétarw influenced by nurture (education). This
construction also meets design criterion 5.

In the first practice, some internet articles anouYube videos are adapted and embedded in the
learning materials.

Practice 2a (havo): Designing a welfare friendlyg mitable

The second practice at the havo level is a prajaasipractice, since havo prepares students géneral
for vocational education (design criteria 1 and H)e steering question of this practice is how to
design a welfare friendly pig stable.

Farm animals are kept for production instead ofclmmpany like pets. However, welfare is a salient
topic for both pets and farm animals. Also farmnaals show natural behaviour, but the way they are
kept has much influence on the performance of thatural behaviour, and consequently on their
welfare (design criterion 3). The number of stressmd the ability to adapt (cope) influence thesle

of welfare.

In building a stable where animals can express thaiural behaviour as much as possible, the
guestion arises how the amount of stress could éasured. Answering this question leads to an
understanding of the physiology of the stress meaicha (design criteria 5, and 7). Stress negatively
influences the growth and resistance of farm arsnajainst diseases, so optimization of the
production environment is necessary. Therefore fitt@d assignment for students in the educational
adaptation of the practice is to design a ‘porkz@laa mega stable for thousands of pigs, whers pig
experience low levels of stress (design criteren@ 3). In addition, videos of scientific reseacch
the stress of pigs and internet articles are adagtd used as learning materials.

Practice 2b (vwo): Researching the Overtraining @pme

In the first research cycle students from pre-ursig classes commented that the level of executed
curriculum was not challenging. Therefore, in theeand research cycle another practice about
researching the overtraining syndrome (designraritel) was selected.

At Utrecht University endocrinological and behavialu adaptations to experimentally induced
physical stress in horses was investigated (De fdtaalfsema, 2007). Horses were trained with a
treadmill over a period of 32 weeks, whereby thenaity of the training varied. One group of horses
underwent a regular training intensity, while triees group got a more intensified training program
and became overreached. Data were collected duhiagtraining, both physically (e.g. blood
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examination, muscles biopsies, heart rate vartgpitiormone levels) and behaviourally. In a Novel
Horse Test (NHT) horse behaviour was observed bgnsi@f video surveillance. This test was a
specially developed assessment to challenge treesidor a novel situation. A horse was led into a
prepared indoor arena and was free to explore fierA minutes a novel horse was presented,
separated by a fence. Both animals were alloweédtéoact freely over the beam. After 5 minutes the
novel horse was led away and the observed horsdeftaaone for another 5 minutes. Behavioural
research showed clear differences between theatdrdrses and the test horses. The overtrained test
horses, showed obviously less interest in theifrenment and in other horses. (Van Dierendonck, et
al., 2007).

This research is very suitable for educational aieszause of its relevance for exercise, horsas, an
humans. It is also relevant for society, becausedbnnected with the burnout syndrome and ex&rcis
and for science, because it is important to findsgde markers for the detection of early overirajn
(design criteria 1 and 7). Other arguments arestieng connection between the behaviour of horses
and their physiological components (criterion 7Yl &me availability of authentic research data (wide

of the behaviour of horses.

Although it is possible to adapt this research dducational purposes, stimulating a motive for
students to research overtraining was not easyigfilesiterion 3). Therefore, we started with the
students' experiences with stress. What thoughdests have and, which behaviour and physical
symptoms do students show when they are stressad@rifs learn about three categories of stressors:
mental, emotional and physical. From here, thentitie of students is led to exercise as a physical
stressor and the overtraining syndrome as a realem. The necessity of recognizing overtraining at
an early stage is raising the question whethesstieemeasurable (design criterion 3). To answer th
question, knowledge about the physiology of stfdesign criterion 7) and an acceptable test animal
are needed. With the authentic views on healthyamatrained horses, a behavioural research could
be performed in the classroom (design criterion 2).

There are at least two difficulties with this preet First, to evoke the steering question, it ss®m
necessary to embed life-world and professional times within this scientific practice. Second, it
seemed to be difficult to make a clear distincti@iween the three perspectives of Tinbergen. These
difficulties and their consequences are elaboratedore detail in the sections 6.4-6.6.

In addition to internet articles, authentic resbaritleos from the Novel Horse Test were provided by
the researchers. With the video material studentst tve able to do a small behavioural study.

Practice 3 (havo, vwo): Dealing with aggressive pleo

The last practice is aiming to test whether stuslemé able to use their acquired knowledge in an
unknown practice. In this practice, instead of alibehaviour, the object is human behaviour and the
topic is aggression instead of stress. Aggressiam ¢ommonly occurring reaction, and is a form of
defence against stressors (fight). Therefore, iteievant for students to know about and study
aggression. One of the goals of behavioural biolegg understand human behaviour. So, the change



to human behaviour is made with this practice.

This practice is adopted from the work of Adangbehavioural scientist working at the Police
Academy of the Netherlands and specialized in aggve (riots). His research focuses on the
interaction between police and civilians in a virief potentially dangerous conflict situations
(Adang, 2009).

A police officer is a person who regularly facegm@gsion and has the authority to use violence. How
does a police officer deal with aggression and wiages he know about (the prevention of)
aggression? Furthermore, the police have to dahl gvbup aggression; riots during football matches
are a well-known example. What could a behaviosc#ntist contribute to the prevention of riots?
Students have to adopt the role of a behaviourahsst. With the acquired knowledge from the
previous practices and an original written obséowatbout a confrontation between the police and
football hooligans, students have to write an Brtabout the question how the police have to deal
with aggressive people and to anticipate on rioiasions.

Although the description of the third practice lisri the second research cycle, it must be notdd tha
the test practice in the first research cycle dadi of a written test about the topic aggression,
because there was not enough lesson time to explemgractice more extensively.

6.3.3 The use of embedded practices

In section 6.3.1 we argued for the use of embegdadtices to introduce scientific concepts at the
molecular level, and to construct a non-interrupteatyline. We define an embedded practice as a

(part of a) practice that is necessarily placed the elaboration of another practice to createra n 71

interrupted storyline. Therefore, an embedded jfmads preferably elaborated within one LTA and
has to elicit a motive for a new steering questmrprovide for necessary knowledge. In this segctio
we elaborate how and why we use embedded pradticesr LT-strategy. Figure 20 shows where
embedded practices are located in the LT-strategy.
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Focus lesson

Embedded practice 1 ‘the need for behavioural

research’

First practice

Embedded practice 2 ‘The General Adaptation

Syndrome’

Second practice — havo Second practice - vwo

’ Embedded practice 4 ‘Stress in daily life’ ‘

Embedded practice 3 ‘Researching stress in pigs’ ‘

| Embedded practice 5 ‘Overtraining in the exercise ‘

Third practice

Embedded practice 5 ‘Senseless violence by a
child’

Figure 20. Overview of the place of the embedded practices in the LT-strategy
In the LT-strategy we use embedded practices feetpurposes.

1. Embedded practices were used to provide forvastor steering questions to create a continuing
storyline. For example, in the first practice, teausal perspective of behaviour is introduced in an
article about dog stress. Students learn aboutirtteraction between the environment and the
organism, which evokes the question ‘how stressks®rResearch on the stress mechanism is a
scientific practice, but its introduction in thesfi practice in the article (about the stress meiciha) in

the workbook has the nature of a historical resmaigout the discovery of the mechanism by Selye.
This article is embedded in the storyline, becaheesteering question evokes from the former £TA
about the dogs' stress, asking how stress worlexe@fter, a short article about scientific reseanch
the behaviour of dogs, human interaction and cartcdlows:

"Human interaction and cortisol: Can human contactreduce stress for shelter dogs?
Animal shelters are an extremely stressful enviremtnfor a dog, most specifically due to social
isolation and novel surroundings. The stress respof dogs housed in this environment may be
alleviated through human interaction shortly aferval. During their second day in a public
animal shelter, some adult stray dogs were engagadhuman contact session, and some were
not. The session involved taking the dog into amdoor enclosure, playing with the dog,
grooming, petting, and reviewing basic obedienc@roands. Each dog interacted with a human
for approximately 45 minutes. Salivary cortisoldésswere examined from each dog on their 2nd,



3rd, 4th, and 9th day of housing. Animals that westgaged in a human contact session had lower
cortisol levels on day 3 than animals that did Bveed type, sex, and age did not have an effect
on cortisol levels on any day measured. A humaerdagction session can be beneficial to both
animal welfare and adoption procedures. The cursardy not only utilized the human contact
session as a treatment to reduce stress but alsoa asesource for individual
temperament/personality information that could &ter used to facilitate compatible adoptions.
Human interaction may be an effective means of aduthe cortisol response of dogs in the
aversive shelter environment." (Coppola, Grandifgr&s, 2006, p. 537).

This article is an example of the role of cortisothe stress mechanism, and a new steering questio
is developed, namely, how a dog could adapt testrs. With this steering question, a connection to
the next perspective of behaviour (developmeng)dborated. Therefore, because of the importance of
the stress mechanism for behavioural biology edocahis embedded practice has a key position in
the storyline.

The second practice at vwo level starts with a dgibuexperiment about students' own stress
experiences, and students conclude that stressoid be mental, emotional, and physical. This
LTA>?2 (see chapter 8) links life-world practice expecieto the embedded professional practice about
exercise training, wherein physical stressors plagreat role. The steering question how to prevent
overtraining evokes the need to know how to measheestress level, which legitimizes the change to
the research of the overtraining syndrome. Anolin&ris indicated by the question on the similasti
between the overtraining syndrome and burnout.

2. Embedded practices were used to introduce $pdseifientific) knowledge. Understanding the
physiology of the stress mechanism requires knoydetiat is acquired in other (scientific) practices
For example, although practice 2 differs at havod a&wo level, at both levels the physiological
backgrounds of the stress mechanism requires atiicigoractice. Because the concepRTisoL is
mainly used in scientific practices, it is unavdittato introduce the molecular level of behaviond a
the physiology of the stress mechanism in the Gisamiedded practices. Measuring cortisol is not a
standard routine of for example, blood researchti€h can be measured in saliva, and that is mostl
done in a medical setting. However, stress is gaktehaviour, so studying stress is not the same as
studying behavioural biology. Therefore, embeddegtices seems to be required for learning and
teaching the stress mechanism (see figure 15 gadef21), which should lead to an understanding of
the system of the hormonal processes of stresbetmaliour.

At havo level research on weaning stress in young { introduced after the introduction of the
second practice, and finding an answer to the istgeguestions should result in an adequate
understanding of the physiology of the stress meisha Therefore, some researchers at Wageningen
Agricultural University explain on a video abougthinvestigations of stress and behaviour withspig
wherein they measure cortisol as a criterion far $tress level. They also tell about the relation
between stress and the metabolism and growth gdigfse

Recent research articles are also useful, for ebaaiput the research on the influence of (a ldfk o
behavioural imitation in human interactions to iy cortisol levels (Kouzakova, Van Baaren, &
Van Knippenberg, 2010).
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3. As we argued above the stress mechanism hag position in the strategy, and the embedded
practice about the model of Selye should providecfsherence between the three perspectives on
behaviour of Tinbergen.

Every change of practice should be accompaniedebgntextualisation by students, because of the
assumption that the meaning of a concept deperldasitto some extend on the context in which the
concept is used. However, because of the embeddadhater, the concepts used in embedded
practices are part of the language of that edutallip appropriated practice. Compare it with a
newspaper, which is a collection of informationnfralifferent practices, providing for a view on
society. Therefore, we suppose that when embeddactiges meet one or more of the above-
mentioned purposes, recontextualising will not beassary.

Summarising, we claim that an embedded practice

e can be elaborated preferably within one LTA and ta<licit a motive for a new steering
question. When an embedded practice contributes toninterrupted storyline, recontextualising
of the embedded practice is probably not requi@uthe other hand, inserting an LTA based on
an embedded practice could increase educationgllesity.

e is a precondition for acquiring specific (sciemjfknowledge for an adequate execution of the LT-
activities of the practice.

e can provide coherence in complex behavioural sysisry relating the three perspectives.

6.4 Description of interaction in the LT-strategy

Participation in a social practice supports thewileat learning is the product of interaction begwea
person and his environment (design criterion 2)weler, since a social practice is not the samésas i
educational derivative, as described in section hteraction in an educational practice can be
classified in three types (Kirschner, 2006; Ru§tet006):

- learner — teacher

- learner — learning tools

- learner —learner

How will interaction encourage the learning prodesthe LT-strategy? Interaction is elaboratechia t
LT-activities undertaken by teacher and studentsthis section, we subsequently describe the
interaction between student and learning tool, betwstudent and teacher, and between students
mutually.

Interaction student — teacher

Although the learning materials allow a high degoéeautonomy, interaction between teacher and
student is required for supporting students' conm@mevelopment. This interaction is programmed in
the teacher's manual. Table 7 gives an examplieeofetacher's manual for the first lesson. Intevacti
between student and teacher consists mainly oflanational learning conversation (ELC), whereby
the teacher has to ask the right questions todrstitdents to think about behaviour and to answer.
Therefore, the structure of this conversation igtam down in the manual.



Other parts of the interaction between student t@adher are reflection activities, where abstract
concepts are elicited from the concrete practiceaddition, there are short moments in the workboo
where students are asked to write down a short suynor where summarizing questions are asked.
These assignments are mostly inserted at the eagafagraph on one of the three perspectives.)
The main reflection phases are situated at theoéméch practice, and students reflect by designing
concept maps. After having designed an individuahcept map, the teacher, working with the
students, makes a concept map. Figure 21 is anpdgaha concept map of the first practice, made
by the researcher. This concept map shows thabmigtthe concepts of behavioural biology (shaded
concepts) are included, but also concepts thatezessary to make a continuing storyline and toycar
out the activities of the practice. The stress rmadm (General Adaptation Syndrome) has a central
position, because it is the main theme throughweipractices. In the first practice, attentionaggo

the (healthy) reaction to acute stress, while enxgdcond practice the attention moves to chroresst

Interaction student — learning tools

From the outline and description of the practieesequence of lessons is elaborated. This segigence
written down as a schedule at the beginning of shelents' workbook. This learning plan is

comparable with the lesson plan, and is completiéd momework and remarks. The learning plan
also describes the manner of assessment.

Learning activities and materials form a salientt d the interaction between student and subject.
The learning materials consist of a workbook, asitebwith videos and software for the construction
of concept maps. A workbook serves as a sourcelefaming activities, both mental (thinking

process), and physical (e.g. group activities). Waekbook starts with a brief introduction of the 7>

learning goals (see section 5.3.5), and the foessoh follows. Next students find the acquisitiod a
extension practices. The test practice is put iseparate workbodk Articles from the internet
provide text sources for the workbook, althoughythvere modified in language, length and level. In
addition, the questions about the articles intemdstimulate the learning process and to connect
previous knowledge with information from the amiel The learning materials on are supported by
videos and the use of the computer. Nearly all addare sourced from the internet, and after
organizing, built in a website, so students can theen in the school library or at home. For the
WebQuest ‘Pork Plaza’ (a design of a mega stahieiigs, practice 2a) the use of the internet is
required.

Interaction student — student

Cooperation between students is an essential partepaction. Ebbens & Ettekhoven (2005) mention

two conditions for effective collaborative learnjmamely positive mutual dependency and individual
approachability. Students need each other to campléask and all group members have their own
responsibility for a part of the performance of thek. Group work (with four or more members) in

the scenario is based on these conditions. In ‘Ptaka’ all group members have a different role, bu

it is the collective result what counts.

Further interaction appears in learning activitidgmre discussion is well defined, e.g. work in gain

a concept map. The final assignment, writing aiclarin the test practice, is also a task for pairs

% The learning materials (in Dutch) can be found on http://www.vanmoolenbroek.nl/




yieap |e—o1sp

EMTVERER TP & C

ﬁ aseyd Suppoyy ;_ ﬁ aseyd Supjues w ﬁwmnca m:_:_w_uomu ﬁwmm;n u:_EEnEQ :O_umunwvm
A AN ¥
A H '/
\
urpasn 82 uipasn'da Jojapmoid \
\
\
\
(8uiuonipuod) A
- 1uony R
ul pasn ‘83 ﬁ Suuen gﬂ Buikeyd g ﬁw:z:m.n&.g ﬁco:g:sncg
se yons
Aq paseyd + >E..:~E <4—— 01—| $3559204d Bujulea|

op+€

Sop 8nup

Sop Buines |<€—-g- w
8op 8uipind

5.'.\ i

Aq pasnpui s
(.

af- aseyd uonsneyx3 ‘g 3

aseyd wuely 't ||I.l|I.Ml||l

g u “_v%_% av+€ :
ﬁ awo.puAs uoneydepy _m‘_mcmwu

3y AQ paqudsap si ydaym

2u04Yd al

Ul ysinbunsip 03

| 5

uondeal ssans

*

\ sasned
\
\

01 pea] —{ s10ssas

sauow.oy a
pajjes osje

\4
\/\

T;Su& _mEouxwu ﬁm._ouu& _meEQ

Aq
<+

p= - 3] Ul UOIYOEBI B S|

AN

929314 ﬁ|cw 14 Ew__u_

>

Tm:&o& Hw:_uwauw ﬁco_uu:uoawé

1 —
o)

0} wie ayl sey yum

-

juawdojanaq

-

uonesne)
A

Ey+¢

[

|

s) Aq paJejap aq ||!m

inoineyag

(jeameu)

m>an_ o)

4

10§ pawie s

| yyjeay |eaisAyd

|
|
| se pauyap s
|
.

*EA’&!&::E ——| 24B}|9M | ¢—— Buiseanul

¢+l

sey
8op
1134} JOj 318 0) dARY

siaquiaw Ajiwey

76

Figure 21. Concept map of the first practice. The frames and the numbers refer to the phases of the problem

posing cycle of the practice (section 2.4.1). The frame with the dotted line contains the concepts that have to

be acquired in the focus lesson (see section 6.2) and the box with the rounded corners stands for an embedded

practice (see section 6.3.3). The dotted lines show the cross-links between the phases. The shaded concepts

are the selected concepts of behavioural biology (see figure 11).



Table 7. Fragment of the teachers' manual.

Storyline:

Goals: Utilities:

The first lesson is aiming to take away students’ matter of  Students are able to explain the Video's:
course of behaviour and lets them pay attention to the difference between observing 01-hond en baas.wmv

question why an animal is doing something.

and explaining behaviour. 02-asieldieren.wmv

Students will understand that behaviour is a biological Students are able to convey that
concept and they learn to use three perspectives (function, it is important to investigate
causation and development) at the explanation of behaviour to explain it.
behaviour. These perspectives are elaborated in the next Students are able to formulate
practices. At the end of the lesson students will understand  the three questions of Tinbergen.
which practices will be explored.

1.1-14

Course: LTA

Introduction of
dog behaviour

education
learning
conversation
(ELC): difference
between
explaining and
observing

ELC: expectation

Continue the
observation of
the video

ELC: How could
we explain the
shown
behaviour?

Observation of
the video for an
explanation for
dog behaviour

Reading text

ELC: discussing
the found
explanations

Distribute the workbooks

e Introduction: "Many of you have a pet, and maybe even a dog. Here | have a video
and I'm curious about your thoughts about it.

e  Students observe the video: "Dog and Master"

e Setvideo on pause before the moment that the dog wants to lick its master.

e Let students do assignment 1 in the workbook (silence)

¢ Inventory the students’ answers

e Let them identify the difference between observing and explaining, e.g. by
comparing two answers.

¢ Important question to ask when students present an interpretation: How do you
know that?

Be alert for statements that emerge in the next lessons, e.g. in the discussion about the

question "how do you know that?" there could be an answer showing the influence of

the environment on behaviour.

e Let students do assignment 2.

e Ask: "What is going on with that dog?" and "What are we going to see the next
moment?"; "Why do you think that?

Continue video playing. (The lick is unexpected, so the question arises "Why...?" and

behaviour is problematized).

Let students do assignment 3 in the workbook.

* Inventory the answers

e "What is the right answer?" That is difficult to say!

"Our expectations were not correct. We are thinking as humans.

Conclusion: actually we have to ‘ask the dog'.

Because this is impossible, we have to do some research. How do you research

behaviour?"

Introduce: "let's take a look at the explanation of the dog licking"

Students watch video 02

"What is the meaning of licking?" (subservience)

"What is the opposite of subservience?" (dominance)

"Can a dog be both?"

Ask: "Why is a dog subservient or dominant?"

e Introduce the reading text "Dominant or subservience" by asking students to search
in the text after explanations for such behaviour. "Which explanations can be found
of dominant behaviour?"

PPN

L]

e "Which explanations did you find?" Write all answers on the blackboard.
Students’ possible answers:
‘It is in it"; dogs descend from wolves
Testosterone
Nurture (learned)
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To prevent conflicts
Etc.
e Ask: "Which explanations belong together?" Categorize the list.
e Explain the three perspectives:
Behaviour has a goal (function)
Behaviour has a cause
Behaviour is learned (development)
In biology, this is the way to look at behaviour. To understand behaviour, you must
know the meaning of behaviour.

Introduction e Ask: "Three perspectives: focusing on which, through what and how? Do you know
practices enough about behaviour when you get answers on these questions? When are you
dealing with the function of behaviour and when with its causes?"
¢ Indicate that these perspectives will be elaborated in three situations (contexts,
practices), wherein behaviour plays a role:
Carrying your pet
Researching overtraining (VWO)
Designing a welfare friendly stable (HAVO)
Dealing with aggressive people
In the first two practices, we acquire new knowledge and the third context is a test.
e We start at home: caring your pet. (If there is enough time, an inventory can be
made of the experiences students have with pets and why they have pets.).
*  Answer questions 6-8

Homework Answer questions through question 23

6.5 Evoking motives

A characteristic of the problem posing approadiat at any point it should be clear to studentatwh
they have to do, when and why (Klaassen, 1995mRhe domain-specific philosophy about learning
and teaching (section 2.4), two criteria are detiv@rst, the problem posing approach generates the
desired questions for students, and second, thesé lme a logically sequence of motives. We cadl thi
logical sequence of motives the ‘storyline', whertéhie motives for participating in LT-activitiesear
induced by the preceding LT-activities.

The structure of the problem posing cycle considtsix stages, divided in three main phases:
questioning, learning activityand reflection. We have adopted the following slimi in writing the
storyline as a sequence of questions (or problel@a)ning activities and reflection or answers (see
figure 4). The short time that some problem posiyajes take does not always permit a divisionxn si
stages.

The LT-strategy is elaborated in nested probleningosycles. First is the level of the whole strateg
(figure 19), which can be seen as one problem gasle. In contrast with previous design research,
e.g. Westra (2008), our strategy starts with agdegson, which is the questioning phase. Thissfocu
lesson results in the central steering questiom, @ontributes to the development of the three
perspectives, according to Tinbergen. The first sacond practices (acquisition and extension, see
figure 19) can be seen as stage 3 and 4, whileetheractice is the reflection phase (stage S56irud

the problem posing cycle.

The second level is at the level of the practied, by a steering question. After evoking the stegri
question (questioning phase), the three perspeaati/&€inbergen are elaborated (activity phase)|evhi

v Although the phases questioning and reflection are also (part of) learning activities, here, this phase is called learning

activity in order to distinguish it from the activity of an authentic practice.



the reflection lesson at the end of the practioweseas the reflection or answering phases of the
problem posing approach.

The third level is the level of learning and teachactivities (LTAS), as sequenced within a practic
(see figure 4).

As an example, figure 22 presents the problem gosyole of the first lesson (Focus). The structare
adapted from earlier Ph.D. studies at Utrecht Usitae (Klaassen, 1995; Vollebregt, 1998; Kortland,
2001; Knippels, 2002). On the left side, studektsiwledge is indicated and on the right side, the
specific motives that have to be evoked when legraictivities are executed. The numbers in the text
refer to the phases of the problem posing cycldowing Westra (2008), motives are evoked by the
teacher in our LT-strategy by asking the right dgioesin the zone of proximal development of
students. These questions are generally mostlgiipes in the teacher's manual.

A non-interrupted storyline supposes a sequenaeatives, while the three questions of Tinbergen
are not sequential. The perspectives of Tinbergan ke better understood as three parallel lines.
These three topics appear in the used practiceshanchallenge is to design these three perspeactive
in one storyline. Figure 21 visualizes stages I-the problem posing cycle in the concept map ef th
first practice. In a quest for clarity not all cepts and relations are indicated. And althoughetien
hierarchical order in the concepts, the conceptewet taught hierarchically, because the storyline
takes precedence. To construct a non-interrupteliste, the relations with the dotted lines are
important, because they provide connections betweemerspectives.

knowledge motive

®Orientation on the practice: to care

your pet (i.e. dog)

leads to observations of a
problem, which are variously
described by students

and the discussion about the problem
leads to understanding of the

difference between observation and
declaration @ )
and the unexpected behaviour of

I the dog leads to the question of
the meaning of behaviour

@whereof the discussion leads to the
students’ awareness of behavioural
research and/or asking an expert

and the explanation by an expert
on dog behaviour evokes the
question why a dog shows
dominant and/or submissive
behaviour

@and students understand that \l’
exploration of the question leads to @Ieading to the central steering
the categorizing of explanations of <—— question on the meaning of
behaviour in three perspectives: behaviour
function, causation and development

whether you could care better for
your pet (i.e. dog) when you
know more about these
perspectives

J

Figure 22. The problem posing cycle of the focus lesson. The numbers refer to the phases of the problem

posing approach (section 2.4.1). The dotted line indicates the transition to the first practice.
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Research is formalized curiosity. Carl Sagan

7 Research instruments

As described in chapter 3, the LT-strategy is eivgllly tested in educational practice. In this dieap
we describe the research instruments. First, we givoverview of the classroom setting, including a
account for the selection of case studies. Seceedjustify the selection of the methods for data
collection and analysis.

7.1 Classroom setting

To investigate the efficiency of the LT-strategyotwesearch cycles including an evaluation in
classroom are set up. Table 8 shows the charaitsrig the schools involved in these case studies.

Table 8. Characteristics and details of the schools involved in the case studies of the two cycles.

General school
indicator

First research cycle Second research cycle

Name — place (code) De Passie — Jac. P. Krimpenerw
Utrecht (1a) Thijsse aard College
College — - Krimpen
Castricum aan de lssel
(2a) (2c)
Evangelical - State - Particular
Average grade national [Nz R H: 6.3 V: 6.9
exam 2008 * V: 6.3 - V: 6.3 -
Number of classes and  [RPNeEEL= 2 classes 1 class
students participating H: 23 H: 25 V: 20
V: 16 V: 23
Grade and level™ 4H 4H 4V
Age of students H: 15-16 years 15-16 years 15-16 years
Number of biology H: 3 H+V: 3 2
lessons per week V:4 - -
Duration of a biology 45 50 50
lesson (minutes) - -

1 Average of the subjects Math, Physics, Chemistry and Biology. Nationwide H: 6.3-6.6 and V: 6.1-6.6. Source:
http://www.onderwijsinspectie.nl/

¥4 = HAVO, upper general secondary education; V = VWO: pre-university education



General school .
o First research cycle Second research cycle
indicator

2 1 2 1 1
11 10 H: 12 12 12
V: 14
January- February-April April-May May-June September-
February 2007 2007 2008 2008 October
2008

The selection of teachers for participation in tlase studies was based on pragmatic considerations.

For the first research cycle we sought in our owtwork, and we asked a colleague biology teacher
from our own school (Driestar College, until Jurd®?2) to cooperate. He taught both at the havo and
vwo classes. A second case study of the first rekeeycle was found at the Passie. A colleague
taught the vwo classes and her colleague who adswed to cooperate, taught at havo classes.

For the second research cycle, we selected thiremisc The first school, the Jac. P. Thijsse Cealleg
was a "biology development school" (BDS), which methat biology teachers at that school tested an
experimental examination program (Boersma, et 2005). This also implied that the involved
teachers and students at the Jac. P. Thijsse @alege familiar with the desired biology education
innovations, and also with the concept-context agpn. Both a havo and a vwo class were observed.
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For a second havo-4 class, once again one of thleglyi teachers of Driestar College wanted to

cooperate and finally, the other vwo-4 class wamdbat the Krimpenerwaard College. The biology
teacher of that school was familiar with the conaamtext approach and the problem posing
approach because of his own Ph.D. research at hiitidwiversity. All teachers were interested in
teaching according to the concept-context and thblegm posing approach and they were in able to
adapt their usual teaching practice.

Before the start of each case study, teachers prepared by introducing the learning and teaching
approach. In addition, we developed a teacher'suaigoroviding information about the use of the
learning materials (e.g. workbook). In the firssearch cycle we allowed the teachers substantial
freedom in planning their lessons. In the secosdaech cycle, wiser through these experienceseof th
first, we decided to guide the teachers more iaitlby discussing every step in the scenario. Vge al
adjusted the teacher's manual by describing theepsoin every lesson systematically, including the
students’ answers that would be expected.

To manage time, all parts of the research cyclese warried out at varying, but almost always
contiguous periods. In the first cycle, the havetdss at Driestar College (1b) had two lessons
weekly, and a holiday and a lab test about andtygc interrupted the research period. In additatn,
both schools we had to manage with the availaldsole time and the need for a written test. With
these experiences, we urgently requested in thendecycle for at least 12 lessons. In the second
research cycle, each case study was non-interrupteddindividual case studies were interrupted by
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the summer holiday. The research period depend#tegilace on behaviour in the curriculum. In one
case (Krimpenerwaard College), the teacher disglfee topic forward in the school year.

Selection of classes was based on their reguladsiting in combination with the availability of the
researcher. One exception was the vwo-5 classeabDtlestar College, where the subject behaviour
was scheduled at the beginning of the year. Fastiged reasons in the second research cycle, vwo-4
classes were selected instead of vwo-5 classesths first cycle.

In the Dutch educational system students in cladb416 years) in havo and vwo level have chosen
one of four profiles. Two of these profiles areeswie oriented and the other two have a cultural and
economic orientation. Students have a free chaicerfie subject in each profile, so also studentis wi
an economic/culture profile can select Biology. $ostudents in havo-4 chose Biology for pragmatic
reasons; they thought Biology would be an easyesiibj

Before the start of a case study, the researcheinti@duced to the students in a letter that ¢oath

a short explanation about the research and an anament regarding video and audio recordings. At
the start of the lessons, we introduced ourselgesfallow teacher, also working as a Ph.D. researc

at Utrecht University. We explained the main gofltte research and stressed the importance of
answering of the questions in the learning matetanestly, adding that we appreciated all kinds of
feedback. It was also explained that all data andksheets were only for research purposes and
would be handled confidentially. Students were tbiat the series of lessons about behaviour were a
substitute for the corresponding chapter in thdolgip textbook. After distribution of the workbook,
the teacher explained the study guide that wasded in the workbook.

During the pilot there was interaction between ghealents and the researcher in all classes, frem th
normal greetings to a conversation about the rbteeaudio and video recordings. In the first i@rs

of the design the researcher had limited himsedfltgervation of the lessons. In the second vetbien
researcher sometimes participated in the teachingeps, when students were working with the
worksheets or during group work. This approach gheeresearcher the opportunity to find out how
activities were interpreted. Also, short interviewish students were convened when remarkable study
behaviour was observed, e.g. working ahead in tri&look.

7.2 Data sources and analysis

The LT-strategy is elaborated in a scenario. A ademprescribes in detail the storyline of the telgy
with all LT-activities of students and teachers dhdir intended learning outcomes. The scenario
predicts and theoretically justifies the expectathing and teaching processes, can be consideired a
hypothetically learning and teaching trajectoryd&dsen, 1995), and is thereby empirically testable
(Lijnse, 2002; Lijnse & Klaassen, 2004).

From the scenario learning materials were developea reciprocal process of writing the scenario
and designing the LT-activities and materials. $benario is also the basis for the teacher's manual
Finally, the scenario is used as an observatiamument during testing the lessons in the classroom
Table 9 shows as an example a part of the scenaitive beginning of the second practice at vwo
level.



Table 9. Part of the scenario: second part of the 5" lesson about the second practice ‘researching overtraining’

at vwo level.

Content

In the practice
‘researching
overtraining of
horses' the
emphasis is on
the mechanism
of chronic stress.
What happens
when stressors
continue?
Students
understand the
physical reaction
by thinking about
a stressful
situation.

With chronic
stress the body
recovers
insufficiently and
a human or
animal is risking
on burnout or
overtraining.
When do you
know what is the
limit? (...)

Motive

What happens
when humans
suffer from

stress?

Teacher's
Activities

Do the thought
experiment
about a stressful
situation with
students.

Discuss the
thoughts,
feelings and
physical reaction
that students
call.

e.g. ask what,
how and why
happens. Let
students think
what happens
when stress is
too much or too

long.

Student's
activities
Students think
about a stressful
situation and
express their
thoughts,
feelings and
physical
reactions with
stress. They
name panic,
clammy hands,
shaking knees
and increase of
your heart beats.
Thinking is not

clear.

Students say that
the heart beats
faster, because
the need of
pumping more
blood through
the muscles.
They name the
flight/fight
reaction.
Students
conclude that the
reaction on
stressors is both
a physical and
mental reaction.
They realize that
stress is
necessary for
performance, but
that too much
stress is harmful
for the welfare of
human and

animal.

Learning

objective

Students are able
to describe their

own (mental and
physical) reaction
to a stressful

situation.

Monitoring

What

Do students
understand that
adaptation to
stressors is
meant to survive
and that taking
insufficient rest
results in
overtraining /
burnout and
therefore harms

welfare?

Why

Students have
learned in
previous practice
that the function
of behaviour is
survival and that
the stress
reaction is a
manner of
defence
(fight/flight/freez

e)

How

Analysis of the
collected data
shows the insight
of students e.g.
by naming the
fight/flight
reaction. They
know that the
welfare is
threatened
through
overwhelmingly

stress.
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The aim of this study is to search for an adequatstrategy for behavioural biology. Therefore, the
analysis of research data has to focus on the msldenderstanding of behavioural biology concepts,
and should consist of a comparison of the scendtlothe gathered data, evaluating if the sceniario
executed as intended. In addition, the empiricéd dae used to determine whether the LT-strategy is
adequate or not. When the execution differs fromititended strategy, it must be determined what
these differences indicate for revising the scenari even the LT-strategy. In all case studies, a
diversity of data was collected. In this sectior present a framework and an underpinning for data
selection and a description of the data analydisr@fore, data selection and analysis should bedbas
on the following two questions:

1. Is the scenario executed as intended?

2. Are the desired results achieved?

Both questions will be answered at the level ofltfid. From the possible answers to these questions,
a matrix can be made. Table 10 indicates the fgtiowns providing a framework for data selection
and analysis of the case studies.

Table 10. Framework for data selection and the analysis of the case studies.

Intended scenario executed Intended scenario not executed

Desired results achieved A. The LT-strategy is adequate. B. What are the causes for the
deviations from the scenario?

Desired results not achieved C. How should the scenario, and D. Refocus on the LT-strategy: is a

possible the LT-strategy, be redesign necessary?
adapted?

The LT-strategy is tested in two research cyclashewith four case studies. The first researchecycl
had an explorative nature, indicating for the maottlenecks in the design. Therefore, the question
the execution of the scenario is as intended wilabhswered in chapter 8, where the main findings of
the first research cycle will be presented. Thesdirigs resulted in a refocus on the LT-strategy
(option D), and a few adaptations were elaboratedaddition, chapter 8 provides for a global
overview of the execution of the second researatecgs a base for the empirical evaluation of the
second version of the LT-strategy. A detailed erogirevaluation of the final LT-strategy on thedév

of an LTA is described in chapter 9. Table 11 shawsoverview of the data sources used for the
empirical evaluation of the LT-strategy.



Table 11. Overview of the data sources collected in the case studies and used for empirical evaluation of the LT-

strategy.

First and quick comparison
of the intended and

executed scenario

Actual and textual
reproduction of the course

of the lesson series

Indicate for students’

thoughts and reasoning

Indicate for students’
thoughts about the

concepts of the practice

Indicate for students’
conceptual development,
and the recontextualisation

process

Indicates for students’
understanding of the
behavioural biology
concepts

Indicates for students’

conceptual development,

and the recontextualisation

process.

In the first research cycle:

indicates for students’
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Reflections with

teachers

form was filled in by
students, containing
questions about the
motivation of students and
valuation of the lesson

series

After each lesson of the
second cycle.

Finally, an evaluation

evaluation of the lesson
series. In the second
research cycle: also an
indication for students’
understanding of the

learning objectives

Indicate for teachers’
understanding of the

scenario.

series and materials in the
first research cycle. The
forms are also used to
indicate for the adaption of
the strategy.

In the second research
cycle, evaluation forms are
used to elaborate students’
self-evaluation of the
learning objectives
Teachers’ statements are
used to illustrate what is

observed in the lessons

interview was taken with all
teachers after execution of

the scenario.

Observation of Between first and second Pretesting the focus lesson Used to pre-test the focus

a pretested research cycle for the second version of lesson in the second version

focus lesson the LT-strategy of the scenario.

with a small Observations are used to
group of fine-tune the focus lesson
students and the teachers’ manual

* Lists of concepts and concept maps are both part of the workbook. Because the lists of concepts are important data

sources we discuss them apart from the workbook.

Used data fragments are supplied with a code: [stashy/, data source, what or who]. For example
the code [1b_v, evaluation, Eline] means:

1b v first case study Driestar College vwo legele(table 8)
Evaluation written self-evaluation after the lesssaries (see Table 11)
Eline students’ name

Analysis in the first research cycle

Because of the explorative nature of the first aes®e cycle, the empirical analysis of the data is
reported only briefly. Mainly three data sourcesevased. Based on the observation of the researcher
the executed scenario is compared with the intesgdedario. The answers on the written test were
analysed, and students’ evaluations of the lessoiessare elaborated for indications on how to
improve the LT-strategy.



Observations by the researcher
In the scenario the LTAs were distributed over dssbns. In section 8.1, the executed distributfon o
the LTA will be compared with the intended scenario

Written test

At the end of the lesson series in the case studfigbe first research cycle, a written test was
conducted, aiming to elaborate students’ undergtgndf the behavioural biology concepts in an
unfamiliar practice. Because of time pressure atsthools where the case studies were conducted,
this practice could not be explored adequately. Whigten test consisted of nine tasks that were
introduced with a short article about the inadeguidaling of police officers with aggressive people
Subsequently, each task was introduced by a séxdtrtwhich directed the attention of students te on
of the perspectives of Tinbergen. One or more duestwere asked about the topic, as illustrated by
the following example:

"Aggressive behaviour in young children is closely linked to the child itself (its character, age,
empathy), stress and problems within the family (divorce, quarrels), its lack of skills (dealing with fear,
anger), a lack of clear rules, low self-esteem, the stress and violence in society (e.g. traffic, tv), negative

sample behaviour (e.g. in the media).
Consequences?

Children showing violent behaviour already at a young age often showed problem behaviour in later
life. If they do not learn to deal with their aggression, they stay in conflict with themselves and their

environment."

2a. Name the causes mentioned in the article of some internal and external factors. (2 points)

2b. Indicate two fragments from the article where the development of behaviour is mentioned. (2

points)
[1, written test, question 2]

The test ended with a task whereby students hadgtee about a knowledge base about aggression for
police officers. They had to use the prescribedcepts of the behavioural biology: development
(LEARNING), function GURVIVAL, DEFENCE, FEEDING, aNdREPRODUCTION), and causSeSNTERNAL AND EXTERNAL
STIMULI).

Students’ answers (n=869) were listed for each tas# compared with the correct answers.
Furthermore, the answers are sorted by behavidiioidgy concepts (see table 6) in order to get
insight into students’ understanding of the behardbbiology concepts. The analysis of the written
test is presented in section 9.2.

Students’ evaluation

In the students’ evaluation of the lesson seriethenfirst scenario, students were asked for their
experiences with the different parts of the lesseries, for example how they evaluate the LTAs
about building a welfare friendly pig stable. Twoen questions asked about the students’ ideas about
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what could be improved and about what they likedhi@ lesson series. The students’ evaluation is
used in particular in section 8.1.

Analysis in the second research cycle

The second research cycle delivered new data ®afttalysis of students' conceptual development.
Because of the large amount of data, a selectidntdnvdoe made for analysis. This research cycle is
aiming to provide an empirical underpinning of #ffectiveness of the LT-strategy for behavioural
biology. According to the distinction of Ruijter@(Q06) and in line with our view on learning and
teaching (chapter 2), we evaluated the studentstequal development by focussing on its three
components:interaction reflection and construction Interaction between a learner and its
environment is a requirement for learnifgeflection the third step in the problem posing approach,
should evoke awareness of the behavioural biolemgepts, and therefore, evaluating the reflection
phases of the LT-strategy indicates how studenteldped the behavioural biology concepts. Finally,
constructionconnects relevant knowledge with prior knowledaed evaluation of the construction
process provides insight both in students’ concdmtavelopment and the recontextualisation process.
Table 12 presents an overview of the three comgsnand indicates which parts of the LT-strategy
were used, and the place in chapter 9 where thtsed the analysis are presented. Note that qunce
maps are used in two components of the concepavalabment.

Table 12. Overview of the components for the evaluation of students’ conceptual development.

Interaction e Class discussions (audio recordings) 9.4.1
e Learning material (workbook)
Reflection * Reflection periods (audio recordings) 9.4.2

e List of concepts & concept maps practices1and2 9.4.3

Construction * Embedded practices 9.5.1
* Concept maps practice 3 9.5.2
e  Essays 9.5.3

Observation of the researcher and audio recordings

In the scenario the LTAs were distributed over d&sbns. In section 8.2 the executed distribution of
the LTAs is compared with the intended scenariatbHeumore, the comparison of the scenario is
expanded with the observations and relevant fraggnef the audio taped lessons that were
transcribed verbatim. Significant audio fragmente &or example class discussions, particularly
during the reflection phases.



Workbook

Students’ answers to the questions in the worklodicate the interaction with the learning mates;al
and for its effectiveness. Relevant answers westedito compare and categorize answers. Important
questions deal with (dog) stress or the stress amsim in the second vwo practice. For example,
students had to write a summary of the article aldog stress in order to show their understandfng o
the conceptausaTioN. From this article, a tag cloud is included in Werkbook. Figure 23 shows the
tag cloud of the translated article about dog str&sudents had to summarize the article by mefans o
the words of the tag cloud.

people
signals situations St reSS

Figure 23. Tag cloud of the translated article about dog stress. The numbers indicate how many times a word

appears in the text. (Made with tagcrowd.com)

Students’ self-evaluation of the learning objedive
After finishing the lesson series, the studentess=d in a self-evaluation the extent to which they
recognized the learning objectives formulated ie thachers' manual for each lesson. For that
purpose, the learning objectives were adapted dtersents. For example, one of the learning
objectives of the focus lesson is that studentsble to formulate the three perspectives of Tigeer

In the self-evaluation this statement appedfsam able to formulate the three perspectives of
Tinbergen.” Students could choose between ‘yes’, ‘a little’;rm’. In addition, a few open questions
regarding the students’ experiences with the lesssies complete the evaluation. The outcomes of
the students’ self-evaluations are used in pa#icnl the sections 9.3 and 9.4.

List of concepts

At the end of each practice students compiledtafisoncepts that they marked as important fot tha

practice. They also defined the concepts, so thsiseare important sources for the analysis oirthe

conceptual development. The analysis encompassbswitch and how frequently concepts are

noted, and a comparison with the list of behavibbralogy concepts that we have defined as the

minimum for learning behavioural biology (see table Where descriptions were not clear, we

checked the intended and executed scenario in tryderek possible causes and improvements.

We distinguished the following three categoriesarfcepts:

« bb: behavioural biology concepts. In table 6, we medi these concepts as the minimum set of
concepts for behavioural biology.
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e sm concepts used in describing the stress mechaiiisis.mechanism is an important part of the
extended concept map (figure 15) for learning &athing behavioural biology. Actually, these
concepts are part of the causation of behaviour.

« . Context-related concepts which students notedhe lists of concepts after exploring the
practice. In this category, concepts such as damiiraehaviour, submissive behaviour,
overtraining, aggression, and socialization ar&uoted.

All concepts noted in the lists were categorizedtitinse three categories. In addition, from the

category ‘behavioural biology concepts’ the relatidistribution over the three perspectives is

determined. The outcome of this analysis is preskmt section 9.4.

Concept maps

Concept maps were analysed in two different ways:

1. The analysis of the technical quality in order determine whether the concept maps were
constructed as intended.

2. The analysis of the domain-specific quality irder to determine the students’ conceptual
development.

Technical quality of concept maps

Students constructed a concept map in the refledtisson. A concept map would be constructed to
answer the central steering question, ‘how couldewgain behaviour?’ Students were instructed in
the assignment how to design a concept map irolfening five step™

1. Identify the relevant concepts,

2. Order the concepts from abstract to concrete,

3. Group concepts that are related to each other,

4. Arrange the (group of) concepts on paper (or digjta

5. Connect the concepts where appropriate and addiadi phrase to every link.

The students’ concept maps show big differencean€cting concepts by linking phrases to construct
a proposition is an important characteristic obaaept map, and the absence of the linking phiiases
the students' concept maps is remarkable, asusrdited by the following two examples of concept
maps (figure 24).

2 This instruction is taken from sources from the internet, for example

http://olc.spsd.sk.ca/de/pd/instr/strats/conceptmap/index.html (Retrieved February 2012)
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Figure 24. Two examples of students' concept maps, showing big differences in number of concepts, linking

phrases, and design. Left: [2a_v, P2, Jan]; right: [2a_h, P2, Tom].
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Therefore, it is indicated that the technical dquadif the two concept maps is quite different. How
could we define the technical quality of a conampip? Various methods of analysis of concept maps
have been described by a number of researchers 20017), whereby the scoring model of Novak &
Gowin (1984) is commonly adapted. This model agpiie following four criteria:

Propositions: each valid proposition scores 1point;

1.
2. Hierarchy: each valid level of hierarchy scorefs;
Cross links: each valid cross links scores 10 poifif the cross link is valid but is not

3.
showing a synthesis between sets of related comemlt propositions it only scores 2 points);

4. Examples. Examples score 1 point.

To develop an instrument for analysing with thersgpmodel of Novak & Gowin (1984) we scored
three concept maps that were meeting the criteriarfi adequate concept map. Figure 25 shows two

examples of the concept maps used for the develapoii¢he scoring model.
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Figure 25. Examples of students' concept maps that were scored for developing the instrument for analysis of

concept maps. (left: [2a_v, P2, Stephanie]; right: [2a_v, P1, Tessa])

From this exercise and a further analysis of ttegdiure, we concluded that that the scoring motlel
Novak & Gowin (1984) did not satisfy for the follavg reasons.

1.

Propositions. Many concept maps did not includddvéihking phrases, and the number of
propositions varied. Kharatmal & Nagarjuni (200@icate for the difference in experience
between a novice and an expert, finding that areexp able to make a smaller concept map,
because an expert passes over several thinking. Stbprefore, a higher score of a concept map
according to the above-mentioned score model imaoessarily better than a lower score. In our
research, students must be considered as novices.

Hierarchy: many concept maps showed no hierarcleyeNheless, Ahlberg (2004) argues that
there are reasons why good concept maps may naiulag's hierarchical: the world is a system
with the characteristic of a web.

Cross links: when no hierarchy is indicated, crisss are difficult to determine. Furthermore,
although cross links indicate for understanding nvirelating to other parts of behavioural
biology, they probably will be indicated by expeatsd not by novices such as students. Therefore,
the criterion of cross links is left out of the §isés instrument.

‘Example’ is a type of a relationship between cqitse As a refining of the score model,
Kharatmal & Nagarjuni (2006) determined severahtieh types indicated in the propositions,
such as causality, part-whole, functional, and gx{aem

In sum, in the analysis model of Novak & Gowin tieehnical and domain-specific quality are not
distinguished. Therefore, we had to define ano#earing model for the technical quality of the

concept maps.

When is a concept map technically satisfying? Hufitical quality of concept maps on behavioural
biology it satisfying when linking phrases are ua#¢d. We do not formulate the use of arrows in the



concept maps as a criterion, because it was naided in the assignment. Nevertheless, the use of
arrows could provide for clarity, in particular whao hierarchy in their concept maps is used.

Domain-specific quality of concept maps

The analysis of the domain-specific quality of s’ concept maps (n=112) is elaborated both on
the level of the concept map and on the level efglopositions. All propositions were considered,
both the propositions with and without a linking aée.

Propositions
To investigate the domain-specific quality of thedents' propositions we developed an analysis
procedure, consisting of the following steps:

1.

From the basic concept map (figure 15), a list mfppsitions is derived (see table 21). These
propositions serve as a reference to the studentpositions. Because of the diversitpf the
students' propositions it appears that classiboatif the propositions by classifying concepts was
a better method than classification with the lisppositions. A classifying concept is defined as
the concept that is typical for the propositiont Ewample, the propositiorihe aim is to survive’
and the aim is an explanation for behavioate both classified under the concepiction. We
added five classifying concepts, in table 21 ingidawith the numbers 20-24. The concept
NATURAL BEHAVIOUR is one of the behavioural biology concepts. Thespitogy of the stress
mechanism is part of the lesson series, and obliotiere are propositions resulting from the
practices.
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All propositions from students’ concept maps of tlist and second practice were listed,

including propositions from the technically invatdncept maps.

All propositions were classified by the classifyingncepts. We classified the propositions by

taking the concept first listed. When a propositgiarts with a concept that is not listed, the

second concept in the proposition is taken. Fomgte, in the propositiorspace — stressthe

conceptspAce is not used in the lessons. It might be classiasdenvironment’, but that it is

unknown if that was intended. So, the proposit®alassified by the conceqRess.

After having 10 concept maps analysed independemyiytwo raters, all differences were

discussed until agreement was reached. Every ptaposs counted, even in the case of two

similar propositions.

After classification, the propositions are categedi for correctness:

Category 1 Do the concepts have the correct oatmmrding to the basic proposition? For
example, in the propositionBehaviour is caused by stresshe concepts
BEHAVIOUR andsTress are in the correct order, and a linking phrasesed.

Category 2 Are the two concepts correctly link#d?en a linking phrase is not included, in a
proposition several correctly linking phrases cobéd applied. For example, the
function of behaviour is to survive (classifying noept 6), andFreebing,

2 A few propositions appear frequently in students’ concept maps. However, most propositions differ from the others, in

particular in the linking phrase. For example, the proposition ‘bad welfare influences natural behaviour’ is essentially the

same as ‘bad welfare — natural behaviour’. However, with the absence of a linking phrase in the last statement, these two

statements are noted as two different statements. Nevertheless, both are classified by the concept WELFARE.



REPRODUCTION, andpereNce (in Dutch, the three V's) are behaviour systenad th
contribute tosurvivaL (classifying concept 7). So, the statement ‘thedhv's —
aim’ is classified under proposition 7, with thencepts correctly linked to each
other, because one could also say ‘the three \igribate to the aim (of
behaviour)'.

Category 3 The proposition is incorrect. For exi@mfhe proposition'stressor through
internal and external stimuliis incorrect, becausesaressor is a stimulus. Also
the propositiorthormone production provides for a stress resporisahcorrect
because the stress reaction includes hormone gioduc

6. For each classifying concept, the relative distidruof the propositions is determined:

Number of propositions per classifying concept

Total number of concepts of all concept maps

This percentage shows to what extent a basic pitopos indicated.

7. Per classifying concept, the percentage of corpgopositions (both category 1 and 2) is
determined. This percentage could serve as a nefmuthe students’ understanding of the basic
proposition.

8. In order to understand to what extent a proposigpears in the concept maps, the ratio

Number of correct propositions (category 1 and 2)

Total number of concepts maps (112)

was calculated. Because of the fact that a clasgifyoncept can embrace different propositions in
a concept map, it is possible that the ratio betmtee number of correct propositions/number of
concept maps is above 1.0.

Concept map
1. Per concept map, the ratio

Number of the propositions

Number of classified concepts (24)

was calculated. This ratio is a measure for theadovapecific quality of the concept map. A high
ratio means that a student was able to relate dhreat concepts. The ratios are summarized in
ranges and the relative distribution of the propmss over the three categories (step 5) is
calculated. With these percentages the questiomd coe answered if students’ highly rated
concept maps have a higher domain-specific quidlég the lower rated concept maps.

2. In addition, an indication for the domain-specifigality of a concept map could also be obtained
by indicating the types of relationships betweencepts. It is arguable that students who have a
broad understanding of the topic use more diffetgmes of relationship. We analysed the relation
types in the technically valid concept maps, dgtishing four categories:

a. Causal, indicated by words as: caused, resultescafluences
b. Functional, indicated with: aims, produces, makes,
c. Part/Whole, indicated with: divided, (such asfpran of



d. Example, indicated with: e.g., such as

The results of the analysis of the concept mapspagsented in section 9.4.3. The results of the
analysis of the domain-specific quality of all cept maps are shown in table 21. The results of the

analysis of the domain-specific quality of the cgpicmaps are shown in table 22.

Concept maps of the third practice

Students also constructed concept maps in the phriadtice. These concept maps are used in a
preparation for essay writing. In section 9.5.2present the results of an analysis of the relatigss

between a selection of concept maps of the thiagtmme and the corresponding essays. Considering
the results of the analysis of the concept mapthénfirst and second practice, we reviewed the

domain-specific quality of the concept maps by alaliing the ratio

In addition, the number of used perspectives inrecept map is noted by counting the actually noted

Number of used behavioural biology concepts

Number of all concepts of the concept map

CONCEPLSAUSATION, DEVELOPMENT, andruNCTION.

Essay

All essays were reviewed on statements about tiee fherspectives on behaviour, as is demonstrated

in the example shown in table 13.

Table 13. Example of the classification of statements of a students' essay.

Essay
General

Problem

Causes

Function

Development

Solutions

[2a_h, essay, Max]

Prevent riots by reducing peer pressure.

Each person is aggressive. "Aggression is the ability of people to defend themselves when
attacked, in order to launch attacks themselves and to collect food"

Stress (caused by stress hormones), frustration, tension, and group pressure.

Each person is aggressive. "Aggression is the ability of people to defend themselves when
attacked, in order to launch attacks themselves and to collect food."

"Securing the position within the group applies to riots."

"By means of expressing aggression, a group can radiate power."

"Aggression is in the natural character of a human being."

"Aggression provokes aggression (...): show respect and do not discuss"

"To stop a riot, violence is necessary."

"Reducing peer pressure by many travel possibilities (and timed), enough body searchers (no
waiting lines). For a remaining small group: separation of rioters and other stadium supporters
in the stadium. "

[Especially practical issues, insight into peer pressure, comment JvM]

The results of the analysis of the essays will fesgnted in subsection 9.5.3.
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Knowledge is of no value unless you put it into practice.
Heber J. Grant

8 Oultline of the intended and executed scenario

This chapter connects the LT-strategy as describechapter 6 with its empirical elaboration in
chapter 9. We focus on the question whether theaseis executed as intended, providing a global
overview of the execution. In chapter 3 we indidat®at the interplay between educational theory and
educational practice makes educational resear@ibulif Therefore, the first design of the LT-segy
had an explorative nature, expecting that it washdw the main bottlenecks in the design. In this
chapter we report on the main findings in the fiesearch cycle (section 8.1). These findings tegul

in an adaption of the scenario and the design. &ulently, we describe the outline of the intended
and executed scenario in the second research @alewe look for indications for the adaptation of
the scenario after execution in the second reseaaib (8.2).

8.1 The first research cycle

In the first research cycle, we selected the lifadd practice of caring for pets, and the profesaio
practice of designing a welfare friendly stable pags. The third practice in the scenario dealhvilite
aggressive behaviour of humans. All practices atlemtic and recognisable for students. The content
of the first two practices was described in sec6dh3. Because of a lack of time, the third przcti
was executed as a written test.

According to the basic concept map (figure 13)ldaning material is built with the concepELFARE

as a starting point. After that, the conceptsuraL BEHAVIOUR (function), sTRess (causation), and
ADAPTATION and LEARNING (development) follow. In the second practice fartkelaboration of the
conceptTRess is released by introducing the work of the sttemsnone cortisol in a feedback loop of
the stress mechanism.

The first lesson of the scenario is designed tkewbe central steering question “Why do they do
that?” Students observe videos showing behaviowr diversity of animals, such as mice, Komodo
dragons, snakes, and cuttlefishes. All videos shoexpected behaviour, which have to induce an
increase in the student's awareness of behaviodrtoaevoke the central steering question.
Furthermore, we designed a sequence of learningeattiing activities (LTAs). Table 14 presents the
outline and sequence of the LTAs of the first redeacycle, and the outline of the executed
curriculum.

Comparison of the intended and executed curricymovides for issues for further analysis of the
scenario. Considering the design criteria, the ofagion data, evaluation forms, and the comparison
of the intended and executed course, the followigpnstruction of the LT-strategy of the first

research cycle could be made. We will follow thgheidesign criteria as noted in section 6.2.



Table 14. Outline of the learning and teaching activities in the first research cycle. The last columns present the
sequence of the LTAs per lesson as executed in the first research cycle on the four case studies at the pilot

schools [1a = De Passie, 1b = Driestar College, h=havo and v=vwo, see section 7.1]
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The use of authentic social practices should resulin increase of student's motivation (design
criterion 1), because of their relevance for stisleédowever, in the evaluation, students did npore
their thoughts about the practices, but rather atheieducational approach. Students reacted positi
about the use of videos and the diversity in leayractivities. However, many students both at havo
level (51%, data source: students' evaluation)vava —level (71%, data source: students' evaluation)
level judged the content level of the scenaricoaddw, such as the following quote illustrates:

"The level could be higher. Sometimes, | missed the depth. (...) Which hormonal substances go together
with behaviour? To what extent is behaviour hereditary? The cortisol story began with this, but there

was not enough explanation." [1b_v, evaluation, Eline]

Students are correct in their observations, bectnisdirst version of the design contained onfg-i
world and professional practices. No scientificgtiees were included, wherein the ‘cortisol story’
needed to be explored.

Participation in an educationally appropriate antite practice should increase students' activity
(design criterion 2). In particular, designing alfare friendly stable is an appreciated assignnbent
students.

One of the main characteristics of the problemmpsipproach is that motives or steering questions
should be developed (design criterion 3). At th@np the design does not meet this criterion
sufficiently. The transcription of the reflectioctavity in the focus lesson revealed a mistakeh t
design, because no adequate motive for the cesiteaking question was evoked by the LTAs.
Students articulate this point in terms of ‘notaclevhat to learn’, as is illustrated with the feliog
guotes:

"The answers which one could give were a little wide. One could fill in so many answers, that one could

not think: this answer is really correct." [1b_h, evaluation, Johanneke]

"...the learning objectives were not clear. You did not really know why you took these lessons" [1b_v,

evaluation, Nelske]

Because of an insufficient development of the @trdteering question and an inadequate conception
of Tinbergen’s questions as structuring perspestitbe focus lesson negatively influenced the
remaining parts of the scenario. In addition, adeégueflection partly requires an evoked steering
question, but has to evoke new questions, as Welkever, the reflection phases that were built into
the scenario were mostly directed by the teacheths students did not develop new motives. We
also observed that reflection phases were scaecaule of a lack of time. This lack of time haeéhr
causes. First, the time spent, and the sequertbe &fTAs in the executed scenario did not corredpon
with what was intended. For example, students $tadied the videos in LTA individually, which
took more time than students [1b], who studiedvileos collectively in classroom. However, since in
both cases LTA! took too much time, reflection (LTA) had to be executed in the next lesson. In
class [1b_h], LTA?was divided over two lessons and lesson numbérctss [1b_v] was filled with

a long reflection on the former lesson. With thoeemore LTAs during a lesson, the last LTA could
be only partially executed, which occurred for epamwith LTA>3[1a_h].



Second, the inexperience of teachers and studetitdshe concept-context approach, and the limited
instruction by both the teachers’ manual and tsearcher did not yield the desired results. Reflact
activities on the second practice (L were too short at De Passie [1a], and therefolri@star
College [1b] we emphasised these activities whilstructing the teacher. However, because of
improvisation by the teacher, the reflection atiéa were often longer than intended. Moreover,
observations showed that teachers did not demdastiee intended interactive teaching, and
improvised several times during lessons. They tbkir students: "do this, and do that", so that
students consequently did not develop motivesddhér learning. We expected that teachers would
be able to understand and apply the educationaloapp because of their professionalism, so we
instructed them in terms of "You should do..." instea "You have to follow the scenario and
teachers' manual..." Therefore, improvising duriegsons by the teachers is mostly caused by the
limited preparation of the teachers themselves.tiigroexample of improvisation is the practical
assignment in [la, LTA]. Execution of the practical assignment on behaviof rats was only
possible at De Passie [1a], because a rat keegawilimg to come to school.

Third, time pressure in both schools indicated mtluenber of available lessons was insufficient.
Lessons at De Passie [1a] last 45 minutes, thoBeiegtar College [1b] last 50 minutes. At De Passi
12 lessons were available for this case study, aindriestar College 11 lessons. Because of time
pressure, the LTAS''%3were not executed. Through restrictions in sclooghnisation the amount of
lessons was too small for a well-elaborated testecd. Instead of a test context, students at both
schools made a summative test.

Because of the poor performance of the reflectictivities recontextualisation (design criterion 4) 99
was impossible. For example, students expressédaimazement about the test, because they learnt
about pets and farm animals, and did not expeestaabout human aggression.

The criteria on behavioural biology (design craei 7) in the first design were subordinate tofitst

four criteria. Indeed, when ‘how to learn' is natequate, ‘what to learn' is not effective. Links
between behavioural biology and other biologicatgilines were only occasionally indicated (design
criterion 5). Links are not always possible or igig because of the steering question of the practi

A link to physiology was made in the second pragtlut, as we described before, elaboration should
have had more depth.

Taking the quotes of students into account abautdbel of the lessons and the lack of clear leayni
objectives, it could be imagined that studentsraitiunderstand the complex nature of behaviour and
were unable to attain systems thinking (desigreiadh 6). Because of the mistake in the scenario of
the first lesson, students did not attain the ustdeding of the three perspectives on behaviour,
function, causation and development (design caiteri), very well either.

Summarising, from this reflection on the first versof the design the following four shortcomings

were distinguished:

1. A mistake in the design of the focus lesson, iniclgdan insufficient explication of the three
perspectives on behaviour, resulted in a poorheltged central steering question.
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2. An unbalance between the required and availabsotesme.

3. A lack of profoundness, particularly at vwo levedsulting in a decrease of the motivation of
students and a superficial conceptualisation ofbieliral biology.

4. The limited number of reduced reflection phasehénscenario obstructed recontextualising.

Adaptation of the first design
The inventory of shortcomings of the first versit@ads to the following four main points of
adaptation of the design.

1. Since the shortcomings of the focus lesson playg in the rest of the scenario, we completely

renewed the focus lesson:

« Instead of viewing videos on behaviour of six afig@ecies, a video of one animal species was
shown, showing the unexpected behaviour of a dbg. dim of this change is to focus students'
attention on a single well-known animal speciese Thexpected behaviour of this animal should
evoke awareness of behaviour and evoke the cestéraiing question.

« The classroom setting of the focus lesson changed individual to group. From the different
approaches of the pilot schools, we learnt thatigngewing of and discussion about a video is a
more productive method to develop awareness ofviaina

e The focus lesson is prescribed in detail in thehees' manual (see for example table 7). Strict
guidance may diminish teachers' improvisation, lanids the time needed for the focus lesson.

* In order to create a non-interrupted storyline, fieus lesson is included in the first practice,
which also connects it with caring for pets.

e At the end of the focus lesson the three perspesttf Tinbergen are explicitly expressed to
structure the following practices.

During the revision of the focus lesson, a drafthef improved lesson was tried out with a smallugro

of students (7 vwo students, 15 years old at Deif4%a]). From this try-out, the lesson was fine-

tuned and possible answers to questions were tadlend written into the teachers' manual.

2. The scenario is enlarged to 12 lessons and larAsnore compact to save time for a test practice,
and to increase the challenge for students. Sordes lafe prescribed as homework.

3. Different second practices are selected for e for vwo students, to increase the challenge an
profoundness for students at vwo level. At vwo leagsecond practice ‘researching the overtraining
syndrome’ is selected. Restrictions are made iditsiepractice by focusing on keeping a dog asta p
rather than multiple examples such as dogs, hasystas and ferrets.

Another important adaptation in the scenario is dkldition of the General Adaptation Syndrome
(GAS or stress mechanism) in all educationally appate practices, aiming to provide for an
adequate understanding of the concegiss. The idea of using the GAS arose with the desigih®
lessons about the practice ‘researching the oweirigasyndrome’, where it was quoted in a thesis
about this research (De Graaf-Roelfsema, 200@aritbe seen as the ‘missing link’ in the scenario,
because it connects behaviour with physiology. &toee, the use of the GAS satisfies the need for
profoundness in the scenario and enhances theeraieeof behavioural concepts.



4. Reflection phases are structured through thlednttion of concept mapping, providing a basis for
recontextualisation and systems thinking. After discussion of each perspective, a short moment of
reflection is incorporated as a kind of summary.

8.2 The secondresearch cycle

Following the adaptation of the scenario and |lemymhaterials, the second scenario was tested in the
second research cycle. Table 15 presents the eatithe LTAs in the second research cycle.

Table 15. Outline of the lesson plan for learning and teaching behaviour in the second research cycle. For an

explanation of the phases and description of the practices, see section 5.3.

1.2
13
14

2.1
2.2
2.3
3.1

3.2
3.3

c
o
=
4
=
=3
Q
<

4.1
4.2

5.1

5.2

Introduction of the subject by observing unexpected behaviour of a dog
should result in the development of a steering question,

and studying an article about behaviour of wolves

provides for the exploration of the three perspectives (function, causation, and
development) on behaviour and practices.

Studying welfare of animals is homework

and the 2™ lesson starts with the focus on natural behaviour

The function of behaviour is elaborated in group and class discussion

What if natural behaviour cannot be performed? Studying causation of behaviour by
looking at stress in dogs

and the introduction of the General Adaptation Syndrome.

The emphasis is on the normal reaction to stressors (acute stress).

How to adapt to stressors? Studying adaptation to environmental factors by learning
processes.

The development of behaviour is seen in the growing process from juvenile to adult

and in the learning of a special task for a dog.

Reflection on the first practice by Reflection on the first practice by 5.1
designing a concept map designing a concept map,

and introduction of the next and introduction of the next practice: 5.2
practice: designing a welfare researching the overtraining syndrome.

friendly stable.
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6 6.1  Discussion about the welfare and After discussing the homework about 6.1
stress of farm animals. A part of itis  overtraining in exercise,
homework for the next lesson. a behavioural research assignment is 6.2
6.2  With the help of an embedded prepared by discussing the physiology
practice, the stress mechanism is of the stress mechanism (hormonal
studied. The emphasis on the stress  cycles). 6.3
reaction is now changed to chronic The emphasis on the stress reaction is
stress. now changed to chronic stress.
7. 7 Working in small groups on Discussion of the homework about the 7.1
designing a welfare friendly stable stress mechanism and the General
Adaption Syndrome
Preparing the behavioural research 7.2
assignment with the Novel Horse Test
(NHT)
8 8 Working in small groups on Executing the NHT assignment in small 8
designing a welfare friendly stable groups
9. 9 Presentations of the designs of the Executing the NHT assignment in small 9
pig stable groups
10 10.1 Reflection on the practice
10.2 and introduction of the test practice about dealing with human aggression
102 o 11. 11.1 Constructing a concept map about aggression prepares for writing the essay
e 11.2 Executing the final assighnment by watching a video about riots
12. 12 Executing the final assignment, writing the essay

The lesson series of the second research cyclastomg twelve lessons. However, looking at the

execution it is observed that at havo level thei@camount of lessons was ten ([2b_h]) and eleven
([2a_h]). At vwo level, the lesson series was edéghto fourteen lessons. We observed the following
causes:

In [2a_h] and [2a_v] the lessons were distributedvieekly blocks of two lessons and a single
lesson. Consequently the LTA for homework could et executed as intended, and an
adjustment of the time needed for the execution mgmossible. Therefore, after the first five
lessons a lag was piling up. Furthermore, bothhexacpassed over the reflection time on the
development of behaviour.

« It was planned to round off the lesson serieshjesbre a holiday, and because of the accumulated
shortage of time at [2a_h] the third practice wesceted in a too limited amount of time and only
a few essays were handed in.

* In [2b_h] the lessons were planned at the end efstthool year, and no further lessons were
available. The construction of the first conceptpnfaTA>Y) took a lot of time. Therefore, the
assignment of the designing of the stable was passger.

« In all classes a discussion about the General Atiapt Syndrome was inserted, because it

appeared to be necessary to explain briefly tlesstmechanism.



At vwo level, in [2a_v] and [2c_v], more time wagadlable, and the whole intended lesson series

was executed in fourteen lessons.

How did the execution of the lesson series in #wrd research cycle proceed? In order to present a

coherent image of the lessons, based on the oltiemvawe give an overview of the course of case

study 2c_v. The actual analysis is described ipiEreD.

At the start of the first lesson the teacher
introduces the researcher, who tells that the lesson
series is part of an investigation in a search to an
learning and teaching

adequate strategy on

behavioural biology, and emphasises the
importance of the answers of the students.
Therefore, he asks them to fill in the workbook

accurately.

The teacher shows, according to the teachers’
manual, the first part of the video about dog
behaviour. The students think about the question of
what they saw. In the discussion a student, Stijn,
knows a lot about dogs, because he has a dog
himself. Nevertheless, after viewing the second part
of the video with the unexpected behaviour, Stijn
complains that he no longer understands the

behaviour of the dog.

Not all prescribed assignments are completed by
students and teacher, such as thinking about a
possible explanation for what students have seen
about dog behaviour. Nevertheless, in a class
discussion students conclude that they have to ask
the dog why he shows that behaviour. A dog expert
tells on a video about the explanation of a licking
dog: this behaviour is a sign of submissive
behaviour. So, the question is posed why a dog has
submissive, or dominant, behaviour? Students are
exploring the article in the workbook about this
question. In the discussion the desired answers are
given by students, but the classification in the three
perspectives is introduced by the teacher.
Nevertheless, the perspectives are recognized by
students, because they know them from a former

topic about doing research.

Lesson 2 starts with a discussion of the homework,
and because the teacher asks all the questions, it
takes too much time. The discussion is about
welfare and natural behaviour. It is remarkable that
students also name emotions such as being happy
and angry when they speak about welfare. In some
cases, the relation between environment and
behaviour is mentioned, but never explicitly. In the
discussion about natural behaviour students are
able to connect stress to the impossibility to exhibit

natural behaviour. Have they read that before?

Many answers are given by the teacher, and there is
an abrupt change to the assignment ‘Flappentap’
(LTAZ‘S), asking students to note natural behaviour
of some pets. Students execute this assignment
enthusiastically (see figure 26), but there is not
enough time to complete it. So, the third lesson
starts with a look at the posters, answering the
qguestion which similarities in behaviour can be
found. On the board, terms as FOOD, DEFENCE,
REPRODUCTION, and COMMUNICATION are written.
However, the classification of the concepts on the
board into Feeding, Reproduction, and Defence is
given by the teacher. One student spontaneously
reacts: “Oh, it is all to survive.” The question which
perspective of behaviour is elaborated is correctly
answered by students: the perspective of function.
Thereafter, students work on the assignment about
stress in a dog, while the assignment about the
General Adaptation Syndrome is given as
homework. In the fourth lesson, it appears that
students are able to explain the stress mechanism,
but one student links the concept WELFARE only to

physical well-being.

The following change is to the internal and external

stimuli, and students name influences on the
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habituation of pets, such as environment, contact,
character, and history (how is the pet treated
before coming to the shelter?). The teacher asks
which word could be used for that, and students

know: education. Also genetic influences are noted.

of pets, elaborating the assignment ‘Flappentap’.
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The teacher writes on the board: HEReDITY and
EDUCATION. Both influence the character of a dog,
providing for how a dog behaves in new situations.
So, what causes behaviour? Internal and external
stimuli! Students are able to name examples of
both. Then, the teacher refers to the first lesson,
asking in what manner we can look at behaviour. A
student directly answers: “causation.” And Shenna,
another student, answers with the function of

behaviour. A good reflection!

It is time to switch to the next question, said the
teacher. "We have seen: education, experiences.
Let's look at that. How can behaviour be changed?
Should dogs of all ages behave in the same
manner?" Students think that it should be so, but
that there are differences. With some videos about
playing dogs and the article about the
developmental phases of dogs, students learn
about the development of behaviour by learning
processes such as imprinting and habituation.
However, some students appear to have trouble
with the difference between physical differences
between dogs and what behaviour is. Therefore,
the teacher emphasises the distinction between

observation and interpretation.

Furthermore, when asked what socializing is, Stijn
replied: “Socializing is the interaction between

humans and animals.” In a class discussion the

teacher asks about the development of behaviour,
and it appears that students understand that
hormones are internal factors that have both a

physical and behavioural role in development.

From the developmental phases of a dog to the
training of dogs is a small step that students
and teacher take without troubles. During a
class discussion, a student asks about the
behaviour of a sleuthhound: is that acquired
behaviour? Well, explains the teacher, with
training of all dogs behaviour will be learned,
but the trainer relies on the natural behaviour

of the dogs.

In the reflection on the nature of the
perspective, teacher and students conclude
that learning processes belong to the perspective of

the development of behaviour.

Meanwhile we arrived in the sixth lesson, in which
reflection on the practice takes place. Students try
to make a concept map of the practice. Shenna,
speaking about her first version, shows that she
understands the aim of a concept map and that the
used concepts are independent of the practice of
taking care for your dog, but that they are related
to the topic behaviour. The teacher also explains
the aim of concept mapping: to think about
behaviour, through ordering concepts. The teacher
takes sufficient time to instruct his students in how

to produce a concept map.

In the 7™ lesson students show their concept maps.
Most of them have simple maps consisting of about
six concepts, and students think it's a mess when
they must link a concept with many other.
Nevertheless, when the teacher shows his own
concept map, students conclude that he forgot the

concept WELFARE.

The next learning and teaching activity is the
change to the second practice, using a thought
experiment. “Suppose, you are in a stressful
situation, for example...” Students are involved,

because they all know similar situations of stress.



The article about overtraining is assigned as
homework, and in the g lesson, teacher and
students discuss the relation between overtraining
and burnout. They understand that overtraining is a
serious problem to research, and the question how
to research ‘stress’ brings the class to the
physiology of the stress mechanism. In interplay
between assignments in the workbook and class
discussion the physiology of the stress mechanism is
explored. After that, behavioural research on
overtraining with horses is introduced with an
explanation about an ethogram and a protocol. In
the next lessons, students are working
independently with the assignment. However,
because of a block of the YouTube site at school,
the films of (overtrained) horses have to be viewed
in class. Students appear to write down different
types of behaviour. Some students have made a list
of abbreviations of behaviour, others write down
the observed behaviour literally. Meanwhile, the
12" lesson is completed, and an actual reflection on
the practice is skipped over. The teacher changes to
the test practice with the announcement: “Now we
come to what we have learned.”, and a student asks
what she should learn for the test. So the teacher
explains the manner of testing and delivers the
workbook for the test practice. The video about an
aggressive child arouses laughter, and when asked
what happens, Emma answers that she first saw
‘freezing’ and then comes the stressor. In the class
discussion about what happens in the video, it
appears that students are able to use behavioural
concepts, such as STRESSORS, FIGHT, and FREEZE. They
know that the environment could cause stress, and

‘that you have to react’.

After that, the students elaborate a new concept
map on aggressive behaviour. This map is a basis for
the final assignment: writing an essay. When the
bell rings, Stijn, a student, has troubles to ‘breaking
free’ from his concept map, because ‘every time |
discover new connections’. The final lesson (14”‘)

students work on their essays, and after they filled

in the evaluation form, data collection of this case

study is completed.
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An accumulation of facts is no more science than a heap of stones is a house

H. Poincaré

9 Learning and teaching behavioural biology

9.1 Introduction

In section 5.3.3 we defined the intended learninga@me of the LT-strategy for behavioural biology.
Students' awareness of behaviour is its main go#ieostrategy. This goal is attained when students
are able

1. to explain that behaviour is caused by internal extdrnal stimuli,

2. to describe that behaviour is the result of theerattion between the organism and its
environment,

to determine the function of behaviour,

to describe the development of behaviour,

to recognize the stress mechanism in the behaefdunmans and animals,

to carry out a simple behavioural research (onfyratuniversity level),

to discuss applications of behavioural research.

In this chapter we compare the actual learninga&s with the learning objectives 1-5 by analysing
the students' conceptual development, and evatuatlich meanings students have developed for
behavioural biology concepts. Learning objectiveen@l 7 could be attained by students as a result of
the conceptualization developed through the learolijectives 1-5, because these objectives ats skil

No Ok~

instead of knowledge, requiring reference to thewkedge of behaviour.

According to design criterion 7 an LT-strategy Bmhavioural biology education concepts should be
structured according to the perspectives of fungticausation, and development of behaviour.
Therefore, in the analysis of the students' conmdptevelopment we focus on these three
perspectives of Tinbergen.

In section 9.2 we describe the outline of the eiogirevaluation of the LT-strategy, starting with

some findings of the conceptual development froenfifst research cycle, followed by the outline of
the evaluation. In the next subsections we desthib@elevelopment of the central steering question i
the focus lesson (9.3), the conceptual developnerthe second research cycle (9.4), and the
knowledge transition through recontextualising Y9.n section 9.6 we present a summary and
conclusions.

9.2 Outline of the empirical evaluation of the LT-strategy

The aim of this thesis is to search for an adeqguatetrategy for behavioural biology. Thereforee th
analysis of research data has to focus on the msidenderstanding behavioural biology concepts. In
this subsection, the outline of the empirical eatibn of the LT-strategy is discussed.

In the first research cycle the lesson series emdfda written test for all students. However sttest
was not a well-balanced instrument for testing epte and recontextualisation for two reasons. First
no authentic practice about aggressive behavioarexplored. Second, the test consists of textsitake
from several articles about aggressive behavioons€quently, a non-interrupted storyline was not



elaborated. Although this written test was not kameed exercise, the results nevertheless indicated
for students’ conceptualisation of behavioural &gyl concepts. Therefore, all vwo students’ answers
(n=869) of the written test were analysed. Thislais showed that students did not distinguish the

three perspectives of behavioural biology very wehich is illustrated by the following quotes:

"In particular, the function of behaviour can clearly explain what the cause of behaviour is." [1b_v,

written test, Anne]

"{Explain, JvM} the cause of this behaviour through looking at the learning of behaviour." [1b_v, written

test, Carina]

"From the function because it is said that aggression is the cause (and necessity) of a behaviour." [1a_v,

written test, Julia]

"You can divide aggression into three parts: 1. Function: what do you want to make clear with
aggression? 2. The reason [causation]: why this aggression (threat) 3. Development: building
aggression. (...) We have seen the octopus strangling a shark. Apparently, the cause was that he
[octopus] felt threatened and therefore, the function to tell that it was his place and he [shark] did

not belong there." [1a_v, written test, Rienk-Jan]

Causation of behaviour from internal and exterredtdrs is generally correctly understood, but
sometimes students understand causation as thel beason for behaviour (‘the why-question’)
instead of one of the perspectives. The functiorb@fiaviour is seen mainly in giving concrete
examples, but the link to survival is not impos&ébe conceptseEDING, REPRODUCTION and DEFENDING

are strongly addressed to the lessons, but weedyrased by students in their answers. This also 147
applies to the conceptaTurAL BEHAVIOUR. During the lessons, most students have notedecorr

descriptions OfNATURAL BEHAVIOUR and sTrRess, and a few students are able to relate the coscept
NATURAL BEHAVIOUR andsTress, as is illustrated with the following statement:

"Every human being or animal has natural behaviour. You have to express that natural behaviour. If this
fails, there is stress. Stress can cause a lot of adrenaline release. Too much adrenaline means that
you can be aggressive. You will show a different behaviour than your natural behaviour through

stress." [1b, written test, Lisa]

However, not every student understood the reldiigtiveen the concepts very well, as Lianne wrote,
confused over whether aggression could be natete\our:

"Aggression can be in your genes, making something which was actually not natural behaviour and

welfare, it still comes in. [1b, written test, Lianne]

The main problem is about the perspective of theeld@pment of behaviour as an explanatory model.
This concept should be clearly defined. Developneiften confused with the causes of behaviour,
which is illustrated by the following quotes:

"The development of behaviour comes through the external factors, which influences the internal

factors very much." [1b_v, written test, Elsbeth]

"(...) you also undergo developments of this aggression. It is also reunited with the internal and external

factors." [1a_v, written test, Judith]
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"Your environment also plays an important role in the development of behaviour. Are you haunted?

Then, your behaviour shall certainly react. (...)" [1b_v, written test, Lydia]

Considering the results of this analysis, it is aoded that students express incorrect connections
between Tinbergen's perspectives, sometimes cahgetlandling different descriptions of the
concepts. Furthermore, students mention concretmgbes and do not show an understanding of the
abstract concepts.

In chapter 8 we described the adaption of the senBwo important aspects of the used educational
approaches are the development of steering qusesfimotives) and recontextualising, which in
particular are the issues of the adaption of tlegieas described in the former chapter.

From the first research cycle, we learned the itgmme of the focus lesson, and the evaluationef th
first research cycle showed that the developmenh®fcentral steering question in the focus lesson
was not appropriate, and consequently the comjdsson was redesigned. Therefore, the question
should be asked whether the adaptation led to aguatedevelopment of a central steering question
in the focus lessor{design criterion 3), focusing students' attentiadequately on the three
perspectives on behaviour.

After all, the LT-strategy should lead to an addgu@nceptual development of behavioural biology,
and the goal of the strategy on behavioural bioledycation is that students are aware of behaviour
(design criteria 5, 6 and 7). Furthermore, from ¢laluation of the LT-strategy in the first reséarc
cycle (see chapter 8), we observed that a lackrafbpndness, particularly at vwo level, decreased
students' motivation and resulted into an inswgfiticonceptualization of behavioural biology. After
execution of the second version of the design nmew research cycle, the question is how students'
conceptual developmehas to be evaluated.

Because of the presumption that the meaning ofeqiads determined at least to some extend by the
context,recontextualisingadapts the meaning of concepts (design criterjpard therefore, the LT-
strategy consists of three practices. An adequateeaptual development requires an effective
recontextualisation. Based upon the evaluatiorheffirst version of the LT-strategy we have argued
that recontextualising by students was not attaimedthe first research cycle. To achieve
recontextualising, the scenario was adapted bynneduction of another practice at vwo level, the
introduction of the stress mechanism and the usmotept maps as reflection tool. It is understood
that what happens as the students change to agsidmgepractice should be points of interest about
recontextualising. Furthermore, to recontextualisggtives must be evoked providing a non-
interrupted storyline and the use of embedded ecshould elicit motives. Therefore, it would be
interesting to see to what extend these embeddediges provide for evoking motives.

Summarizing, in the next sections we will focustioa following three themes

1. The development of a central steering questioharfdcus lesson. (section 9.3)

2. The analysis of students' conceptual developmentictsred according to its components
interaction, reflection and construction. (sect@o4h)

3. Knowledge transition by recontextualising. (sect®ob)



9.3 The development of a central steering question in the focus

In the focus lesson the central steering quests®e (figure 19) should be developed from the
interaction between teacher and students. Froraxeeution of the scenario in the first researche;yc
we learnt that an insufficient development of teatcal steering question has a strong influencthen
remaining part of the execution of the scenaricl@ssroom. It may be expected that a questionbill
evoked when students experience a problem. Thexedoery LT activity cycle in the problem posing
approach starts either with a question or with pgsi problem or point of interest. From the prior
research on students' ideas about behaviour, wet|¢laat students are generally not aware of
behaviour (Van Moolenbroek, Boersma, & Waarlo, 200herefore, the first learning activity must

lesson

problematize the phenomenon of (animal) behaviour.

In the first research cycle course of the focusdaswvas quite problematic. Reflecting on the natdire

the problems, we ascertained that teachers had opmbrtunity for improvisation, because of a lack
of a pre-programmed class conversation in the tatimanual. The following part of a reflection
phase in the first research cycle, after seeingvileos about animal behaviour, illustrates both

improvisation by the teacher and the students gugesise teacher’s intentions:

T:

S:

"What did we do in the last lesson?"

"We worked at the computer."

"Is that what you remember?"

"It was about animals."

"With that Komodo dragon."

"Squid!"

"Then the wild boar began to grunt."

"You had to answer two questions. Which two?"
"What do you see, and why do they do that?"
"If | would compare your answers, which question got the most different answers?"
"Why do they do that?"

"How does it come?"

"Everyone see the same, yet? | do not see green and Peter is not seeing blue."

"Everyone draws his own conclusions."

"Everyone draws his own conclusions. That is the most difficult? What was your most difficult

question? What do you see or why?"
IIWhy!Il

""What you see' is not difficult."

109




110

S: "You do not have to think."

T: "Okay, so why is that important?"

S: "It seems to me that it is more important than why they do what you see."
T: "Why is that important?"

S: "Maybe you better understood."

[1b_h, audio, reflection lesson 1]

A second problem in the focus lesson was the wad&ty of animal species. Because of this variety,

students focused on the animals, and not theirvi@lna Both the animal species and their behaviour

were unknown to the students.

A third problem is the question asked while obsegehaviour. Students were asked why they think

that the animal exhibits that behaviour, and tsapriecisely the question which has to be evoked.

Moreover, we suggest that if any question evolvelould be this question.

The last problem we found is that none of the pmspes of Tinbergen was developed adequately.

Therefore, the general conclusion was that theddesson had to be structured more strictly by the

teacher and the learning materials. Both were adaptthe scenario of the second research cycke. Th

focus lesson is strictly prescribed in the teachrmenual, while the content of the lesson is lichite

the behaviour of dogs, forming a continuous stoithvthe first practice. Figure 22 presents the

storyline of the first lesson of the scenario ia #econd research cycle, and table 7 shows thieciesac

manual of the first lesson. In the manual, theofgihg learning objectives for this lesson are

indicated:

e Students must be able to explain the differencerdxe observation and explanation.

e Students must be able to indicate the importanceetiavioural research in order to explain
behaviour.

* Students must be able to formulate the three petispe of Tinbergen (causation, function, and
development).

In the following reconstruction of the focus lessave analyse the question if students develop

adequately the central steering question and atteitearning objectives. The phases indicatetien t

following analysis refer to the phases of the peabposing approach (see section 2.4.1).

Orientation phase
Intended scenario

The orientation phase aims at orienting and evokingjobal interest in behaviour. First, students
orientate on behaviour and the difference betwelesemvation and explanation. In the intended
curriculum, the teacher starts the lesson by refgrio the involvement of students with pets. The
teacher introduces the subject behaviour by lettiegstudents observe a video on the behaviour of a
dog and his owner. Their heads are close togetiethe dog lifts his lips and is growling (figuré&,2
left). Students were asked to describe what they aad what they think about it (observation and
explanation). In the discussion about the answktheostudents, the teacher asks students how they
know if their answer is correct.



Figure 27. Pictures from the video showing a dog and his owner close together (left) and showing the dog

licking his owner (right).

After the first orientation, teacher and studerasraw down this interest by predicting the endtaf t
video. Students will interpret the behaviour of tftg as angry and do not expect a licking dog (égu
27, right). This unexpected behaviour evokes thestion of why the dog is doing this, which is the
guestion about the meaning of behaviour.

In the execution of the scenariafter seeing the video about the man and the @aatpss discussion

took place as indicated in the scenario. TeachenfPasks the students to read the learning obgsti

and activates students' prior knowledge by linkimg approach of the lesson series to a formeriesso
series about amorousness. In the group discussi@xplains the difference between observation and 111
explanation. He strictly structures the discussBtudents, answering the question what they thought
about what they saw, say that the owner comestliderritory of the dog, while one student notices

the interaction between the dog and his environmé&he students react enthusiastically on the
questions of the teacher.

In class [2a_h] some students have heard aboutir8tevideo from a parallel class, so the dogs'
behaviour is not unexpected anymore. Their teaplasises over the question after the difference
between observation and explanation. Students sioisy and restless behaviour.

Students [2b_h] compare what they saw with thein @xperiences with dogs or are empathic, as the
following quote illustrates:

"The owner sits with his head near the dog. | would not be happy, either." [2b_h, lesson 1, audio]

Their teacher [2b_h] is not using the answers udestts in the class discussion to let them thirduab
behaviour, as the following quote illustrates:

T: "A few things..., you see, the man acts and the dog reacts. He shows his teeth. (...) some of your

answers were: "That dog is angry." Did you really see that?" {Instead of: why do you think that? JyM}
S1: "It showed its teeth"

S2:"Yes, you do the same when you are laughing!"
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$3: "That woman with Bokito™ thought the same!"

[2b_h, audio, lesson 1]

Although no steering question about the differémeveen observation and explanation is evoked and
the teacher answers the question about the differbimself, students [2¢_v] describe dogs' behaviou
adequately:

"A growling dog showing its teeth, next to the head of a man." [2c_v, workbook, Michelle]
Although not all students did:

"A man beside an angry dog." [2c_v, workbook, Arthur]

One student, Stijn, knows a lot about the behavimfudogs, because he has a dog himself. After
seeing the video, he says that he is not undeiistitdat all. However, he knows how to explain the
behaviour of the dog:

S: "Perhaps, the man is higher in rank."
T: "That man has a higher rank?"
S: "Yes, | can explain, Mister."
T: "Okay, goon."
S: "Dogs live in a herd, yet? Well, perhaps that the man has a higher rank in the herd."
[2c_v, audio, lesson 1]
Then, the teacher induces the need for behavicesehrch by saying:

T: "How could we know the explanation of this behaviour? (...) If we really want to know, we should ask

the dog. There we have a problem!" [2c_v, audio, lesson 1]

Consequently, we conclude that students [2c_v] laaleguately problematized the conaegeiviour.

Students of class [2a_v] also have similar reastidimey are amazed about the dogs' behaviour and
seek for explanation.

S1: "It does not harm its owner."

T: "(...) anxiety! Kevin?

S2: "It just wanted to see who it was; or a potential danger."

T: "Okay, that is a nice explanation. Eh, how do we really know what happens here? (...)"
S3:"by doing it with an unfamiliar person."

T: "okay, we are going to change the environment. Excellent idea. (...) What is an even better method?"

22 On the 18th of May 2007 a big Gorilla called Bokito escaped from his home in the Zoo in Rotterdam (the Netherlands).
http://www.metacafe.com/watch/605817/the great escape of gorilla bokito/ (Retrieved February 2012)




S4: "another dog?"
T: "Yes. But the most obvious option is not yet named? (...) Who could you ask what happens?"
S3:"The dog himself!"

[2a_v, audio, lesson 1]

Then, the teacher refers to a ‘dog whisperer’ wiialat understand ‘dog language’, and contrasts this
with the scientific research methods and introdwcdeg expert on the next video.

From the written answers in the workbook to thestjoaes regarding the views and thoughts of
students after watching the first part of the vidéappears that most of the students gave thecor
answers.

Students expect that the dog bites the man, bedaisangry. After seeing the end of the video,
students mostly explained the licking of the dogffective, anthropomorphic terms, as illustratgd b
the following quotes of worksheets:

"It is not scared, it trusts its boss"
"It is playful" {several times noticed}
"It shows he is a friend"

"To take attention" 113

"To show it is not angry en loves its boss"
"It trusts that man. It feels the man wants nothing wrong. Therefore, it licks to show it accepts him"
[2b_h, lesson 1, several worksheets]

"Because it {the dog, JvM} wants to apologize, because it growled against a dominant and higher placed

person"
[2c_v, workbook, Vivanne]

Students and teachers use anthropomorphic langbageone of the teachers corrected students when
using such terms.

Activity phase
Intended scenario

After orientation, learning activities in the adtwphase ought to give a more specifically forneth
need-to-know, to extend their prior knowledge. Blenario prescribes that the teacher asks students
how we know the meaning of that behaviour. Aninddsnot answer to that question, so it must be
investigated by research or asking an expert. Tudests have to conclude that the explanationef th
behaviour of the dog could be acquired by research:

"Our expectations are linked to our human experiences. We think for that dog. That is the problem of a

researcher too." [2, LTAl‘Z, scenario teacher activity].
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The teacher suggests listening to an expert orbdbgviour. Students learn that the licking of thg d

is a sign of submissive behaviour. The teacher aslkdents why a dog has submissive (or/and
dominant) behaviour. Students read an article albomtinant and submissive behaviour of dogs,
applying and extending their knowledge from thenfer LT-activities. The article explains the
indicated behaviour from several perspectives andests are asked to find these explanations.

The executed scenarievokes an important conclusion, because neartgatihers passed this part of
the LTA"? over. The change made by the teachers, from therete life-world practice to a scientific
practice to make students aware of behaviourabrekes either not explicitly made or not made at
all. The gquestion is how do we know the meanindeihaviour? Three teachers forgot to ask their
students about behavioural research as a toolrfderstanding the meaning of behaviour. Teacher
[2a_h] poses that behavioural research is conduotedxplain behaviour. Thereafter, she changes to
the second video about the explanation of a lickiog.

Teacher [2b_h] discusses the assignment in theshests and checks the answers to the question on
the explanation of the licking dog.

T: "Was it expected that the dog would do this?"
S: "It was expected by the man, indeed"

T: "Are we inclined to look after such situation through our own ideas, thoughts and views? How can

we get an answer to the question why that dog is doing that?"
S: "Ask the dog!"
[2b_h, audio, lesson 1]

After that, the teacher forgets to refer to beharabresearch, and starts the next video with tg d
expert.

Teacher and students [2c_V] pass over questiontl3eofvorkbook. In the class discussion about how
to explain the dogs' behaviour, students conclbde they should ask the dog in order to understand
its behaviour.

The transition to the next LT-activity, readingexttabout dog behaviour, is more or less self-atide
The teacher switches the attention from the manrétgionship to a dog-dog relationship, and the
students [2b_h] make the switch easily. One studentes the example of wolves, which live in a
herd, and the teachers introduce the next LT-dgtiiieacher [2a_h] introduces this activity more
abruptly, without evoking a motive by asking theegtions as indicated in the teachers' manual,eas th
following fragment shows:

T: "We then read a text about submission and dominance, because these are two things that belong

together."
[2a_h, audio, lesson 1]

Class [2c_v] views the video of the dog expert, the students' discussion about their answers is
passed over and the teacher instructs his stufterttse next LT-activity, to read the text.



Despite passing over the embedded practice, tinglis®is not disrupted, and it was concluded that
the time taken for LTA? can be reduced.

Reflection phase

Intended scenario

In the reflection phase, a class discussion reatltsategorization of the students' explanations
according to the three perspectives of Tinbergemsation, function, and development. This last
phase in the focus lesson connects the centraiirgjeguestion with the next practice. Teacher and
students have to conclude that more knowledge atimutperspectives is needed, which will be
explored in the next practices. Students confirat they can better care for their pets when theykn
more about the meaning of their pets' behaviour.

In the executed scenari@fter reading the article “Dog behaviour: submissor dominant?” all
classes discuss the written answers. Studentstbaed the different categories of explanations of
submissive and dominant behaviour of dogs, butilaation into the three perspectives is not done
in class [2a_h], because the teacher [2a_h] didatlov the teachers' manual. The teacher discusses
answers with the students, writing it on the blaxzddl, referring to her experiences with her own, dog
writes the perspectives on the blackboard and askdents to categorize the explanations found.
Students show to be able to classify the explanstid\fter the discussion, the teacher asks the
students to start their homework, so no new stgegirestion is elicited.

In contrary, in class [2b_h] after writing possibdgplanations on the board, mentioned by thei
students, the teacher [2b_h] wants to conclude:

T: "When we look at these points, are these explanations of the same order? Do they show the same

kind of explanations?"
S: "Of course not."
T: "(...) If you relate a question to these explanations?"
S: "What a dog already has, and what a dog must learn."
T: "What does it have?"
S "Hormones, testosterone."

T: "Which question could you ask? Then, you are investigating behaviour. (...) That hormone causes

what? Then there is the question of causation."
[2b_h, audio, lesson 1]

From the abovementioned fragment it could be catedluthat the teacher did not follow the manual,
and therefore had to give the answers about theppetive of causation by himself. Nevertheless,
when the students understand what the teacher ntbaysare able to characterize other explanations,
although the teacher gives the correct names tditfegent perspectives.

Teacher [2a_v] prepares the class discussion bididiy the board into pieces. After writing the
explanations on the board, the teacher asks tdersisiwhich words must be written above the pieces:
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S: "Function."

S: "Origin?"

S: "Aim."

T: "And, how do you name this one?"

S: "Education"

T: "Yes, exactly, and since we deal with behaviour, it will be named development."
[2a_v, audio, lesson 1]

It shows that students are able to understanddhreat perspectives. In addition, the teachersi2a_
and 2a_v] refer to the former lesson series abonbreusness and the role of the hormone
testosterone. Some students are surprised abouinfluence of testosterone in the womb on
behavioural development.

In class [2c_v] the question of which explanatidos behaviour belong together, is passed over.
However, we observed that students recognizedctiee perspectives, since they have learned these in
the biology lessons before, where research in gémeas the subject. The teacher tried to evoke the
recollection, as appears in the following fragment:

T: "When | ask the question why a dog is submissive and dominance, what do you remember from this
question? Think about the former chapter about research questions. How do you distinct this? What

was the matter with the ‘why-question'?
[2c_v, audio, lesson 1]

Thereafter, students' explanations on submissidedaminant dog behaviour found in the article are
written on the blackboard, and it is observed tie students developed the three perspectives
laboriously.

Then, the first lesson is passed, but because wflddesson time in class [2a_h], the second lesson
started immediately. The teacher [2a_h] started#wend lesson with the following statement:

"(...) we have seen that there are three categories recognised to explain behaviour, why there is

behaviour. It has a function, it has been caused by something and it arises ..."
[2a_h, audio, lesson 2]

Next, she informs the students about the next jgect The same procedure is followed by teacher
[2b_h], who also gives a review on the three pathpes in the next lesson. Although this procedure
is prescribed in the teachers' manual, the chamdhbet first practice is not motivated by a content-
specific motive. However, the first practice is aextension of the focus lesson, and the steering
guestion of the first practice (how to care youg)is a logical question after the focus lesson.

Summarizing, the focus lesson intended, first, rtoréase students' awareness that behaviour is a
biological subject, resulting in the developmenttbé central steering question, and second, to
develop the students' awareness of the perspeatifvdsnbergen. To attain these objectives the
didactical approach in the second version of thestr@itegy contained the following four elements:



1. Students observed unexpected behaviour of a wellvkranimal, a dog.

2. Students explored possible explanations for thiexpacted behaviour, and categorized these
explanations according to the three perspectivdsmifergen.

3. The subject of the first practice (how to care your dog) is in line with the focus lesson and
creates a non-interrupted storyline.

4. The well-prepared focus lesson is strictly presuilby the teachers' manual. The teachers were
asked to follow the instructions.

From the above-mentioned reconstruction of theengged focus lesson we conclude that observation

of the unexpected behaviour of a dog increasesestsdawareness of behaviour as a biological

subject, and they are stimulated to investigate Wiey dog’s behaviour did occur. However, the

central steering question, "Why do they do thas?'hiore implicitly posed by students, but they

explored this question by the development of thesgectives of Tinbergen. Consequently, common

language for exploring the perspectives in the peattices is constructed. In addition, the rettnc

to the behaviour of one animal species, the daggtes a non-interrupted storyline, and it appé®ts t

students elicit a motive for exploring the firsaptice.

Furthermore, we conclude that the teachers' mapnmiides adequate preparation for the teacher,

which is shown by the differences in the cours¢heflesson when teachers improvised or followed

the manual.

Overall, we conclude that the focus lesson of temnario fulfils to its purpose, and that the adimha

of the scenario was effective.

9.4 Students' conceptual development Y
Awareness of behavioural biology starts with un@erding the three perspectives on the question
‘why do they do that?’ In the former section, wanclided that the focus lesson provides a motive for
students to investigate the three perspectives inbefgen. In this section the following three
questions are answered.

1. How did students understood the three perspeciiits their respective behavioural biology
concepts? From the interaction in the executedfessries we will find an answer in subsection
9.4.1.

2. How did the reflection phases contribute to thalstus' conceptual development? The reflection
phases, with the constructed concept maps, must stuglents' awareness of behavioural biology,
and the reconstruction of the reflection is desatiim subsection 9.4.2.

3. How did concept maps as a reflection tool contgbiat the students' conceptual development?
Since the use of concept maps as reflection toglaid of the adaption of the scenario, we
investigate to what extent concept maps contriboitthe students’ conceptual development. In
subsection 9.4.3, we analyse both the technicditgud the constructed concept maps, and the
use of its propositions.
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9.4.1 Understanding the three perspectives on behaviour in the second
research cycle

In this subsection, we start with an overview o tistribution of concepts linked to behavioural
biology and students' conception of behaviour,camd in the students’ list of concepts. Thereafter,
we describe students' understanding of the threspeetives on behaviour, as appears from dataeof th
observed lessons and the students' workbooks.

As we described in section 7.2 the listed conceyeiee classified in three categories: behavioural
biology concepts (bb), concepts referring to thiesst mechanism (sm), and context related concepts
(cc). Figure 28 shows the relative frequency ofttiiee categories of concepts per practice. Ifitsie
practice, concepts of behavioural biology are ihiced, strictly divided into the three perspectioés
Tinbergen. In the second practice the stress mesrhais elaborated, whereby the structure of the
perspectives is less visible and the emphasis th®mnelationship between behaviour and physiology.
In the third practice, students have to select eptecby themselves from articles and videos abiaut t
practice as sources of concepts. These differelne®geen the practices are reflected in the relative
frequency of the three categories of concepts, hwhicderlines, first, that the context determines
which concepts are used and needed, and secondhéhaducational practice (both intended and
executed) defines the learning outcome considerably

Practice 1 Practice 2 Practice 3

mbb mc msm mbb mc msm mbb mc msm

36%  45%

24% §2% 18%
47%

Figure 28. Relative frequency (%) of three categories of concepts listed by students. bb=behavioural biology

concepts; c=context related concepts; sm=concepts referring to the stress mechanism. Amounts of concepts
Practice 1: n=1065; Practice 2: n=590; Practice 3: n=416. Number of students Practice 1: n=82; Practice 2: n=65;
Practice 3: n=39.

Comparing the students' descriptions of behavioith whe definition of behaviodt we could
conclude that most students correctly conceptudilizaaviour. Some students only have a general
notion of behaviour as "all things an organism do€sher students describe behaviour as ‘all things
you (or an organism) do’, like Anne and Vivianng¢ [v, workbook P1, Vivianne & Anne]. Other
students connect behaviour to stimuli, as the wahg quotes illustrate:

2 “The internally coordinated responses (actions or inactions) of whole living organisms (individuals or groups) to internal

and/or external stimuli, excluding responses more easily understood as developmental changes.” (Levitis, Lidicker, &
Freund, 2009, p. 6).



"The reaction to stimuli" [2b_h, workbook P1, Marloes]
"How you react to your environment", [2b_h, workbook P1, Arina]

In the second practice, descriptions of behavioeifacused on animals, instead of organisms, and
some students connect behaviour with the functfdsebaviour or natural behaviour, as is illustrated
by the following quotes:

"What an animal does to survive" [2b_h, workbook P2, Rinske]
"An animal shows certain things. That is behaviour, natural behaviour." [2b_h, workbook P2, Daniélle]

Descriptions of behaviour in the third practice freused on human beings. "What somebody does" is
the common description, and no relation with stinsindicated.

However, not only categorizing the concepts givesgit in the kind of concepts that are mentioned
by the students. As a design criterion, we haveifipd that an LT-strategy for behavioural biology
should be structured according to the three petisesc Figure 29 shows the relative frequency of
behavioural biology concepts (first category), gatized by the three perspectives on behaviour for
the three practices, as it appears from the stad@ttof concepts.

Practice 3 | 46,2% 41,5%
Practice 2 52,8% 31,7% 15,4%
Practice1 | 51,0% 30,8% 18,2%
0% 20% 40% 60% 80% 100%
Function Causation ® Development

Figure 29. Relative frequency (%) of the behavioural biology concepts as noticed in the students' list of

concepts. Number of concepts practice 1: n=429; Practice 2: n=123; Practice 3: n=65.

A few points are remarkable. Students do not oft@plicitly refer to the three perspectives of
Tinbergen, although the few descriptions of thee¢hperspectives that students have noted, are
correct. Nevertheless, the self-evaluation of sttglehows that about 70% of the students recognize
these perspectives very well. As mentioned befarthe first practice the structure of the sequenfce
perspectives is strictly followed in the scenaria avisible in the workbook in the headers of the
sections. In the other practices, the perspectaresnot indicated in the workbook. In the third
practice, only students of [2b_h] name the concegises, FUNCTION andbeveLoPMENT of behaviour,
probably because students were told to use them wiaking their concept maps. Therefore, from the
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guantitative analysis of the list of concepts,sitcbncluded that most students understand the three
perspectives on behaviour.

In addition, the teachers paid attention to thedtperspectives in several lessons, in particuldangl
reflection activities. For example, teacher [2awnpte the terms on the blackboard, like teacher
[2a_v] who did the same after the first lesson.

Teacher [2a_v] asked the students when changing deusation to development:
T:  "Which of the three did we not yet look for?"

Students do not know. Therefore, the teacher agsin:
T: "..sometimes things are developing in time"
[2a_v, audio, lesson 4]

Teacher [2c_v] also paid attention to the perspesti

T: "I refer to the first lesson. What was the first question to answer? We explored a few manners to

examine behaviour."
S1: "Causation!"
S2: "Function!"
T:  "What was the function of behaviour?"
S3: "Survival"
[2c_v, audio, lesson 4]

The above-mentioned fragment of the conversati@wshthat students are able to distinguish the
perspectives of function and causation of behavidimwever, it appears that while students
sometimes understand the three perspectives, soaetihey do not, and it is not clear what the
background of that observation is. A possible exai@n could be found in the structure of the class
discussion, or in the articulation of the threespectives, as indicated through the self-evaluation
the students. Table 16 gives the percentages petlzuation for the learning goal that students ar
able to explain behaviour according to the thraspextives. The differences in the assessmenieof th
learning goals in the self-evaluation may be causedifferences in formulation. Teachers use other
words for perspective, such as explanation or cayeg

It appears that not all students are able to expbahaviour according to the three perspectives
(statement 1). During the reflection on the firgigtice, this learning goal was formulated otheewis
(statement 2). It is remarkable that the averageemeages on statement 2 are lower than on statemen
1, while the introduction of a concept map in stadat 3 delivers more recognition by students. It
should be concluded that the choice of words detegnto some extend the recognition of the
concepts. There seems to be an incomplete labetiinthe three perspectives, even while the
distinction of the three perspectives of Tinbergeclear to students.



Table 16. Students' self-evaluation on the lesson series, collected after finishing the lesson series. The

statements are made from the formulated learning goals indicated in the teachers' manual.

havo, n=36 Yes Little No
1 Iam able to formulate the three perspectives of Tinbergen 50% 32% 18%
2 | am able to explain three ways in which behaviour could be interpreted 25% 44% 31%

3 lam able to explain in a concept map from which perspective we could interpret behaviour 36% 47% 17%

vwo, n=34 Yes Little No
1 |am able to formulate the three perspectives of Tinbergen 38% 29% 32%
2 | am able to explain three ways in which behaviour could be interpreted 29% 32% 38%

3 lam able to explain in a concept map from which perspective we could interpret behaviour 30%  64% 6%

Despite of the afore-mentioned incomplete labellofgthe three perspectives by students, other
behavioural biology concepts are frequently memtihrsuch asTimMuLl, STRESS, ADAPTATION, NATURAL
BEHAVIOUR, WELFARE, andsurvivaL (divided into three kinds of behaviowEEDING, REPRODUCTION and
DEFENCE), as we describe below in the reconstruction efdbnceptualisation of the perspectives.

The perspective of the function of behaviour

The function of behaviour is the first perspectstadents explored. Reasoning from the welfare of a
pet, they should understand that thaeuraL BeHAVIOUR Of an animal is related to the conceLFARE.

We describedveLrare as the resultant of three components: (1) theipalyand (2) psychological 121

state of the animals’ attempt to cope with its emwvinent, and (3) the state of naturalnéssvivaL is

the ultimate function of behaviour. The function lfhaviour could be differentiated inteebping,

REPRODUCTION, and pereNce behaviour. In the scenario, the function of bebawiis in particular
elaborated in the first practice and to a less&r#in the second practice.

Students learn about welfare in a homework assighriidie concepiveLrARE is introduced through a
picture of a website of a dog school. The dog stHws the aim to increase the welfare of dogs'.
Students, who noted the concepiLrAre in the list of concepts, described the three campts,
although many descriptions do not contain all congmbs. Students understand the state of
naturalness as the state to which animals can $heWwWNATURAL BEHAVIOUR, as is illustrated with the
following quotes:

"That it is physically and mentally going well" [2a_v, workbook P1, Paul].
"When an animal is able to show its natural behaviour." [2b_h, workbook P1, Rinske]
"Feel good and show natural behaviour." [2b_h, workbook P1, Josien, Carla]

In the third practice the conceptLrARE is hardly mentioned. Only a few students undedsterARe
as being happy or having as little stress as plesaitfe conclude that students understand the concep
WELFARE correctly, although not all components are notedrie description.
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The concepATURAL BEHAVIOUR is explored in LTAZ In the classroom five or six posters hang with
the name of a pet on top. Students have to desuiitae kind of natural behaviour of the pet they
could remember.

However, not every teacher connects the coneeptarRe with NATURAL BEHAVIOUR. Teacher [2a_h]
abruptly made the change to L¥2by saying: "We are going to do the poster exetcimed discussed
the conceptsvelFARE andNATURAL BEHAVIOUR afterwards.

Teacher [2b_h] started discussing homework, butelaion betweemeLFARE andNATURAL BEHAVIOUR

is laborious. Indeed, students have problems utadetifig the concepteLrare, and reason from their
own point of view, as is shown in the following graent:

T: "Suppose you have a pet. What is important for a pet?"
S: "That it is a bit affectionate."
(...)

T: (...) If you go to buy a pet and you'll think it over, what are you doing? Seen through the eyes of an

animal."
S: "It brings a lot of problems with it."

T: "Yes, with that we are now to the central issue. If a dog is not at home, not at his own place, do you

have to take him?"
S: "Of course not."

T: "What are you focused on when you think about this? Think about health, think of costs, and also
put the relationship here with the work for today. (...) How can you really say it in one word? It's

about ...?"
S: “Welfare!”
(...)
T: “Who can explain in a few words what welfare is?"
{There are no answers, thus the teacher refers to question 15 of the workbook}
S: "Living conditions?"
T: "How do you notice that a dog is satisfied?"
S: "Wagging, behaviour."
T: "Behaviour!?"
S: "Not barking, licking."
T: "When | write this on the blackboard, what do | mean with this?"
{Teacher writes 'natural behaviour'}
S: "Character?"
S: "How it responds as a beast."

T: "To what?"



S: "To its environment."

T: "Then it responds in a normal, natural way to his environment. And it adapts its behaviour more or
less. Where it all is really focused? Why eat? Why good health? Why does an animal adapt to the

environment, so it can live? Remember that question, it will be back."
[2b_h, audio, lesson 2]

In the above-mentioned class conversation, theh&ashows difficulties with the relationship
betweernweLFARE andNATURAL BEHAVIOUR. From the home assignment in the workbook, stigdieatrnt
that ‘freedom’ is a characteristic of the welfaf@ animal, as well as the freedom to show itsinat
behaviour. However, the teacher did not refer &t #ssignment. In addition, this referral is nothia
teachers' manual, and should be included.

Unlike teacher and class [2b_h], teacher and ¢Bessv] discussed the conceptLFARE, starting with
the five freedoms. After students answered questianthe workbook, they discussed the concept
NATURAL BEHAVIOUR. Teacher [2a_v] decided to discuss the topic @andwn manner, and used the
students' answers to attain the objective of timgkabout natural behaviour, as illustrated by the
following fragment:

T: When an animal exhibits its own natural behaviour that is an indication that an animal is

comfortable. Who knows an example of natural behaviour of a dog?"
S: "Eating shit."
[2a_v, audio, lesson 2]
Students are laughing, but the teacher reactsustyiand answers:

T: "You want rancid examples, but it is just one correct example. (...) Animals not see this as a problem.

(...) Why would you eat your own poop?"
S: "An improved resistance."
S: "It gets all the nutrients out."

T: "Yes of course (...) a number of posters is hanging in the classroom. The assighment is to write

examples of natural behaviour on the posters as much as possible."

[2a_v, audio, lesson 2]

Finally, teacher [2c_v] discussed the homework alveaurAre. Students showed they were able to
relateNATURAL BEHAVIOUR tO STRESS, as the following lesson fragment illustrates:

T: "l think that welfare is an important concept. What is welfare?"
S: "Your living conditions."

T: "Does that say anything about welfare?"

S: "If they are good or bad."

T: "Then you are already a step further. This may affect their welfare. Does anyone else have a

definition? (...)"
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S: "If {the dog} enjoys itself, it does not have to handle chronic stress."
T: "What is that?"
S: "Constant stress that {the dog} has, that {the dog} did not feel at ease."

T: "But do you understand what stress is?"

S: "Some animals can die from stress.

T: "Yes, they do. What is chronic?"

S: "Thatis constant."

T: "The next lesson, we will continue with stress. Is there another definition of welfare?"
S: "Good physical and mental condition."

[2c_v, audio, lesson 2]

It is concluded that students understand the cdiumebetweerstress and WELFARE, and can give a
definition of WELFARE.

LTA*? ends with discussing the similarities betweenwhitten down examples OfATURAL BEHAVIOUR
of pets. In all classes, students understancNBTaRAL BEHAVIOUR iS hecessary to survive.

T: "What is all this {behaviour} good for?"
S: "To survive."
T: "Right. Behaviour is there to make sure you will survive."
[2a_v, audio, lesson 2]
In two classes, the teacher mentioned the categyaoie the function of behaviourceebINg,

REPRODUCTION, andpereNce by him/her selves, but in the other classes, stisdgere able to categorize
the examples GiATURAL BEHAVIOUR.

Obviously, it is interesting to see what studentged in the list of concepts and the workbook.
NATURAL BEHAVIOUR IS understood by students as behaviour that gmedi to the natural environment
[2a_v, workbook P1, Joost], as behaviour that ecsje to that species [2¢_v, workbook P1, Roos &
Chenna], or as behaviour that an animal shows dicgpto its instinct [2c_v, workbook P1, Emma].
Many students describe natural behaviour as benattat an organism naturally shows. Also after
the second practice, students articulate compardbseriptions. One student describbesuraL
BEHAVIOUR as ‘uninhibited behaviour' [2b_h, workbook P2, kein However, in the third practice,
NATURAL BEHAVIOUR is described as behaviour that is changelestga®lowing quotes illustrates:

"Natural behaviour is behaviour without influence of the environment:" [2a_h, workbook P3, Lise-Milou]
"The innate behaviour." [2a_h, workbook P3, Mark]

"Your normal behaviour that is always the same." [2a_h, workbook P3, Mirthe]



However, it is unknown if this description indicata change in the meaning of the conoceptirAL
BEHAVIOUR, because only a few students mentioned the coneoepRAL BEHAVIOUR, and because
NATURAL BEHAVIOUR iS a concept that is not occurring in the artidéthe third practice.

Generally,FuncTion is considered as a goal. It is described as "wbatwant to reach”, in particular in
the third practice from the perspective of humavtsre the concept is linked to aggression.

Students understand thsaRvivaL is the function of behaviour. They also understidrad all behaviour
can be categorized into the categorEsING, REPRODUCTION, aNdDEFENCE.

These observations are supported by the self-eN@tuaf the students. Evaluating the statement that
they are able to name survival as the functionetfaviour, 81% of the havo students and 79% of the
vwo students answered positively. The other stiedanswered ‘approximately' on this statement.

We conclude that the part of the scenario concgrttie function of behaviour is largely executed as
intended, although there are some minor deviatibaachers did not evoke a motive for researching
NATURAL BEHAVIOUR in interaction with students, despite of the ralme of LTA2 However, students
understand the concepBTURAL BEHAVIOUR and are able to relate it t@ELFARE and environmental
circumstances. Furthermore, all teachers took afltime (20-30 minutes) to explain and discuss the
CONCepPtSWELFARE and NATURAL BEHAVIOUR, Which was necessary, but not intended. In thesdback,
teachers said they felt uncertain, because thepati¢heck very well students’ comprehension of the
behavioural biology concepts.
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The perspective of the causation of behaviour
The concepts belonging to the perspective of caursatre INTERNAL AND EXTERNAL sTIMULI, and by
extension, the concepts of the General Adaptatigid®me, the stress mechanism. In the scenario,
learning and teaching causation is explicitly pkohim the first practice, and in the second pradfie
physiology of the stress mechanism is elaboratdueréffore, we will first consider students'
conceptualizing of the causation of behaviour ia finst practice, and then the conceptualization of
the physiology in the second practice.

LTA%! about the causation of behaviour includes an lartibout dog stress with corresponding
questions, class discussion about the homework, aanassignment about the stress mechanism.
LTA®?3 ends with an assignment about the relation betwegrstress, cortisol, and human interaction
(see section 6.3.1). In the executed scenariogeas that some of the teachers have difficulties i
changing from the perspective of the function ohd@our to causation. This is illustrated with a
fragment of teacher [2a_h] in a class discussion:

T: "Who can tell me again what the natural behaviour of dogs is?"
S: "Behaviour that is naturally innate."

T: "Can you give an example?"

S: "Wag."

S: "Barking."




S: "Tail between the legs."
T: "Natural behaviour when he is afraid. Yes. Do you know what its meaning is?"
S: "Usually it is indicating that it is dominant, it holds the tail up."

T: "Exactly, the position of the tail says something about the ranking. Why was that important again,

that ranking?"
S: "Because if there is no hierarchy, there is no group to work together."
T: "You cannot work together. And why is collaboration so important?"

S: "Because you can achieve more together than just by yourself."

(...)

T: "Yesterday, if | remember well, we discussed the three ’V’s'24, but I'm not sure we did so, therefore |
repeat it now."
S: "No."

T: "Delineating territory has entirely to do with this." {Teacher pointing to the words ‘protect’ and
‘defend’ at the blackboard}

T: "Feeding! Which ‘V’ even more?"
[2a_h, audio, lesson 3]

Students also named the third RéprobucTiON. The teacher spent a lot of time in changing fthm
concepts ONATURAL BEHAVIOUR andDereNce as part of the survival of an organism. Then, tdecher
referred to the article, but students did not rieadid the teacher started to review it:

T: "What if {the dog} cannot do that {natural behaviour} now?"
S: "Ifitis trapped."

T: "What can {the dog} not do?"

S: "Play."

S: "Reproduce."

S: "If {the dog} cannot predict its surroundings"
T: "Very good! When does that happen?"

S: "On holiday."

T: "Soin an unfamiliar situation?!"

S: "It's never been there, it has no territory there."

* Dutch 3 V's Voeding, Voortplanting en Verdediging. In English: Feeding, Reproduction, and Defence



T: "I have a dog myself. And when the dog runs loose and runs into the road. It is hit. So injury is a

situation in which all these things {3V's, JyM} are no longer present."

[2a_h, audio, lesson 3]

Then, the teacher returns and asks:

T:

S:

T:

"Why does a dog do this? What is the purpose of natural behaviour? Why does it eat?"
"To survive."

"Exactly, natural behaviour is aiming to survive."

[2a_h, audio, lesson 3]

Students are interested in the topic, and havaalegeestions. Nevertheless, the lesson goes dnawit

discussion about the conceyatence:

T:

"We are going on. Because an unfamiliar situation, you are not doing what you want to do, so there

is a kind of tension. Another word for tension is stress. Seeing a cat, what can a dog do?"
"Bite."

"What is covered?"

"Protect yourself."

"How does he protect itself?"

"By attacking. Fighting."

"It will defend itself. This can be the meaning of fighting and biting. Is there more?"
"Growling."

"Running away."

"Sometimes safe: running away. Another situation is, (...) is there anything else you can do as a form

of defence, except fight or run away, flee?" {The teacher refers to question 28 of the workbook, JvM}
"Strange things, like, e.g. being pathetic, attracting attention, weird body postures."

"Yes, those are signals. (...) Fight, flight, there is another one in the article: freeze. It is probably the

most common. If you and your dog go outside and see a cat, my dog stops.

[2a_h, audio, lesson 3]

From these fragments of the class discussion ieagpthat it is difficult to change perspective.
Students are interested in the topic of behaviouirhave to guess what the teacher wants to hbar. T

cause of this difficulty seems to be the absenaesiéering question, or motive.

Althouhg the questions in the workbook about thgiatress are discussed, the conoefiNce is
still not clear and the teacher's questions prowidee of the same. Moreover, many examples that
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have nothing to do with the topic are added. Teaahd students discuss the difference between acute

and chronic stress, and students are able to exgilase differences. The teacher knows a lot about
dogs, and a lot of time is spent (more than haH #sson) to tell about her experiences. Neversisel
in this lesson, the relationship between behavamd environment is established, but we discovered
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that the conceptsITERNAL AND EXTERNAL STIMULI are not explicitly mentioned in the first practic@ne
guestion asks for a definition of&essor, while the summary states:

"Behaviour is caused by internal and external stimuli. Give an example of both based on the article

above, and explain how the stimulus influences the behaviour of the dog." [workbook, question 37]

Teacher [2b_h] spends less lesson time about ths' dtress. Students are able to explain how a dog
could behave under stress conditions, as is showreifollowing quote:

T: "What do we mean by stress?"
S: "Sensitivity to unknown things."
S: "Or you have to do too much."
[2b_h, audio, lesson 3]

The last student changes the focus from a dodhtov@an perspective.

Students [2a_v] had a school party the night beéoré did not do their homework; consequently,
students had to read the text about dog stressgltine lesson. The teacher discussed the article,
starting with the retrieval of knowledge about fferspectives. Students were able to remember the
perspectives themselves. The teacher then asked stbess as a cause of behaviour:

T: "What do you need to produce stress?"

S: "Unknown environment."

T: "What else?"

S: "Hard training, combined particularly with punishment."

T: "These are more learning manners, for both humans and animals."
The teacher talks about acute and chronic stress:

T: "What does chronic mean?"

S: "That it is impossible to return to point zero."

[2a_v, audio, lesson 3]

It is concluded that students seem to understaedrétation betweerstrRess and the cause of
behaviour. In addition, they describe chronic astade in which it is impossible to return the point
zero.

Teacher and students [2c_V] also discuss the gumsséibout the article ‘Dog stress’ effectively,cgin
the teacher restricts the discussion to the questio the workbook and is able to make clear that
defensive behaviour could be distinguishe@i@mT, FLIGHT andFReeze. In the meantime, he relates the
concepts to human behaviour too.

Then, continuing, teacher [2c_v] introduces the é&ahAdaptation Syndrome (G.A.S.) and students
have to explore the text. All other teachers auilarly.



In all classes the G.A.S. is elaborated in a aéssussion, and because they give the right answers
is concluded that students understand the streseansm. Furthermore, they also present examples
of their own experiences with stress. Neverthelsssne remarkable quotes illustrates that the
discussion about the G.A.S. is not completely cledhe teachers. Teacher [2a_v] explores theable
adrenaline in the rise and fall of the graph of@&A.S.:

T: "How could this be explained? What could rise and decline, with the result that your welfare

improves?"
S: "Adrenaline."

T: "Adrenaline, nor-adrenaline, and cortisol are hormones that are related to the regulation of the

stress. (...) Those hormones ensure that you get certain levels of stress."
[2a_v, audio, lesson 3]

The last statement is not correct, because adnenaiid cortisol are a reaction to the stress level.
Nevertheless, from students' answers it appeatshi#arecognize hormones I[@SERNAL STIMULI.

Teacher and students [2b_h] also discuss the fiivages of the G.A.S., but the teacher connects the
phases with the three "F'$'LiGHT, FIGHT, andFreeze. However, the three F's are only possible reastion
to stressors in the alarm phase. Consequently, students are getting confused:

S: "I do not know what ‘resistance’ is"

S: "Why does the line go down again?" 129

T: "In human terms one might say that someone gets overwrought."

[2b_h, audio, lesson 3]

Summarizing, the fragments presented here demomshrat students understand the relation between
stressors and behaviour. They understand that Bnouwm environment causes stress, and that an
organism reacts according to the General AdaptaBigndrome (G.A.S.). In the self-evaluation,
students indicate that they know that behaviowaissed by internal and external stimuli (havo 83%,
vwo 91%). However, the recognition of the G.A.S.aastress mechanism requires more effort from
students.

Students' understanding of causation is also wsildm other data, such as the workbook. Most
students write a correct summary of the articleh@ workbook (see section 7.2, Figure 23). The
following quotes of students are illustrations cfuamary:

"A dog experiences stress when his environment is not predictable and manageable any more. Acute
stress is not harmful, unlike chronic stress. Chronic stress can be caused by the busy society or
training methods based on punishment. Dogs that are stressed may show fear-aggression. This is
characterized by stress signals. A careful observer of the body language of dogs can try to give a dog

more confidence in people." [2c_v, workbook, Emma & Anne]
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"A dog can get stress in strange situations. If the dog is high {body language, JvM}, he is dominant. If the
dog is low, he is afraid. Then you have to give him confidence. You can see many of the feelings of
the dog from his body language. If a dog is acutely stressed, it can return still to its natural behaviour.

In chronic stress situation it cannot and it's harmful." [2a_h, workbook, Marloes]

In the list of concepts, students described theningeof concepts, although only students from [3b_h
have noted the conceptusaTION. CAUSATION is than described as:

"Something that causes something." [2b_h, workbook P1, Angelal,

"It makes something happens." [2b_h, workbook P1, Arina].

Students correctly understand the conceytsRNAL AND EXTERNAL STIMULI. Most descriptions define
internal and external as inside and outside (thaypbdStudents call everything what causes stress a
STRESSOR, While sTREsS itself gets different descriptions. The commoncdigsion is that an organism is
stressedwhen the environment is not predictable or manblgeanymore, or when itSATURAL
BEHAVIOUR is disturbed. Nevertheless, some students foreaatefinition from their own perception
of sTress, as is shown in the following quotes:

"A disturbance in the brain." [2a_h, workbook P1, Carlo]
"If you feel not comfortable, your welfare is not good at all." [2a_h, workbook P1, Geeske]
"A situation that you cannot handle anymore." [2b_h, workbook P1, Rinske]

Students distinguish betweewuTe and cHrRonIC sTRESS and describecHroNIC STREss as the phase
wherein an organism is unable to return to theo'zmint’. Some students believe tliakoNic STRESS
never stops, and they understand ApabTaTION? is @ manner to cope WitTRESSORS.

The stress mechanism can be considered as a castdaemones, and is therefore part of the
causation of behaviour. Table 17 shows the reldteguency of the concepts that were related to the
stress mechanism (see also figure 15), collected the list of concepts in the students' workbooks.

Here, we note the following:

« Students seem to learn the concepts of the streslianism in the first practice and apply it in the
third practice about aggression, since conceptsLasv PHASE, FIGHT-FLIGHT-FREEZE and ACUTE
STRESS are mentioned.

« The high amount of physiological concepts in theose practice is explainable, because just in
that practice the molecular level is related todwdbur, and concepts aSRENAL CORTEX, CORTISOL,
ACTH, CRF are categorized as physiological concepts. Theepéage of physiological concepts in
the third practice is due to the high frequency tha concephbreNALINE (14%) is mentioned, the
hormone which is concerned with aggressive behaviou

» Adaptation: A characteristic of an organism that makes it fit for its environment or for its particular way of life.
(Adaptation, n.d.)



« Students know that theress MecHANISM (General Adaptation System) consists of three gghaad
they indicate that in the alarm phase three kifdsebaviour could be distinguishetiGHT, FLIGHT,
and rreeze. Furthermore, it is notable that students namer, FUGHT and Freeze in the third
practice, becausasHT is obviously linked to aggression.

Table 17. Relative frequency (%) of concepts related to the stress mechanism from the workbook list of

concepts. Practice 1: n=387; Practice 2: n=268; Practice 3: n=49

L .2 227 22

General Adaptation Syndrome

Alarm phase 1,6 0,7 12,2
Stressor 15,0 6,7 10,2

Stress hormone (*) 0,3 2,6 0,0

Stress reaction/response/signal 14,0 2,2 2,0

Fight — Flight — Freeze 27,4 3,4 42,9

Acute stress 11,1 3,4 8,2
Resistance phase 1,0 0,0 0,0
overcompensation (**) 0,0 1,1 0,0

Stress level 1,6 1,1 0,0
Exhaustion phase 1,0 3,4 2,0
Chronic stress 13,4 5,6 6,1
Physiologic concepts (ACTH, Cortisol, Adrenals, Hypofyse, etc.) 12,1 68,7 16,3

(*) Only the concept STRESS HORMONE is noted; specific named hormones, as CORTISOL and ADRENALINE, are categorized 131

under physiologic concepts.

(**) The used term is SUPER COMPENSATION, but from the given description is clear that OVERCOMPENSATION is intended.

HormMONEsS are the maiphysiological concepthat is mentioned by student®iRTISOL, ADRENALINE, and
SEROTONIN (only in the third practice). Students describesth hormones asRESS HORMONES, Orf
indicate where they are produced. In a few desoript the assumed function of hormones is
indicated:

"Substance that causes stress." [2a_v, workbook P1, Paul]
"The hormone from which an animal gets stress." [2a_h, workbook P2, Wilma]
"Stress is caused by a high cortisol level." [2a_v, workbook P2, Cor]

Probably the notiolTress HORMONE is confusing, because organisms do not get stress cortisol.
On the contrary, cortisol is released when an anisnstressed. However, there are also students who
understand the correct function of cortisol:

"The substance that brings your body back into balance." [2a_h, workbook P1, Geeske]
"The de-stress hormone." [2a_v, workbook P2, Stephanie]

The same thought is expressed about the hormorwosar. A low level of serotonin causes
behaviour that is more aggressive. However, MardmesHanna write:

"Substance that leads to aggression." [2b_h, workbook P3, Marloes & Hanna]
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Remarkable is the students' emphasis on concepieimtsocial relationships play a roseciaLzing,
DOMINANT, SUBMISSIVE, andsOCIAL BEHAVIOUR. They also describe concepts from their own petspe
instead of from the perspective of an animal. Tolservation is most clear for the concept of
DOMINANT andsuBMISSIVE BEHAVIOUR. Students describmomiNANT as ‘being the boss’ or ‘feeling better
than others' [2b_h, workbook P1, Janing]smissive BEHAVIOUR is described as ‘being humble’ or
‘feeling inferior’, thus in affective terms. We s##s in particular in the first practice aboutricey for

your pet’. Obviously, students felt involved withettopic behaviour, perhaps because of its personal
relevance.

The perspective of development of behaviour

The first research cycle showed that the distimctd causation from development of behaviour is
difficult for students. In the second research eythe scenario provides for a change in perspectiv
when the teacher leads students from studying uwmkrend stressful situations to studying adapted
behaviour and coping with the stressors. Theretwee kinds of developments to be recognised:
education and training. Education is addressedTiAs:' about the developmental phases of a dog,
while learning processes are addressed in‘t“Bdout training guide dogs, and assistance dogs.

Teacher and students of all classes execute mdss B$ intended. However, some remarks about the
change from perspective and the reflection on grepgective can be made.

Teacher [2b_h] changes from causation to developasefollows:
T: "A dogis a pet. What do you have to attain at a certain moment? Thinking of welfare, too?"
S: "Confidence. The dog has to trust you."
T: "What are you doing?"
S: "Educating."
T: "If you keep the word ‘stress’ in mind?"
{Students don't give answer}
T: "You teach ... your dog...to cope with...?"
S: "Humans!"
T: "Stress!"

T: "That's what we get from this lesson: your dog learns to deal with some things. Are all dogs equally

easy to train?" [2b_h, audio, lesson 4]

Students name age, character, race, gender, amihtpanethod as influencing factors for learning
and habituation. After the execution of the assignirabout the developmental phases of a dog, the
teacher [2b_h] wants to reflect on the perspeativéevelopment, but the bell rings and the lesson i
over. Nevertheless, the teacher starts the nevorlessth the reflection on the development of
behaviour:



T: "Adaptation and learning. That is part of the previous lesson. How do dogs learn? (...) What is

adaptation?"
S: "Reacting to what happens around you."
T: "Adaptation is to react? Is it reacting only?"
S: "No, you do something about it."
T: "What is the environment?"
S: "Everything around you."

T: "Development of behaviour. What do we mean with this? You talk about learning. You talk about

adaptation. But, what is development of behaviour?

S "Being born, aging, learning things."

T: "Do you see a parallel with your life development? Toddler, adolescent. Also physical development
of your body. That is what you see with behaviour, too. (...) because over time you develop your

behaviour. You adapt your behaviour through learning things. (...)"

T: "Somebody else?"

S: "You also have to do this mentally."

T: "What do you mean?"

S: "If you have stress, you also can adapt mentally.

T: "Yes, that is an element that | did not address. You also have to be able to adapt. You not only want

to adapt, but also are able to adapt."
[2b_h, audio, lesson 5]

Thereafter, teacher [2b_h] reminds the studentseoftress mechanism.

The change from perspective is not always direbied steering question, for example, teacher [2a_h]
makes the following statement:

T: "We are going to look at the development of behaviour, now." [2a_h, audio, lesson 5]

After reflection on the perspective of causati@acher [2a_v] also asks what perspective has 1ot ye
been considered. However, students do not knowrike/er, so the teacher gives the answer himself.

Teacher [2c_v] changes the focus from stimuli tpicg, and asks students to name things that
influence coping. They name environment, contadwdyacter, and development (how a dog is treated).
Then, the teacher asks:

T: "What word can you use for this?"

S: "Education."

133
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[2c_v, audio, lesson 4]

In addition to the external influences on the depaient of behaviour, teacher and students explore
the internal factors, such as character, racepatde. The teacher asks:

T: "How do you name that? (...) How do you get that from your parents?"
S: "Hereditary."

T: "lItis a complex interplay of internal and external stimuli."

(...)

T: "Time for a change to the next question. We have seen: education and experiences. Let's look at

that: how can behaviour change? Do all dogs of all ages behave at the same manner?"
[2c_v, audio, lesson 4]

This fragment shows that the teacher tries to lgetright answer, but he failed to question properly
The question how behaviour can change is ment aogd from the causation to the development of
behaviour, but it does not ask about the developwidnehaviour.

Teacher [2a_h] passes over the reflection on thesldpmental perspective. Furthermore, it also
appeared in the classes [2a_h] and [2a_v] thadriide about the developmental phases of dogmis t
long, so it was made shorter for the classes [2BnH][2c_v].

The perspective of development was not elaboratdle other practices. Therefore, it is remarkable
to see what students have written in their workbaofut the development of behaviour.

In the first practice, some students descrite¥@L.OPMENT as:
"The adaption and learning of things." [2b_h, workbook P1, Melissal
"Progress, education." [2b_h, workbook P1, Angela]

Unlike the conception in the first research cydeseems that student have a correct notion of the
CONCEPDEVELOPMENT OF BEHAVIOUR.

Nevertheless, adaptation is described sometimesamsuaTiON or learning. In the third practice,
adaptation is linked to group behaviour, as thio¥dhg quotes illustrate:

"React at the same manner as others in the society." [2b_h, workbook P3, Carolien]
"Get tuned to a given situation." [2c_v, workbook P3, Jurriaan]

‘Adapting your behaviour’ seems to be subtly difier from adaptation as behaviour. However,
viewing the difference between practice 1 and 3,omeld conclude that this difference could be
related to the level of biological organisation.eTiirst practice is at the level of the organisnhjley

the third practice is on the level of the populati®bapTaTiON then is seen as taking the others in the



group into account. Students call thisciAL BEHAVIOUR, SOCIAL LEARNING OF SOCIAL CONTROL, which is
described as ‘dealing with others’, ‘taking othert® account, and ‘keeping an eye on each other’.

LEARNING is only noted in the first practice, and only byefstudents, who describeghrNING as:
"Unknown things that you newly discover, remember, and do." [2b_h, workbook P1, Daniélle]

Therefore, there is no awarenesseaRNING as a process of adaptation to stressors. Inibtepfiactice
students not@viPrRINTING, and socializing as processes in developing behavivhile HABITUATION is
mentioned in the second practice (in particuldnaato level, because of the article about the rekear
of weaning stress of pigs). In the third practiemycation by parents is mentioned as a form of
development of behaviour. "The example of parefs" h, workbook P3, Marloes & Hanna] leads to
learning byimITATION.

LEARNING as a process in the development of behaviourtigften mentioned. That is understandable
because in the scenario learning processes amgdaetlonly in the first practice. In the second and
third practice learning processes do not play anprent role in the scenario, because the focusis o

the causation of behaviour and on the physiologthefstress mechanism. It would be an option to
emphasise learning processes more in the refleptiases, although it is arguable that the learning
objective ‘describe the development of behaviowuld be achieved by the understanding the
development of behaviour via adaptation to stimodith internal and external. In any case, it pleads

for a clear description and explanation in the heasg manual, so that teachers could pay special
attention to learning processes in the reflectibases. Furthermore, the scenario provides toe Iittli

lesson time for a more comprehensive teaching eanthing about learning processes.

Summarizing, most LTAs were executed as intendedn géhough the reflection activities were
concise. Students understand that developmenthaEviomur is influenced by learning processes, and
connected with adaptation. However, the introductd the population level (another practice) could
change the meaning of the concegpeLOPMENT.

Therefore, it could be concluded that the LT-stygtincreases students' conceptual understanding in
behavioural biology, because students distinguighedthree perspectives adequately. We conclude
that the students' conceptual development in behesali biology shows the required awareness of
behaviour. This differs from the indications in tfikst research cycle. Contrary to the first reshar
cycle, the perspective of the development of behavis also correctly understood, although todelitt
time could be spent to its exploration. Furthermave conclude first, that teachers themselves have
some difficulties with the understanding of soméhaf concepts, second, that they take too much time
for explaining, and third, that they regularly fetgo evoke motives for learning.

In addition, since the meaning of concepts is deitezd at least partly by the context in which they
are used, a closer look at the reflection actisitierequired to investigate whether students reach
abstract level of understanding of the behaviobi@bgy concepts.
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9.4.2 Reconstruction of the reflection activities

The results of the reflection activities show wkaidents have learned, because through reflection
students have to move from the concrete level efpttactice to the abstract level of the behavioural
biology concepts, understanding the coherence lestwlee concepts. In addition, adequate reflection
activities should support an effective recontexsilad) process. In this subsection, we investigat® h
reflection activities are executed, and we will lgga how they add to the students' understanding of
the concepts of behavioural biology. First, we ddeisthe execution of the reflection phases in the
scenario (after the first and second practice), sewbnd, we analyse the quality of the constructed
concept maps more in detail.

Although there are more informal episotesf reflection-in-action during the lesson serigsthe end

of the first and second practice reflection adtigitare programmed in the scenario. In all classes,
concept maps were discussed in reflection lesdanihe following reconstruction we describe how
those reflection lessons proceeded. (The stepsxptained in section 7.2: 1. Identify 2. Order

3. Group 4. Arrange and 5. Relate).

First reflection lesson
Class [2a_h] reflects in the sixth lesson. Theheabegins:

T: "We will start with a reflection lesson and thereafter we will pay attention to another approach of
behaviour. What matters is to look at what you have learned about behaviour, and therefore you

had to make a list of concepts. And we are going to put these concepts in a certain relationship."
[2a_h, audio, lesson 6]

This fragment shows the less instructive introductdf the assignment, because the terms used are
rather vague (another approach, certain relatiphshievertheless, the students deliver concepts, bu
the teacher, however, does not, even though noteldlvant concepts are included (step 1). No
ordering according to the level of abstraction el (step 2). After that, the teacher and students
classically arrange the concepts (step 3). Thewatlg fragment illustrates the teachers' approant,

the class discussion:

T: "Which of these concepts belong together? {(...)"
S: "Stress belongs to acute stress and chronic stress, stress signal, stressor."

T: "What is the relationship between the...? These all are words that belong there - hey, so that
grouping up a bit - I'm already connecting, that | really did not. ... That all goes together. Who could

explain some links between {the concepts} and explain what kind of links that gives?"

S: "There is chronic and acute stress. Chronic stress causes stress that you cannot bring back to your

natural behaviour."

%6 A small adaption in the learning materials is made. In the workbook of [2c_v], after each section about a perspective on
behaviour, students had to answer short questions as a summary of the section, or the summarizing instruction is marked
as a summary. These episodes of reflection-in-action (Schon, 1983) are excluded in this analysis, because they are not

planned in the scenario, in contrary to the reflective learning activities.



T: "Wait, natural behaviour, we also put on here."

(...)

S: "Then you indicate stress signals that you cannot return. That is because there is too much cortisol.
(...) That you are going to change, so that adaptation follows. (...) And then come those three F's."
{Fight, Flight, Freeze}

T: "l hear you; you can create a concept map. Very good.”
[2a_h, audio, lesson 6]

The fragment shows that the teacher chooses ar natiséructured approach to guide the process of
concept mapping. Nevertheless, the students hanake the concept map for themselves (step 4 and
5). The teacher is not instructing them appropisat® a student asks:

S: "Stress should be put in the centre?"

T: "What is the most important? What do we do?"
S: "Natural behaviour."

T: "Behaviour. That is the centre."

[2a_h, audio, lesson 6]

The teacher notices that students have problenfsthét construction of the concept map and starts
the concept map on the blackboard (step 4). Howdher teacher starts wittormisoL, instead of
BEHAVIOUR. Furthermore, the teacher uses arrows and nontinghrases (step 5). Then, the class 137
discussion runs as follow:

T: "Where is natural behaviour related to?
S: "Welfare."
T: "What is the purpose of natural behaviour?"

S: "Survival. If you cannot, you get stress. May be acute or chronic."

T: "What causes the stress? The stressor! That is quite specific. The internal stressor is...?"
S: "Cortisol."

T: "That is the internal stimulus and you also have external stimuli.

T: "Stressor causes stress. If you have that, then thereisa...?
S: "Attack, adaptation?"

T: "Then you get a stress mechanism."

S: "Yes, that's what | mean."

T: "That stress mechanism, how is that built? You can measure that you have stress. How can you

measure it?"




S: "Alarm phase."

S: "Through the cortisol."

S: "Stress mechanism, that is still in the alarm phase, adaptation phase and exhaustion?"
[2a_h, lesson 6, audio]

The fragment shows students’ understanding of tifess mechanism, but because the teacher did not
use a reasoning line with questioning, less guidariche process is observed. The result of tlaisscl
discussion is represented on the blackboard (figQje
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Figure 30. Overview of the ‘concept map’ after the class discussion [2a_h]. The concept STRESS (acute and
chronic) is in the centre of the concept map, and is related to the concepts stress mechanism (including the
three phases), internal and external stimuli, STRESSOR, and CORTISOL. The concept STRESSOR is related to NATURAL

BEHAVIOUR, which is related to SURVIVAL, WELFARE, and the three V's: DEFENCE, REPRODUCTION, and FEEDING.

Then, the teacher abruptly changes the focus:

T: "Listen people, we're going further. We have learned about dogs and training dogs. (...) We will now

make a transition to a dog that you just have as a pet, but (...)"
[2a_h, audio, lesson 6]
In addition, after some notes about assistant dbgdeacher switches to the next practice:
T: "We switch from animals that we keep as pets to farm animals. Who can name a farm animal?"
[2a_h, audio, lesson 6]

We conclude that the above described course ofetthection lesson does not fully meet the aim of
this reflection, namely to create a ‘big picturd’ the behavioural biology concepts. The main
objection is that no perspectives are discussedyrdy a part of the stress mechanism. Furthernibre,

remains somewhat unclear what the teacher is atitggn@and she is not succeeding in evoking a
motive for reflection, or in stimulating further @eration of thoughts. In addition, in the proceds



concept mapping no consequent application of thesnwras observed. Nevertheless, students are able
to link some concepts to another, although theivkdedge expression remains fragmented.

In contrast, teacher and students [2b_h] followtla@oapproach, and the teacher explains:

T: "It addresses the question: what do we know now after four lessons about behaviour? What have

you learned? What can you say about it? (...) We will try to make relations. It's like this: (...)"
[2b_h, audio, lesson 5]

Teacher gives an example of a concepiaviour. He discusses the distinction between concrete and
abstract concepts (step 2), and clearly explaing toomake a concept map, as is illustrated with the
following fragment:

T: "And, if | think about behaviour, than | think directly on three things, which we see in every lesson..."
S: "Aim, development and causation."

T: "Aim, function, development and causation. What is the relation with behaviour? They are

questions... Which relationship do they have to this concept {behaviour}? Possible explanations...?"
T: "In the former class someone said: 'oh, a summary'. Is that true?"
S: "No."
T: "Why not?"
S: "These are the concepts at a glance. Well, skewed by other." 139
S: "Torelate it."
T: "Yes, and you do not that with a summary."

[2b_h, audio, lesson 5]

Therefore, it appears that students understandthlee perspectives on behaviour. They also
understand the aim of a concept map. The nextihesise teacher writes the concept map on the white
board (step 4 and 5), starting with behaviour d&lthree perspectives. All concepts are placed into
the concept map, but linking phrases are not addlésl.also observed a few times that students and
teacher have problems with causal relations. Skeserdents have the concespkess in their list (step

1), and the teacher continues:

T: "Stress. And if you think on stress, than you also think...?"
S: "Stressor."

T: "Stressor."

S: "That should be under causation?"

S: "Stress signals or something like that?"

T: "Where should it be placed?"

S: "Causation."

S: "Cortisol?"




[2b_h, audio, lesson 6]
So,corTIsoL is written on the white board (step 1).

T: "Here the question is: ‘what should it be linked to?’, because | have written it anywhere? One person

says causation. Anyone agree?"
S: "Well, | thought Fight, Flight, and Freeze."

T: "Here is stress. That is where we begin. Well, anyway, let's go one step lower: stressor. What do you
think?"

S: "Causation."

T: "Yes, the cause of behaviour. And a stressor causes stress. And stress ... Yes, what should be placed
with the arrow? (...) Some said: causes of behaviour. What do you show between stress and the

cause? Has anyone an idea?"
[2b_h, audio, lesson 6]
No student does answer. Students think about theegd map on the board and then, a student asks:
S: "If the stressor causes stress, then you must first indicate stressor, or stress?"
{Teacher has pointed to the board: source > stress > stressor, JvM}
S: "Yes, but stress is the cause of the behaviour."
S: "But then is cortisol first? That is the stress hormone."
140
S: "Then there is something you get stress from."
S: "So?"
T: "Yes, but, stressor. And then a step higher you have your stress level?"
S: "Butit's not "leads to?" You say that stressor leads to stress."
T: "Yeah, how do you rename?"
S: "Then the arrow should be signed the other way. Well, never mind."
S: "Yeah, cause comes first, then stressor, then stress."
S: "Yes, but then behaviour should also be down."
S: "You should start something as the least and then it becomes increasingly larger."
T: "What is a stressor?"
S: "That what you get stressed."

T: "Something you get stressed. So, in that sense than stress get a step up. Stress is a cause, or one of

the causes of behaviour; it leads to certain behaviour."
[2b_h, audio, lesson 6]
Finally, the teacher concludes, asking:

T: "Do you see that all those single elements (...) have coherence?"



[2b_h, audio, lesson 6]

From these fragments, it appears that this tedat@rs where to go, and that the process of concept
mapping is more difficult than was expected. Furtigre, students and teacher have difficulties with
causal relations. However, teacher and student$ulyefocused on combining the concepts in the
concept map, because they understand that this @rmeflection gives them a big picture of
behaviour. After finishing the reflection, the thac changes the practice, and asks:

T: Does this picture also work for farm animals? [2b_h, audio, lesson 6]

Therefore, the motive to change from the secondtigeis delivered by the teacher. The students'
opinions are divided: ‘Cows are not going to figintflight’; but most of the students agree that the
concepts could be used as well for explaining bigavof farm animals. It seems to be a correct
change of the practice, and students' attentifocissed on farm animals.

Class [2a_v] starts the reflection lesson with carimg the concept maps they made at home (step 1),
although half of the students did not accomplighaksignment. Therefore, it was decided to make the
concept map centrally with the help of the softwanagram Cmaptools and the projector (figure 31).
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Figure 31. Concept map made in class discussion [2a_v].

First, the teacher indicates the difficulty of distinction between a concrete or abstract con(step
2), but does not explain the difference betweenciia and abstract, as the following quote
illustrates:
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T: "Put in an abstract or concrete box, that's very difficult. What is concrete and what is abstract?
Where do you draw the line? Let's just start very abstract. The chapter is about ...? And let us write

that on top, and let us try to go down to see if we can make that more concrete. {(...)"
[2a_v, audio, lesson 6]
Later on, the teacher explains from the concept (sp 4):

T: "You see now, we started with behaviour. We made it more concrete by going to ‘survive' (...), thus

we are going to be more concrete."
[2a_v, audio, lesson 6]

From this fragment, it appears that the teaches abstract/concrete as a continuum. However, more
or less concrete does not exist.

Next, in figure 31 the three perspectives are amies linking phrases, so a proposition is hotexbly
elaborated. However, the teacher leads the studéam&ing through the concepts of behavioural
biology, following the structure of the three pearsfives (step 3, 4). The following fragment illagé&s
how the discussion is steered by the teacher:

T: "We have seen that behaviour could be viewed from three perspectives Joost, | almost dare not ask

you, but perspective number 1 is?"
S: "Eh, survival."

T: "Now a perspective. This is almost there. | am going to write the word ‘survival' down here, but |

want to know what they have to do with each other."
S: "The aim!"

T: "Exactly. ‘Survive' would be generally named the aim. Then there were two other things we would

watch. Besides aim, we distinguish also?"
S: "Development!"
T: "And the third one?"
S: "Causation."

T: "Yes, exactly. (...) And what do you generally say about causes? What is now leading to behaviour?

(...)"
S: "That species can collaborate?”

T: "Yes, but that is an aim; that is more than an aim. But what leads to that, at the time | throw this

book at your head and you throw a bag back at me? What have you got for me?
S: "Areason."
S: "Abag."

T: "Yes, exactly. Actually, it is a book. Or you get receive some light, or you receive some sound, or you

take in what in general?"

S: "Stimuli!"



(...)

T: "Survive..., how do you do that?"
S: "By eating."

T: "Yes, the V of ...?"

[2a_v, lesson 6, audio]

This fragment shows that students are able to deye the three ‘V's’FEEDING, REPRODUCTION, and
DereNce), and they reproduce most in time the correct eptec(step 1). However, the teacher also
uses answers that are not correct at that timeinalichtes relations between concepts when possible
In addition, concepts of the development of behavaere remembered by students, as illustrated by
the following fragment:

T: "Developing is going through...?"

S: "Grow up."

S: "Evolution."

T: "Yes, that is correct. And what do you do in education?"
S: "Learning"

[2a_v, audio, lesson 6]

Teacher [2a_v] also indicates cross-links betwéentliree perspectives (step 5). When talking about 143

the development of behaviour the teacher conclubles parents have influence on the learning
process of their children, in other words, theynstate learning, and he draws a line from stimttus

learning, as is shown in figure 32.
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Figure 32. Part of the concept map [2a_v] of figure 31, showing cross-links between the perspectives of

development and causation of behaviour.

Another example of cross-linking is the relatiopshetweembpAPTATION, STRESS LEVEL andDEFENCE, as
is shown in figure 33. The instructional convematbelow shows that the causal perspective iseelat
to the perspective of function:

T: "And now, we come to the following: if this {stress level} is above the limit, what happens then?"
S: "Then you get chronic stress."
S: "Then their behaviour is going to change."

T: "Yes, what are you going to do? For example?"
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S: "Aggression"

T: "Yes, for example. You can go to this: stress level. But then you can relate to each other so here."
(...)

S: "You also could name it defence."

T: "Yes, | agree, thus if you have not linked it..."

S: "You are not just fighting?"

[2a_v, audio, lesson 6]
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behaviour.

Contrary to class [2b_h], it appears that studgdsv] do not have problems with causal relations,
probably inherent to their pre-university level.

Then, the teacher [2a_v] repeats the entire figiyan as a summary, followed by the change of the
practice. For that, the teacher uses students' sivess level by asking some students to sing the
anthem. Nobody is willing, because students finrehibarrassing. This seems to be a fluent change to
the next practice, because students were focusdleoconcepstress and got involved in their own
experience. Therefore, the motive for exploringeavipractice is not related to a conceggtfviOuRr),

but has a personal relevance with its relatioméodoncepsTREss.

The instructional dialogue with teacher and stuslé@t_v] shows similar experiences to the other
group at vwo level ([2a_v]). Students have totlis concepts in duos, and after ten minutes, ghésli
presented at the blackboard. It shows that con@ptausaTioN, DEVELOPMENT and the trioFEeDING,
REPRODUCTION, andbeFENCE are missing (step 1).



Furthermore, it is noticed how students describ@atwhe meaning of ‘abstract’ and ‘concrete’ is.
Concrete is described as tangible, while abstmalescribed in term of what it is not. Students
describe concrete as ‘important’, and abstracbaskground’ (step 2).

The teacher explains the procedure of concept mgppind emphasises that the action of creating a
concept map is more important than the productabee during creation the thinking process is
active. The teacher explains that it is interestingh that the concepts are related to each odimet,
how they are related (step 5).

Unfortunately, because of a misunderstanding iratrac planning, no audio recording is available
from the reflection lesson [2c_v]. However, theadof the teacher about the lesson course reveals
similar observations as in [2a_v]: short lists ohcepts and difficulties in creating propositioatep 1

and 5):

"I have looked to the concept maps of the students and observed that most of them had a simple

concept map consisting of about six concepts and little linking phrases.
[2c_v, audio, teacher after lesson 6]

According to the teacher, students report hesitatmver which concepts they should include (step 1)
One student said that if she would link all consdpteach other, it would become a mess. Therefore,
the question is which concept has to be linkedhtitzer. The teacher said he sometimes has the same
problem when he is creating a concept map. Furtbernit was observed that students do not use all
the concepts they identified, because they feekmain about the correctness of the concept map.

Therefore, the teacher emphasised that the praxdfessncept mapping is more important than the 145

product. He built a concept map during the lessord students pointed out that the teacher had
forgotten the conceptvelrare, which illustrates that students probably have apropriate
understanding of the behavioural biology concegtis(1).

The change of the practice is again as intended (]2 It appears again that students easily tend t
relate the conceptress with their own experiences.

Second reflection lesson

After the second practice a second reflection lessas programmed, wherein a concept map of the
second practice is constructed. Although, thisetibn lesson is executed adequately in most gdasse
some issues require discussion.

Students [2a_h] did not reflect in the form of astiuctional dialogue, because of a lack of time.
Students get the assignment to compare the conegpthat they made after the first practice with th
map from the second practice, and to look if thame any new concepts. However, most of the
students copy the former concept map. Studentsh[2bave to construct a concept map in the
reflection lesson, but at the end of the schoot ghadents' activity is not very high. Howeverali$o
could be that the assignment of concept mappingishne®re structure, so that students have more
guidance in constructing a concept map. A shognfrent of the dialogue between two students shows
that students are not reasoning very precisely.



S1:"First welfare, then freeze."

S2:"Then, we also have here."

S1:"That is never!"

S2: "l put it down here. Draw arrows."

S1:"Freeze, and then this works."

S2:"And then you get down defence; movement and defence. Right?"
S1:"Yes, then cortisol works."

S2:"So after cortisol comes?”

S1: "Defence, and movement by defence."

[2b_h, audio group b, lesson 9]

The results of this confusing dialogue are showfigiare 34. Does this student sufficiently know how
to create a concept map?

Hypothalamus
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Figure 34. Students' concept map of the second practice [2b_h, workbook, Melissa]

In addition, another couple of students have a rugieal dialogue that run as follows:
S1:"What topic do we tackle?"
S2: "I think stress or something? That's a bit of his story."
S1:"And then you have chronic and acute stress."

S2:"And | understand it no longer."



S1:"l also think the environment? Because if you sit in a corner you have more stress."

S2:"Chronic stress: you have no good welfare."

S1:"And ..., natural behaviour. They cannot do more."

S2:"Acute stress is adaptation, | think."

[2b_h, audio group e, lesson 9]

Their concept map is limited, and deals only vgitkess and included no propositions, as is shown in

figure 35.

Changing
environment

Acute stress

Chronic stress

No natural
behaviour

A\ 4
Bad welfare Adaptation

Figure 35. Students' concept map of the second practice [2b_h, workbook, Marinka]

Nevertheless, when the researcher asks the stuttettigik about their concept map, they give the
correct answers. The next part of this dialogueashthat students are able to explain their concept

map:
R27
S: "Not here in between."
R: "Why not?"

S: "Yes, that's a good question!"

()

R: "What does that have to do with stress? Because you choose ‘stress' as the main concept. That is
possible. What kind of stress? Who? With what?"

S: "With animals."
R: "Yes, what kind of animals?"

S: "Farm animals."

27
R = Researcher

. "Where is behaviour written {in your concept map, JyM}?"
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R: "What kind of stress did the pigs have?"
S: "They were in a small room."
R: "Yes, and in particular we looked at some research ..."

S: "Yes, about the free space. That it makes a difference if they are away from their mother to the great

stable."
R: "Yes, exactly. How is that named?"
S: "To wean."
R: "Yes, and that seems to cause stress. Why did you note ‘environment' here?"

S: "Well, that has to do with it. If you live in a small cage, you have more stress than when you have

more space."

R: "Yes, thus you could say: the environment has influence on stress. (...) When causes the environment

stress? What happened with weaning?"
S: "Because there things were changed."
R: "(...) a change of environment causes stress. How did the pig learn to adapt?"
S: "Adaptation."
R: "Yes, but how?"
S: "Well, by first getting used to a larger space."
R: "Yes, what is that called?
S1:"ldon't know."
S2: "Habituation."

R: "Yes, and if you learn something, does that belong to the function, causation or development of

behaviour?"
S: "Development."
[2b_h, audio group e, lesson 9]

Therefore, the above-mentioned fragment shows shatents are supported by their own concept
map. However, more guidance in the designing oflirussing, a concept map may result in a better
understanding of the relationship between concepts.

In the 10" lesson teacher [2b_h] discusses a concept malpeofesearcher (Appendix D) with the
students, and the researcher advises using thisepbrmap in the last practice. The dialogue
fragments, reported by teacher [2c_v] show sin@lgreriences with the first reflection lesson, ngmel
that students write a list of concepts, but dous# all these concepts in a concept map. So, iisee
that concept mapping requires a more guided appraagarticular in the havo classes.



Students in the vwo classes also reflect on thergkractice. Working in duos, students [2a_V]
construct the concept map, discussing the conteis used. It appears that also these studenés hav
difficulties in starting with the concept map, asliustrated with the following fragment.

S1:"Should {this concept map, JvM} not meant to be incorporated in the previous concept map?"
S2:"That you add actually a bit?"

T: "That's not a bad plan!"

S1: "We know where to start."

[2a_v, audio group 1, lesson 11]

Then, a short discussion about the approach followkould we add concepts or first make a list of
concepts? From the audio fragments, we observedita students show more reasoning than havo
students. For example, the following part of theatjue:

S1: "Behavioural changes due to training. They are due to a high cortisol level. What causes chronic

stress, which ultimately leads to burnout?"
S2:"Yes, but can you still say that overtraining is measured by the cortisol levels?"
S3:"No, chronic stress is measured, not training."
[2a_v, lesson 11, audio group 2]

Other students were asked about the differencesebet the concept maps after the first and the

second practice. The question shows that thesesrstmichave an understanding of the several 149
appearances of stress and its relationship wittaoetrr, as appears from the following dialogue™
between students and the researcher:

R: "If you look at the previous concept map of the dog. What is noteworthy then?"

S: "Well, here the most {concepts, JvM} are sequential. With the {concept map of the, JvM} dog there

were more side branches."
R: "More branches?"
S: "Yes, but the stress level is also in here, but we are looking in a different way."
R: "Yes, how?"

S: "Well, here we looked at what your body is doing and with horses we looked more to what it does to
you mentally, with the inside of your body. And with the dog it dealt what the response was outside
{the body, Jvm}."

R: "Okay. Under what question did we align that? What title?"
S: "Survival."

R: "Yes, and beyond?"

S: "The behaviour."

[2a_v, audio group 3, lesson 11]
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We conclude that adequate reflection time was jprogrned in the second research cycle, and it seems
that students' conceptual development was stintilageeflection through the construction of concept
maps. In addition, the reflection phases provideaf@ossibility to change the practice by evoking a
new motive or steering question.

Furthermore, some students and teachers wondertiddifference is between concept mapping and
mind mapping, which indicates that the aim of cqbaeapping is not completely understood. In the
havo classes, the assignment of concept mappitigoiopen, so more guidance is needed. It is
observed that the havo students have more difiésulvith causal explanations than the vwo students.
Vwo students also have difficulties starting theaept map and deciding which concepts should be
included.

Therefore, it is questionable which skills are reseey for this form of reflection. In particulawad
skills are required, namely the making of conceppsnand thinking about behaviour, which seems to
be difficult for students without experiences witloncept mapping. The 5-step instruction for
constructing a concept map should be more detaiteldore-programmed.

9.4.3 Concept maps as a tool for conceptual development

In the previous section we reviewed the reflecfiwacess and concluded that students’ conceptual
development was stimulated through the construationoncept maps. Nevertheless, we concluded
that the 5-step-instruction to construct conceppsnseems somewhat problematical. Therefore, the
guestion is how is the quality of the constructedaept maps? In addition, since many concept maps
are constructed as a homework assignment, andatieusot included in the review of the reflection
process as described in the previous section.ignstibsection, we take a closer look at the quafity
the produced concept maps of students as theseduhe reflection.

First, we consider the technical quality: are tl@aept maps constructed as intended. Second, we
investigate the domain-specific quality and revibe used propositions more in detail to understand
the contribution of concept maps to the studemtstceptual development.

In totally 112 concept maps constructed by studafies the first and second practice are available
(see table 18). Some students collaborated indheept map construction, while others declined to
construct a concept map.

Table 18. Number of students' concept maps after the first and the second practice, both at havo and vwo

level.

30 34
28 20



Analysis of the technical quality of the studeotsicept maps

It appears that 27% of the students' concept magade linking phrases. With one exception, all

these concept maps are constructed by studentsaatevel. It is observed that concept maps show
big differences in the number of concepts andrimcstiring. Most students did not use arrows inrthei

concept maps. Most concept maps lack cross-linkéchwcould be considered as an option for an
expert. Students should be considered as novicasnicept map construction.

Domain-specific quality of the students' conceppsna

The above-mentioned technical analysis of the qunemps concerns only about 25% of the concept
maps, and in particular, only some of the concegpsrat vwo level are technical correct. However,
since this chapter focus on students' conceptuatloigment the question is what all concept maps
reveal about students' conceptual understandingreidre, the domain-specific quality of the concept
maps is evaluated. As we described in sectionall. propositions in the concept maps of the firs a
second practice are analysed in order to investitfad students' understanding of the behavioural
biology concepts.

Totally 1591 propositions were classified, and ¢ab® shows the relative distribution for the three
fore-mentioned classes. It appears that 87% ofsthdents' propositions are more or less correct,
although no linking phrase is used. Furthermoremfitable 20 it appears that students are able to
make more or less correct propositions, even wlhmy tonstruct the concept map technically

incorrectly.
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Table 19. Relative distribution of the students' propositions (n=1591) for the three categories: 1. Proposition is
correct. 2. Two concepts correctly linked. 3. Proposition is incorrect.

Category 1 | Category 2 | Category 3

Relative amount of propositions 44% 43% 13%

Table 20 shows the relative distribution of thepasitions, classified by the technical quality loé t
concept map and the evaluation whether a propaosgi@onceptually correct or not. From this table,
we could conclude that technically incorrect concemaps could contain conceptually correct
propositions.

Table 20. Relative distribution of the students propositions (n=1591) of concept maps (n=112). The
propositions are classified by the technical quality of the concept maps and judged whether a proposition is
conceptually correct.

Technically incorrect Technically correct
concept map concept map
Correct proposition 50 37

Incorrect proposition 5 8

The domain-specific quality of all concept mapscissidered by the analysis of all propositions.
Table 21 shows the list of basic propositions wiith classifying concept. For each basic proposition



represented by its classifying concept, three satie@ shown. For example, for the first proposijtion
3.2% of the propositions in students’ concept negpsbe classified with the conceygtiaviour. From
this amount 71% of the propositions are correctited by students. Finally, the proposition occars i
46% of the students’ concept maps.

It appears that 68.2% of the propositions couldebated to a behavioural biology concept (classgyi
concept 1-20), and 14.6% of the propositions cdodd related to the physiology of the stress
mechanism (classifying concept 21), and 17.2% efflopositions are context-related (classifying
concept 22-24).

Table 21. List of propositions, based on the basic concept map (figure 15), and the concept that classifies a
proposition. Relative distribution of the classified propositions (n=1591), collected from students' concept
maps (n=112). A = relative distribution (%) of total propositions; B = relative amount (%) of correct (linked)
propositions [category 1 and 2] belonging to the classifying concept; C = ratio correct propositions / total

number of concepts.

Proposition Classifying concept

1 Organisms have (natural) Behaviour Behaviour 3.2 71 0.46
2 Welfare of an organism is defined as its physical health
Welfare 2.4 66 0.34
152 and mental health
(natural) Behaviour is explained by its Function Function 3.3 83 0.46
4 (natural) Behaviour is explained by its Causation Causation 2.3 92 0.32
5a (natural) Behaviour is explained by its Development
Development 1.4 96 0.21
5b Development is introduced by learning processes
6 Function which aims to survive Survival 2.8 98 0.39
7 Survival by Reproduction, Feeding, and Defence Reproduction,
Feeding, and 1.1 78 0.16
Defence
8 Defence by Fight, Flight, and Freeze Fight, Flight, Freeze 4.2 81 0.60
9a Causation by internal and external factors Internal and
- 6.8 95 0.97
9b Internal factors e.g. genes, and hormones external stimuli
10 Internal and external factors also called stressors
Stressor 5.8 90 0.82

10a Stressors cause stress reaction

11 Stress reaction to distinguish in acute and chronic

Stress reaction 10.6 85 1.50
(stress) route
12 Acute stress is showed by Flight, Fight, and Freeze Acute stress 4.6 96 0.65
13 Chronic stress leads to the Resistance and Exhaustion
Chronic stress 5.8 90 0.83

phase

14a Stress reaction which is described by the General Stress mechanism
Adaptation Syndrome (G.A.S.)

2.8 98 0.39



14b  General Adaptation Syndrome divided into the 1) Alarm

phase. 2) Resistance phase. 3) Exhaustion phase.

15 Flight, Fight, and Freeze are possible reactions in the

Alarm phase Alarm phase 0.5 100 0.07
16 Adaptation takes place in the Resistance phase Resistance phase 0.1 100 0.02
17 Exhaustion phase leads to death Exhaustion phase 0.2 100 0.03
18a Learning processes such as habituation, imprinting,

playing, and conditioning
18b  Habituation provides for adaptation Learning processes 1.1 100 0.15
18c Conditioning for a task
18d Learning processes to a task, and maturity
19 Stress reaction leads to adaptation Adaptation 2.5 72 0.36
20 Propositions due to the concept natural behaviour Natural behaviour 7.1 87 1.01
21 Propositions due to the physiology of the stress

I Physiology 14.4 83 2.04
22 Propositions due to the practice of the dog Dog 12.2 90 1.74
23 Propositions due to the practice of overtraining Overtraining 3.8 80 0.54
24 Propositions due to the practice of farm animals Farm 1.1 100 0.15

From table 21 can be concluded that minimally lodlfhe concept maps (column C > 0.50) include
propositions belonging to the perspective of caosaand to the concepts of the stress mechanism153
(propositions 8-13, 21). At the other hand, stusleldl elaborate the phases of the stress mechamism
a limited extend (propositions 14-17, 19).

Furthermore, considering the high amounts of corpeopositions (column B), it appears that less
concept maps include incorrect propositions. Thatims that the domain-specific quality of the
concept maps is high.

We consider the classifying concepts with less tB@fo correct propositions (1, 2, 7, and 19).
Students seem to have difficulties with the projpmss belonging to the classifying concepts
BEHAVIOUR (proposition 1, 71%) and/eLFARe (proposition 2, 66%). The propositio®rganism has
(natural) behaviour’is indicated by only a few students, while othenslerstand thageHAVIOUR is
related toweLFARE. Students relatBEHAVIOUR tO NATURAL BEHAVIOUR, and state that behaviour is caused
by stimuLl, or that behaviour is changed when the environrobahges. Some incorrect propositions
pass over steps. For example, in the proposiBehaviour, such as fight, flight, freezitile concepts
FUNCTION — SURVIVAL — DEFENCE, are passed over. Another student noted ‘thettaviour influences
natural behaviour; which is impossible.

The welfare of an organism is defined as physical mental health, and it appears that 34% of the
propositions dealing with welfare (classifying cept 2) are incorrect. Incorrect propositions relate
WELFARE tO0 ADAPTATION, examples of behaviour (e.g. freeze), or changsezaonsequencenelfare
influences natural behavioyrwelfare causes behaviogr’
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Furthermore, students seem to have difficulties whte relationship betweesurvivAL and DEFENCE
(proposition 7, 22% incorrect propositions). Howevenly 1.1% of the propositions are classified
with concept 7, and consequently the incorrect gsjons are less than 1% of the total amount of
propositions. From the behaviour systesrepING, REPRODUCTION, andpereNce, defensive behaviour is
mostly noted, which could be declared becausetlitdsoncept that is elaborated in proposition 8.
The relation betweesrress and ADAPTATION iS incorrect in 28% of the propositions (propasitil9).
The conceptpAPTATION is placed in the resistance phase of the G.AiBdefts linkabApTATION to
WELFARE, SURVIVAL, and sTRess(oRr), although not always correctly. For example, stisleghink that
ADAPTATION CAUSESTRESS, OF even th@TRESS MECHANISM.

Furthermore, we observed that the students' cosiaepps show a large diversity in the included
propositions. A single concept map contains anageof 14 propositions (standard deviation = 7.3),

which is 59% of the classified concepts.

Table 22. Qualification of the domain-specific quality of students' concept maps (n=112), distributed to a range

of the ratio of used propositions/amount of classified concepts (n=24).

Ratio: used Relative distribution (%) of the | Relative distribution (%) of the | Average percentage correct
propositions/24 concept maps propositions (n=1591) propositions

0-0.2

0.3-0.5 46 33 83

0.6-0.8 32 38 89

0.9-1.2 10 16 88

1.3-1.7 4 12 92

Table 22 shows that nearly half of the student&qA6éonstructed a concept map that covers more than
60% of the classifying concepts (ratio 0.6-1.7)véheless, also students who constructed a concept
map with fewer propositions constructed merely ecrpropositions. Furthermore, it appears that the
higher ratio a concept map has, the higher the amolucorrect propositions, and consequently the
higher the domain-specific quality of a concept nitagppears that students who constructed a high
rated concept map.

In addition, as we described in section 7.2, thenalo-specific quality of the technically correct
concept maps is also investigated by the use ofptlopositions distinguished by the types of
relationships. The results for the following an#yasf the concept maps on the relation types aseda
on a set of 31 technically correct concept maps;diitept maps about the first practice, and 19tabou
the second practice. Figure 36 shows the relatisgilsltion of the relation types that are used by
students in the linking phrases; the differenceawéen the first and second practice are remarkéble.
short, we could say that the causal and functioglation types indicate for explanation, while the
part/whole and example relation type are desceptin the first practice, students have learnt the
structure of behavioural biology, while in the sed@ractice attention is paid to the working of the
stress mechanism. Therefore, in the first praciicés understandable that the emphasis is on the
relation type part/whole and examples, and in #e®sd practice on the causal and functional refatio
types.
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Figure 36. Relative distribution of the relation types used in the linking phrases of the propositions in the
concept maps of the first (P1) and the second practice (P2).

As an example in figure 37 and figure 38 the prdos are indicated. In figure 37 the emphasis is
on the relation type part/whole, and some examifilestrate this type of proposition (cursive words
are the concepts):

PO Dog can be trained

155
P3 Dog lives in a pack
P4 Survive through reproduction, defence, and food.

[2a_v, P1, Kaj]

Other relation types are recognized with the feif@ propositions:

F1 Dog has to survive.

C1 Stress causes aggression

Cc2 Stress is caused by a stressor

E2 Stressor, e.g. unfamiliar environment

[2a_v, P1, Kaj]
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Figure 37. Concept map of [2a_v, P1, Kaj] wherein the type of propositions is indicated. C = causal relation type;
F = functional relation type; P = part/whole relation type, and E = example relation type. The circle indicated

for a proposition that is an explanation.
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Figure 38. Concept map of [2a_v, P2, Jolenthe], wherein the type of propositions is indicated. C = causal

relation type; F = functional relation type; P = part/whole relation type, and E = example relation type. The

circle indicated for a proposition that is an explanation.

The next concept map, figure 38, is a reflectiontlo® second practice, wherein the physiological
working of the stress mechanism is elaborated. &fbeg, the functional relation type is dominantly

present, while the causal relation type is alsccated. The next propositions illustrated thesesyp

Cc2 stressor causes stress

c4 to inhibit the violent working of adrenalin by production cortisol

F6 slow response {to stress, JyM} aimed to inhibit the violent working of adrenalin
F7 Hypofyse produces ACTH

F9 ACTH stimulates the cortex of suprarenal gland

[2a_v, P2, Jolenthe]
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Finally, (technically correct) concept maps of btih first practice and second practice are availab
from only a few students. It appears that the cphosps of the second practice stand alone, and are
not constructed with the concept map of the firacpce as a basis. That suggests that studetastref
on the practice, instead of on the behaviouralogwlconcepts. Figure 39 is an illustration of the
concept maps of the first and second practice efstadent. While the concepts of the map of trse fir
practice are grouped by the concemEss, in the second concept maperTRAINING is elaborated as
the central concept. Furthermore, it shows thathia concept map of the second practice is more
comprehensive, but with concepts due to the sepoactice. In addition, each concept map has a
different design.
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Figure 39. Concept maps of the first practice (left) and the second practice (right) of Annelot, [2a_v, P1/P2,

Annelot]. Both concept maps differ in the central topic (left: stress; right: overtraining), and in structure.

In sum, the technical quality of a concept map d¢dag determined by the use of correct propositions,
including linking phrases. It appears that onlyrapgpnately 27% of the students’ concept maps meet
the criterion of having linking phrases. The studemoncept maps show big differences in the
number of concepts and in structuring, with no eisarrows and lacking cross-links. Students should
be considered as novices in concept map construdtigyeneral, we could conclude that the technical
quality of the students’ concept maps remains weakl, it is supposed that the weak quality of the
concept maps is caused by a lack of experienceoirtept mapping by teacher and students.
Therefore, adequate preparation is necessary,dimgufor the teacher. It could be supposed that
increasing the technical quality of concept mags &@lirther increases the students' conceptualizatio
We found that because of a missing linking phraseiraorrect proposition could be multi-
interpretable, and that students leave out someegs between the indicated concepts. In addition,



students use concepts from outside behaviouralodpyol and the lesson series, or ‘translate’
behavioural biology concepts in their own words.véhtheless, considering the domain-specific
quality of the concept maps, it appears that stisdame able to relate the concepts correctly.
Therefore, analysing the technical quality of cqiamaps has limited value, and is not a sufficient
measurement for conceptualization of behaviour@bigly concepts by students.

The concept maps show a large diversity in the runalh propositions and the individual student
elaborated an average of 59% of the classifyingepts in a concept map. Nevertheless, also students
who constructed a concept map with fewer propossticonstructed merely correct propositions.
Furthermore, the analysis of the domain-specifialipuof concept maps shows that students have a
satisfactory understanding of the behavioural lgglaoncepts, in particulasTress and thesTress
MECHANISM. For most classifying concepts the amount of @bnpeopositions is above the 80%, which

is high.

Students use different concepts as starting pdittieoconcept mafBEHAVIOUR, OVERTRAINING, STRESS,

and WelrFARe. The differences between the technically correctcept maps of the first and second
practice are merely context bound. It appears $tatlents, who constructed a technical correct
concept map, used different relation types. Howethexr used relation types depend on the character
of a practice: is it descriptive (first practice)is the functioning of the stress mechanism elatear
(second practice). It seems that students refledhe concepts of the practice in the construotibn

the concept maps, instead of creating ‘the bigupictof behavioural biology.

Finally, it could be concluded that the domain-sfiequality of the concept maps is sufficient to
evaluate the students’ understanding of the behaalidiology concepts. The analysis shows that
most students are able to relate behavioural byolmancepts adequately. In addition, it could be
expected that students’ conceptualisation increaséiser when the construction process of concept
maps is improved.

9.5 Knowledge transition by recontextualisation

Transition is the capability of a student to adhjst or her understanding to another practice; this
process requires recontextualisation. A desigemoit of the LT-strategy is that recontextualisofg
earlier acquired concepts should be incorporated #drat subsequently, the LT-strategy for
behavioural biology education should consist of entiran one practice. As we mentioned before,
recontextualisation is a requirement for conceptiealelopment, and stimulated through an adequate
reflection. In the former section, we particuladgalysed the interaction and reflection in the LT-
strategy, and we concluded first that studentsteptual development was stimulated by reflection
through the construction of concept maps, and skdbat the reflection phases provide for a
possibility to change to another practice by evgkdmew motive or steering question.

To investigate the knowledge transition, we constd@ parts of the LT-strategy, namely the use of
embedded practices in learning and teaching tlkestnechanism in the first and second practice, and
furthermore, the knowledge construction in thedhgractice.

First, to create a non-interrupted storyline, weduembedded practices to evoke motives for teaching
and learning the stress mechanism. In our LT-giyatembedded practices are used to relate scientifi
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knowledge to the knowledge of the practice, andclaéned that recontextualising is not necessary
when using embedded practices (section 6.3.3).ettionn 9.5.1 we answer the question whether
embedded practices provide for conceptualizatiah@ktress mechanism.

Second, we answer the question whether studentsildesto recontextualise, in particular when
construction of knowledge is necessary to writeeagay. Considering the use of concept maps as a
tool for construction, we investigate if there isedation between the quality of the concept mag an
the written essay (section 9.5.2). Thereafter, walyge the students' understanding of behavioural
biology concepts in their essays, because writifgpue an unfamiliar practice requires
recontextualising. The third practice is unfamilfar students, so they have to explore this practic
with the knowledge acquired in the former practidg@g writing an essay as an advice to the police
about how to prevent riots and aggressive behawblrooligans, students have to use behavioural
biology concepts in an unknown practice. Therefameparticular in the third practice the result of
recontextualising should be visible in the studesgsays (section 9.5.3).

9.5.1 Knowledge transition with the use of embedded practices

Every change of practice should lead to recontdigsing by students, because of the presumption that
the meaning of a concept depends to some extetigdeotontext in which the concept is used. In our

LT-strategy for behavioural biology, we have usetbedded practices in every practice. Therefore, as
we have concluded earlier, we must pay attentidiheéause of embedded practices in an LT-strategy.
Nevertheless, although we argued that recontegingliis probably not necessary for embedded

practices (section 6.3.3) in this subsection weettafocus on how embedded practices are use&in th
LT-strategy and how students recontextualised thess mechanism from the first to the second

practice. Figure 20 shows where embedded pradiieeplaced in the LT-strategy.

Stress mechanism in the first practice

In the scenario causation of behaviour is introdue an article about dog stress (L’FA and the
students' motive is evoked from the (functionalesiion how a dog could defend itself. To understand
the mechanism of stress, a practice is embeddede@derd practice 2, figure 20) about the General
Adaptation Syndrome. In this embedded practice,tremolevel of biological organisation is
introduced: the molecular level. How are changesnd from embedded practices made in the
executed scenario? Moreover, how are the concegtglied in an embedded practice acquired?

In the executed scenario it appears that teacherstadents make the change from the stress of a do
to the stress mechanism fluently. All teachers @rpthe stress mechanism by means of the graph (see
figure 16). Teacher [2a_v] clarifies rising and fail the line and introduces the role of the hore®n
adrenaline and cortisol. However, the clarificatiointhe relation between hormones and stress is
partly incorrect, as the following part of the daBiscussion illustrates:

T: "Adrenaline, nor-adrenaline and cortisol are hormones which are related to controlling stress. {...)
these hormones provide for certain levels of stress. (...) Who is capturing hormones? On the inside of

your body: how is the hormone concentration measured?"

S: "In the saliva, yes?"



T: "Yes, but how do your brains determine if there would be more or less hormone?"
S: "Levels!"

T: "How do you measure levels?"

S: "Sensor."

T: "What is this called in humans?"

S: "Sense."

T: "How do you call a stimulus?"

S: "Internal and external stimuli!"

T: "What is the external stimulus for a dog leading to stress behaviour?"
S: "Strange environment."

[2a_v, audio, lesson 3]

Hormones regulate the reaction to stress, notedtel lof stress. The level of stress is caused by a
combination of stressors and coping. Hormones deov¥or the necessary energy for dealing with

stressors, acute or chronic. Therefore, the teacierduces a misunderstanding about the relation
betweersTRess, STRESSORS, andHORMONES.

Teacher [2c_v] also leads a discussion with higlestts based on the explanation of the stress
mechanism, and after the reflection with his stesl@bout the perspectives function and causaten, h 161
changes to the development of behaviour:

T: "Time to change to the next perspective.”

This is not the prescribed question in the tea¢imeasual, but he continues:
T: "We have noticed: experiences, education. Let's look at these. How can behaviour change?"
[2c_v, audio, lesson 3]

Students [2c_v] explored the stress mechanism aseWork, and the class discusses the stress
mechanism in lesson time. Students are able toaexphe mechanism very well. After that, the
teacher changes from the scientific practice to lifeeworld practice, from the causation to the
development of behaviour. Students are able to nafheences on habituation, such as education,
environment, character of an organism, and expeg&nso it appears to be an adequate change of
practice.

Teachers [2a_h] and [2b_h] change to the stresshaméxm abruptly. However, because of the
storyline, the topic of stress is not a strangdctdpr students. Moreover, observations during the
lessons [2a_h] show a great interest with the temess, providing their own examples, while the
teacher [2b_h] asks a student to explain the godphe stress mechanism. Teacher [2b_h] explains
the stress mechanism, but both teacher and stutiekitthe three forms of defenceidHT, FLIGHT,
FREEZE) to the differentiated parts of the graph instefidxplaining it from the first phase of theess
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MECHANISM. Students think that an organism goes throughhatle stages aference. Furthermore,
these students are interested and contributedtirexamples of (human) stress.

The stress mechanism in the second havo practice

At havo level research on weaning stress in young {$ introduced after the introduction of the
second practice (embedded practice 3, figure 203.ITA®? contains videos, and short articles about
stress of pigs, while students have to answer mumssthat guide their thoughts from stressors & th
physiological processes. Providing for an environimeghere an animal may exhibit natural behaviour
is a way to reduce stress and increase welfare.bbdg requires energy to be able to respond to
stressors and that energy is made available thartksrmones such as adrenaline. The stress hormone
cortisol is required for bringing the body in homtasis again. If the stress mechanism is activated
and cannot be discharged, chronic stress arisesssStan be determinddier alia by measuring the
stress hormone cortisol in relation to animal béhav So, stressf pigs is introduced to students via
studies on weaning stress and stress during pregnainpigs. These studies are introduced by
watching a video whereithe researchers explain theivestigations. Finally, the workbook states:

"Hormones bring a message. Hormones act at the level of molecules. They are internal stimuli. They
can indirectly affect the behaviour of an organism. In the video the researcher speaks about the stress

hormone cortisol. How does this hormone work?" [havo, workbook, practice 2]

The above-mentioned description of the ‘storyliiselaborated in LTA? in the following way.

Following the teachers' manual, the steering qoestshould lead to an adequate understanding of the
physiology of the stress mechanism. However, iteapp that the change to the embedded practice is
not easy to make, both by teachers and by students.

Students [2a_h] did not do their homework, so dazher could not connect with the outcomes of the
homework with the former lessons and decided:

"Today we talk about the effect of cortisol. You can still read that..." [2a_h, audio, lesson 7].

A motive to learn about the stress mechanism ditl exmke. Thereafter, the teacher [2a_h]
summarizes the videos for the introduction of thedfare of farm animals (LTAY). Students have to
view the videos outside the lesson time. The teadsimes by viewing the videos about the research
to weaning stress of young pigs. After that, thacher is explaining the effect of cortisol. The
following fragment shows a part of that explanation

T: "Why should we look at that? That shows that cortisol is a hormone released during stress. What

does that have to do with keeping farm animals?"
S: "If they have stress, there is less meat."

T: "Yes, less stress, better meat, and better welfare. How can you measure it? Researchers have done
that. Then, you measure cortisol. (...). Cortisol is a hormone that goes through a particular system in

your blood."

(...)



T: "What happens is that you observe something: change in your environment creates stress. How do

you perceive that?"

S: "With your senses."

(..)

el

"Cortisol is in your blood. What does it provide for?"

S: "Stress."

T: "No, that is caused by a stressor. Then the cortisol is operating. What function does it have?"
S: ?

T: "Stress takes a lot of energy and cortisol makes sure everything runs smoothly. (...) What does this
have to do with farm animals? You understand that welfare deals with how animals live in their
environment, in this case, their production environment. (...) Where the animal lives affects its
welfare. Two interests sometimes conflict with each other. Well, we are going to do an assignment

about that."
[2a_h, audio, lesson 7]

The above-mentioned fragment illustrates that aivaot developed by the teacher to investigate
physiology in relation to the environment, welfamed stress. Although the explanation of this part o

the stress mechanism is quite deficient, it is ohesk that students are interested and begin to
understand. In contrast, in class [2a_h] a chaodbe assignment about designing a welfare friendly

pig stable seems to be effective, because it israbd that students understand what they have to do163

and where the assignment is aimed for.

The lessons [2a_h] were executed quite differeintdyn the scenario, in particular because students
did not do their homework very well. Therefore, thachers had to spend more lesson time on*£TA

In addition, it appears that the physiology of stieess mechanism required more explanation than was
expected.

Teacher [2b_h] also changes to the embedded pradtic saying: "stressors, again” [2b_h, audio,
lesson 7]. His students have difficulty to linkests to the growth of the pigs. The next lesson the
teacher [2b_h] concludes that students did not niadie homework very well, so he summarizes the
former LTA:

"We are always talking about stress. (...). And now it's about exploring stress. The question: can you

measure stress? That is the central question of this lesson."
[2b_h, audio, lesson 8]

Students [2b_h] are motivated to know about thesjahggy of the stress mechanism. However, to
save time for the test practice, the teacher aselareher decide to skip the assignment of desigming
welfare friendly pig stable, which could reduce ttaue of the motive to know about the physiology
of the stress mechanism.
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Teacher and students [2b_h] also discuss the quesfrom the workbook to get a motive for
understanding the stress mechanism. After viewirg wideos about the welfare of farm animals,
students are able to connexkess(ors) with the living environment of animals. Thereafténe
relationship between stress and the grosfthn animal (pig) must be elaborate, and E¥About the
weaningstress of pigs is discussed, as illustrated wighfdflowing transcription fragment:

T: "Question 58. Why does less blood go to the gut of piglets? (...) There is a disturbance. Less to the
gut, but then it goes...?"

S: "Brains, muscles."

T: "What happens to a pig with stress? What does his body do? Actually, this is already revealed in the
previous context. It wants to adapt, to deal with it. And then you can imagine that its muscles have
to work. You can imagine that ... it is doing something. The blood is then extracted from the

intestines."
[2b_h, audio, lesson 7]

It is clear that the teacher connects behaviotindcamount of blood in the pigs. Actually, the tearc
had to take a step between the adaptation aneédkerlstream of blood to the intestine, becausedef
coping with a stressor, the alarm phase of thestmechanism requires the use of muscles in the fig
or flight of an organism. That is the reason whg thood goes to the muscles instead of the intestin
The teacher continues:

T: "What does the blood transport?"
S: "Oxygen and nutrients."

T: "Thus, that is less for the intestines."

()

T: "And: the fewer nutrients absorbed, the less growth. And here is the link between stress and growth,
quality of meat. The better the animal feels, the better its growth and development, because its

physiology -including the inside- with its cells, nutrients, and metabolism, is running better."

[2b_h, audio, lesson 7]

Although the students understand the link betw@BamRARE, ENVIRONMENT, STRESS, andGROWTH, a high
amount of guidance from the teacher explainingrétationship between the concepts is required. In
addition, the teacher indicates the link betweetab@ism and behaviour, which should help students
to view the systems. The teacher explains:

T: "Here, moreover, that is aside, but here you also have a link to a completely different subject in
biology. When talking about cell construction, etc., then you talk about nutrients that enter and exit
the cell; you talk about breathing; you're talking about metabolism, but you never think of
behaviour. Well, here you have a nice link between very different subjects: behaviour, and

metabolism."

[2b_h, audio, lesson 7]



However, it is the only explicit moment in the exton of the scenario where the relation with
another biological discipline is elaborated.

Then, the change to the research of stress is tnadelerstand the physiological mechanism of stress
The teacher starts the lesson by referring to &lsé lesson, where the class looked at the concept
STREss. The students watch the video about weaning staeskthe teacher explains:

T: "And now, we look at the research of stress. (...) The pigs are happier, and thus the investigator said
that they felt good. And the question for us now: is that really so? Can you measure it? Can you

measure stress? That is the central question of this lesson. (...) Laurens, can we measure stress?"
S: "No, I don't think so."
T: "Can we research stress?"
S: "Apparently"
[2b_h, audio, lesson 8]

This fragment shows that the teacher relates stoeise growth of the pigs. If there is more stress
than there is more cortisol. In the research praqiigs received a piece of candy with a cortigal p
Then, a student asks:

S: "But, if you have cortisol, then you have more stress?" [2b_h, audio, lesson 8]

It is clear that this student interchanges causkediect, because when the mother pig got a pith wi
cortisol, the piglets were stressed and fearfué fdllowing fragment shows that students are able t 165
answer the questions of the teacher, but it istqpurexble if they are able to switch between lewdls
biological organization by themselves:

T: "Cortisol was dispensed to the mother, thus more stress for the mother. What kind of piglets did

they get?"
S: "More stressed, with a light weight."
T: "How could you measure stress?"
S: "You can see that in their behaviour."
T: "Then, that needs to be interpreted. Now, we are going to measure. How?"
S: "It would be in the blood."
T: "Yes, we measure cortisol. We are going take a closer look at cortisol."
[2b_h, audio, lesson 8]

Then, the teacher gives examples of scarcity &itostand it is clear to the students that mudues
more priority than intestines in stress situatiogBtidents understand that the working of the stress
mechanism influences the growth of the pigs:

T: "Less to the intestines. Thus, fewer intakes of nutrients. What is the effect?"
S: "Less energy; you are thinner."

[2b_h, audio, lesson 8]
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Thereafter, the teacher explains the HPA-axes, rafets to the menstrual cycle. The lesson is

difficult, perhaps because the teacher is not Wllg the instructions of the manual. On the other

hand, for a better understanding of this embeddadtipe it would probably be better to explain the

cycle systematically, without a class discussiolmwN students are guessing the answers to the
teachers' questions.

In the workbook a question is asked why the ingestid solution works against weaning stress. The
correct answer is that when piglets adjust to a siewation, they have less stress. It appearsthigat
answers of the students are diverse. Many studes the correct answer, as illustrated with the
following quotes:

"Less stress. So they are without their mother." [2b_h, workbook, Christel]
"The piglets are progressively used to something." [2b_h, workbook, Marleen]

However, there are students who only wrote ‘moggy/ pinore growth’. On the other hand, students
empathize, using anthropomorphic language:

"They feel happier and can play. Therefore they grow faster. They also live with the feeling that they are
outside the loft. They get used to other things."

[2b_h, workbook, Josien]

It could be concluded that no adequate motive wagesl to learn about the physiology of the stress
mechanism, and it is necessary to look for fundaatémprovements to the order of the LTAs of the
second practice at havo level. Because of the igmesthy students should have a motive for
investigating the physiology of the stress mechanithe practice could start with the activity of
designing a stable instead of ending with it. Inliidn, the question how stress could be measured
would be evoked from the conclusion that a stable,environment of pigs, influences the welfare of
the animals, and that it is necessary to know Hmvinfluence of the environment on behaviour of
animals could be measured.

Therefore, summarizing, it appears in the LT-statihat learning and teaching of the physiology of
the stress mechanism in the havo classes is ngt allsough the scenario mainly is executed as
intended. Links with other biological disciplineseascarce, while cause-effect relationships are
difficultly understood by students. Neverthelebgré seems to be an understanding of the physiology
of the stress mechanism and its relation with bty

Stress mechanism in the second vwo practice

The second practice at vwo level starts with a ghd@experiment about students' own stress
experiences, and the conclusion that stressorsl dmulmental, emotional, and physical (embedded
practice 4, figure 20). This LTX links life-world practice experience to the embedigrofessional
practice about sport training (embedded practicigbre 20). The steering question how to prevent
overtraining evokes the need to know how to meashgestress level, which legitimizes the transition
to the research of the overtraining syndrome. Amotmk is formed by the question regarding the
similarities between the overtraining syndrome bandhout.



The executed scenario differs not remarkably fromintended scenario, and the embedded practices
in the second vwo practice serve their purpose,ehaproviding motives for learning and teaching
the physiology of the stress mechanism and tharels®f the overtraining syndrome. In additions it
clear to students that from an ethical viewpoirg tesearch on overtraining ought to be done with
horses and not with humans, such as illustrateld thvé following quote:

T: "Why do we do research on horses and not on humans?"
S: "Horses are not aware what the research is."

T: "Why don't we take some athletes and overtrain them?"
S: "That's a bit silly."

[2c_v, audio, lesson 12]

The molecular level is introduced in the first @gi ‘Overtraining’, wherein is described how the
hormonal system of overworked employees and oveetiaathletes were exhausted. It appears that
overtraining in humans is a serious problem, aadl $tress hormones play an important role. The firs
article in the workbook states that the sport iarceing for a simple tool for trainers that quickly
identifies whether their pupil is doing well, omtis to be overtrained. Furthermore, it appears that
such an instrument is not easy to find. When usinmiestionnaire, you are probably already too late

to recognize the problem of overtraining.

In the second practice, the emphasis on the gimeshanism is on chronic stress. The difference with

the previous practice is that the second practiceot about the normal reaction to stress, but what 167

happens in a different situation with prolongedessors. Therefore, it is necessary that students
understand what is happening in the body whenssiresre involved. In chronic stress, the body does
not recover enough (in time) and the organism haskeof burnout or overtraining. When are you just
in time? That question is examined in the studywértraining in horses, since it is ethically not
acceptable to do that with humans.

How is the above-mentioned storyline executed? e3tisd[2a_v] studied the physiology of the stress
mechanism by reading the article ‘stress mechanisrtthe workbook by themselves. Thereafter, at
the end of the lesson time the teacher discussedtekt. The students understand the stress
mechanism, and are able to distinguish and exptlaén fast and the slow route of the stress
mechanism. Nevertheless, the teacher answers mmestions he asks his students. After the
discussion students reflect online on the Geneddpfation Syndrome with a programmed concept
map as shown in figure 40. One student is abletthis exercise faultlessly. Because the lessos,end
students have to finish the exercise at home. @Qutie next lesson the teacher fills the conceptimap
with help of the students in a logical manner, stiimmes explaining, as is shown in the following part
of the lesson:

T: "In the previous lessons you were engaged in behaviour and specifically with a particular component
of behaviour; we looked at how the physiology, or how the body deals with stress. Your home

assignment was a) to fill in this concept map {of the General Adaptation Syndrome, see figure 40}



and b) to read the text about stress in horses. | want to immediately start with filling in this concept

map. (...) What concept has to be there on top?"
S: "Hypothalamus."

()

T: You see a cascade of hormones. One after the other organs are stimulated to produce hormones.
(...)

T: "Then lipolysis. What is liposuction?"

S: "Fat removal"

T: "Good, fat removal. So, which cells do we have to write about here?"

S: "Fat cells."

T: "Which cells are left, then?"

S: "Liver cells."

T "Yes, liver cells. Liver cells are able to perform neoglucogenesis, remake glucose or release it."

T: "If we look here, we have a hint too, namely, of something that creates a higher oxygen

concentration."

168 S: "Bronchioles."

T: "Very good. | wanted to hear that. We learned that last month from the story of cystic fibrosis. {...).
Daphne, in your opinion, how would you change the flow of blood? What could you increase if you

want more blood flowing through the body?"
S: "Through your heart.
T: "And what is your heart...?"
S: "Muscle."
T: "Yes, a big muscle, so, stimulate the cardiac muscle."
[2a_v, audio, lesson 9]

In the above-mentioned fragment two learning sffiete are used by the teacher. First, he relates
lypolysis to lyposuction. Second, he asks the riglgstions to stimulate students' thinking procegs,
relating to another topic students from anothesdas about cystic fibrosis.

The concept map of the G.A.S. has a high degremmiblexity for students, because it is written in
the English language (and not Dutch), and probabknown concepts are used, such as lipolysis.
Nevertheless, we observed students who were abbertplete the concept map for the first time
flawlessly.
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Figure 40. Concept map of the General Adaptation Syndrome as an assignment in the workbook at vwo level.

Students have to move the concepts at the left side to the correct place in the concept map. The assignment
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be retrieved from http://classes.midlandstech.edu/carterp/Courses/bio211/bodylc.htm.

December 2010)

Most students [2c_v] do not make the concept mah®iG.A.S. at home, and the teacher changes to
the discussion of the stress mechanism. Studeatalde to name the two routes of the mechanism

(Retrieved

(fast and slow) and Anne tells how the slow routeks:

T:

(...
T:

S:

"In addition, we have seen the much slower mechanism and | will explore that slow mechanism with

you. Anne, it was you who raised the questions? Can you briefly explain to me how the slow

mechanism works?"

"So, you have the stress reaction, and then there comes the CRH hormone which in turn creates a

release of ACTH hormone, which results in the stress hormone cortisol and that keeps adrenaline in

control, so to speak, so that not all reserves are exhausted."

)

"That would be true."

[2c_v, audio, lesson 9]

"Does cortisol also influence the previous steps of the stress mechanism?"

Then, the teacher explains the feedback loop arsdiimenarizes at the end of the class discussion:

169
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T: "l return to the General Adaptation Syndrome. (...) Which is the first phase?"
S: "Alarm phase."

T: "The alarm phase: that is the route with the fast reaction. What phase do we find after the alarm

phase?"
S: "Coping."

T: "Yes, the coping or recovery phase. The adaptation phase. The phase wherein you adapt to your
environment, so you are able to cope with that environment, and hopefully you have not to reach
the last phase. What was the last phase?"

S: "Exhaustion phase."

T: "Exactly! The exhaustion phase. You reach that when you have too much cortisol in your blood for

too long." [2c_v, lesson 9, audio transcription]

The fragment shows that the teacher likes to emptlag¢ difficult physiology, and it is clear that
students need this explanation.

In addition, although the relation between the emtssTrRESs andsTResSORS (stimuli) seems to be clear
for students, at vwo level three questions inwloekbookmake clear how students' conceptualization
depends on the context.

Before the introduction of the physiology of theéess mechanism, an article about the role of a
deregulated stress hormone system is placed invtinkbook. Deregulated stress hormones lead to
depletion, and the conclusion of the article isislabout recovery". In the article, a brief irtuztion

to the physiology of the stress mechanism is giVére aim of the questions asked in the workbook is
that students understand the relation betweentthessmechanism, overtraining and physical stress.
In particular, three questions give us more insigtt students' reasoning.

Question 57 ("When does stress occur?") asks aftmutcauses or circumstances of stress. The
students' answers show that they are able to pertke relationship between the environment and
organisms. For example, students name stressowsifamiliar environment, pressure to perform, and
explanations such as the amount of cortisol, ssaliustrated with the following answers to questio
57:

"By stressors. When people are uncertain because they come into a new situation, or if they are in a

situation in which they experience negativity, (...)" [2a_v, workbook, Stephanie]
"New, unfamiliar environment, pressure to perform." [2a_v, workbook, Annelot]
"Overload, stressors, external stimuli." [2c_v, workbook, Joeri]
"Stress occurs when the amount of cortisol increases." [2c_v, workbook, llse]

It is notable that the ‘pressure to perform’ isawbtlt shows students' contextual perception, srau
stress is related to achievement in the article.



The next question (q59) handles the relation batwphysical) training and stress. Why is training a
form of stress? Students answer on two perspecties physical and the psychological level,
although there are students who see the ‘big @ttas illustrated with the quote from Armelle:

"When you are learning stress always occurs. You learn something new." [2a_v, workbook, Armelle]
Rianne emphasises the physical side of training:
"Your body produces cortisol to be able to cope with the rigors of training." [2a_v, workbook, Rianne]

The physiological level is mentioned when studeafsr to the pressure that is accompanies training
and performance, such as the following quotestitits:

"You must perform and always give 100%" [2a_v, workbook, Tom]

"You wish to train in order to perform well. That provides a mental pressure." [2a_v, workbook, Paul]

"You feel that you should perform. That gives time pressure, therefore stress." [2c_v, workbook, Joeri]
Some students relate the requested performanceaheitbroduction of stress hormones:

"Because you have to perform, you can become insecure, because you're afraid you cannot meet the

requirements and then stress hormones are made." [2a_v, workbook, Stephanie]
"The daily efforts cost much energy and then stress hormones are made." [2c_v, workbook, llse]

It appears that students are able to reason abeuwtitess model, although some students relatesstre

to the pressure to perform. In that case, they abbb associate the question with their own
experiences. Nevertheless, those students understemt in case of stress, stress hormones arel71
released.

So, in the model of the stress mechanism a tinmeaafvery is necessary to decrease the levels of the
stress hormones. At this point, students are catdtbwith question 62, where they have to explain
why a runners' schedule includes an alternatiommfing and walking. Do students understand that it
is about recovery? It appears that most of theestisdunderstand that principle, as is shown in the
following quotes:

"To promote recovery." [2a_v, workbook, Jan]
"That is good for your muscles. Your body can restore." [2a_v, workbook, Tom]

"Then fall the corticol/adrenaline levels, so you are not stressed during a long period." [2a_v, workbook,

Rianne]

From the above-mentioned quotes it appears thatests understand the model of the stress
mechanism. Furthermore, they are able to switam fittee molecular level to the level of the organism.
It is not observed that students relate a singlseauch as a hormone to specific behaviour of the
organism.
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Summarizing, the lessons were executed quite difter from the scenario, in particular because the
students did not do their homework very well. There, the teachers had to spend more lesson time
to the LTAs. In addition, it appears that the pbimyy of the stress mechanism requires more
explanation than was expected. Nevertheless, msdleat students understand the model of the stress
mechanism.

It could be concluded that students recontextudlibe concepts of the stress mechanism between the
first and the second practice. It is not indicatieat the use of embedded practices in the storyline
disturbed the recontextualisation process. Withetkeeption of the embedded practice in the second
havo practice, embedded practices are placed lbgicathe scenario, providing the possibility of
learning and teaching about the stress mechanism.pFoblems are noted. First, the change of the
level of organisation deserves more attention ideorto develop students' understanding of the
connection between behaviour (stress) and horm&wseaind, the scenario should provide for an LTA
wherein the stress mechanism is explained or exglddespite these notions, the use of embedded
practices is a valuable addition to the use ofentih practices in biology education when they have
logical place in the storyline, eliciting motivesr fstudents to know more.

9.5.2 Concept maps as a tool for construction of knowledge

In the subsection 9.4.3 we reconstructed the cafrtige reflection activities in the reflection $ems,
including the use of concept maps as a reflectioh tn the third practice, concept mapping is dso
used as a tool for construction of knowledge. Apontant point of attention is the degree wherein
students are able to create a coherent conceptwiégh indicates for understanding the meaning of
concepts in relation to each other. We considegllff the constructed concepts maps of the third
practice of the LT-strategy, because these congegts were constructed without the help of the
teacher, and should indicate for students' cone¢ptvelopment.

Short overview of intended third practice

Students have a motive to change from the praofidarm animals or overtraining, and the video of
the unexpected aggressive behaviour of a childsieguheir attention on human aggression. The
teacher introduces the topic of aggression, letinglents read an article "Aggression belongged li
(in Dutch) (Dagbladen, 1999).

After the introduction, students have to constructoncept map of aggressive behaviour. After two
concept mapping assignments, concept mapping Satunaas noticed, and some students reacted:
‘No, not again’. However, although even after aidenf students [2a_v] remember many concepts,
students [2c_V] ask the teacher after the secoactipe what they have to learn for the test. Dy the
understand the aim of reflection through concepppitay? In the class discussion, they are able to
mention the concepts and their meaning, so théhéeamoncludes at the end of the dialogue that he
believes that his students have learned somethlogiever, another student, Stijn, has a different
experience. He says:

"You can go through this for a very long time. Every time | discover new links" [2c_v, observation P3,
Stijn]



Finally, they have to write the essay (in groupstwb). The assignment is introduced by an
observation report of a behavioural biologist alkmubt. An essay should start with posing a prohle
then arguing from the three perspectives for atswlpand ending with a conclusion about possible
solutions.

Do students write essays according to the assignmban they construct a concept map from a
behavioural biology view? Because in this assigriries use of the three perspectives is prescribed,
we want to investigate how the perspectives ard imsboth concept maps and essays.

The 47 submitted concepts maps show a large diyees could be expected after what we have
concluded in the former subsection about the techmjuality of the constructed concept maps. In the
third practice, students constructed concept matysam average of 13 concepts (stdev = 5). In 80%
of the concept maps the necessary linking phraste/elen concepts are not indicated, and
furthermore, only a few behavioural biology coneeptre reported: 25% of all concepts are
behavioural biology concepts (average of 3 behamidhiology concepts per concept map); the other
concepts are related to the practice. These filsdatgut the technical quality of the concept maps a
similar to the findings in the former subsection.

Furthermore, it appears that students who constaocextensive concept map also used relatively
more behavioural biology concepts, as shown inréiglL.
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Figure 41. Relation between the number of behavioural biology concepts (bbc) in a concept map and the ratio

(tc=total number of concepts) from students' concept maps constructed in the third practice.

Students noticed the perspectives differently. 56%the concept maps did not contain any
perspective. 17% of the concept maps contain omepgetive (mostly ‘causation’), while two
perspectives are not found. 28% of the concept mapkin the three perspectives.
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To compare the concept maps with the essays, veetedl concept maps with different ratios of
bbc/tc. The selection of concept maps and essgyesented in the figures 42-46.

The concept map shown in figure 42 is without lintkiphrases and behavioural biology concepts
(ratio bbc/tc = 0.00). Nevertheless, Shinook & Geekave tried to use the concepts, noted in their
concept map, in their essay. For example, theytheseoncepbomINANT BEHAVIOUR Speaking about the
attitude of police officers:

"The last tip is that a police officer should be showed dominantly, because you show that you are the

boss and the fans have to listen to you." [2a_h, essay, Shinook & Geeske]

The concepboMINANCE is introduced in the first practice about cariong your dog, as a kind of dog
behaviour. Shinook & Geeske are able to use theegirbehaviour in a flexible manner, although it is
debatable whether it is the correct use of the \deheal biology concept of dominancy.

Disagreement

1 L Alcohol

Conflict
T Drugs

Dominant
behaviour

T Boredom
Aggressive

behaviour

Violence

Sensation

. Senseless
Verbal violence

violence

A4

Physical violence

Figure 42. Concept map [2a_h, cmap P3, Shinook & Geeske]. Ratio bbc/tc 0.00.
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Figure 43. Concept map [2a_h, cmap P3, Nick]. Ratio bbc/tc 0.10



Nick's concept map (figure 43) has a ratio bbcft@.20. The concept map is without linking phrases,
behavioural biology concepts (except survival), dmndrarchy in concepts. Nick's essay is not
including any behavioural biology concept and ditl answer to the demands of the assignment.
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Figure 44. Concept map [2c_v, cmap P3, Michelle]. Ratio bbc/tc = 0.11.

Michelle did use the computer program CmapTddisr designing a concept map, and so she used
linking phrases in a very large concept map (figd4g. However, it is a concept map with a ratio
bbc/tc of 0.11. In addition, Michelle does not ukes map in the construction of her essay. In the
essay, we searched for the 15 concepts of the ponwgp and found only 4 occurrencesdRrESSION,

BEHAVIOUR, AGGRESSIVE BEHAVIOUR, andSTIMULUS).

%8 http://cmap.ihmc.us/ (Retrieved February 2012)
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Animal behaviour

Human
behaviour

Verbal aggression

Aggression Physical aggression

Seretonin deficiency

behaviour
Criminalit

behaviour

environment
behaviour

To be
influenced by
social
learning

Figure 45. Concept map [2c_v, cmap P3, Thomas & Joeri]. Ratio bbc/tc = 0.20.

In their essay, Thomas & Joeri show understandfngpncepts a®ereNCE (and FIGHT-FLIGHT-FREEZE),
andINTERNAL andEXTERNAL STIMULI andsTRESSORS, although their concept map shows only occasignall
linking phrases, and is not including many beharabbiology concepts (ratio bbc/tc = 0.20; figure

45). In addition, Thomas & Joeri used images of litain in their essay to explain the pathway of
serotonin.
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Figure 46. Concept map [2a_h, cmap P3, Tim]. Ratio bbc/tc = 0.50.

The concept map of Tim (figure 46) includes no ilvgk phrases, but has a ratio bbc/tc of 0.50.
Although he uses behavioural biology concepts, espgectives are noted. Despite of the lack of
linking phrases and perspectives, Tim uses behgalidiiplogy concepts in his essay (such as fight-
flight-freeze) from two perspectives.
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Figure 47. Concept map [2c_v, cmap P3, Lise-Milou]. Ratio bbc/tc = 0.61.

The closest correspondence between an essay amtept map is found in the work of Lise-Milou.
She writes in her essay as an introduction:

"For many football matches riots occur between supporters of the guest team and the home team. In
these matches riots are so bad that many police officers should be involved. The examples are
regularly on TV. You will wonder, do these people even care about the sport or are they just
hooligans out to an afternoon fight? Why do they do this? And how can this behaviour be
prevented? Riots have everything to do with human behaviour, the impact on each other, and
behaviour in a group. When people are in a group, they quickly have a big mouth and dare to do
more. Behaviour has a function, a cause and development. All these things | put in a chart with all

their consequences." [2c_v, essay, Lise-Milou]

Lise-Milou uses linking phrases and all three pectipes with behavioural biology concepts (figure
47). Lise-Milou gives a perfect description of beioaral biology in her essay, although a well-
structured transition to the topic ‘preventing toalt riots’ is lacking. However, she concludes that

"In the stadium flight routes must be available for people who are concerned and want to flee away."

[2c_v, essay, Lise-Milou].



Again, as we noticed in the concept map and esk8hioook & Geeske (figure 42), Lise-Milou also

uses the behavioural biology conceptcHT in a flexible manner. In other words, students
demonstrated in their essays that they are ahlsg¢a@oncepts, either from behavioural biology dr no

flexibly in another practice.

The domain-specific quality of the constructed aptanaps in the third practice is indicated by the
degree of the use of behavioural biology concqmsspectives, and the use of propositions (linking
phrases). It appears that students, who constractedicept map with a low ratio bbc/tc, also wiante
essay containing fewer behavioural biology concepis perspectives. In contrast, students wrote a
better essay, when they constructed a high ratitdboncept map.

Therefore, we conclude that when students can makgh quality concept map they understand the
meaning of and the relationship between conceptslitéwnally, in the process of construction of a
concept map, their understanding of behaviourdblipconcepts increases, as shown in the following
scheme:

Concept map ¢ Essay

Understanding

Figure 48. Scheme of the interaction between students' understanding, concept mapping and essay writing.

178 It appears to be important to pay attention todgegaate construction of concept maps.

We also can conclude that the LT-strategy for behawl biology, containing several practices,
invites students to recontextualise their knowledgeh with qualitatively inferior and superior
concept maps.

9.5.3 Students' knowledge of behavioural biology in their essays

In the final assignment, students have to writessay about how to prevent riots. They have toewrit
this from the viewpoint of a behavioural biologist.the essay, four sub questions had to be andgwere
e What is the problem?

« What are causes of the behaviour of hooligans?

« Why do people become aggressive? (What is theitmof behaviour?)

*  Which solutions and recommendations could be pted@iVhich arguments do you have?
Students should use their concept map about agggdsshaviour and have to explicitly process the
function, causes, and development of behaviour.

Table 23 shows the relative frequency of essaysindisshed through the number of used
perspectives. It appears that students pay moeat@imh to causes than to the function and the
development of behaviour. This is explainable, beeahe assignment prescribes to start with causes
of aggressive behaviour. Another reason could badan the former practices where little attenti®n
paid to the perspective of development. A third lexgtion is that causal thinking is a common
reasoning method. Students argue by causal regstirahthe problem of riots could be solved when
the causes are taken away.



Table 23. Relative frequency (%) of students' essays considering the perspectives of Tinbergen at havo level

(n=39) and vwo level (n=27).

20% 15%
44% 41%
31% 37%

5% 7%

From table 23 we conclude that more than 80% ofstiuelents use one or more perspectives of
Tinbergen in arguing their statements about préwgraggressive behaviour. Nevertheless, 20 % of
the havo students and 15% of the vwo students Watten an essay that is no more than a nice form
of creative writing without links to behaviouraldbbgy. Furthermore, considering the conclusion in
section 9.4.1 that too little time could be spenéxploring the perspective of development, it @ppe
that 36-44% of the students did use two or morsgeatives, which we can consider as rather low. A
few students wrote an essay that could be consldexamples of ‘good practice’, using different
perspectives and showing a correct understandinthefbehavioural biology concepts. The best-
written essay is shown in Appendix B.

Problem description in the essays
Several students start the introduction of thebagsby emphasizing their own experiences with

football or in their role as a behavioural biolaggearcher, such as shown in the following quotes: 179

"I have been a supporter myself for two years, also at outdoor games as with Feijenoord29 and if they
then lost, they hit against the fences and curse at us when we ran to the buses. (...). Quite currently,
and not pleasant to do if you see how the fence is almost gone and the police are in a powerless

position."
[2a_h, essay, Joris & Rob]
"We are two behavioural biologists who want to prevent riots in future through reducing irritation."
[2a_h, essay, Jilles & Sebastiaan]

These fragments show that essay writing is a angdi¢hat appeals to students' attention in a stody
to creativity in using the acquired concepts, ewehiology education. Joris and Rob spontaneously
wrote:

"Joris and | thought it was fun and instructive to participate in a new method of biology teaching. We
also believe that this is a challenging way and therefore perhaps better than books." [2a_h, essay,

Joris & Rob]

The problem is clear for students: hooligans calemage through riots, and aggressive behaviour
should be reduced. Riots are a societal problenhpatice officers deal in particular with aggressiv
people, such as football hooligans.

29
Dutch soccer club
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The perspective of function

From a behavioural biology viewpoirstjrRvivaL and NATURAL BEHAVIOUR are the main concepts of the
function of behaviour. From the students who havigtem about the function of behaviour some of
them have studied several sources about aggressiost & Tom wrote:

"Every child needs a healthy dose of aggression and violence to explore its life world and to learn. {(..)
Biologically, aggression is a highly functional form of communication to survive as a species." [2a_v,

essay, Joost & Tom]

This statement is composed from information froro tmebsites about aggressidand Joost & Tom
are able to combine this information into a reléviame of reasoning. However, not every student
understood the concepincTioN very well, as is illustrated with the following ojie:

"The function of aggression in the case of football riots is: to abreact your frustration at the supporters

of the other team." [2c_v, essay, Joeri & Thomas]

Here, in this fragment, function is understood las function of the behaviour of a population,
(function of riots), which has a societal meanirg.could be considered as an example of
recontextualising. Furthermore, it shows that stiisl@re able to use behavioural biology concepts at
the biological organization level of the populatidtiowever, this statement is an exception. Most
students view aggression as a form of defence auketdsurvive, which for example appears from the
following quotes:

"Aggression helps you in difficult situations. Alertness! Better defence." [2a_h, essay, Tim]

"Man has been trying to survive since he was born in a world he does not know. This can be done by
adjustment (adaptation) or by your own way and doing what you like. A form of defence is

aggressive behaviour. [2c_v, essay, Chenna & Martine]

Note that the conceptaTURAL BEHAVIOUR is used in the definition ‘what normal is to d®/ATURAL
BEHAVIOUR is mostly correctly understood by students, definere by Roy as:

(...) the behaviour that we might exhibit in former times in the wild (...) because in former times
aggression was required to survive. Man is originally a ‘group man'. (...) We live more and more

individually and it is also unclear who is dominant and who is recessive." [2a_v, essay, Roy]

Roy is able to use behavioural biology conceptseably, with the exception of the conceatessIVe,

a concept from genetics. More students link aggpas® the concepbomiNancy, which they have
acquired in the first practice. The following quateows students' understanding of the concept of
DOMINANCY in relation to aggression:

"Hunting-instinct. Dominant behaviour helps people to be successful and get what they want.
Aggression occurs when people are not successful or if others come close in the territory." [2b_h,

essay, Carla, Femke & Josien]

% http://nl.wikipedia.org/wiki/Agressie and http://studium.hosting.rug.nl/2007 Activiteiten/agressie-koolhaas.htm
(Retrieved April 2011)




However, the concept afATURAL BEHAVIOUR evokes also different understandings by studemts i
relation to riots. For example, Hanna wrote:

"Normal behaviour is natural behaviour. The hooligans did not show natural behaviour." [2b_h, essay,

Hanna]

In this fragment Hanna poses that the behaviounaafigans is not normal, and is therefore not
NATURAL BEHAVIOUR, While Romée argues the opposite:

"When threatened people are going to defend themselves. This is natural behaviour." [2a_h, essay,

Romée]

Perhaps the difficulty in explaining group behavidsi a possible explanation for this difference in
argumentation, because group behaviour could beaeea higher degree of complexity in behaviour.
In addition to the behaviour of an individual orgam, with group behaviour another biological level
of organization is introduced, including other cweristics. One student quotes a definition of
aggression and argues in his essay from this defirfrom the individual to the group:

"Any man is aggressive. Aggression is the ability of people to defend them from attack, to launch attacks

themselves and to be able to collect food. (...)" [2a_h, essay, Max]
So, according to Max the function of aggressioinés:
"Ensuring its position within the group contributes to riots." [2a_h, essay, Max]

and
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"Through aggression a group radiates power" [2a_h, essay, Max]

Max names stress hormones, frustration, and graepspre as causes, and his solutions are for
example reducing group pressure through many tiguédns, and splitting up groups of supporters.

The perspective of causation

Students know that internal and external stimubkev (aggressive) behaviour, and they mention a

diversity of stimuli:

 The influence of the group. Seeing other peoplalny between groups and also seeing the
police does evoke aggression.

»  Stress, frustration.

*  Boredom or for kicks.

e The use of drugs and alcohol.

«  The environment: the organization of the footb&tfum.

e Genetic factors, such as a reduced serotonin ptioduc

Furthermore, when students use behavioural biolmycepts, they describe the relation between

stimuli and stress (mechanism), as is illustratét the following quotes:

"That is because your opponent is seen as an enemy; in biology this is called a stressor. Through that
stressor a substance is released in the supporters, called cortisol. Alcohol, which increased the

progesterone effect, in particular the Fight mode." [2a_h, essay, Mark]




"Violence and aggression are evoked when the stress level is above a certain level. This level varies per
person. In turn, stress arises through unexpected events, threats, an unfamiliar environment or
certain behaviour from others (getting carried away). What are stressors in riots?" [2a_v, essay, Anna
& Leon]

"That people can be so aggressive, often because people are not safe, familiar or at ease. Many people
are stressed when, for example, it is not clear where the exit is. Many people stress out when a panic

evokes. Unable to adapt to mass culture (scientists say)." [2a_v, essay, NN]

In the workbook article "Aggression belongs to'lifthe author writes that men show more aggressive
in behaviour than women, because of the amourdstbsterone, but also because of a developmental
difference in the maturing of the brain. Studentscpss this cause in their essays, but when thigg wr
about solutions, they refer moreestaeRNAL thanINTERNAL STIMULI.

The perspective of development

Although not many students write explicitly abowt development of behaviour as a separate topic,
some of them pose statements about the develophaggressive behaviour. All of these statements
have elements of education. The following quotesilarstrations of such statements.

"Most supporters who show aggressive behaviour grow up in disadvantaged neighbourhoods where

criminality is high." [2b_h, essay, Floris & Francien]

"Parents have a great influence at their children. Sometimes through physical beating: no good example.

(...) The biological side is difficult to tackle: medicine against aggression. (...) Searching for the

182
solution at the cause: the development of the behaviour: the growing up of the hooligan." [2a_v,

essay, Joost & Tom]

"1. You can define aggression as something that is genetically determined, what is passed from parents
to child. 2. Aggression can result from accumulation of traumatic events in your life. 3. You also can
define that aggressive behaviour is learned. This is mainly an imitation and contagion of the
behaviour of others. 4. You also can define aggression as a response to circumstances in which a
person is threatened or in response to the difficulty in accepting situations." [2c_v, essay, Stijn &

Roos]

Solutions for the problem of riots
Students describe solutions that are linked t@#husations they mentioned, as Michelle expresses:

"In order to remedy this problem, you first must know the cause. The cause of this problem is largely
unknown. Is it because the fans have a difference of opinion and want to show their opinion by
riots? And thus show that they think they are right? Or might the cause be a lot deeper? Aggression
is a form of stress. Could this have something to do with it? Or the fans cannot stand for their

football team to lose?" [2c_v, essay, Michelle]
Students have to reduce or avoid stimuli, and Rmgisely indicates:

"Reduce stress through limiting stressors." [2a_v, essay, Roy]



In addition, many students propose to solve thélpro of riots by splitting up groups of supporters,
reducing group size or avoiding that hooligans seeh police (police officer in plain clothes). In
addition, students assume that the deploymentestestis known by the people reduces feelings of
being threatened and therefore reduces stressefbher although not well outlined, the contours of
the same solution as in the authentic work of Adamegvisible in the answers of the students.

Furthermore, a general remark about the executiaimeo assignment of the essay could be made.
Writing an essay was an unknown exercise for stisddinerefore, the process of writing is guided in
the workbook. It appears that many students tagartioch freedom in execution, because they did not
read carefully the instructions, while other studefollow the instructions to the letter without
creating a storyline in their essay.

Summarising and conclusions

Nearly 80% of the students use 1 or 2 perspect{easisation, function). The perspective of
development of behaviour is underexposed. The 2D%iudlents, who did not use perspectives, did
not follow the instruction of the assignment vergihv

Students are able to argue from the view of a behaal biologist, because they live in their roléwe
contours of the same solutions as in the autherti& of Adang are visible in the essays.

Students used most behavioural biology concepteectly. Although scarce, an exception is the
understanding of the concept function. In additiTuURAL BEHAVIOUR is occasionally understood from

the judgement that riots are not normal.

Furthermore, the change of level of biological migation, from the organism to the population,ﬂ
seems not to be problematic.

These results indicate that most students are tablese some of the acquired behavioural biology
concepts in an unfamiliar practice. Considering ¢bacept maps and the essays, it appears that the
success in constructing a concept map and a feslyeis determined by students' prior knowledge,
context, and the understanding of the conceptsedims that the more meaningful relationships a
student can show in their concept map, the bettes will execute the assignment of writing.
Therefore, it should be discussed how the relabietween the reflection by the construction of
concept maps and knowledge transition in a newtigeacould be improved.

Recontextualisation is a necessary condition feprect execution of the essay assignment, and it
could be concluded that the LT-strategy providegsostunities for recontextualising, although not all
students succeeded.

9.6 Summary and conclusions

The first research cycle is considered as a rapmtbtype of the LT-strategy for behavioural biology
education. From a quick scan of the test resultherfirst research cycle, we concluded that sttsden
express incorrect connections between the perspsctif Tinbergen, sometimes caused by handling
different descriptions of the concepts. Studerdy Bt concrete examples instead of understandiag th
abstract concepts. Therefore, four main improveméatthe scenario were made in the second
research cycle. First, a renewed focus lessonnseem increased length of the lesson series;, third
applied profoundness for students on both educatienels (havo and vwo) and on content level by
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introducing the General Adaptation Syndrome; andtfg the use of more reflection LTAs, including
the use of concept maps as a reflection tool.

To evaluate whether the LT-strategy for behaviolmalogy is adequate, we investigated students'
conceptual development by considering ititeraction, reflection, andconstruction in the executed
scenario. For that purpose, three educational themere selected. First, we reviewed the
development of a central steering question in theus lesson. Second, we considered students'
conceptual development in the evaluation of theradtion and reflection in the executed scenario.
Third, we investigated the knowledge transitionrbgontextualising, evaluating the construction of
knowledge. In this section, we review the conclosiof this chapter, in order to present an overview
of students' conceptual development.

Development of a central steering question in toai$ lesson

The focus lesson is intended to develop the cestemdring question, and the three perspectives of
Tinbergen. Therefore, the didactical approach endbcond version of the LT-strategy contained four
elements. 1. Students watched unexpected behawfoarwell-known animal, a dog. 2. Students
explored possible explanations for this unexpedietaviour, and categorized these explanations
according to the perspectives of Tinbergen. 3.Bate a non-interrupted storyline, the focus lesson

in line with the subject of the first practice (heavcare your dog). 4. A well-prepared focus lesison
strictly prescribed in a teachers' manual. Thelteecwere asked to follow the instruction.

In the reconstruction of the executed focus lessanconcluded that observation of the unexpected
behaviour of a dog increases the students' awazeridgehaviour as a biological subject, and they ar
stimulated to investigate why that dog behaviowr dccur. However, the central steering question
"Why do they do that?" is more implicitly posed $tydents, and explored by the development of the
perspectives of Tinbergen. With this developmeainmon language for exploring the perspectives in
the next practices is presented. In addition, #sriction to the behaviour of one animal spedilks (
dog) instead of several different species createsnainterrupted storyline. Therefore, it appediat t
students elicit a motive for exploring the firsaptice. Furthermore, we concluded that the teathers
manual provides for adequate preparation of thehera which is shown by the different courses of
the lesson when teachers either, improvised oova@t the manual. Overall, we conclude that the
focus lesson of the scenario conforms to its pwpasd that the adaption of the scenario was
effective.

Students' conceptual development

In section 9.3 the following three questions warsveered.

1. To what extent did students understand the thregppetives with their respective behavioural
biology concepts?

2. To what extent do the reflection phases contribwtle students' conceptual development?

3. To what extent do the concept maps as a refledtioh contribute to the students' conceptual
development?



Interaction in the LT-strategy is investigated Ihe tanalysis of the students' participation in an
educational practice, which results from the intdoa between teacher and students in the class
discussions, and with the learning materials.

Studying a practice, students made a list of thecepts that they marked as important for that
practice. All listed concepts are categorized meehcategories: behavioural biology concepts, conte
related concepts, and concepts of the stress misamaiihe lists of the first and second practice
contain merely concepts of behavioural biology &mel stress mechanism, while students wrote the
most context-related concepts in the third practiieese differences reflect the emphasis in the
practices very well, underlining what we stateaim view on learning and teaching that knowledge is
context-related. In addition, another differencenaen the first two practices and the third onthes
degree of guidance in the construction of knowledgethe first and second practice, the list of
concepts was made to reflect on the practice, whitee third practice a list of concepts was meant
prepare for writing an essay. The categorizationtra listed concepts according to the three
perspectives shows that students often do nota@ttplhote them. However, from the self-evaluation
and the class discussion, it appears that mosemstsidare able to recognize the perspectives on
behaviour.

We can conclude that in general the scenario iswgd as intended, although organizational
difficulties evoked. Teacher behaviour and prepamnatould be more adequate, and some extensions
were made in the LT-strategy, such as a class shsmu aboutvELFARE, NATURAL BEHAVIOUR, and the
STRESS MECHANISM. Teachers explained in their feedback that théyuigcertain, because they did not
check the behavioural biology concepts very welkduld also be concluded that teachers (1) havﬂ
some difficulties with the understanding of somehs concepts themselves, (2) take too much time
for explanation, and (3) regularly forget to evaketives for learning. Consequently, the teachers'
guidance could be improved by focusing more on lledavioural biology concepts and their
coherence.

The analysis of the interaction in the class disicus shows that the LT-strategy structures the
students’ conceptual development, distinguishing tthree perspectives on behaviour with their
accompanying concepts. Therefore, we conclude #tatlents' awareness of behaviour is
demonstrated.

Reflection activities in the LT-strategy are partarly elaborated at the end of the first and sdcon

educational practice. Students made a list of quscéollowed by the construction of a concept map.

In addition, a class discussion about a concept wap executed, to create a ‘big picture’ of the

behavioural biology concepts. We conclude that @egaate reflection time was programmed in the
second research cycle, and it seemed that studentptual development was effectively stimulated
by reflection through the construction of concempsy The effective use of concept maps as a
reflection tool can be improved when students (éemthers) further develop skills for concept

mapping.

Teachers and students do not always understarairthef concept mapping. In the havo classes, the
concept mapping assignment was too open, and modargce was needed. It was noticed that the
havo students did have more difficulties with cdwesglanations than vwo students. Vwo students
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also have difficulties in starting the design of toncept map and deciding which concepts should be
included.

We investigated the quality of concept maps, bdth technical quality and the domain-specific
quality. Only approximately 27% of the studentsh@ept maps meet the condition of having linking
phrases as a part of the propositions. Furthernibmas observed that the concept maps showed a
large variety in the number of propositions andicure. Students' concept maps do not include
crosslinks. The use of crosslinks could be considleas options for experts. Students should be
considered as novices in concept mapping. Mosestsdndicate no arrows in their concept maps.
Students use different concepts as starting pdittieoconcept mafBEHAVIOUR, OVERTRAINING, STRESS,

and welFARE. The differences between the valid concept maptheffirst and second practice are
merely context bound. In general, we concluded thattechnical quality of the students’ concept
maps is weak, and the process of concept mappimgicsibe improved. It is supposed that the weak
quality of the concept maps is caused by a lackxpierience in concept mapping by teacher and
students. It could be supposed that increasingteébknical quality of concept maps also further
increases the students' conceptualization. Asaegethe evaluation of the technical quality af th
concept maps provides no clues for the understgrafistudents’ conceptual development.
Considering the domain-specific quality of the cgmicmaps, we found that because of a missing
linking phrase, an incorrect proposition could bdti¥interpretable. In addition, students use cqtse
from outside behavioural biology or ‘translate’ betoural biology concepts in their own words. It
appears that students that constructed a techtvoadct concept map, used different relation tyjtes.
seems that students reflect on the concepts oprthetice in the construction of the concept maps,
instead of creating ‘the big picture’ of behavid@logy.

Furthermore, it appears that students are ableldéterthe concepts correctly. The concept maps show
a large diversity in the number of propositions dne individual student elaborated an average of
59% of the classifying concepts in a concept mapthiermore, the analysis of the domain-specific
quality of concept maps shows that students hasatiafactory understanding of the behavioural
biology concepts, in particularress and thestress MECHANISM. For most classifying concepts the
amount of correct propositions is above 80%, wischigh. Therefore, it could be concluded that the
domain-specific quality of the concept maps isisight to evaluate the students’ understandindnef t
behavioural biology concepts. The analysis showas thost students are able to relate behavioural
biology concepts adequately. In addition, it colld expected that students’ conceptualisation
increases further when the construction processmept maps is improved.

Knowledge transition through recontextualising

Concept maps also support the third component pn€emtual development, construction. After two
occurrences of using concepts maps as a refle@nconcept mapping is used in the third practice
as a construction tool, preparing students forimgitan essay about human aggressive behaviour.
Therefore, we investigated the relationship betwéendomain-specific quality of the concept map
and the essay. The quality of the constructed qunoeps is determined by the use of behavioural
biology concepts, perspectives, and the use ofngnlphrases. We concluded that the better the
domain-specific quality of the concept map, thadrahe essay that students wrote from a behavioura
biology viewpoint. Less coherence between conceptsbserved, because of the missing linking



phrases between concepts. Consequently, we conttiatistudents can make a high quality concept
map when they understand the meaning of and caonsdietween concepts. Students' understanding
of behavioural biology concepts increases when #neyconstructing a concept map. In scheme:

Concept map 4m==) Essay

Understanding

Figure 48. Scheme of the interaction between students' understanding, concept mapping and essay writing

Therefore, it appears to be important to pay atianio an adequate construction of concept maps.
Nevertheless, we also can conclude that the LTeglyafor behavioural biology, consisting of several
practices, invites students to recontextualise tkmdwledge, and results both in qualitatively nide,

and superior concept maps.

Adequate reflection and knowledge constructiongpslich as concept maps and essay writing, should
provide for transition of knowledge. This meanst thequired knowledge in one educational practice

is adequately (functionally) used in another edooal practice. In a test-practice, students wrote
essays from the behavioural biology view as a rewendation to the police for preventing riots. The
analysis of the behavioural biology perspectivethin essays shows that nearly 80% of the students
applied 1 or 2 perspectives (causation, functidhe perspective of the development of behaviour is
underexposed. The 20% of students who did not @ssppctives did not adequately follow the ;g
instruction of the assignment.

Furthermore, the results showed that students lale ta argue from the view of a behavioural
biologist. Students used most behavioural biologyncepts correctly. An exception is the
understanding of the concepiNcTION. In addition,NATURAL BEHAVIOUR iS occasionally understood from
the view of ‘what is normal'. Riots are not normhd. addition, the change of level of biological
organization, from the organism to the populatseems not to be problematic.

Recontextualisation is a necessary condition faoremb execution of the essay assignment, and it
could be concluded that the LT-strategy providepootunities for recontextualising, although not
with all students. Considering the constructiorthef concept maps and the essays, it appears that th
process of the construction of a concept map aadinlal essay depends on prior knowledge, context,
and the constructed understanding. It seems tbahtite meaningful connections a student can show
in the concept map, the better s/he will execugenthiting assignment.

Furthermore, it is clear from the analysis of tkeays that vwo students show more arguing than havo
students. Vwo students also use behavioural biotoggepts adequately, while students at havo level
argue from a practical viewpoint with a minimal wfebehavioural biology concepts. A problem had
to be solved, so havo students note the causastsftinat they could find and formulate a solution.
Vwo students also use resources about aggressaxtdition to the given resources in the workbook,
such as the Wikipedia encyclopaedia. These obsensatould evoke the question whether an essay is
an adequate manner to recontextualise for havestsdGeneralizing, we could question what kind of
actions drives students to recontextualise, becaud®th vwo and havo are students who did not




188

recontextualise. Maybe the answer to this questiarid be found by looking to the opposite question:

what obstructs the students' recontextualisatioegss? Based on the analysis of the essays, vile dist

the following possible obstructions:

1. The influence of the steering question of the ass®nt. In the last research cycle the steering
question of the assignment was: ‘How to prevenhdpattles?’ Because of the link that is laid
between the problem (preventing riots) and the obla behavioural biologist, this question could
be better replaced by the question: "What wouldehabioural biologist recommend when we
would ask him what could be done to prevent fodtiats?"

2. Several students argued only with the argumentg fimend in the given sources, which makes
demands as to the selection of sources. A teacher c@mposes his/her own lesson material
should foresee which possible answers could beeattfrom the selected sources.

3. Four students showed a rich fantasy and did naiktl@bout behavioural biology concepts
anymore. Did they not understand the assignmentWaXx it a practical problem of starting (too)
late with writing the essay? Is it due to the unfeamty of this kind of learning activity?

Learning objectives

In this chapter, we have compared the actual legroutcomes with the learning objectives 1-5 by
analysing the students' understanding of the cdaa&pbehavioural biology. Students' awareness of
behaviour is the main goal of the scenario thdhikled into 7 learning objectives. Students arde:ab

to explain that behaviour is caused by internal extdrnal stimuli,

to describe that behaviour is the result of thatieh between the organism and its environment,
to determine the function of behaviour,

to describe the development of behaviour,

to recognize the stress mechanism in the behawefdumans and animals,

to carry out a simple behavioural research (onlyratuniversity level),

to discuss applications of behavioural research.

No g hsMwDNPRE

We finally conclude that the conceptual developmeinstudents resulted in understanding of the
behavioural biology concepts. Students do notrdisiish the different perspectives explicitly, bot d
correctly use the behavioural biology concepts.sTihT-strategy for behavioural biology provides
opportunities to recontextualise, although someravwements are desirable. A remarkable observation
is that some students recontextualise, while ottiensot.

Summarizing the described conceptualization, stisdenderstand stressors as (internal and external)
stimuli on which an organism has to react to swg\{iearning objective 1, 2, and 3). They know that
this reaction consists of three types of behavifaeding, reproduction and defence. They understand
that stress evokes in an organism when the enveahns disturbed or unpredictable (learning
objective 2), and that an organism reacts to astress through fight, flight, or freeze (learning
objective 5). In case of chronic stress, an orgartias to adapt, learning to cope with stress (legrn
objective 4, 5). Students can explain why cortewd adrenaline are important hormones in regulating
the stress mechanism (learning objective 5). Theegefwe conclude that students meet the learning
objectives.



We should emphasize learning rather than teaching, and living, which is experiencing.
Richard Laki

10 Conclusions and discussion

10.1 Introduction

Our study aimed to find an adequate LT-strategy Wehavioural biology. An LT-strategy for
behavioural biology is elaborated in a scenarid tlescribes the subsequent LTAs and hypothesizes
the learning outcome. In chapter 9, we concludedl tthe conceptual development of students results
in their understanding of the behavioural biologyncepts. In addition, we have to evaluate the
effectiveness of the LT-strategy, as demonstratethé tested scenario. Therefore, answering the
research question in section 10.2, we will concliatean adequate LT-strategy. However, from the
evaluation of the scenario in chapter 9, a few tadmms of the LT-strategy are proposed (section
10.3). Thereafter, when we conclude for the effectess of the LT-strategy, we also evaluate the
design criteria (section 10.4). Furthermore, frdm teflection on the design criteria, we discuss tw
didactical themes that have to be explored to imptbe design of LT-strategies in biology education
(section 10.5). Finally, we will consider the unstanding of behaviour in the classroom in somd fina
thoughts (section 10.6).

10.2 Answering the research question 189

Science is a never-ending story: scientific ingglhange, and new discoveries are made, so
knowledge changes and multiplies. In current s&eeducation the problem of an overloaded
curriculum is noticed, and in addition, studentpeience a lack of relevance and coherence of the
knowledge they have to learn. Consequently, ststdembtivation to learn new knowledge is rather

low.

From our prior research on the topic of behaviouridlogy textbooks, we argued that the behavioural
biology education in Dutch secondary education app@&ot to mirror today's scientific knowledge
about behaviour. In addition, it lacks coherenc® does not lead to awareness of behaviour as a
biological key concept. Therefore, a renewal of twericulum for behavioural biology in Dutch
secondary education is necessary, and we have l@eduthe research questioivhat are the
characteristics of an adequate learning and teaghstrategy for behavioural biology in secondary
education that increases students' awareness ofivi@lr as a biological key conceptAdequate
means sufficient to satisfy a requirement or to tnaeeeed (American Heritage, 2009), without being
abundant (Collins, 2003). Therefore, an LT-stratégy behavioural biology is adequate when it
sufficiently meets the noticed problems of beharabiiology education, such as we described in
chapter 1.

To answer the research question, we explored thstigm both from an educational viewpoint and
from a conceptualizing of the concagatiaviour. From our view on learning and teaching, we argued
for two educational approaches: the problem-posipgroach and the concept-context approach
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(section 2.4). These approaches include the foteullduilding blocks: the use of contexts,
interaction, and motives. Considering the coneepiviour, we explored both the scientific meaning,
and the conceptions of behaviour in education ia Nktherlands, the USA, and Germany.

This exploration resulted in eight design critddaan LT-strategy for behavioural biology. In aclig
process of design and data collection, we devel@petT-strategy that aimed to increase students'
awareness of behaviour.

To investigate the LT-strategy for behavioural bipt, we formulated a hypothetical LT-process that

was tested in two subsequent research cycles,aemdisting of 2 or 3 case studies. We demonstrated
that the course of the scenario of the second meseaycle proceeded as intended. To develop a
central steering question, we found the importamfichaving a well-designed and well-documented

focus lesson. In addition, this research underghesimportance of a non-interrupted storyline, and

students' ability to recontextualise can be in@ddsy using an interconnected sequence of practices
Furthermore, the main question whether studentalewvess of behaviour through the LT-strategy is

evoked can be answered with a resounding ‘yesdesiis adequately conceptualize the behavioural
biology concepts.

Summarizing, the use of authentic contexts, inteyas, and motives stimulates students' motivation,
providing for relevance and coherence. Therefore, conclude that an adequate LT-strategy for
behavioural biology could be constructed with tlh@aept-context approach and the problem posing
approach.

10.3 Adaptations to the final LT-strategy

Although the results presented in chapter 9 shavatistudents understood the behavioural biology
concepts, we suppose that the LT-strategy can hproirad. In this section, we propose some
improvements that could be undertaken.

Concept mappings a reflection tool could be improved by improeainof the technical quality, as
we concluded in section 9.4. Students must be duideconstruct complete propositions by relating
concepts through linking phrases. Another issugh@instruction is the systematic construction of
concept maps. Therefore, an unambiguous steeriegtiqn and an example, or a start of the concept
map should be given. In this research, studentsdathke a glossary by themselves. Another option
is the addition of a glossary of frequently usedaapts in the workbook. In addition, the instruetio
for guidance of concept mapping should be includedhe teachers' manual. Nevertheless, Yin,
Vanides, Ruiz-Primo & Ayala (2005) indicated thhtused as an assessment tool, the method of
construction of a concept map by students themsedeems to be more effective than when the
assignment has pre-selected linking phrases.

Students evaluate some texts inwwrkbookas too long. Therefore, the length, level, andlage of

the texts in the final version of the workbook dhd learning materials have to be revised, padityl

at havo level.



Furthermore, the LT-strategy should be adaptedatimportant points: the sequence of the LTAs in
the (second) practice of the building of a welfarendly pig stable, and in the third practice,ths
scenario malfunctions in some places.

The pig stable assignment (second practice hawa)lev

The most important proposed improvement is a chamgbe sequence of the LTAs in practice 2a,
designing a welfare friendly stable. In the secoeskarch cycle, the LTAS (the design assignment)
are placed at the end of the educational pracitelents have to learn first about natural behaabu
farm animals, and research the (chronic) stregsgsf Although this choice is according to the basi
concept map for behavioural biology (figure 14p thTA”® should be situated as the starting point of
the storyline, because designing is the activityhef authentic practice. Then, a need to know about
natural behaviour and research regarding (chrosi|ss and welfare of pig evokes from the
assignment. Furthermore, it should not occur thatassignment may be passed over when there is
time trouble, as occurred in the class [2b_h]. d&thbthe first and second research cycle students
evaluated the design assignment as a motivating. LTA

Since students focus on the design instead of bavieur, the question regarding the improvement of
the scenario should be posed. The main improvementld be another sequence of steering
guestions, thus a change in the storyline. Theeatigtoryline is broadly shown in figure 49.

‘We have learned about caring for

191
our pets.

‘What about the welfare of
farm animals?'

Videos of cows and chickens are
shown as examples of the
relationship between welfare and
production.

| ‘What kind of stressors for
farm animals do you find?"'

From natural behaviour to the
measuring of stress levels in pigs
when weaning (stress mechanism,
physiology of stress).

‘How do we design a welfare
friendly production
environment?'

Start of the assignment.

Figure 49. Executed outline of the sequence of steering questions (storyline) of the practice of the design of the

welfare friendly stable (second research cycle).
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The disadvantage of this sequence is that it isiplesto avoid the assignment of designing, since
from the LTAS®?prior to this assignment, there is no need evdkedesigning a welfare friendly
stable. Therefore, we suggest a change of the segué LTAs starting with the activity of designing
The outline of the adapted sequence of steeringtigues is shown in figure 50.

‘What are differences between
caring for your pet and keeping
farm animals?'

Students understand that farm
animals are not kept at home, but (€
in stables.

‘Why is welfare of farm animals
also important?’

This is the same reason as in the
former practice: ‘be happy'. Link €
between welfare and production.

‘What does a welfare friendly
stable looks like?

Plan for a ‘pig plaza'. Start with
the activity of designing.

‘How do we know which design
criteria must be elaborated?"

Students link design and (natural)
behaviour, i.c. the stress <
mechanism.

Figure 50. Outline of the adapted sequence of steering questions for the storyline of the practice of the welfare

friendly stable design.

The use of design instructions (design cycles)ismecessary, because they are too complicated for
students, and cost too much time. Accounting fauna behaviour is a design criterion for a welfare
friendly stable. Therefore, designing requires edn® know about the natural behaviour of pigs, and
their behaviour when they are stressed. The adygastaf this sequence could be that less emphasis
can be put on the design procedure, because tikheetween design criteria for a stable and radtur
behaviour and stressors of pigs. In this way, dmledf the assignment of designing a stable is
avoided.

Third practice of preventing riots
The third practice in the second research cycle wiasing to test students' knowledge about
behavioural biology by writing an essay. This fasfriesting is not common in biology education, and



appeals to the creative thinking of students. Thiktyato recontextualise is an important conditifam
executing an assignment such as an essay. Alththegkideo of the senseless violence of a child
problematized aggressive behaviour, the change fpoactice 2 to practice 3 was not fluently
prescribed. Sometimes, this obstruction was calsethe activities of the teacher that were not
prescribed in the teachers' manual, or even camsad interruption of the lessons by a vacation.
Another point of attention is that the change fritva viewpoint of the behaviour of the child to the
viewpoint of group behaviour in football riots semhto be a change of practice, or in terms of this
thesis, the video of the child could be seen asnalmpedded practice.

The third practice in the LT-strategy should camtai continuing storyline, guided by the problem
posing heuristic of question-activity-reflectiontbe problem posing approach. From the data amalysi
in chapter 9, it is clear that concept mappingnisdequate instrument for learning to recontexdaal
and should be part of an educational heuristicifeatb a form of creative storytellify A possible
heuristic is presented in figure 51.

| exploring | | processing | | linking | | recontextualizing |
sq . sq sq .
Resources List of concepts —> Concept map Storytelling
Perspectives * behavioural biology concepts Conceptual web Contextual usage of
of behaviour » stress mechanism concepts of behaviour, behavioural biology
» situational concepts c.g. agressive behaviour concepts

Figure 51. Possible didactical heuristic, leading to a form of storytelling. The first row presents transition of

information into relevant knowledge. The second row stands for a basic form of an LTA, connected by steering
questions (sq). Resources should contain relevant concepts, defined in the list of concepts. The third row is the

current elaboration for behavioural biology education.

According to this line of reasoning, the outlinetloé scenario of the third practice could be adhpte
presented in Figure 52, whereby the steering questfsq) in the third column are the questions in
figure 51. Furthermore, after exploring the conoegaression, students have to recontextualise when
the population level is introduced. The introductif the population level could mean an obstruction
when students are not familiar with the conaepuiaTion. Actually, they have to understand that the
characteristics attributed to a population are thet same as the characteristics attributed to an
organism.

3 addition to an essay, other forms of storytelling are probably possible, such as making a video, producing a play,

creating a cartoon, etc. (Whatedsaid, 2010)

193
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Aggression of a child: video Question: how could
problematized senseless violence 1. Exploring we use behavioural
How could we explain senseless biology concepts in an
2. Processing violence? unfar_mhar human
: practice?
Reading the article "Aggression
belongs to life" and listing the
concepts
| Whatis the relationship between Activity: How could we
aggression and stress? explain aggressive
Comparing the list of concepts P3 I behaviour?
with the lists of P1 and P2
3. Linking
Construction of concept map = = =
| Which explanations of aggressive
behaviour of the child could we
» ;
4. Recontextualizing define? (from three perspectives)
Aggression in groups: video Reflection: How could
football riots problematized we use behavioural
aggressive group behaviour. biology in aggressive
i/ group behaviour?
Reading the observation of a riot
by a behavioural biologist
| What light could a behavioural
biologist shine on preventing riots?
Writing the essay about the
question of how to prevent riots.

Figure 52. Improved outline of the LT-strategy of the third practice. The (test) practice is divided into three
parts, indicated in the right column, whereby each part is a component of the problem posing approach. The

numbers 1-4 are the components of the proposed heuristic of figure 51.

10.4 Evaluating the design criteria

In section 10.2, we concluded that the LT-stratémyybehavioural biology is adequate, although
improvements are possible (section 10.3). The katagy is based on eight design criteria, andis th

section, we will evaluate whether the design datéiave the expected didactical impact for learning
and teaching behavioural biology. Do the reseaesults underpin the correctness of our view on
learning and teaching? In addition, which new diat principles indicate for further research?

The design criteria 1-4 followed from our view agafning and teaching (chapter 2). The design
criteria 5-8 were formulated from the conceptuaiaa of behaviour as described in chapter 4. We
evaluate the elaboration of the criteria in theatsgy, and determine its usefulness in biology
education.



From an authentic practice to an didactical approprated authentic practice

1. An LT-strategy for behavioural biology should beséd on behavioural biology concepts used in
authenticsocial practices Authentic means existing in social reality. Thehavioural biology
concepts should be elaborated and students shaudthe opportunity to explore their personal,
societal, and/or scientific relevance.

The LT-strategy for behavioural biology consiststiofee educational practices that are based on
authentic, existing practices. We found that the akseveral practices meets the aim that students
should have the ability to recontextualise. In &ddj during the lessons we observed that both
students and teachers relate the stress mechamisomtans, even when animals are the objects used
in the activity of the practice, particularly inettpractice about the overtraining syndrome. We also
observed that students worked faster then wasnemjand when questioned they explained they have
interest in sport, or horses, or experiences wiiaut. From these findings we concluded that
students experienced that the practices were nugfahior them.

From the description of the selection and suitgbihf authentic practices for learning and teaching
behavioural biology (see section 6.3.1), five cidtevere determined, which can serve as general and
practical notions for the selection of authentiagbices in biology education.

1. What is the content demarcation of the subjectghatild be educated? What is (are) the aim(s)?
What are the most important and relevant conceptsarn? Use these demarcation for developing L5
a suitable educational practice.

2. Which levels of biological organization are conaanin the authentic practice? Exploring
biological levels of organization is not only a defer behavioural biology education, but also
common in other topics of biology (Knippels, 200Zrhoeff, 2003; Westra, 2008), and the
distinction of levels of biological organizationascondition for systems thinking.

3. How should the practice evoke the motivation oflstits? Answering this question, a distinction
should be made between the educational approackharglthentic practice itself. In case of the
approach, questions can be answered about thdtiastiof the authentic practice activating
students' thinking. In other words, is there a rneegroblem solving or a question to answer? Do
the activities of the authentic practice have guobtés for designing LTAs wherein students
collaborate? In case of the selection of an auihgmactice, the question how the practice does
make sense for students should be answered. Argcthaties of the practice recognizable in the
students' daily life? Do the practices have sagkdvance? In Vygotskian terms: can the practice
be considered inside students' zone of proximatidgvwnent?

4. How can complexity of the authentic practice beursdl? Two procedures are described. First,
create a non-interrupted storyline of LTAs, andosel; let students play roles, so they are part of
the story.
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5. How can authentic materials be made suitable fmniag materials?
» Search the internet for relevant articles, vidaosl images.
» Adapt articles on language, level, and length.
» Connect articles through questions with the releeancepts.
» Ask researchers for (a selection of their) origitaita.

Although these five points may look like a heugsit could better be seen as an interactive psyces
wherein searching for selection and adaption dfientic practices and learning materials alternate.
Also Prins (2010), using authentic practices astedma for learning in chemistry education,
formulates selection criteria for authentic prassic(1) motives and purposes for modelling shoeld b
recognizable for students, (2) characteristic modglprocedure should be an example of a general
modelling procedure, (3) students should be familiith the subject and complexity, and (4) the
experiments at school should be practical.

It seems that both sets of criteria have similesitin essence, the criteria aim to connect theaddm

of a practice to the requirements for science dihrgawhereby the main challenge in adapting an
authentic practice into an educational versionocalted in the differences in subject knowledge
between experts and students.

In biology education, teaching and learning abbtge practices in one LT-sequence are rare. Westra
(2008) suggests in his thesis that it seems sengiblook for practices which are not too diffictdt
adapt for use in classroom and do not need a la@xpfanation of context-based knowledge. That
should plead for starting the sequence with a @®aoncerning students' everyday life. In our LT-
strategy, the introduction of the practices did noty depend on the practice itself, but we used
embedded practices to create a non-interrupteglisier

Both Westra (2008) and we found that students damastfelt uncertain about what to learn and what
the final test should look like. Students were watied for studying about practices, although they
sometimes liked to have a ‘simple lesson’, whichansea teacher who explains the knowledge that
students have to learn. Similar to Westra, we thim& is a matter of habituation, although times of
classical explanation of concepts by the teachmanme useful. Self-evidently, an explanation should
be triggered by a motive, for example by the qoestHow does the stress mechanism in the body
work?’ Nevertheless, the role of the teacher inlé@ening process is an important issue, and we wil
discuss it in section 10.3.1.

Furthermore, students are unfamiliar with writingessay as a test, and with this form of knowledge
construction, students wonder what is good and ughabt. An acceptable explanation for students
should be that in the concept-context approaclaetipe is as a test, instead of the test as aipeact
For students, it should be clear that the tesb@uitithe whole practice, consisting of more thaa on
lesson.

Nevertheless, in contrast to students in the festarch cycle, most students in our second rdsearc
cycle were not surprised that the test practice atemit a topic that was not taught, neither weeg th
surprised about writing an essay as a test forrturislly, in the second research cycle, more time wa



spent to explore the test practice, and students aeajuainted with the topic before writing theagss
They evaluated the test-practice positively andeustodod its aim, as the following quotes illustrate

"I need to become familiar to this idea of testing, but on the other hand, it seems better, because you

think more about the topics." [2c_v, evaluation, Anne]

"I thought it was a good test, because you have to apply everything that you have learned." [2b_h,

evaluation, Conny]

"More difficult than a regular test, because you must understand more than learning." [2c_v, evaluation,
Arthur]

"Interesting, because you had to apply behavioural biology to our own people and step by step we can

explain behaviour." [2a_v, evaluation, Joost]

Summarizing, the LT strategy fully meets the destgiterion of using a sequence of authentic
practices. The practices did have relevance fatestts, although the unfamiliarity with the approach
did evoke some feelings of uncertainty. The fiviteda for selection of practices clarify how priaes
can be selected in (biology) education. Finallg thsults in using (educationally appropriate) &loci
practices in education underpin our view on leagrand teaching, so we are satisfied with the result
of this part of the research.

Within an appropriated authentic practice

2. Participation in a social practice motivates leagnas the outcome dhteraction between 4 197
person and his/her environment. An LT-strategybieinavioural biology must promote interactipn
between learners and their learning environmeanieducationally appropriate social practice.

The LT-strategy favours the students' conceptualeldpment, as we demonstrated by the
reconstruction and the judgment of the effectivengfstheinteractionin the class discussions (see
section 9.4.). Therefore, the LT-strategy for bebaral biology meets the second design criterion,
underlining our view on learning and teaching.

Participation in a social practice should not imalgimilar interaction of students in an educatigna
appropriate social practice. Because the kind diviac is different, students actually act in an
educational practice concerning lessons about hedvavor example, the activity ‘caring for your
dog’ differs from the learning activity ‘discussihgw to care for your dog’.

In the reflection phase, following the lesson segtudents should be asked whether they are able to
care for a dog (do they know how to care a dog@yéver, we concluded that the steering question of
a practice is not explicitly answered, and the emsghof the reflection was on the behavioural lgglo
concepts.

Nevertheless, we feel, therefore we learn, andotiesibility to be empathic with the practice, or to
play a role within it, could stimulate studentdeafion. We found such statements in the students'
evaluation when they wrote that it was nice torbived in the lessons.

Students also interacted with the learning matgriphrticularly with the texts in the workbook.
Students had to explore each text with a set oftipues that were aimed to lead students' thoughts
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trough the texts and to get them pay attention @baliioural biology concepts. Considering the
following evaluation quotes it is assumed that #im was attained:

"The answers for the questions posed in the book were acquired during the lessons and could not be

copied verbatim from the text." [2a_v, evaluation, Daphne]

"This method is better than the textbook. These were normal instructions, not copy-paste." [2a_h,

evaluation, Frederik]

"I am very pleased because | can highlight information and from there make the right answers. You have

to explain everything from the text itself." [2a_v, evaluation, Joost]

Nevertheless, some students reported that thegrriiked a ‘normal textbook’ and the ‘old manner’
of being taught, because they did not understarat tey had to do, or what they had to learn. The
following quotes are examples of these experiences:

"I found the normal lessons better. The teacher explained somewhat and then | went to work. Now you
are working all the time in classroom and then you have to do everything at home." [2b_h,

evaluation, anonymous]
"I do not have the idea that | am really learning". [2b_h, evaluation, Marleen]

Another student reflected that the workbook wastibdo her. In addition, the lack of experience of
students with these kinds of LTAs could make thameutain, as we mentioned before. Did these
students have trouble with eliciting informationoab behavioural biology from articles and videos?
Indeed, the capability of abstract thinking deteresi at least to some extend the learning outcomes,
and therefore reflection periods during the scenaré very important.

Summarizing, we conclude that the adaptation of abivity of an authentic social practice into
learning activities in an educational practice @s problematic. However, a main condition is the t
interaction ‘touches students' affection’ and ttiaty get involved in the activity that is derivedrh
the authentic practice.

Of course, students know they participate in arcational practice, learning behavioural biologyd an
not in caring for a dog, or designing a pig stabllaerefore, the design criterion ‘the need for
interaction’ could be seen as a bridge betweerfitkecriterion (using authentic practices) and the
next criterion, the use of students' motives.

Finally, we also conclude that the LT-strategy t@eaa learning environment that promotes
interaction, which meets the second design criterio

3. Learning activities must promote the thinking prses of students. Therefore, an LT-strategy for
behavioural biology must evokaotivesor one or more steering questions. The sequentd of
activities must provide a storyline and create opputies for non-interrupted learning.

Two kinds of motives could be distinguished: cogeitmotives that are directing students' thinking,
and the affective motives creating a drive to kmoere. A central steering question is an exampke of

cognitive motive, while the relevance of the fipsactice — a life world practice — can be seenras a
example of an affective motive for learning. Bothds of motives elicit students' motivation to lear



The lesson series appears to increase students/atrat for the subject, and the kind of learning
activities (the didactical approach) added to timgagement of students, as we found in their
evaluation forms for the lesson series. Studergsrted on two perspectives about the lesson series:
on the perspective of ttepproachand on the perspective of thectices As Stijn and Angela wrote:

"I found, frankly, the subject itself not very nice, but the way we were taught was fun. The method |

think is clear. And later | found it more interesting and more fun." [2c_v, evaluation, Stijn]

"It is very convenient. You are more motivated to participate by the interesting subject and teaching

methods. [2b_h, evaluation, Angela]

More in detail, reflecting on thapproach students refer to collaboration in the LTAs, thegree of
acting by themselves, the use of videos, and a eleakbook with clear questions as remarkable
educational characteristics of the approach. Toigloision is illustrated with the following quote:

"Information that let you think." [2a_v, evaluation, Tom]

Some students related to the manner of teachinly thi¢ expected learning outcomes, as shown
below:

"Very nice, through the way we worked in groups and because the subjects were always repeated, |

remembered it better." [2c_v, evaluation, Robert]
"(...) But maybe, you learn it better, because you're doing more." [2c_v, evaluation, Michelle]

"You recognize things in everyday life that we have discussed in class." [2a_v, evaluation, Claire] 199

The main conclusion from students' opinion aboatukedpracticesis that they like them when they
have interest in pets, horses or human beings.raélbtuthat is what we expect, because pets are
relevant for most of them, and underline the usauthentic practices in education. However, some
remarkable quotes illustrate not only student&rest, but also support the argument for meaningful
learning when the same concepts are used in ditf@ractices.

"I found everything interesting, but my ranking is: 1. People, 2. Pets (dogs), 3. Farm animals." [2a_v,

evaluation, Annelot]

"I liked to compare the three different subjects, but | liked man the best, because it is closest to us."

[2a_v, evaluation, Iris]

"I found pets and people funny. Farm animals | found a little less. It fit well with the subject. [2a_h,

evaluation, Milan]
"Fun, these are subjects that you see in everyday life too. (...)". [2a_v, evaluation, Jan]

"Very interesting. | have no pets myself and no contact with farm animals, so | learned something new."

[2a_v, evaluation, Yi Ming]

The practice about the overtraining syndrome isgigeed as boring. This is probably caused through
the assignment about behavioural research, becaudents have to observe the behaviour of horses
for 15 minutes. Therefore, ‘nice’ also depends o LTA that has be executed. Students have also
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made some critical notions about the practicegairticular when they are interested in humans. As
Rianne wrote:

"We stayed very long on the dog. | would have preferred to focus on human behaviour." [2a_v,

evaluation, Rianne]
Alternatively, in the words of another student:

We have briefly talked about people, while | think that humans are more important than dogs or

livestock. [2b_h, evaluation, anonymous]

Furthermore, as we concluded from the first reseaycle, students' motivation also elicits when an
educational appropriated practice is in the stugleane of proximal development, meeting the correc
profoundness. We adapted the scenario with theodottion of the physiology of the stress
mechanism and a scientific practice at vwo level. tBe other hand, in the second research cycle
students complained rarely about the level.

However, evoking students' motivation goes furtthem the construction of affective motives. We
also found that the LT-strategy promotes studdhitsking processes on behavioural biology concepts
by using the problem posing approach as a didadtammework for evoking motives.

From the focus lesson in the first research cysle,learnt the importance of evoking the central
steering question ‘why do they do that'. In thedsdesson in the second research cycle a framework
for learning and teaching the three perspectivemasrporated. In section 6.5 we argued for a
coherent conceptual framework - a non-interrupteaybne -, because the three perspectives are
sequentially ordered, and not hierarchically. Tfenes we found that the focus lesson provided for a
‘horizontal’ structure of the concepts, additiomalthe development of the central steering question
The horizontal structuring of the perspectives igsimvisible in the use of the problem posing
approach in the first practice, as we have showfigime 21. Notice that the phases five and six
(reflection) are not indicated in the figure, evitlg because the figure concerns the behavioural
biology concepts, while the reflection concerns #teering question of the practice. However,
speaking about the steering question of the pmctie found that there was an inconsistency in the
reflection LTAs. For example, the steering questibrihe first practice is how to care for your pet.
Therefore, the reflection should include an answethis question. However, in the reflection, ie th
learning material the assignment is introduced \thih statement that students are going to explore
what they learnt about behaviour. In addition, tiie of the concept map has the steering question
how to explain behaviour. Nevertheless, we fourat the concepts that students included in the
concept maps reflect the context, which might beeeted. Therefore, the impact of the fore-
mentioned inconsistency is limited and it is quasble if the effect of the reflection phase on
conceptualization could be reinforced when incdesisy is avoided.

As we found in the former chapter, in the practi€elesigning a welfare friendly stable, an adaption
of LTAs in the scenario is needed to increase ¢hevance of this practice for students. In the sdco
research cycle, the steering question of the medsi not developed at the beginning of the pragtic



but later on. It seemed not to have resulted immitdd conceptualization. However, the chain of
motives can be improved, as we described in setfoB

The problem posing approach within the LTAs isnietgtd to a 3-step approach: Question — Activity —
Reflection. Most LTAs are simple assignments, reqgia simple approach. Nevertheless, simple
does not mean without meaning and each step impipeoach has to be taken. Particularly, we
emphasise the importance of the reflection, becéusan serve as the next step in eliciting a new
motive. Nevertheless, it appears sometimes thatteéhehers forgot to evoke a new motive for
learning.

Prins (2010) reported a need for guidelines forkewgreflection by students themselves. We agree
with this conclusion. Although reflection phaseg aelf-evident when using the problem posing
approach, the competence to reflect on what shbeldearnt ought to be developed. Guidance of
students' reflection starts with answering a steeguestion, and a point for improving the scenexio

to increase the coherence between the steerindiane®f subsequent assignments. In the second
research cycle, students noticed different steegirgstions for concept maps. Such steering question
are implicit, because in classes [2a] and [2b] teering question is asked in the learning matéfials
Students [2c_V] have defined a steering questi@m#elves. Although a link between the list of
concepts and the concept map could be supposedotitept maps of class [2¢_v] show that students
have formulated different steering questions:

"How can aggression be explained?" [2c_v, cmap P3, Thomas] 201

"What is the cause of aggression?" [2c_v, cmap P3, Manon]

The steering question of Manon is restricted toddwgse of aggression, while the steering question o
Thomas also asks for other explanations than fases Different steering questions will result in
different concept maps.

Furthermore, the third practice is the reflectidrage of the whole scenario. From the constructfon o
the concept map to the essay writing is a next wtegrein students have to change their mind from
explaining aggressive behaviour to thinking abaetpnting riots. The linking chain is the role bét
behavioural biologist, and as we suggested betheesteering question of the essay could have been
one of the obstructions. Therefore, in section ikSdiscussed an improvement of the third practice.

Summarizing, the elaboration of the problem posapproach in the LT-strategy appeared to be
effective. Two obstructions were noticed. Firsttie concept maps, students use different steering
guestions, and second, the subsequent motiveeiprtttice of designing a stable could have been
more logical to form a non-interrupted storyline.

Nevertheless, we concluded that the LT-stratedy fukets the third design criterion, and, in adaifi
we found that the execution of the scenario wasiipaion-interrupted.

32 Only in the learning material of class [2c_v] students have to answer the question: “to which central question does your

concept map give an answer?”
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From one appropriated authentic practice to another

4. Recontextualisingof earlier acquired concepts is not self-evideritew other practices are
introduced, and should be incorporated explicitiythhe LT-strategy. This implies that an L[T-
strategy should consist of more than one practice.

Transition is the capability of a student to adaigtor her understanding to another practice, hisd t
process requires recontextualisation. We found that students recontextualised the behavioural
biology concepts when they wrote an essay. It ajgpethat for the construction process of an essay,
prior knowledge, context, and the constructed wtdading were necessary conditions. It seemed that
the more meaningful connections students showcionaept map, the better the essay they wrote.

Considering the use of three practices the LT-efiaimeets the fourth design criterion. However, to
evaluate the design criterion we have to questibether this criterion is effective. To what extdit
students learn to recontextualise? In section %5defined recontextualising as the result of the
didactic approach, the concept-context approachyding adequate reflection phases. Nevertheless, i
would be recommended to search for the processeacdntextualising itself. How did students
understand the context, and the meaning of a conocepis context, and how did they adapt it to
another meaning of a concept in another contexi®v@xg, more research on recontextualising should
answer the question of how to approach to thislprob

Behavioural biology

In chapter 4 we reviewed 2tentury behavioural biology, resulting in four @gscriteria for an LT-
strategy for behavioural biology. We characterigethtemporary behavioural biology, first, as a
dynamic field with crosslinks to other biologicalsdplines, and second, (the development of)
behaviour as a more complex and dynamic procegsijrireg systems thinking. Third, behavioural
biology is characterised by the structuring of faxplanatory perspectives: causation, function,
development, and evolution. In addition to thesearatteristics, behaviour always has (social)
relevance, since ‘no behaviour’ does not exist.sTidlevance can be recognised in the aims of
behavioural biology. Design criteria 5-8 deal witthavioural biology.

5. An LT-strategy should be based af™ centurybehavioural biology, which means at least that
links must be elaborated with other biological disciptinsuch as physiology, genetics, and
psychology.

With respect to the work of ethologists, Tinbergearenz, and Pavlov, behavioural biology should
not be taught from a historical viewpoint (as wevéhargued in section 4.2). The LT-strategy for
behavioural biology presented in this thesis méetsdesign criterion of being based o' 2&ntury
behavioural biology: first, by the use of contengrgrauthentic practices, and second, by the linas t
are made with physiology, and implicitly with pspdébgy when exploring the conceptsess and
AGGRESSION. A few remarks are made.

1. When Levitis, Lidicker, & Freund (2009) proposedefinition of the conceptHAviour, the lesson
series was already designed. Awareness of behagiaunt the same as understanding behaviour, and



it could be expected that the awareness could aseravhen students understand the definition of
behaviour. Behaviour is about the interaction oé tiwhole organism or population with its
environment, and systems thinking competence shiogigtase the understanding of the definition.
However, evaluating design criterion 6 about systeninking, we indicated that systems thinking
competence is not explicitly incorporated in thersrio. Therefore, in section 10.5, we will argue
how systems thinking can be embedded.

2. Behavioural biology is a broad discipline, whiaieans that a selection must be made for
educational purposes. Although the use of linki& wiher biological disciplines is a design cribexi

not many crosslinks could be indicated in the add lesson time. Physiology and psychology are the
most self-evident disciplines. Because of the imbahip between hormone levels and behaviour, with
physiology another biological level of organizati@s introduced. Psychology deals with social
relevance of behaviour in students' life.

3. Although the link between genetics and behavisumunquestionable, in the LT-strategy for
behavioural biology heredity is seen as a suboteinancept within the perspectives of causation and
development, because genes do not cause behawmwgde for proteins. Despite popular statements
that link genes to behaviour, in our prior reseaneghfound that students did not distinguish nature
from nurture. In addition, in the execution of $eenario we did not observe confusion about the rol
of genes, probably partly because the emphasia isoomones and not in genes. Nevertheless, the
controversy nature-nurture seems to have been ebatg a controversy between quantitative
behavioural geneticists and developmental psyclist(Griffiths & Gray, 2005; Griffiths & Tabery,
2008). However, disputes on the philosophy of ljgl@re generally not sensible for students in
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4. In addition, in the lesson series both discadiphysiology and psychology are integrated in the
elaboration of the General Adaptation Syndromes s intended to provide for coherence in the
web of behavioural biology concepts. In additidre stress mechanism is an excellent model for the
introduction of the molecular level of biologicalganization, and we found that students are able to
switch in dealing with one level of biological orgzation or another. Although it was not delibelate
indicated in the scenario, elaborating the stresshanism is an example of the so-called yo-yo
strategy (Knippels, 2002). Figure 53 shows a scheitkis yo-yo strategy for the stress mechanism;
the scheme could be seen as a model of the fastipe.
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Biological level Stress mechanism
of organisation
Alarm phase Adaptation / exhaustion phase
organism
Fight, Flight, Freeze Adaptation or dying
molecule Adrenalin —> Cortisol

Figure 53. Model for the stress mechanism, according to the yo-yo learning and teaching strategy.

The stress mechanism is used in psychology as atiibugh sparsely, as we found in the approach
from two psychologists, wherein they teach peopléhtive in the demanding pressures of everyday
life (Skeates & Fabrin, 2010). We observed that slress mechanism provides the same social
relevance for students. Therefore, looking backwang are satisfied with the embedding of the stres
mechanism into the LT-strategy, as an indispensdible in 21 century behavioural biology
education.

6. Students should bewarethat behaviour emerges in a dynamic aachplexsystemwhich results
from multiple causes and develops through the acteyn of the organism with its environment.
Therefore, an LT-strategy should emphasigstems thinkingo achieve awareness of behaviour
and coherence between concepts.

Are students aware of the dynamic and complex aatfibehaviour? The answer to this question is
simply that we do not know, because, in retrospihet,LT-strategy only implicitly provides for the
systems thinking competence as a tool for attaimiwgreness of the emergent nature of behaviour.
Systems thinking is required in particular to acguan appropriate understanding of the General
Adaptation Syndrome. In the stress mechanism @ifilevels of biological organisation are involved.
In chapter 9 we concluded that the LT-strategy eamjdes students’ awareness of behaviour. In
chapter 6, we argued for the use of concept mapeetie coherence, whereby figure 14 and figure 15
showed examples of the construction of a concegt ambehavioural biology concepts. However,
systems thinking is more than creating a coherett, vand recognising that behaviour is emerging in
a dynamic and complex system differs from the goesibn of concept maps. Therefore, the question
that also should be answered is which adaptatibtiseol T-strategy are required to include systems
thinking explicitly? However, considering that stmtis’ awareness of the scientific explanation of
behaviour at the beginning of the lessons serigatiger limited, it is questionable whether the LT-
strategy for behavioural biology could be adaptedoadingly within the available lesson time (12
lessons).

Summarizing, we conclude that the LT-strategy felhdvioural biology does not fully meet the sixth
design criterion, by not explicitly emphasizing t&yas thinking. In section 10.5, we will attempt to



construct a didactic approach for systems thinkingeaching and learning of behavioural biology in
secondary education.

7. The behavioural biology concepts in an LT-stratedyould bestructured according to the
perspectives of causation, development, functiod,evolution of behaviour.

In his famous essay Tinbergen (1963) structure@ebral biology with four questions regarding the
explanation of behaviour. With the exception of theestion about the evolution of behaviour, we
transformed these questions into perspectives bavieur that students have to use in the explaratio
of the educational practices on behaviour. Fromptdra9 it appears that students are able to
distinguish the perspectives on behaviour: functimausation, and development. Therefore, the LT-
strategy for behavioural biology meets the learnofgjective that students should be aware of
behaviour. In addition, the LT-strategy could bsoatonsistent with the biological key concept of
evolution. Indeed, adaptability is probably the tndistinctive characteristic of life (Selye, 1978).
Nevertheless, in order to consider the evolutiobatfaviour students have to understand the concepts
EVOLUTION and NATURAL SELECTION. If evolution is adequately learned and taughivituld not be a
problem to explore the evolution of behaviour. Hoame the conceptvoLution must be carefully
taught (Demastes, Settlage, & Good, 2006), angl ribt recommended to use the topic of behaviour
for the introduction of the conceptoLuTION.

8. An LT-strategy should pay attention to the soc&kvanceof behavioural biology in order t
develop students' understanding of its relevance.

O
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In table 4 we indicated the concepts explicitlywimy the social relevance of behavioural biology:
WELFARE, NATURAL BEHAVIOUR, STRESS, CONSERVATION OF SPECIES, EXTINCTION, HABITAT LOSS, and
UNDERSTANDING OF HUMAN NATURE. Because of the practices that were selected, cthrecepts
CONSERVATION OF SPECIES, EXTINCTION, andHABITAT LOSS were not included. However, it is supposed that
there are social practices, such as the zoo, tooedte in order to meet the social relevance of
behavioural biology in the conservation of speciE#®e other concepts are embedded in the selected
practices, and although the aims of behaviouralogio are not explicit, students understand the
CONCEPtSWELFARE, NATURAL BEHAVIOUR, and sTrRess very well, as we demonstrated in section 9.4.
Summarizing, we conclude that the LT-strategy fendvioural biology meets the design criterion of
the social relevance of behavioural biology.

Finally, we conclude that the LT-strategy meetsdaisign criteria, with the exception of the design
criterion that an LT-strategy for behavioural bpyeshould emphasise systems thinking competenge.

10.5 Some didactical implications for biology education

Taking everything together, two didactic themestsée be important for further exploration because
of their implications for biology education. Firstecause a didactic approach is a tool for theherac
we have to consider the role of the teacher. Lagrig the outcome of interaction, and the rolehef t
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teacher is part of the LT-process. In section %4demonstrated that teachers differ in the usaef t
strategy, with implications for the LT-processekefiefore, in section 10.5.1 we consider the role of
the teacher related to the utilized didactic apghes.

The second theme is the development of a systemkirth competence. We found that the LT-
strategy for behavioural biology did not emphasiggtems thinking competence, and in section 10.3.2
we argue for an approach for the development dksys thinking in an LT-strategy for behavioural
biology.

10.5.1 Considering the role of the teacher

Although the teachers' role is not the subjecthig tesearch, considering the interaction in the LT
process as described in chapter 9, we also obsémeewle of the teacher. From the execution of the
first research cycle, we found that explaining digactic approach and using a teachers' manual were
necessary conditions in the second research chgeertheless, in the second research cycle, we
observed that some teachers stayed close to thairmanner of teaching, guiding the students'
conceptual development by explaining instead ofghgstioning, while other teachers improvised
instead of using the teachers' manual. Reasoningménwith our view on learning and teaching
(chapter 2), we consider education as a socialtipeagvherein a teacher (subject) uses didactic
approaches to foster the learning process of histiaeents (object). In line with behavioural bipjo
learning is a developmental process that emergan the interaction between a learner and its
environment. The quality of the teacher is probablky most important factor in that environment
(Wiliam, 2010). Therefore, we suppose that theheeg capability to use the didactic approach é th
LT-strategy could be improved.

In addition, three other reasons to pay attentiothe role of the teacher can be noticed. Firsthiis
study much of the instruction of the teachers andidactical approach is provided by the researcher
However, such an amount of instruction is unusnakaching practice, and generally, teachers only
have a teachers' manual. Second, in the Netherlthmds is no educational culture of teachers
designing their own lessons, but rather of follayvithe textbooks. So, creating a non-interrupted
storyline is unusual, as is teaching functionalvdealge (see chapter 2). Third, it took a lot ofdiin
prepare and construct the lesson series on behlaliimology, and it is questionable if teachersidou
effectively construct lesson series using the iagid didactic approaches.

Summarizing all observations, we recognise threblpms. First, teachers sometimes improvised in
handling the scenario, because of the need fors alasnagement. One teacher experienced the
scenario as an uncomfortable feeling straitjackastsitively posed, the cause of the problem is
possibly that the teacher could not adopt the reduieaching style. Second, teachers were not as
familiar with the behavioural biology concepts heyt should have been in order to teach adequately.
Third, teachers had difficulties with understanditfte didactical approaches, particularly the
requirement to create a non-interrupted storyline.

Actually, we could consider the following two issusoncerning the role of the teacher: 1) whates th
influence of teaching styles, and 2) understandiog teachers could construct a non-interrupted
storyline, using the concept-context approach. Wieslmborate both issues.



Just as students have an individual learning stilpreference, teachers practice teaching styksts th
suit them. From the literature, there seems todberuch agreement about the definition of a teaghin
style (Grasha, 1996), and it often appears thatistinction is made between pedagogical and
didactical approaches. Although it is self-eviddhdt pedagogics and didactics interact, we prefer t
make a distinction between these two disciplineszabse of their roles in teaching and learning
processes. Pedagogical approaches tend to influbecéaffectual) context of learning (the art of
education), while the didactical approaches infagethe learning process itself (the art of teaching
Therefore, we consider a teaching style as belgngirthe didactics, and we could define a teaching
style as a teachers' preference for a learning.styl

Considering the students' conceptualization asridbest in chapter 9, we adopted the distinction
Ruijters (2006) made, namely between interacti@flection, and construction as components of
conceptual development. Furthermore, Ruijters cmmsithese three components as one end of the
dimensions of thinking habits, which means that opnald have more or less a preference for a
constructive manner, an interactive manner, aneflaative manner of thinking. On the other end of
the dimension are a conformistic, an intra-actawed a reproductive thinking habit. From the former
chapter, we could understand that the LT-strategy€&havioural biology favours thinking habits of
interaction, reflection, and construction. That Idomean that a teacher who has opposing thinking
habits is less able to teach behavioural biologyating the LT-strategy for behavioural biology. If
the reasoning is extended, students with opposimiing habits could also have problems with the
lesson series.

Additionally, in line with the findings of e.g. Kppels (2002), we subscribe the importance of the 27

reflection phases in the LT-strategy as a parthef ¢onceptualization. Therefore, teachers should
understand how to reflect. Le Cornu & Peters (20@8)scribing the role of the reflective teacher,
identified four strategies: developing reflectivétades in students, explicitly teaching metactigai
skills and processes, making space for reflectiorihie classroom, and using and encouraging a
responsive interaction style. Teaching and learngngn interactive process, and the last strategy
emphasises that the teachers' behaviour must b®pgie to the students' thinking habits and
learning preferences.

Different learning preferences of students reqairdesign of an LT-strategy emphasizing different
learning preferences. For the actual LT-strategyp&havioural biology, we estimate that it favours
particular such learning preferences as ‘exerciging ‘exploring’. Therefore, the next question ltbu

be how to adapt the LT-strategy so that it satdfiéferent kinds of learning and teaching prefees
such as learning by acquisition (Simons & Ruijt&808). We will not further discuss the supposed
relationship between learning and teaching pretareinere. Nevertheless, the question regarding the
influence of teaching styles (the role of the tealon the execution of the scenario is an intargst
question to explore.

The next issue concerning the role of the teacheenwould consider is how teachers could easily
integrate context and concepts into a non-inteedipstoryline. To construct a non-interrupted
storyline a teacher must understand the scientificcepts involved. In our view on learning and
teaching (chapter 2, figure 3) we described thiedihce between spontaneous concepts and scientific
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concepts. Spontaneous concepts are developed ip-dayg-life learning, beginning in the concrete
phenomena, while scientific concepts are developesthool learning (Wellings, 2003) (see section
2.4). In bringing school learning and every-dag-léarning together in the concept-context approach
a teacher should master the abstract definitionooicepts in mind and to be able to deal with the
contextual (every-day-life) meaning of conceptsefBfiore, the concept-context approach requires
from the teacher that he is able to develop inepwise way the selected scientific concepts from
students' prior knowledge. Consequently, we suppitetethe observation of the teachers' inability to
use scientific concepts in a practice is due tarthrcapability to switch between the different
meanings of a concept. Kinchin & Hay (2000) reph&t concept maps produced by teachers as part
of their preparation may be helpful in reinforcitigg conceptual links that they need to make explici
to their students if they are developing an integtknowledge structure. Nevertheless, solving this
problem is not only a matter of experience with twncept-context approach, or a matter of
preparation, but also a matter of the teacherdityabd switch between the different meanings of
concepts. Construction of a concept map will b@fukin the development of this competence.

10.5.2 Systems thinking in learning and teaching behavioural biology.

In section 10.4, we concluded that the LT-stratiegybehavioural biology does not instruct for using
systems thinking, because the focus lay on creaingherent web of behavioural biology concepts.
Nevertheless, to understand the dynamic and complaxre of behaviour, the step from the
construction of coherence to systems thinking shdag taken. Therefore, in this section, we will

explore a didactical approach for learning andtigarof systems thinking in behavioural biology in

secondary education.

Systems Biology and Systems Thinking.

Although systems theories have been developed &oe fihan 60 years, we now live in an exciting
period in the science of biology, because of chamgisights (Trewavas, 2006; Noble, 2008). Among
others, the plasticity of the brain and the expiaraof genes influenced by environmental factars d
raise the awareness that we need to understandeoBystems.

Therefore, an important characteristic of this m@siod is the change from uncovering the working of
components of a (biological) system to the intéoacbetween those components. Such as Griffiths &
Gray (2004, p. 2) formulate:

"The fundamental unit that undergoes natural selection is neither the individual gene nor the
phenotype, but the life cycle generated through the interaction of a developing organism with its

environment."

In this view, development is understood as the gewdrproduct of many decentralized and local
interactions that occur in real time (Smith & Thel2003).

Systems biology is the study of systems of biolagmomponents, which may be molecules, cells,
organisms, or entire species and ecosystems. Lisyisgems are dynamic and complex and their
behaviour may be hard to predict from the propsrté individual part§. Biological systems are
approached as networks of molecules, cells, tissuganisms and populations that interact in time

% https://sysbio.med.harvard.edu/ (Retrieved November 2011)




and space. From the Life's Complexity Pyramid (ftgg64), we actually could learn that interaction

deals with information processing.

Eventually, Systems Biology should result in th# €uinderstanding of complete biological systems,
including man®. Therefore, Systems Biology is addressing the tgstachallenge of 21st-century

science: the understanding biological compléXity
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Figure 54. Life's Complexity Pyramid. (Oltvai & Barabasi, 2002).36

In general, three system theories can be distihgdis the General Systems Theory (GST),
Cybernetics, and the Dynamic Systems Theory (DEBch theory has its own language and
application, depending on the perspective of whichogical phenomena are viewed. The GST covers
mainly the structural organization of living sys&rybernetics can be used when regulation ofdivin
systems is viewed, and the DST deals with the bebawand interrelatedness of living systems.
Together the three systems theories cover the vwdualpe of biology (Boersma, 1997). Earlier studies
by Knippels (2002) and Verhoeff (2003) on systefmaking in biology education focused on the

GST.

Nevertheless, in education, systems biology isanobmmon topic, nor is systems thinking (Grivell,
2009; Rau, Wegener, & Furtado, 2009). In addititmere are different understandings of the
definition of systems thinking in education. Defigi systems thinking as the competence to
understand relationships in dynamic systems iswiae for investigation and education. Therefore,
we need a more narrow description. Boersma, Wd&aHKtaassen (2011) understand systems thinking
in biology education as the ability to think backdiand forward between general systems models and
concrete biological objects and processes. Furthiernto test students' systems thinking abilitgyth

3% http://www.sysbio.nl/ (Retrieved November 2011)

3 http://www.systemsbiology.org/ (Retrieved November 2011)

% http://www.msbf.mpg.de/ho_sysb_ov.html, (Retrieved November 2011)
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recommend to select objects at different levelsbimlogical organisation with distinct systems
boundaries, while the study of Verhoeff (2003) gades that systems thinking can be introduced by
using a carefully outlined LT-strategy consistingaosequence of modelling activities, considering
biological entities as nested open systems. Thgoystrategy as developed by Knippels (2002) also
requires a clear distinction of the boundaries afystem model. The yo-yo strategy copes with the
complex nature of inheritance by explicitly distinghing the levels of biological organization, with
the organismic level as starting point. Studentstta descend and ascend between different lefels o
biological organization. In a third study aboutrldag and teaching ecosystem behaviour in secondary
education, systems thinking competence was alsmdumted to understand the dynamics and
complexity of ecosystems by computer modelling (iNe<2008).

However, developing a systems thinking competencdifficult (Boersma, 1997), because students
have to switch from concrete to an abstract leVelljoeff, 2003). Another study reveals the difftgul

of learning the micro phenomenon, in biologicahisrall levels of biological organization below the
organismal level. For example, most students deeskperiences and external behaviour to interpret
the concept of homeostasis of blood sugar (Chab@j7)2 Even Westra (2008) concludes that students
lack the ability of switching from concrete to alst level and consequently according to the
definition of Boersma, Waarlo & Klaassen (2011) thbility of systems thinking. Students had a
difficulty with understanding the complex natureemfosystems. Furthermore, Westra (2008) reports
the difficulties students had with the idea of eys$ boundaries, especially at the rather abstset |

of the population. It is supposable that the saiffiedties may evoke in the topic of behaviour.
However, this study of an LT-strategy for behavausiology differs from the studies of Verhoeff
(2003) (cell biology) and Knippels (2002) (genetidsnippels and Verhoeff studied topics that have
impact on several levels of biological organizati@rhile behaviour, according to its definition, is
about the levels of whole living organisms and papons (although with the introduction of the
stress mechanism the molecular level is also intred). In addition, both genes and cells are about
structures, while behaviour is about a developnigmtacess. Behaviour is an emergent phenomenon,
emerging from the continuing interaction of theamigm and its environment. Therefore, behaviour
should be studied from the Dynamic Systems Theory.

Consequently, modelling behaviour that could preettie behaviour of an organism is not common (or
even possible) in current behavioural biology. Owe tother hand, modelling of behaviour of
populations is a subject of research and for exantpke results are used to design safe environments
for the crowd (Morale, Capasso, & Oelschlager, 268nshaw, 1993).

What are the conditions for systems thinking fondogoural biology? What is an appropriate systems
model for behaviour? What is the system and whattalhboundaries?

From the definition of behaviour, we define theundariesof the systerf{ at the organismal and
population level. In addition, the levels of orgeation between the organismial and the molecular
level (e.g. the senses as organs) are not studibdhavioural biology, but are only considered when

% The boundaries of the system differ from a behaviour system as is used in behavioural biology. In behavioural biology a
behaviour system is build-up of a sequence of behaviour elements. In systems theoretical view behaviour emerges from the

system.



necessary. Because of the appearance of populatitim® an ecosystem, and thus the interaction
with the (a)biotic factors and populations, the tdary of the ecosystem must be visible in the syste
model.

Interaction in a behavioural system always goes through iateamd external stimuli. Thereby,
internal and external stimuli are close togethestiurdying the causal perspective, but are studied a
different levels of biological organization. Intatrstimuli address mostly the molecular level, whil
external stimuli address the organism. Although thstinction avoids confusion, for systems thiigkin
we still can distinguish internal from externahatili, but both categories of stimuli change conyan
and at the same time. In case of considering stiasula form of information transfer, information
comes from inside and outside the body, is trarsfieby the body, and emerges into behaviour. The
more an organism is (internally) able to processitformation, the better it can survive.

In the definition of behaviour (Levitis, Lidicke& Freund, 2009), developmental changes are
excluded. In the light of the dynamic systems theadlevelopment is an emergent appearance. In
developmental psychology, the developmental systdmasry (or dynamic systems theory) is a
perspective on biological development, heredity] awolution, emphasizing the equal contributions
of genes, environment, and epigenetic factors eeldpmental process&sTherefore, in terms of the
systems theory, the exclusion of developmental ghacould be dismissed in the definition of
behaviour, because development is the result ahteenally coordinated responses of an organism or
population to stimuli. Furthermore, not only thepaprance of stimuli, or stressors (those are

everywhere, and anytime), but the type, amountimtedsity of stressors are important factors.
211

Modelling behaviour from a systems theoretical view is tlestrrcondition for systems thinking.
Remarkably, reviewing behavioural biology liter&ue.g. ‘The behaviour of animals’ (Bolhuis &
Giraldeau, 2005), and ‘Tinbergen's Legacy’ (Bolh&i¥erhulst, 2009), we did not find an indication
for a systems theoretical view. It could be argted this is caused by the strict distinction @ thur
perspectives of Tinbergen. Only in discussions altbhae causation of behaviour a model of a
behaviour system is included (figure 8). Howevakjrig account of Tinbergen's prediction of a fusion
between ethology and psychology, we searched &iesys models in psychology, and it appears that
systems thinking is developed in theories suchhasLiving Systems Theory, and Developmental
Systems Theory (Parent, 2000). Both are examplédseoDynamic Systems Theory (Thelen & Smith,
1994; Smith & Thelen, 2003). Therefore, becausetofinterrelatedness and emergent character,
behaviour should be the best considered from tiw wff the DST.

The emergent character of complex living systemamnsehat each higher level contains the next
lower level in a nested fashion (Miller, 1978). Téfere, a system model for behaviour should contain
such a nested view.

In figure 55 we show a system model for behaviadrich consists of the nested levels of biological
organization of the organism (the inner circle$)th® population (outer circle), and the level bét
ecosystem (outer frame). Behaviour is restrictethéolevels of the population and organism (square
with the A), the boundaries of the system model. aktows in the model indicate the interaction
between the levels of organization.

%8 https://en.wikipedia.org/wiki/Developmental systems theory (Retrieved February 2012)
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Figure 55. A system model for behaviour. Square A indicates the systems' boundaries. Because of interaction
with the levels below and above the organism/population, the level of the ecosystem and the molecular level is
also part of the model. The molecular level is shown by the Life's Complexity Pyramid, and can be supplied with

the model of internal processing (see figure 16).

In this thesis, we described the model of intepracessing (IP) as shown in figure 8, and the model
of the stress mechanism (SM, figure 16, and figufe The model of internal processing could be
considered as complementary to the Life's CompleRitramid. With both models, the components
interact in space and time. However, the IP-modgblaced into an organism and the interaction
between its components goes at high speed. The 8#i&indeals with both the level of the organism
and the molecules, while the application at theellef the population would be arguable. The SM-
model embraces a large timescale (from millisecaadfays, depending on the organization level). In
the former chapters we argued for the use of then®Mdel as the binding principle for behaviour.
Furthermore, the expanded model of the stress meshandicates for space and time (figure 56).
According to the yo-yo strategy, developing systémigking in behaviour education should start with
the organism. The described LT-strategy starts thighorganism, and the expanded SM-model is used
in the second practice. The third practice in tieskrategy is at the level of the population, arel w
found that the change of level of biological orgation from the organism to the population seems
not to be problematic. However, students did ndicaothat the practice is about another level of
organization, which is one of the characteristicsystems thinking.



Biological level Stress mechanism
of organisation
Alarm phase Adaptation phase Exhaustion phase
Organism Fight, Flight, Freeze Adaptation Dying
| T T
v v \ 4
Organ Adrenal medulla Brain  Adrenal cortex  Brain
v v \ 4
Molecule Adrenalin CRF /ACTH Cortisol

Figure 56. Expanded model of the stress mechanism, whereby time and space are indicated. The arrows,
started with Fight, Flight, Freeze, indicates for the route in space and time. The structure of this model is used

in the second practice in the LT-strategy.

Actually, the behaviour of a population is an afdion, emerging from the interaction of a group of
organisms with their environment. The questionds Istudents can be invited to think from abstract
to concrete level. Therefore, to adequately devejgpems thinking competence, we suggest starting

an LT-strategy for behavioural biology at the adstipopulation level, including the understandifg o

Tinbergen's perspectives. Thereafter, studentsidlibiange from the population level to the concrete
organismal level, to understand the model of thesstmechanism. The final step is thinking upwards
again, constructing the system model of behaviour.

For example, the storyline of the first lesson dobk as follows. Considering stimuli as causes of
behaviour, and that behaviour is directed to sevim a practice of an emergency with a crowd in a
stadium, students have to think abstractly withccete organisms. People want to survive in case of
emergency, and they take flight or fight. In adxhtisince people dislike uncertainty the importaoice
information is unquestionable. Furthermore, an e&tion exercise can be seen as a learning process.
After a general exploration, the question can tedsvhat if you were there, or how the behaviour of
individuals can be influenced. Applying the problposing approach to the storyline, figure 57 shows
the first cycle of such a focus lesson.
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knowledge motive

Orientation on the practice: viewing panicin
crowds in case of an accident

leads to the question what happens with the
crowd,

Vv

and the observation that the behaviour of the |
people is directed to the emergency exits <

Vv

does evoke the question why people behave so

whereof the discussion leads to the students’ |
awareness of the function of behaviour: to
survive;

Vv

While the question how the crowd was lead

Is answered through the study of the design of |
the emergency exits of a (soccer) stadium, P

leading to the students” awareness of the
influence of the environment on behaviour

That evokes the question how people could be
> lead adequately, both in emergency situations
and in a safe situation

And students understand that safety of crowds
is increased by exercises, signs (communication), <
and space.

And the awareness that a crowd consists of
> individuals will raises the central steering
question to the meaning of behaviour

and students understand that the exploration of |
the question leads to the categorizing of P

explanations of behaviour to three perspectives:

function, causation and development

which does evoke the question if modelling
> behaviour of crowds is possible by focusing on
the individual

J

<
N

Figure 57. A proposal for the problem posing cycle of the focus lesson, starting at population level.

10.6 Final thoughts: behaviour in the classroom

It seems to be a practical joke to learn and tedmbut learning processes (or behaviour) without
practicing the lessons learnt of behaviour in tlessroom. How do you get less stress in lessons?
What lesson can we learn from the stress mechanizan2doxically, we must both avoid stress
situations and introduce stress situations.

Avoiding stress situations touches the educatiolaate in the classroom. It is the art of teachimg
create a pedagogical climate in the lessons, irchwhiusting and being trusted are the key words.
Trust points to the culture, and trusted to thecstre in the classroom. Students can acquire self-



confidence, and dare to make mistakes. In a satisfyedagogical climate students know that they are
valued. Ask students why they work for one subgat not for the other, and they usually answer that
it depends on the teacher. That is learning bythee of the relationship!

Performance anxiety can occur at school. Adrenabnezleased at the wrong time, but a student
cannot fight or flight. Therefore, for a studerfteeze’ is sometimes the only possibility. Causks o
performance anxiety can be very diverse: time pimes§'another 5 minutes, boys”), a comment like
“do your best”, the expectations of parents and pb&ectionism of the learner. A teacher who
emphasises students' failures encourages theffégituoe. Learning is development, and according t
the motivation theory of the psychologist Maslow943), safety is a requirement for personal
development. A trusted environment is a safe enwmient, wherein defending (fight, flight, and
freeze) is not necessary. Structure, avoidingatition stimuli, and predictability prevent stresghe
classroom. It is the profession of the teacher¢ate a safe learning environment.

In addition, it is also the professional duty oé tteacher to prepare students for a world theyatann
imagine (Wiliam, 2011). As we argued, learning msses are induced by the use of problems and
steering questions. In terms of the stress mecmanigew, unfamiliar situations induce stress.
Therefore, teachers have to introduce ‘stressarghéir didactics, and for that they deserve th&t be
tools, and evidence based didactical approaches.

In this thesis we considered*2dentury behavioural biology, with systems thinkiasa requirement
for understanding the complex nature of behavibbuaddition, in preparing students ‘for a worldyhe

cannot imagine’, systems thinking could be considers an important 2Lentury skill. Therefore, in 215

education systems, the development of this skduhpart of the program.

Finally, being a teacher, researcher, and manabger,research process described in this thesis
provided for a personal professionalizing. As ahea to ‘think with the thoughts of students’ is an
indispensable skill. As a researcher, to thinkesysitically provided for a non-interrupted storyline

this thesis, and the experience of the researcbhepsowas exciting. As a school leader, adequate
management of time and stress was required fahiing this thesis. Being a teacher, researcher, and
manager all at once, can be considered as a corapitem in itself, mainly managed by curiosity,
long-life learning, and systems thinking.
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If a man will begin with certainties, he shall end in doubts,
but if he will be content to begin with doubts,
he shall end in certainties.

Francis Bacon

Summary

1. Introduction

During the last decades biological research showespectacular development, bringing many
consequences for everyday life and influencing rofugentific disciplines. The emergence of ‘New
Biology’ and its social relevance indicates thechém changes in (biology) education, particularly
scientific education, and consequently, also inosdary education. Learning and teaching New
Biology requires new educational approaches toieednowledge of the (new) biology, competences
to understand complex systems, and new strateglearning and teaching.

However, it is observed that current biology ediarats not in line with the developments in New
Biology. Three main problems are recognized: anrloaded curriculum, limited relevance of the
curriculum for students, and a lack of coherencéiological knowledge. In order to reduce these
problems in biology education, new examination paogmnes will be implemented in Dutch upper
secondary education, and this implementation igpetpd by educational research. The so-called
concept-context approach is considered as meeliagthiree main problems in current biology
education. However, a strategy for the use of sgiee contexts in biology education does not exist.

Among all life functions behaviour is consideredtmthe most all-inclusive and complex expression,
which can be characterized by its dynamic and cerphture. Consequently, behavioural biology is
considered as a core discipline in New Biology wiith cross-links to neurobiology, evolutionary
biology, and psychology. Despite its importance,aftpears that behavioural biology in Dutch
secondary education is largely outdated, and tio@iests are not aware of behaviour. Therefore, the
challenge is to develop a learning and teachingtegly (LT-strategy) wherein students acquire an
understanding of the dynamic and complex natuteebfviour, both in their own lives and in the lives
of other organisms.

2. View on learning and teaching

In chapter 2 we described our view on learning @athing. Three keywords are important in this
view. First, education should focus on the develepiof theindependencef students. They must
‘learn to think’. Second, students ought to be lelmgled to beactivein their own learning processes.
Third, thinking also appeals tmagination Narratives trigger the attention and emotionstafients,
leading to their involvement.

We argued for acquiring functional knowledge thas Imeaning for students. Meaningful learning 1)
requires relevant knowledge and emotional commitp@noccurs when students acquire knowledge
needed for successful problem solving, and 3) eslatw information to a relevant component of an
individual's cognitive structure. Knowledge can tiearacterized by its degree of relevance and
usefulness for students. Relevance can be seercasdition for and act as a process of meaning
making.



For a theoretical underpinning of our view on Iéagnand teaching that combines constructivism with
a directive role for the teacher, we adopted tHeu@l historical activity theory (CHAT). The CHAT
consists of three main principles: dgcial interactionplays a fundamental role in the development of
cognition, 2) Cognitive development is enhanced mwipeople work in theirZone of Proximal
Developmentand 3) Cognitive development is led by (mergatjons

Considering motivation and meaning we discussedd#ieDetermination Theory (SDT), maintaining
that the understanding of human motivation requiresnsideration of innate psychological needs for
competence, autonomy, and relatedness. Severdhsiies between the SDT and the CHAT are
noticed. Both theories emphasise social interadiioth environmental or cultural factors, facilitgtin
cognitive development and (intrinsic) motivationoctl interaction supposes a social practice,
wherein an individual requires knowledge to act.

With the starting points of the CHAT and the SDGide criteria for an LT-strategy are developed.
These criteria emphasise the use of contexts (atithsocial practices), consider learning as the
outcome of interaction, prescribe that the desigmegates the desired motives for students in @adbgi
sequence, and imply that an LT-strategy consistaare than one practice. An educational model is
built by the integration of the problem posing aygwmh and the concept-context approach.

3. Developmental research approach

In order to develop an LT-strategy that could bedusdequately within educational practice, we
require an adequate research method. In essencajeguate LT-strategy should contribute to the
improvement of the educational practice, and thsigihe of an adequate LT-strategy should be
developed in interaction with the educational pcactin the classroom. Therefore, we used 231

developmental research that is aiming to solve dexnproblems in educational practice by
investigation of both the characteristics of théeimentions and the processes evoked by these
interventions. Within design experiments domaineffietheories on learning and curricular materials
aiming to support that learning are developed. Aigte is based on hypothesized learning and
teaching processes and design experiments arecam@elriven. During the research process data
analyses from several perspectives lead to nevpshad conjectures.

The research plan of this study is structured inegplorative phase and a cyclic research phase.
Explorative research is executed in order to ddternthe domain specific learning and teaching
problems. The explorative phase resulted in a dospécific philosophy of learning and teaching and
in building blocks for an LT-strategy. In the res#raphase, the design criteria were operationalized

a cyclic process of design, field-testing in cagglies, reflection, and revision. Two research eycl
were planned.

4. Conceptualizing ‘behaviour’

Behaviour is inherent to organisms, and is defimetthe internally coordinated responses (actions or
inactions) of whole living organisms (individuals groups) to internal and/or external stimuli,
excluding responses more easily understood as a@vental changes.Behaviour was studied in
ethology. However, nowadays many scientists préferterm ‘behavioural biology’, because the
study of behaviour also includes new research mgliseis such as neurobiology and cognitive
psychology. Therefore, we consider the multidisngaly character of 21 century behavioural
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biology. The societal relevance of behavioural dggi derives from its contribution to animal welfare
the conservation of species and the understandihgran nature.

Behavioural biology is structured according to Ergen's four questions:

« What triggers the behaviour?

* How does the behaviour develop?

*  Whatis it for?

e How did the behaviour evolve?

Respectively, these questions are perspectivehienatses the developmentthe function and the
evolutionof behaviour. Causation is the immediate effeat #xternal and internal factors have on the
occurrence of behaviour. Within behaviour, pattemd systems could be distinguished. Activation of
a behaviour system is influenced by internal anteraal stimuli. The complexity of behaviour
increases with the number of behavioural system@vied, and their interactions.

Behaviour patterns and systems develop in a dynpricess. Development is defined as the change
in behaviour including the underlying mechanismsaim individual from conception until death.
Nothing happens in isolation and each behaviousttem is affected by many different genes, while
each gene influences many different behaviourakps. Therefore, the stimulus-response is not a
single cause reaction, but is elaborated in netsvaBehaviour is not only a coordinated process of
causation, it is also a developmental process glieing behaviour, induced by the mechanism by
which individuals interact with and evolve by irdetion with the environment. This mechanism is
calledLEARNING.

The conceptuncTioN has several notions in biology: as an activityadmsological (causal) role, as the
survival value (biological advantage) and as acsetbeffect. Function as the survival value address
the function of behaviour. Function as a selecféateaddresses the evolution of behaviour.

NATURAL SELECTION IS Seen as a process that leads to adaptatiotrsbebing to an individual'sITNESS.

The study of the function of behaviour embracesstioes aboUREPRODUCTION, FEEDING, andDEFENCE.

The outcome of the study of the evolution of bebawis a reconstruction. Such a reconstruction is t
some extent a questionable enterprise, both becafusiee lack of fossil behaviour and because
behaviour is the outcome of internal and extemi@ractions.

Conceptualising behaviour according td'2&ntury behavioural biology has implications fiwlbgy
education, and in chapter 4 we discussed the ctsdbpt must be taught in secondary biology
education. Because it is impossible to cover diav@ural biology, we made a selection.

Considering the developments in the field of théawsoural sciences we draw three conclusions.
First, behavioural biology is aynamic researchfield with many cross-links to other research
disciplines that consider behaviour. The secondalogion is that behaviour should be considered as
an emergent property of @gynamic and complegystem. The third conclusion is that concepts of
behavioural biology may bstructuredaccording to the four questions of Tinbergen. Andirategy

for behavioural biology should be based on desigar@ that meet these conclusions, and should pay
attention to the social relevance of behaviouraldgy.



5. Defining educational practice in behavioural bitogy

We explored the current Dutch educational practamebehavioural biology by investigating the

chapter about behaviour in the Dutch biology tegitsoand the prior knowledge of students about

behaviour. We address our findings to three questiderived from the formulated design criteria for

an adequate LT-strategy.

« To what extent is a broad view of behavioural higlelaborated?

* Is behaviour emphasised in current biology edunad®dynamic and complex?

¢ In what manner are the four questions of Tinberagaressed in Dutch biology textbooks and in
students’ reasoning?

Although the content of the chapter on behaviouhatextbooks is an adequate interpretation of the

prescribed topics about behaviour, it is basecherstate of the art in ethology of 30 years agoiand

shows a narrow view on behavioural biology. Thetlhemks do not emphasise the dynamic and

complex character of behaviour and lack a referdoncéhe four questions of Tinbergen. On the

contrary, behavioural biology concepts are spreagt the whole chapter, so there is no coherence

between concepts, while evolution of behaviouresagally neglected.

With these textbooks it can be expected that cufsehavioural biology education does not lead to

awareness of behaviour as dynamic and complexalthgr to some general notions of it. The lack of

structure by the four questions of Tinbergen amdahsence of relations between behavioural biology

and other disciplines of biology is not adequatestadents' understanding of behaviour.

In our prior research we also concluded that stisdenly have general notions of behaviour and that

they are not curious about behaviour. The statethantoehaviour is very common for students could

answer the question why students did not wondemutabehaviour. They were not aware thati

behaviour is a biological phenomenon that can bestigated.

With these investigated textbooks and the studemist knowledge, no Zicentury behaviour can be

taught. That implies that current education in @ha&al biology should be innovated, leading to a

greater awareness of behaviour. Therefore, we drfprea selection of relevant behavioural biology

concepts, followed by the construction of a cohergab of concepts. In order to select relevant

behavioural biology concepts we consulted othecational sources concerning behavioural biology.

However, no consistent whole of concepts is folngeems that behaviour is erroneously not seen as

the outcome of a dynamic and complex system. Theggfit is questionable how a coherent

curriculum can be constructed, leading to a bettelerstanding of behaviour.

From the overview of the concepts of'Zentury behavioural biology a coherent understamdi the
behavioural biology can be safeguarded. The selectscepts are structured according to the
perspectives of Tinbergen, distinguished in basicepts and subordinate concepts. Basic concepts
are defined as the minimally needed concepts teaenstahd behavioural biology, and subordinate
concepts as (1) non-behavioural biology concepis ¢lpress in particular the societal and personal
relevance or (2) the behavioural biology concelps tould be omitted to reduce curricular overload.
Many students do not develop coherent biologicaivWdedge, because they do not understand that
biological processes include different levels dflbgical organization. We suppose that conceptual
coherence of behavioural biology is evoked whedestts 1) have the possibility to explore different
levels of biological organisation, 2) can relatehddoural biology concepts to their everyday
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experiences, and 3) when they have the possibilibuild up a concept web gradually. Therefore, we

describe 1) the use of concept maps as a toolh®rstep-by-step development of the coherence
between behavioural biology concepts, and 2) theduoction of the stress mechanism (General

Adaptation Syndrome) as a tool for inducing coheedpetween the perspectives of Tinbergen and the
introduction of different levels of biological ongigation.

6. Towards an LT-strategy for behavioural biology

Chapter 6 describes the components of the LT-glyathe use of contexts (practices), interactiom, a
the use of motives as a need to act. The globagjed the strategy consists of three practices. A
central steering question is evoked from the fdegson, and each practice starts with a steering
question. A steering question is derived from tletvay of the authentic practice. The first and
second practice are aiming to extend students’r gamwledge on behavioural biology with new
knowledge, whereby the concepts acquired in therskpractice form an extension of the concepts
from the first practice. The third practice aimgést students’ knowledge on behavioural biology.

An authentic social practice should be educatignappropriate in order to make it suitable for
teaching and learning behavioural biology. We fdated five criteria for the selection of social
practices. 1) Practices should meet the aims odidetiral biology. 2) Practices should emphasise the
levels of biological organization. 3) Practices ddcelicit motives to increase students’ motivatton
learn. 4) It should be possible to reduce its cexipl. 5) Authentic material of a practice shoull b
available.

For the LT-strategy, we selected the following fauthentic social practices:

Practice 1 Caring for your pet (dog) [orientation]

Practice 2a Designing a welfare friendly stabletifimusands of pigs [exploration]

Practice 2b Researching the overtraining syndramplfration]

Practice 3 Dealing with aggressive people [testing]

In addition, we argued for the use of ‘embeddectfres’ to introduce scientific concepts at the
molecular level, and to build a non-interrupteddine. We define an embedded practice as a (ffart o
a) practice that is necessarily placed into thbakation of another practice to create a non-infgad
storyline. We claim that an embedded practice dukhbe elaborated preferably within one LTA and
has to elicit a motive for a new steering quest®ris a precondition for acquiring specific (s¢igo)
knowledge for an adequate execution of the LT-&w@b of the practice, and 3) can provide for
coherence in complex behavioural systems by rejdlia three perspectives.

Each practice, including the focus lesson, is blsti up according to the problem posing appro#ch.
reflection phase follows each LT-activity phaseewdin students look back to the steering question o
the practice and to the central steering questdier that, a new steering question is evoked, Wwhic
makes it plausible to change to a new practice.

Participation in a social practice implies learnamythe product of interaction between a person and
his environment. Interaction in an educational pcacis distinguished in three types: learner —
teacher, learner — learning tools, and learnernéza



7. Research instruments

Chapter 7 describes the research instruments. \Weagi overview of the classroom setting, followed
by a justification of the selection of the datalection and analysis. In the two research cycliegte
case studies were included, divided over four sgagnschools.

The LT-strategy is elaborated in a scenario thasgibes the storyline of the strategy with all LT-
activities of students and teachers and their tiaeal learning outcomes. This scenario is empligica
testable, and data collection was driven by theade. Data selection and analysis was focused on
answering two questions: 1) Is the scenario exdcateintended, and 2) Are the desired learning
outcomes achieved? Data were collected from diftergources, such as observations by the
researcher, audio recordings of classes and graumsb,students’ concept maps. A model for the
analysis of the technical and domain-specific qualf students’ concept maps is described.

8. Outline of the intended and executed scenario

Chapter 8 provides for a global overview of theaetimn of the scenario, focussing on the quesfion i
the scenario was executed as intended. The desidinsi research cycle is considered as a rapid
prototype of the LT-strategy for behavioural biofogfrom a quick scan of the test results in thst fir
research cycle, we concluded that students exptésserrect connections between the perspectives
of Tinbergen, sometimes caused by handling diftedesscriptions of the concepts. Students focused
on concrete examples instead of understandingltsieagt concepts. The reflection on the first v@rsi

of the design revealed the following deficiencies:

* A mistake in the design of the focus lesson, inicdgdan insufficient explication of the three

perspectives on behaviour, resulted in a poorheltged central steering question. 235

« An unbalance between the needed and availablen¢isse.

* A lack of profoundness, particularly at vwo levedich resulted in a decrease of the students’
motivation and a superficial conceptualisation efidvioural biology.

e Too scare and too reduced reflection phases indéeario which obstructed recontextualising.

Therefore, four main improvements to the scenamoewmade in the second research cycle. First, a

renewed focus lesson; second, an increased lengttheo lesson series; third, an increased

profoundness, for students on both educationalldeflfeavo and vwo) by introducing the General

Adaptation Syndrome; and fourth, the use of mofieecton LTASs, including the use of concept maps

as a reflection tool.

9. Learning and teaching behavioural biology

To evaluate whether the LT-strategy for behaviolialogy is adequate, we investigated students'
conceptual development by considering the intesactieflection, and construction in the executed

scenario. For that purpose three educational themes selected. First, we reviewed the development
of a central steering question in the focus less®econd, we considered students' conceptual
development in the evaluation of the interactiod agflection in the executed scenario. Third, we

investigated the knowledge transition by recontabsing, evaluating the construction of knowledge

in the students’ concept maps and essays.



236

Development of a central steering question in toai$ lesson

The focus lesson is intended to develop the cestegring question and Tinbergen’s perspectives on
behaviour. In the reconstruction of the executemlifolesson, we concluded that observation of the
unexpected behaviour of a dog increases the ssldamtareness of behaviour. Students were
stimulated to investigate why that dog behaviour @écur. However, the central steering question,
"Why do they do that?" was only implicitly posed stdents and explored by the development of
Tinbergen’s perspectives. Furthermore, the regiridb the behaviour of one animal species (the dog
instead of several species created a non-intedugiteryline. We concluded that students elicited a
motive for exploring the first practice. In additioit is concluded that the teachers' manual pes/id
for adequate preparation of the teacher, whicth@sve by the different courses of the lesson when
teachers either improvised or followed the manu@erall, we concluded that the focus lesson of the
scenario conforms to its purpose, and that thetaapf the scenario was effective.

Students' conceptual development

Three questions were answered.

« To what extent did students understand the thregppetives with their respective behavioural
biology concepts?

* To what extent do the reflection phases contribwtiie students' conceptual development?

e To what extent do the concept maps as a refled¢tioh contribute to the students' conceptual
development?

Interactionin the LT-strategy was investigated by the analgéithe interaction between teacher- and
students in the class discussions, and the leamatgrials. Studying a practice, students madsta i
of the concepts they considered important for firattice. The lists of the first and second practic
include merely concepts of behavioural biology #émel stress mechanism, while students wrote the
most context-bound concepts in the third practiteese differences reflect the emphasis in the
practices very well, underlining what we statedim view on learning and teaching that knowledge is
context-bound. In addition, another difference leswthe first two practices and the third one & th
degree of guidance in the construction of knowledgethe first and second practice, the list of
concepts was made to reflect on the practice, vititae third practice a list of concepts was inlesh

to prepare students for writing an essay. The caitagtion of the listed concepts according to the
three perspectives shows that students often dexpicitly notice them. However, from the self-
evaluation and the class discussion it appearabat students are able to recognize the perspsctiv
on behaviour.

It is concluded that generally the scenario is atext as intended, although some organizational
difficulties evoked. Teacher behaviour and prepamatould be more adequate, and some extensions
were made in the LT-strategy, such as a class shsmu aboutvELFARE, NATURAL BEHAVIOUR, and the
STRESS MECHANISM. Teachers explained in their feedback that théyuigcertain, because they did not
check the students’ comprehension of the behavidniodogy concepts very well. It could also be
concluded that teachers (1) have some difficultits the understanding of some of the concepts
themselves, (2) take too much time for explanatammd (3) regularly forget to evoke motives for



learning. Consequently, the teachers' guidancebeamproved by focusing more on the behavioural
biology concepts and their coherence.

The analysis of the interaction in the class disitus showed that the LT-strategy structures ststen
conceptual development, distinguishing the threspgeztives on behaviour with their accompanying
concepts. Therefore, it is concluded that studemiareness of behaviour is demonstrated.

Reflectionactivities in the LT-strategy are in particulaatebrated at the end of the first and second
educational practice. Students made a list of quscéollowed by the construction of concept maps.

In addition, a class discussion about a concept wap executed, to create a ‘big picture’ of the
behavioural biology concepts. We concluded thaade reflection time was programmed in the
second research cycle. It seemed that studentseptural development was effectively stimulated by
reflection through the construction of concept mapswever, the effective use of concept maps as a
reflection tool can be improved by further develgmmn of the students (and teachers) skills for
concept mapping.

Teachers and students did not always understarairthef concept mapping.

We investigated the quality of concept maps, bbi technical quality, and the domain-specific
quality. Only approximately 27% of the studentsh@gpt maps meet the condition of having linking
phrases as a part of the propositions. Furthernibmeas observed that the concept maps showed a
large variety in the number of propositions andicttire. Students' concept maps did not include
crosslinks, and most students indicated no arrawvisdir concept maps.

Students used different concepts as starting @bitite concept maBEHAVIOUR, OVERTRAINING, STRESS,

and welrFARe. The differences between the technically correstcept maps of the first and second 237
practice were merely context-bound. In general, amacluded that the technical quality of the
students’ concept maps is weak, and the processoméept mapping should be improved. It is
supposed that the weak quality of the concept nepgused by a lack of experience in concept
mapping by teacher and students. It could be s@gapttsat increasing the technical quality of concept
maps also further increases the students' condizgatiian.

However, considering the domain-specific qualityhed concept maps it appears that students are able
to relate the concepts correctly, and that studeswe a satisfactory understanding of the behaaiour
biology concepts, in particularress and thestrRess MECHANISM. In addition, students used concepts
from outside behavioural biology and the lessoiesepr ‘translated’ behavioural biology concepts i
their own words. It seems that students refledihenconcepts of the practice in the constructiothef
concept maps, instead of creating ‘the big pictofebehavioural biology. The concept maps show a
large diversity in the number of propositions ahd individual student elaborated an average of 59%
of the classifying concepts in a concept map. Fostntlassifying concepts the amount of correct
propositions is above 80%, which is high. Therefitreould be concluded that the evaluation of the
domain-specific quality of the concept maps isisight to evaluate the students’ understandindnef t
behavioural biology concepts. The analysis shovwedl most students are able to relate behavioural
biology concepts adequately. In addition, it colld expected that students’ conceptualisation
increases further when the construction processméept maps is improved.
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Knowledge transition through recontextualising

Concept maps also suppaanstruction the third component of the conceptual developmafier

two occurrences of using concepts maps as a fieftetwol, concept mapping is used in the third
practice as a construction tool, preparing studéatswriting an essay about human aggressive
behaviour. Therefore, we investigated the relatigmsdetween the domain-specific quality of a
concept map and the essay. We concluded that ther liee domain-specific quality of the concept
map, the better students wrote an essay from avimfal biology viewpoint. Consequently, we
concluded that students can make a high qualitgey@nmap when they understand the meaning of
and connections between concepts. Students' uaddist) of behavioural biology concepts increases
when they construct a concept map. Therefore,dgears to be important to pay more attention to an
adequate construction of concept maps. Howevercave also conclude that the LT-strategy for
behavioural biology, consisting of several pradjcénvites students to recontextualise their
knowledge.

Adequate reflection and knowledge constructiongpstich as concept maps and essay writing, can
provide for knowledge transition when the acquitetbwledge in one educational practice is
adequately (functionally) used in another educaligummactice. In the test-practice, students wrote a
essay from the behavioural biology view as a recendation to the police for preventing riots. The
analysis shows that nearly 80% of the studentsrrexfeto one or two perspectives (causation,
function). The perspective of the development dfavdour was underexposed. The 20% of students
who did not refer to any perspective did not adéglydollow the instruction of the assignment.
Furthermore, the results showed that students lle ta argue from the view of a behavioural
biologist. Students used most behavioural biologrycepts correctly. In addition, the change of level
of biological organization, from the organism te fhopulation, seems not to be problematic.
Recontextualisation is a necessary condition faremb execution of the essay assignment, and it
could be concluded that the LT-strategy providegsoofunities for recontextualising. Considering the
construction of the concept maps and the essagppitars that the process of the construction of a
concept map and the final essay depends on priawlkealge and the constructed understanding. It
seems that the more meaningful connections a ststhenvs in the concept map, the better s/he will
execute the writing assignment. The LT-strategydehavioural biology provides opportunities to
recontextualise, although some improvements arigaddds. Based on the analysis of the essays, we
distil possible obstructions for the students' rdertualisation process.

Finally, we have compared the actual learning aut with the learning objectives. We conclude
that the LT-strategy results in an understandinthefbehavioural biology concepts. Students did not
distinguish the different perspectives explicithyat did correctly use the behavioural biology cqrise

10. Discussion and conclusions

In the introduction, we argued that we intendedriswer the following research question:

“What are the characteristics of an adequate leaghand teaching strategy for behavioural biology
in secondary education that increases studentsteness of behaviour as a biological key concept?”



The question whether students' awareness of balragi@voked by the LT-strategy can be answered

positively. Students adequately conceptualizedbitfeavioural biology concepts, and we concluded

that an adequate LT-strategy for behavioural biplogn be constructed with the concept-context

approach and the problem posing approach. Howeeene adaptations of the final LT-strategy are

proposed.

« The use of concept mapping as a reflection tooldcba improved by a systematic construction of
concept maps

« Students evaluated some texts in the workbook@fotay. Therefore, length, level, and language
in the final version of the texts in the workboakvk to be adapted.

« The sequence of the steering questions in the fg@goractice of the building of a welfare
friendly pig stable should be adapted in orderaiastruct a more logical storyline.

The LT-strategy is based on eight design critexia in chapter 10 we evaluated whether the design
criteria have the desired impact in the LT-strategy

1. The LT strategy fully meets the design criterafnusing a sequence of authentic practices. The
practices did have relevance for students, althabghunfamiliarity with the approach could evoke
feelings of uncertainty. The five criteria for sgtien of practices clarify how practices can beduise
(biology) education.

2. We concluded that the adaptation of the actietyan authentic social practice into learning
activities in an educational practice is not prafdéic. Furthermore, we concluded that the LT-
strategy creates a learning environment that presnaiteraction, which meets the second design
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criterion.

3. The elaboration of the problem posing approacthé LT-strategy seemed to be effective. Two
obstructions were noticed. First, in the conceppsnatudents did use different steering questimmng,
second, the subsequent motives in the practicesifjding a stable could have been more logical to
form a non-interrupted storyline. Nevertheless,carcluded that the LT-strategy is fully meeting the
third design criterion.

4. Considering the use of three practices, the ttdtegy meets the fourth design criterion. However,
to evaluate the design criterion, we have to qaestihether this criterion is effective. To whatemntt
have students learnt to recontextualise behavimmatepts? We defined recontextualising as a result
of the concept-context approach, including adequetkection phases. Nevertheless, it would be
recommended to focus further research on the psarfegcontextualising itself.

5. The LT-strategy meets the design criterion afidpased on Ficentury behavioural biology. First,
by the use of contemporary authentic practices, secbnd, by the links that are made with
physiology, when exploring the concepmsess and AGGRESSION with the General Adaptation
Syndrome. We observed that the stress mechanisrtpsathe social relevance for students.

6. Are students aware of the dynamic and compléxreaf behaviour? The answer to this question is
simply that we do not know, because, in retrospihe, LT-strategy only implicitly provides for a
systems thinking competence as a tool for undaisignthe emergent nature of behaviour. In
particular systems thinking is required in the exation of the General Adaptation Syndrome,
because in the stress mechanism different levdisotifgical organisation are involved. We concluded
that the LT-strategy for behavioural biology does fally meet the sixth criterion.
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7. Behavioural biology is structured accordinghe four questions of Tinbergen. With the exception
of the question about the evolution of behavious,transformed these questions into perspectives on
behaviour that students have to use in their eagitor of behaviour. It appears that students wblke a

to distinguish the following perspectives on bebavi function, causation, and development.
Therefore, the LT-strategy for behavioural biolaggets the learning objective that students shoaild b
aware of behaviour as a key concept.

8. We used practices considering the welfare afats and the nature of human beings. Therefore,
we conclude that the LT-strategy for behaviouraldgy meets the criterion of the social relevante o
behavioural biology.

Summarizing, we found that the LT-strategy medtdedign criteria, with the exception of the design
criterion that an LT-strategy for behavioural bgyoshould emphasise systems thinking competence.
Therefore, we conclude that an adequate LT-strafil@giehavioural biology has characteristics that
meet the design criteria.

Implications

Two didactic themes seem to be important for furlveploration because of their implications for
biology education: the role of the teacher andesygstthinking.

Considering the role of the teacher, we were fagifth three problems. First, teachers sometimes
improvised in handling the scenario, because oh#es for class management. Second, teachers were
not as familiar with the behavioural biology conteps they should have been in order to teach
adequately. Third, teachers had difficulties witte tunderstanding of the didactical approaches,
particularly the requirement of the LT-strategy ¢oeating a non-interrupted storyline.

Actually, we could consider the role of the teactiem two perspectives: 1) what is the influence of
teaching style, and 2) the understanding of howhess could construct a non-interrupted storyline,
using the concept-context approach and the proptesimg approach.

We concluded that the LT-strategy for behaviouraldgy does not focus on the explicit development
of systems thinking, because the focus was putreatiog a coherent web of concepts. Nevertheless,
to understand the dynamic and complex nature ofbebr, the step from the construction of
coherence to systems thinking should be taken. eftws, we explore a didactical approach for
teaching and learning of systems thinking in betwanal biology in secondary education.

Finally, we expressed some thoughts about behaviouthe classroom. In education, we are

concerned with learning processes and behaviosedins to be a practical joke to learn and teach
about learning processes (or behaviour) withouttmiag the lessons learnt about behaviour in the
classroom. How do you get less stress in lessonkat Wesson can we learn from the stress
mechanism? Paradoxically, we must both avoid stsitsmtions and introduce stress situations.

Finally, it can be supposed that considering tlessribom as a dynamic and complex system may
improve students’ satisfaction, motivation, andézg results.



Samenvatting

1. Inleiding

De laatste decennia laat het biologisch onderzamk spectaculaire ontwikkeling zien die veel
gevolgen heeft voor het dagelijks leven en dieinatoed is op andere wetenschappelijke disciplines.
De opkomst en de sociale impact van de ‘Nieuwedsgji@’ maakt ook veranderingen in het (biologie)
onderwijs noodzakelijk, zowel in het wetenschapkeaderwijs als in het voortgezet onderwijs. Het
leren en onderwijzen van de Nieuwe Biologie vergisiwe onderwijskundige benaderingen voor het
verwerven van kennis van de (Nieuwe) biologie, v@mpetenties om complexe systemen te
begrijpen, en van nieuwe strategieén om te lereonetierwijzen. Het blijkt echter dat het huidige
biologieonderwijs niet meer aansluit bij de ontwekkgen in de Nieuwe Biologie. Drie problemen
worden onderkend: 1) een overladen curriculum, &jinge relevantie van het curriculum voor
leerlingen, 3) en een gebrek aan samenhang in aegtiche kennis. Om deze problemen in het
biologieonderwijs aan te pakken worden nieuwe exgmmgramma’s in de bovenbouw van het
voorgezet onderwijs in Nederland ingevoerd; dexeening wordt ondersteund door onderwijskundig
onderzoek. Hoewel verondersteld wordt dat de zageada concept-context benadering tegemoet
komt aan de genoemde drie problemen in het huidijelogieonderwijs, is nog geen
onderwijsleerstrategie (OLS) voor het gebruik vaendere opeenvolgende contexten beschikbaar.

Van alle levensfuncties wordt gedrag als de meaadusieve en complexe expressie beschouwd: 241
gedrag is dynamisch en complexe van aard. Gedggh# wordt daarom gezien als een™
kerndiscipline in de Nieuwe Biologie met dwarsvertben naar de neurobiologie, evolutionaire

biologie, en psychologie. Niettemin, ondanks deagdrtantie blijkt dat gedragsbiologie in het

Nederlandse biologieonderwijs niet actueel meeenisdat leerlingen niet beseffen dat gedrag een
levensfunctie is. De uitdaging is daarom om een QbS8r gedragsbiologie te ontwerpen waarin

leerlingen begrip verwerven van de complexe en aysehe aard van gedrag, zowel in hun eigen
leven, als in het leven van andere organismen.

2. Visie op leren en lesgeven

Hoofdstuk 2 beschrijft onze visie op leren en lesge Drie kernwoorden zijn daarin belangrijk. 1)
onderwijs moet gericht zijn op de ontwikkeling vea zelfstandigheidvan leerlingen. Zij moeten
‘leren denken.’ 2) leerlingen moeten uitgedaagddearomactiefte zijn in hun eigen leerproces. 3)
Denken doet een beroep wprbeelding Verhalen vangen de aandacht en prikkelen de emgtn
leerlingen en leiden tot betrokkenheid. Een vertkaa ook begrepen worden als een persoonlijke
voorstelling van een authentieke sociale praktijk.

Kennis wordt gewaardeerd op grond van de mate emvantie en de mate van bruikbaarheid voor
leerlingen. We beargumenteren dat het verwervenfwactionele kennis voor leerlingen van belang
is. Betekenisvol leren 1) vraagt relevante kenniemotionele betrokkenheid, 2) treedt op wanneer
leerlingen cognitieve processen en kennis verwediemodig zijn voor het succesvol oplossen van
problemen, en 3) relateert nieuwe relevante infaieragan iemands cognitieve structuur. Persoonlijke
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relevantie kan worden gezien als eenorwaarde voor en het handelen als eg@moces van
betekenisverlening.

Voor een theoretische onderbouwing van onze vigiken en onderwijs dat constructivisme met een
sturende rol voor de leraar combineert, hanterem@veultuur-historische activiteit theorie (CHAT).
In de CHAT zijn drie principes leidend.1) Socialeteractie speelt een fundamentele rol in de
cognitieve ontwikkeling. 2) Cognitieve ontwikkelingordt bevorderd wanneer mensen in hun zone
van naaste ontwikkeling werken. 3) Cognitieve okk&ling wordt gestuurd door (mentale) acties.

In de benadering van motivatie en betekenis sluiteraan bij de Self-Determination Theory (SDT).
De SDT gaat ervan uit dat menselijke motivatie taatisals tegemoet gekomen wordt aan aangeboren
psychologische behoeften aan competentie, autonemigelatie. Zowel de SDT als de CHAT
benadrukken dat sociale interactie en omgevinfjsulturele factoren de cognitieve ontwikkeling en
(intrinsieke) motivatie stimuleren. Sociale intdiacveronderstelt een sociale praktijk, waarin een
individu kennis nodig heeft om te handelen.

Vanuit de uitgangspunten van de CHAT en de SDT etmmhtwerpcriteria voor een OLS ontwikkeld.
Deze criteria benadrukken het gebruik van meerdmnetexten (authentiek sociale praktijken),
beschouwen leren als het resultaat van de interactischrijven voor dat het ontwerp de gewenste
motieven voor leerlingen in een logische volgorémeayeert. De probleemstellende en de concept-
context benadering werden in één model geintegreerd

3. Ontwikkelingsonderzoek

In essentie moet een OLS bijdragen aan de verbgtedn de onderwijspraktijk. Een strategie moet
daarom ook ontwikkeld worden in wisselwerking mé dnderwijskundige praktijk. Daarom is
gebruik gemaakt van ontwikkelingsonderzoek dat bkbds om complexe problemen in de
onderwijspraktijk op te lossen door zowel de kagektieken van de onderwijskundige interventies als
ook het onderwijsleerproces dat ontstaat door detsventies te onderzoeken. Binnen ontwerp-
experimenten worden zowel een domein-specifieketHeerie als leermaterialen die dat leren
ondersteunen ontwikkeld. Een ontwerp is uitgewtrkeen hypothetisch onderwijsleerproces, waarna
de hypothesen waarop dat is gebaseerd en in deekiasktijk worden getoetst. Gedurende het
onderzoeksproces leidt data analyse tot nieuwegesaherpte hypotheses.

In het onderzoeksplan voor deze studie werden egoratieve fase en een cyclische onderzoeksfase
onderscheiden. Verkennend onderzoek resulteerdzeiin domein-specifieke visie op leren en les
geven en bouwstenen voor een OLS. In de cyclisaideraoeksfase werden de ontwerpcriteria
geoperationaliseerd in een cyclisch proces van enpwpraktijkonderzoek in case studies, refleatie e
revisie. Er werden twee onderzoekcycli gepland.



4. Het conceptualiseren van ‘gedrag’
Gedrag is inherent aan een organisme en gedefingésr‘de intern gecodrdineerde respons (al dan
niet handelend) van levende organismen (individoegroepen) op interne en/of externe prikkels,
uitgezonderd de reacties die als ontwikkelingspsser zijn te begrijpen.” Gedrag werd bestudeerd in
de ethologie, maar hedendaagse wetenschappers deveaorkeur aan de term gedragsbiologie,
omdat de studie van gedrag ook nieuwe onderzoeksigb betreft, zoals de neurobiologie en de
cognitieve psychologie. We gaan daarom uit vannmgtidisciplinaire karakter van de 21le eeuwse
gedragsbiologie. De sociale relevantie van de g@sthialogie blijkt uit haar bijdrage aan
dierenwelzijn, het behoud van soorten en het pgrijvan de menselijke natuur. Gedragsbiologie
wordt gestructureerd volgens de vier vragen vamdiigen:

e Wat zijn de oorzaken van gedrag?

* Hoe ontwikkelt gedrag?

* Waar dient gedrag voor?

* Hoe evolueerde gedrag?
Deze vragen zijn perspectieven op de oorzakenntyekkeling, de functie en de evolutie van gedrag.
CausaTiE is het directe effect van externe en interne milikkop het voorkomen van gedrag. Een
onderscheid kan worden gemaakt in gedragspatromemeeragssystemen. Activering van een
gedragssysteem wordt beinvloed door interne enrexiarikkels. De complexiteit van gedrag neemt
toe naarmate het aantal betrokken systemen toeneefusief de interactie daartussen.
Gedragspatronen en —systemen ontwikkelen in eeanaigeh procesONTWIKKELING wordt daarom
gedefinieerd als de verandering in gedrag, inclusé onderliggende mechanismen in een individu 243
vanaf de conceptie tot de dood. Niets gebeurt tggisb en elk gedragspatroon wordt beinvioed door
veel verschillende genen, terwijl een gen veelalgliende gedragspatronen kan beinvioeden. Daarom
gaat het in stimulus-response relaties niet enkelige oorzaken, maar om causale netwerken. Gedrag
is niet alleen een gecoordineerd proces van oonzak®ar ook een ontwikkelingsproces waarin
gedrag wordt verworven, geinduceerd door het mesimenwaarmee individuen interageren met en
dat betrokken is bij de interactie met de omgeviitjmechanisme worderReN genoemd.
Het begripruncTie kent in de biologie verschillende betekenissemeain activiteit, in een biologische
causale rol, als de overlevingswaarde (biologismbrdeel), en als een geselecteerd effect. Funistie a
de overlevingswaarde betreft de functie van gedragctie als geselecteerd effect betreft de ewluti
van gedrag. Natuurlijke selectie is dan een pratsleidt tot aanpassingen die bijdragen aan de
fitness van een individu. De studie van de fungtie gedrag omvat vragen naar de voortplanting,
verdediging, en voeding. De uitkomst van de stwdie de evolutie van gedrag is een reconstructie.
Een dergelijke reconstructie is een twijfelachtaggalerneming, omdat fossiel gedrag niet bestaat, en
omdat gedrag het resultaat is van interne en exiataracties.

Het conceptualiseren van gedrag op basis van de@lwse gedragsbiologie heeft implicaties voor
het biologieonderwijs en in hoofdstuk 4 worden égrippen bediscussieerd die onderwezen zouden
moeten worden in het voortgezet onderwijs. Omdabhenogelijk is om in het voortgezet onderwijs
alle gedragsbiologie te onderwijzen is een sela@iebegrippen gemaakt. Rekening houdend met de
ontwikkeling van het vakgebied van de gedragsbielegprden drie conclusies getrokken. Allereerst
dat gedragsbiologie een dynamisch onderzoeksgebiemiet veel dwarsverbanden naar andere
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disciplines die gedrag onderzoeken. Vervolgens, gidrag moet worden beschouwd als een
emergente eigenschap van een dynamisch en compileeem. De derde conclusie is dat
gedragsbiologische begrippen worden gestructurgermgrond van de vier vragen van Tinbergen. Een
OLS voor gedragsbhiologie zou daarom gebaseerd magteop ontwerpcriteria die tegemoet komen
aan deze conclusies, en waarbij bovendien aandest¢ed wordt aan de sociale relevantie van de
gedragsbiologie.

5. Gedragsbiologie in de huidige onderwijspraktijk

We zijn de huidige Nederlandse onderwijspraktijlovg@edragsbiologie nagegaan door zowel het

hoofdstuk gedrag in de Nederlandse biologieschedio als de voorkennis van leerlingen ten

aanzien van gedrag te onderzoeken. De bevindinigebeoordeeld aan de hand van drie vragen die

voortvloeiden uit de geformuleerde ontwerpcriteaar een adequate OLS.

* In welke mate is een brede visie op gedragsbioloiggzwerkt?

« Wordt het dynamische en complexe karakter van geidrhet biologieonderwijs benadrukt?

* Op welke manier zijn de vier vragen van Tinbergenug te vinden in de Nederlandse
biologieschoolboeken en in de redeneringen vatirigen?

Hoewel de inhoud van het hoofdstuk Gedrag in deabloeken een adequate interpretatie is van de

voorgeschreven eindtermen over gedrag, is het gebé®p de ethologie van 30 jaar geleden en laat

het een smalle visie op de gedragsbiologie zienleBeboeken benadrukken niet het dynamische en

complexe karakter van gedrag en missen elke rdfereraar de vier vragen van Tinbergen.

Integendeel, gedragshiologische begrippen zijn espreid over het hele hoofdstuk dat samenhang

tussen de begrippen ontbreekt. Evolutie van gedradt over het algemeen genegeerd.

Verwacht kan worden dat het huidige onderwijs in gialragsbiologie met deze leerboeken bij

leerlingen niet leidt tot het besef dat gedrag dyisah en complex is, maar slechts tot algemene

noties van gedrag. Het gebrek aan structuur dooviglevragen van Tinbergen en het gemis aan

verbanden met andere biologie disciplines zullesrliimgen geen begrip geven van gedrag. In het

vooronderzoek concludeerden we dan ook dat leettirglechts algemene noties van gedrag hebben

en dat zij niet nieuwsgierig zijn naar gedrag. Deronderstelling dat gedrag voor leerlingen zo

gewoon is beantwoordt de vraag waarom leerlingeim ziet over gedrag verwonderen. Zij waren zich

niet bewust dat gedrag een biologisch fenomeeatikah worden onderzocht.

Met deze onderzochte schoolboeken en de voorkevems leerlingen kan gedrag niet op een
hedendaagse wijze worden onderwezen. Dat implicasktdat het huidige biologieonderwijs voor
gedrag aan vernieuwing toe is. Daarvoor is in dgadie een selectie van relevante concepten van de
gedragsbiologie bepleit, en wordt een opbouw van samenhangend netwerk van begrippen
beargumenteerd. Met het oog op deze selectie Jawarge concepten van de gedragsbiologie zijn
andere bronnen over gedragsbiologie in het ondeg@jaadpleegd. Daarin valt echter geen consistent
geheel van concepten op te merken, en evenmin eerlogende leerlijn over verschillende
opeenvolgende leerjaren. Het lijkt erop dat hetrggchiet wordt gezien als het resultaat van een
dynamisch en complex systeem. Daarom is de vraaydem coherent curriculum kan worden
geconstrueerd, leidend tot een beter begrip varaged



Uit het overzicht van de concepten van de gedratiaiie van de 21e eeuw kan een samenhangend
inzicht van de gedragsbiologie worden verkregengPselecteerde begrippen worden gestructureerd
op basis van de perspectieven van Tinbergen ernrsoigsden in basisbegrippen en ondergeschikte
begrippen. Basisbegrippen worden gedefinieerd ats miinimaal benodigde begrippen om
gedragsbiologie te begrijpen. Ondergeschikte bpgrip worden gedefinieerd als (1) niet-
gedragsbiologie concepten die in het bijzonder dmatsthappelijke en persoonlijke relevantie
uitdrukken of (2) de gedragsbiologie begrippenkdienen worden weggelaten om de overladenheid te
voorkomen.

We veronderstellen dat conceptuele coherentie vangedragsbiologie opgeroepen wordt als
leerlingen 1) de mogelijkheid hebben om verschidlemiveaus van biologische organisatie te
verkennen, 2) gedragsbiologische begrippen kunekaeren aan hun dagelijkse ervaringen, en 3) als
zij de mogelijkheid hebben om een netwerk van Ippgm geleidelijk aan op te bouwen. Daarom
beschrijven we 1) het gebruik van een concept mapean instrument voor de stapsgewijze
ontwikkeling van de samenhang tussen concepterd&agedragsbiologie, en 2) de invoering van het
stress mechanisme (General Adaptation Syndromegetsinstrument om samenhang tussen de
perspectieven van Tinbergen aan te brengen en hiégade biologische organisatieniveaus te
introduceren.

6. Naar een onderwijsleerstrategie voor gedragsbiogjie

Hoofdstuk 6 beschrijft de onderdelen voor de OL&: debruik van contexten (praktijken), interactie,
en het gebruik van motieven als een noodzaak dmarieelen. Het globale ontwerp van de strategie
bestaat uit drie praktijken. Een centrale stuuryra@rdt opgeroepen in de focusles en elke praktijkzi
begint met een eigen stuurvraag die is afgeleiddeaactiviteit van de gebruikte authentieke prhktij
De eerste en tweede praktijk zijn gericht op hébraiden van de voorkennis van leerlingen van
gedragsbiologie met nieuwe kennis, waarbij de Ippgmn die in de tweede praktijk worden geleerd
een uitbreiding vormen van de begrippen uit detegnsaktijk. De derde praktijk beoogt de kennis van
leerlingen over gedragsbiologie te toetsen.

Een authentieke sociale praktijk moet worden aaasgfepm deze geschikt te maken voor het
onderwijzen en leren van gedragsbiologie. Vijfenia voor de selectie van sociale praktijken zijn
geformuleerd. 1) Praktijken moeten voldoen aan delstellingen van de gedragsbiologie. 2)
Praktijken moeten de niveaus van biologische osgdi@ benadrukken. 3) Praktijken moeten
motieven ontlokken om leerlingen te motiveren omleeen. 4) Het moet mogelijk zijn om
complexiteit van de praktijk te reduceren. 5) Aufiek materiaal van een praktijk moet beschikbaar
zijn.

Voor de OLS werden de volgende vier sociale praddijgeselecteerd:

Praktijk 1 Zorgen voor je huisdier (hond) [orié it

Praktijk 2a Ontwerpen van een welzijnsvriendelgkal voor varkens [exploratie]

Praktijk 2b Onderzoeken van het overtrainingssyodrgexploratie]

Praktijk 3 Omgaan met agressieve mensen [toetsing]

Daarnaast werd het gebruik van ‘ingesloten pragaijkbeargumenteerd om wetenschappelijke
concepten te introduceren op moleculair niveau raneen ononderbroken verhaallijn op te bouwen.
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Een ingesloten praktijk wordt gedefinieerd als édael van een) praktijk die noodzakelijk is ingépas
in een andere praktijk om een ononderbroken vdijmaataken. Een ingesloten praktijk 1) kan bij
voorkeur worden uitgewerkt binnen een OL-activitgit moet een motief uitlokken voor een nieuwe
stuurvraag, 2) kan een voorwaarde zijn voor heveeren van specifieke (wetenschappelijke) kennis
voor een adequate uitvoering van de OL-activiteit@m de praktijk, en 3) kan zorgen voor samenhang
tussen complexe gedragssystemen door de driegqutiespgen aan elkaar te verbinden.

Elke praktijk, inclusief de focusles, is opgebouwalgens de probleemstellende benadering. Een
reflectiefase volgt op de fase van OL-activiteiteaerlingen reflecteren daarin op de stuurvraag van
de praktijk en op de centrale stuurvraag. Daarnatreen nieuwe stuurvraag worden opgeroepen
waardoor het voor leerlingen aannemelijk wordt ens¢hakelen naar een nieuwe praktijk. Deelname
aan een sociale praktijk houdt in dat het lereriggewordt als het product van de interactie met de
omgeving. In de onderwijspraktijk worden drie seartinteractie onderscheiden: leerling - leraar,
leerling - leermiddelen en leerling - leerling.

7. Onderzoeksinstrumenten

Hoofdstuk 7 beschrijft de onderzoeksinstrumentesrsEwordt een overzicht gegeven van de scholen
die aan de casestudies hebben meegedaan, daarda eeor verantwoording gegeven van de
dataverzameling en -analyse. In twee onderzoek eyiden acht casestudies opgenomen, verdeeld
over vier middelbare scholen (bovenbouw havo en)ywo

De OLS is uitgewerkt in een scenario dat de velijraaian de strategie met alle OL-activiteiten van
voor leerlingen en docenten voorschrijft en de voderstelde leeropbrengst aangeeft. Het scenario is
empirisch toetsbaar en geeft sturing aan de datanwling. Dataselectie en -analyse werden
gebaseerd op de volgende twee vragen: 1) Is hatsoeuitgevoerd zoals bedoeld?, en 2) Zijn de
gewenste resultaten bereikt? Data werden verzaniteleirschillende bronnen, zoals observaties door
de onderzoeker, audio-opnamen van de klassen @apeipen concept maps van leerlingen. Een
analysemodel voor de technische en domein-speeikelaliteit van de concept maps van leerlingen
wordt beschreven.

8. Overzicht van het voorgenomen en uitgevoerde s@#io

Hoofdstuk 8 geeft een globaal overzicht van deogiting van het scenario, gefocust op de vraag of

het scenario werd uitgevoerd zoals de bedoeling Waseen globale scan van de resultaten van de

toets in de eerste onderzoekcyclus werd geconaldats leerlingen onjuiste verbindingen tussen de

perspectieven van Tinbergen leggen, soms verodrziak het hanteren van verschillende definities

van begrippen. Leerlingen bleven steken in conoretebeelden in plaats van de abstracte concepten

te begrijpen. De volgende gebreken kwamen aanidigthij de reflectie op de eerste versie van het

ontwerp:

« Een fout in het ontwerp van de focusles, inclusiefoldoende uitleg van de drie perspectieven op
gedrag, resulteerde in een slecht ontwikkelde anstuurvraag.

» Een disbalans tussen de benodigde en beschikistifd.le

* Een gebrek aan diepgang, in het bijzonder op vweani, dat in een gebrek aan motivatie van
leerlingen en een oppervlakkige conceptualiserargde gedragsbiologie resulteerde.

« Te weinig en te korte reflectiefasen in het scenamardoor recontextualisatie werd beperkt.



Daarom werd in de tweede onderzoekcyclus het sicemanbeterd door de focusles te vernieuwen, de
lessenserie uit te breiden tot 12 lessen, eenrgrdiepgang mogelijk te maken door op beide niveaus
(havo en vwo) het stress mechanisme te introducerewle inpassing van meer reflectie activiteiten
inclusief het gebruik van concept maps als referistrument.

9. Leren en onderwijzen van gedragsbiologie

Om te beoordelen of de OLS voor gedragsbiologieqealat is, is de begripsontwikkeling van
leerlingen onderzocht door de analyse varinteractie reflectie en constructiein het uitgevoerde
scenario. Voor dat doel werden drie thema's geselat Eerst werd de herziening van een centrale
stuurvraag in de focusles geévalueerd. Ten tweees de conceptuele ontwikkeling van leerlingen
onderzocht door de evaluatie van de interactiefieatie-activiteiten in het uitgevoerde scenafien
derde werd onderzocht hoe de kennis transitie cammmtextualisatie verliep door de evaluatie van de
kennisconstructie in de concept maps en essaykgdimgen.

Focusles

De focusles is bedoeld om de centrale stuurvraagTliebergens’ perspectieven op gedrag te

ontwikkelen. In de reconstructie van de uitgevodmirisles werd geconcludeerd dat observatie van
het onverwachte gedrag van een hond de leerlingsvudt maakt van gedrag als een biologisch
onderwerp. Leerlingen werden gestimuleerd om teemrmbken waarom dat gedrag van hond zich
voordeed. De centrale stuurvraag, “Waarom doetdhij?” werd echter door leerlingen slechts

impliciet gesteld en werd vooral onderzocht doorodéwikkeling van Tinbergens' perspectieven op

gedrag. Verder zorgde de beperking tot het gedaagéén diersoort (de hond) in plaats van meerdere?*

diersoorten voor een ononderbroken verhaallijn.dBeluideerd werd dat in de focusles bij leerlingen
een motief werd opgeroepen voor het verkennen vanedrste praktijk. Bovendien werd
geconcludeerd dat de handleiding in een adequatdereiding van de leraar voorziet, wat bleek uit
het verschil in het verloop van de lessen wannemrén improviseerden of de handleiding volgden.
We concludeerden dat de focusles van het scenaetmdtig was en dat de aanpassing van het
scenario effectief was.

Begripsontwikkeling van leerlingen

De volgende drie vragen werden beantwoord.

1. In welke mate begrijpen leerlingen de drie perdpeen met hun bijbehorende
gedragsbiologische begrippen?

2. In welke mate dragen de reflectiefasen bij aanedgipsontwikkeling van leerlingen?

3. In welke mate dragen de concept maps als eerctiefi@strument bij aan de begripsontwikkeling
van leerlingen?

Interactie in de OLS werd onderzocht door de interactie tusdecenten en leerlingen in de
onderwijsleergesprekken te analyseren en de gegewsrr hun interactie met lesmaterialen.
Leerlingen maakten een lijst van de begrippen dialg belangrijk beschouwden voor de praktijk
waaraan zij deelnamen. De lijsten van de eersteveede praktijk omvatten vooral concepten van de
gedragsbiologie en het stress mechanisme, temvijlei derde praktijk de meeste context-gebonden

7
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begrippen werden opgeschreven. Deze verschillerrstalinen de visie dat kennis context-gebonden
is. Een ander verschil is de mate van begeleidingld kennis constructie tussen de eerste twee
praktijken en de derde. In de eerste en tweeddijralerd de lijst van begrippen samengesteld om te
reflecteren op de praktijk, terwijl in de derde liijx een lijst nodig was als voorbereiding op het
schrijven van een essay.

De indeling van de door leerlingen genoemde begrippm de drie perspectieven laat zien dat
leerlingen vaak impliciet deze perspectieven wehzimaar niet noemen. Uit de zelfevaluatie en de
onderwijsleergesprekken bleek echter dat de méestkngen in staat zijn om de perspectieven op
gedrag te herkennen.

Geconcludeerd wordt dat het scenario over het adgarnwerd uitgevoerd zoals werd bedoeld, hoewel
zich enkele organisatorische moeilijkheden voordedeoor docenten werd de OLS op enkele
plaatsen uitgebreid, onder meer door het invoegam &en onderwijsleergesprek OWSELZIN,
NATUURLIJK GEDRAG, en hetsTrRess MecHANISME. We concludeerden dat leraren (1) soms zelf probhe
hebben met het begrijpen van sommige van de bemnjp(2) te veel tijd nemen voor uitleg, en (3)
regelmatig vergeten om motieven voor leren op épen. Daaruit volgt dat de docentbegeleiding kan
worden verbeterd door meer te focussen op de lpgripan de gedragsbiologie en hun samenhang.
Uit de analyse van de interactie in de onderwijgjesgprekken bleek dat de OLS de
begripsontwikkeling van leerlingen structureert dbet onderscheiden van de drie perspectieven op
gedrag met hun bijbehorende concepten. We condldeecbovendien dat de OLS de leerlingen
aantoonbaar bewust maakt van gedrag.

Reflectieactiviteiten in de OLS zijn vooral aan het eindenwle eerste en tweede gedidactiseerde
praktijk uitgevoerd. Leerlingen maakten een lijginvbegrippen, gevolgd door de bouw van een
concept map. Bovendien werd een onderwijsleergksprer een concept map gehouden om een ‘big
picture’ van de gedragsbiologische begrippen te emalkGeconcludeerd werd dat in de tweede
onderzoekscyclus voldoende lestijd was geprogramimedget lijkt dat de begripsontwikkeling van
leerlingen effectief gestimuleerd werd door reflechet behulp van concept maps. Echter, het gebruik
van concept maps als een reflectie instrument Keacteever door de verdere ontwikkeling van
vaardigheden van de leerlingen (en docenten) veocahstructie van concept maps. Docenten en
leerlingen begrepen niet altijd de functie van @ptanaps.

We onderzochten de kwaliteit van dencept mapszowel de technische kwaliteit, als de domein-
specifieke kwaliteit. Slechts 27% van de conceppsnaoldeed aan de voorwaarde dat proposities
bestaan uit concepten en verbindingszinnen. Boeendiertoonden de concept maps een grote
verscheidenheid in het aantal proposities en sttciConcept maps bevatten geen crosslinks en de
meeste leerlingen gaven in hun concept maps gg¢len pieer. Leerlingen gebruikten verschillende
begrippen als uitgangspunt van hun concept n&pRAG, OVERTRAINING, STRESS en WELZUN. De
verschillen tussen technisch correcte concept mvaps de eerste en tweede praktijk zijn vooral
contextgebonden. In het algemeen wordt geconclddéatr de technische kwaliteit van de concept
maps van leerlingen zwak is en dat concept mapkamgworden verbeterd. Verondersteld wordt dat
de zwakke kwaliteit van de concept maps wordt veraakt door een gebrek aan ervaring van docent



en leerlingen daarmee. Het is ook aannemelijk dettatering van de technische kwaliteit van concept
mappen de begripsvorming bij leerlingen vergroot.

Niettemin, uit de analyse van de domein-specifiekaliteit van de concept maps blijkt dat leerlingen
in staat zijn om begrippen correct met elkaar inelen en dat leerlingen voldoende begrip hebben
van de gedragsbiologische begrippen, in het bijgonean de begrippen stress en het stress
mechanisme. Leerlingen gebruikten begrippen vatebuile gedragsbiologie en de lessenserie of
‘vertaalden’ gedragsbiologische begrippen in hugeei woorden. Het lijkt erop dat leerlingen
reflecteren op de begrippen uit de praktijk alddaarover een concept map maken, in plaats van een
‘big picture’ te maken van de gedragsbiologie. &oept maps vertonen grote verschillen in het
aantal proposities en gemiddeld gebruikt een legrb9% van de geselecteerde begrippen in een
concept map. Voor de meeste van deze begrippeudidgioeveelheid correcte proposities boven de
80%, wat hoog te noemen is. Daarom wordt geconehadddat met de evaluatie van de domein-
specifieke kwaliteit van concept maps kan wordelstaan om het begrip van de gedragsbiologie bij
leerlingen te evalueren. Daarnaast wordt verwadcdit db begripsvorming bij leerlingen verder
toeneemt als het constructieproces van concept weadsr verbeterd wordt.

Kennis transitie door recontextualiseren

Het maken van concept maps stimuleert ook de kemmésructie het derde onderdeel van de
conceptuele ontwikkeling. Na twee keer conceptepsaria hebben gebruikt als reflectie-instrument
werd in de derde praktijk het concept mappen gk&brals een constructie-instrument: het
voorbereiden van leerlingen voor het schrijven w@m essay over menselijke agressief gedrag.zi
Daarom werd de relatie tussen de domein-specifiekaliteit van een concept map en het essay
onderzocht. Geconcludeerd werd dat hoe beter desidespecifieke kwaliteit van de concept map,
hoe beter leerlingen een essay schreven vanugdzathtspunt van de gedragsbiologie. Daarom werd
geconcludeerd dat leerlingen een concept map vge kwaliteit maken wanneer ze de betekenis van
en de verbindingen tussen concepten begrijpenbElgtip van gedragsbiologische concepten neemt
toe wanneer leerlingen een technisch correcte pbrmoap construeren. Daarom lijkt het belangrijk
meer aandacht te besteden aan een adequate ctastraic concept maps. Bovendien werd
geconcludeerd dat de OLS voor gedragsbiologie,abede uit verschillende praktijken, leerlingen
uitnodigt om hun kennis te recontextualiseren.

Adequate reflectie- en kennisconstructie-instrumentzoals concept maps en het schrijven van een
essay, kunnen zorgen voor transitie van kennivetworven kennis in een gedidactiseerde praktijk
adequaat en functioneel gebruikt wordt in een andgdidactiseerde praktijk. De analyse van de
essays toonde aan dat bijna 80% van de leerlirefereerde aan één of twee perspectieven op gedrag
(causatie, functie). Het perspectief van de ontelikig van gedrag bleef onderbelicht. De 20% van de
leerlingen die niet refereerden aan een perspedatigile de instructie van de opdracht onvoldoende
op. Verder laten de resultaten zien dat leerlingerstaat zijn om te argumenteren vanuit het
gezichtspunt van een gedragsbioloog. Leerlingemugeden de meeste gedragsbiologische begrippen
op een juiste manier. Een verandering van bioldgiscganisatieniveau (van organisme naar
populatie) lijkt niet problematisch te verlopen.
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Recontextualiseren is een noodzakelijke voorwaamle een correcte uitvoering van de essay-
opdracht en de conclusie kan getrokken worden dadldS recontextualiseren bevordert. Het blijkt
dat de constructie van een concept map en hehdéljke essay afhangen van de voorkennis en de
begripsvorming. Het lijkt er op dat hoe meer betékeolle verbindingen een leerling in een concept
map toont, hoe beter hij of zij een schrijfopdrachtoert. Gebaseerd op de analyse van de essays
werden drie belemmeringen voor het recontextuaiseices beschreven.

We vergeleken de actuele leeropbrengst met dedelenl Geconcludeerd werd dat de OLS leidde tot
het begrip van de gedragsbiologische conceptentlihgen onderscheidden de perspectieven op
gedrag niet expliciet, maar gebruikten de gedradbische begrippen op de juiste manier.

10. Discussie en conclusies

In hoofdstuk 1 werd beargumenteerd dat de volgemterzoeksvraag moet worden beantwoord:
“Wat zijn de karakteristieken van een adequate oni&leerstrategie voor gedragshiologie in het

voortgezet onderwijs die de bewustwording van ggaila een biologisch sleutelbegrip bij leerlingen

bevordert?”

De vraag of de bewustwording van gedrag bij legdimopgeroepen wordt door de OLS kan positief

worden beantwoord. Leerlingen conceptualiserenedizagbiologische begrippen in voldoende mate,

en geconcludeerd wordt dat een adequate OLS vabagsbiologie kan worden geconstrueerd met

behulp van de concept-context benadering en ddgmaistellende benadering. Niettemin worden een

paar aanpassingen voorgesteld om tot de uiteikdel]_S te komen.

* Het gebruik van concept mappen als een refleciguiment zou verbeterd kunnen worden door
een meer systematische constructie van de concgg. m

« Leerlingen vonden sommige teksten in het werkbeelanng. Een aanpassing van lengte, niveau,
en taal wordt daarom voorgesteld.

« De volgorde van de stuurvragen in de tweede pkaktipn het bouwen van een
welzijnsvriendelijke varkensstal zou aangepast soatorden zodat een meer logische verhaallijn
ontstaat.

De OLS is gebaseerd op acht ontwerpcriteria. Irfdsiok 10 is geévalueerd of deze ontwerpcriteria
de beoogde impact op de OLS hadden.

1. De OLS voldoet volledig aan het ontwerpcriterictat meerdere opeenvolgende authentieke
praktijken gebruikt moeten worden. De praktijkenreva relevant voor leerlingen, hoewel de
onbekendheid met deze concept-context benaderioggevoelens van onzekerheid zorgden. De vijf
selectiecriteria voor authentieke praktijken maleidelijk hoe praktijken in het (biologie) onderwiij
gebruikt kunnen worden.

2. We concludeerden dat de aanpassing van detaittisan een authentieke praktijk in leeractivieit

in een gedidactiseerde praktijk geen problementg&éé concludeerden verder dat de OLS een
leeromgeving creéert die interactie bevordert. De& wordt ook aan het tweede ontwerpcriterium
voldaan.



3. Het uitwerken van de probleemstellende benageiinde OLS lijkt effectief te zijn. Twee
belemmeringen werden genoemd. Allereerst, gebmuilgerlingen bij het construeren van de concept
maps verschillende stuurvragen. Vervolgens zougempegenvolgende motieven in de praktijk van het
ontwerpen van een stal logischer moeten worderndgedrom een doorlopende verhaallijn te krijgen.
Niettemin concludeerden we dat de OLS voldoet atrérde ontwerpcriterium.

4. Gezien het gebruik van drie praktijken voldoetLdr-strategie aan het vierde ontwerpcriterium.
Echter, om het ontwerpcriterium te evalueren mestapgd worden of dit criterium effectief was. In
welke mate hebben leerlingen geleerd te recontkséwaen? Recontextualiseren wordt beschouwd als
een van de resultaten van de concept-context bengdaet inbegrip van voldoende reflectie fasen.
Niettemin wordt aanbevolen om het proces van hmintextualiseren zelf nader te onderzoeken.

5. De OLS voldoet aan het ontwerpcriterium dat elefu21le eeuwse gedragsbiologie onderwezen
moet worden. Allereerst door het gebruik van hedeagde sociale praktijken, en vervolgens ook
vanwege de verbindingen die gelegd worden met dmlfgie door het uitwerken van begrippen
stress en agressie in het General Adaptation SgmelriMet het aanbieden van het stress mechanisme
werd voor leerlingen ook de sociale relevantie gadrag zichtbaar.

6. Werden leerlingen zich bewust van het complexalynamische karakter van gedrag? Achteraf
gezien voorziet de OLS alleen impliciet in systeenidn als een competentie om het emergente
karakter van gedrag te begrijpen bevordert. Sysdeeken is in het bijzonder nodig voor de
uitwerking van het General Adaptation Syndrome, atwv@rschillende biologische organisatieniveaus
in het stress mechanisme betrokken zijn. We coe€lidbén dat de OLS voor gedragsbiologie niet
volledig voldoet aan het zesde ontwerpcriterium.

7. Gedragsbiologie is gestructureerd door de viagen van Tinbergen. Met uitzondering van dei
vraag naar de evolutie van gedrag werden deze wggteansformeerd naar perspectieven op gedrag
die leerlingen moeten gebruiken in hun exploratie gedrag. Het blijkt dat leerlingen in staat zmn

de perspectieven, functie, oorzaak, en ontwikkeliagopnderscheiden. De OLS voor gedragsbiologie
voldoet daarom aan het ontwerpcriterium dat legein zich bewust worden van gedrag als
sleutelbegrip.

8. De gebruikte praktijken betroffen het welzijnnvaieren en de menselijke natuur. Daarom
concludeerden we dat de OLS voldoet aan het ontriggpum dat de sociale relevantie van de
gedragsbiologie zichtbaar moet zijn.

Implicaties

Twee didactische thema'’s lijken belangrijk te zijm verder uit te werken vanwege hun implicaties

voor het biologie onderwijs: de rol van de docansgsteemdenken.

Ten aanzien van de rol van de docent zagen wepdsldemen. 1. Docenten improviseerden soms op
het scenario als dat voor het klassenmanagemeig wad. 2. Docenten waren niet zo bekend met de
gedragsbiologische begrippen als ze zouden moedjanom deze adequaat te onderwijzen. 3.

Docenten hadden moeite met het begrijpen van deuiied didactische benaderingen, in het

bijzonder de eis voor een ononderbroken verhaallijn

We kunnen de rol van de docent benaderen vanuit geeichtspunten: 1. Wat is de invloed van een
doceerstijl, en 2. Hoe zouden docenten een onoraeb verhaallijn kunnen construeren, gebruik

makend van de gebruikte didactische benaderingen?
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We concludeerden dat de OLS systeemdenken nieicetpbnderwijst, omdat de focus was op het
creéren van een coherent web van begrippen. Eaitehet complexe en dynamische karakter van
gedrag te kunnen begrijpen zou de stap genomenemearden van de constructie van coherentie
naar systeemdenken. We doen daarom voorstellen emordidactische benadering voor leren en
onderwijzen van systeemdenken voor gedragsbiolodiet voortgezet onderwijs.

Al laatste geven we enkele gedachten weer overageadrde klas. In het onderwijs zijn we dagelijks
betrokken bij leerprocessen en bij gedrag. Het B@n ‘practical joke’ te zijn om leerprocessen of
gedrag te onderwijzen zonder deze geleerde lessée praktijk te brengen. Hoe verminderen we
stress in de lessen? Welke les kunnen we leremetstress mechanisme? Paradoxaal gezegd moeten
we zowel stress situaties vermijden als wel intoedan. Het beschouwen van de klas als een
dynamisch en complex systeem zou daarom de teume@Enmotivatie en leerresultaten van
leerlingen kunnen verbeteren.



Grau, theurer Freund, ist alle Theorie,
Und griin des Lebens goldner Baum.

Goethe

Dank

Een doel is een droom met een deadline. Een preoraterzoek doen zou ik mijn ‘big dream’ kunnen

noemen, die ontstond toen ik een bijdrage mochtreav aan een ander promotietraject. Big, niet
alleen in termen van een grote wens, maar ook terraa de benodigde tijd. Ruim acht jaar heb ik

steeds het doel voor ogen gehouden: de finishwatmogelijk, omdat ik het voorrecht heb gehad
om te werken op het kruispunt van mijn intereseaderzoek, onderwijs, gedrag en biologie.

Stress is een fundamenteel fenomeen in de bioltgide afgelopen jaren heeft mijn lessenserie bij
leerlingen reacties van herkenning opgeleverd. ear ik blij mee, omdat het ook aantoont hoe

relevant het is om te leren hoe het stress meahnanigerkt en hoe het verweven is met gedrag. Met
deze studie wordt daarom een brug geslagen tuss&nschappelijk onderzoek en het dagelijks
leven. Dat geeft me voldoening en zie ik als eclortieg. Deze studie was echter niet mogelijk

geweest zonder de support en hulp van anderen. Mardis gaf de aanzet tot dit onderzoek met de
opmerking “Jij zou moeten promoveren!” Dank, Hamspr het zetje en het spoor richting de

Universiteit Utrecht.

Zeer veel dank ben ik verschuldigd aan mijn promdt@rst Boersma, meer dan ik hier in woorden

uit kan drukken. Kerst, jouw coaching en corregaéje vanuit het vertrouwen in een goede afloep. J 553
liefde voor systeemdenken heeft mijn visie op omierén leidinggeven aangescherpt. Nogal eens——
spraken we behalve over mijn onderzoek ook oven whgjgelijkse praktijk in de school: contextuele
transpositie vanuit een wetenschappelijke praktijat alles maakte dit promotietraject tot een
waardevolle ontdekkingstocht waarin theorie en tijkalonlosmakelijk verweven waren. Kerst,
hartelijk bedankt!

De eerste jaren was ook Arend Jan Waarlo als pambatrokken bij dit promotietraject. Arend Jan,

je aanpak was heel concreet. Met deze aanpak hmle j@ok over een dood punt in het traject heen
geholpen! Bedankt! Kerst en Arend Jan, waaromguftiet durfden te wagen met een onbekende
promovendus van buiten de universiteit en eenifudltbaan had, weet ik niet. Maar het is wel
gebeurd.

Een belangrijke waarde van ontwikkelingsonderzogkwisselwerking tussen de theorie en de
onderwijspraktijk. Diverse collega’s biologiedocemt waren bereid om mee te werken aan dit
onderzoek. Ernst Adam, Dorien Farjon, Peter de Haalsanna Looijen, Andrea Poppe, Arjo van
Vugt, en Menno Wierdsma: veel dank! Jullie medevwrylen meedenken heb ik zeer gewaardeerd.
Vele leerlingen waren voorwerp van observaties. Hasitieve en soms kritische reacties gaven de
energie en motivatie om door te gaan. Mijn danak aan de diverse scholen die gelegenheid boden
om mijn onderzoek uit te voeren: Kalsbeek Colledéo¢rden), Driestar College (Gouda), Goudse
Waarden (Gouda), Jac. P. Thijssen (Castricum), BssiB (Utrecht), Krimpenerwaard College
(Krimpen aan de 1Jssel).
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James MacMillan en Johan van Wijk behoedden mij\alde grote taalkundige uitglijders. James,
hartelijk dank voor je accurate en vlotte corredle opmerkingen die ik van je terug kreeg zijn een
bewijs dat ook een proefschrift met een glimlachezen kan worden. Johan, dit Engelstalige
proefschrift moet voor een lector Engels in hebmefatorisch onderwijs een opsteker zijn. Het kan!

Dit promotietraject heeft mij veel inzicht opgelesdn wisselwerking met mijn dagelijks werk als
schoolleider. Niet—gedrag bestaat immers nietalkkdmijn werkgevers, het Driestar College (Gouda)
en De Passie (Utrecht), die mij ruimte en steuregaam dit onderzoek tot een goed einde te brengen.
Ik prijs mij bovendien gelukkig met collega’s op dassie die regelmatig met belangstelling
informeerden naar de voortgang en zo een stimularen. Zoals jullie al gemerkt hebben, delen
jullie in de opbrengst!

Met liefde en dankbaarheid draag ik dit boekje ap mijn gezin. Ruim acht jaar heeft deze studie ons
gezinsleven beinvlioed. Lieve Martha, dankjewel vage steun. Joost, Guido en Reinder, wat zullen

we eens gaan doen?

Anco



Curriculum Vitae

Anco van Moolenbroek was born in Scherpenisse éfeRlon 31 December 1968. After visiting the
primary and secondary school, he moved to the Brottniversity of Applied Sciences to study
Dutch Agriculture. During this study Anco partictpd in research on forest fertilization. In additio
he did a literature survey to the preferences foitragen source of tree species.

Anco got a job as researcher at the Glasshouses@egearch Institute (Naaldwijk), where he studied
on mineral balances of lettuce, roses, and camaltie also investigated a root problem of cucumber
plants.

In 1996 he became a Biology teacher at the secgprstdnool ‘Driestar College’ (Gouda), and after
three years of teaching, managing a departmenhefsthool was part of his job. To become a
certified teacher Anco studied for Biology teachérthe University of Applied Sciences Rotterdam
(2" degree, Hogeschool Rotterdam), and at the Untyeo$i Applied Sciences Utrecht $-egree,
Hogeschool Utrecht). In September 2003 he stariedPhD research at the Utrecht University. In
2007 Anco went to the ‘De Passie’, evangelical sthior secondary education (Utrecht), to be a
principal.
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Bi Beste voorbeeldartikel van leerlingen

Agressief gedrag

MC politieblad, 16 november 2008

Van onze redactie

KRIMPEN AAN DEN IJSSEL — Agressiviteit bij
voetbalrellen neemt toe, waardoor steeds meer
slachtoffers de dupe zijn van zinloos geweld. De
politie heeft het allemaal niet meer in de hand,
waardoor de gevolgen steeds erger worden.
Soms dat de dood erop volgt.

Alcohol, drugs en rock 'n roll, dat willen

de jongeren van tegenwoordig. Jongeren
beginnen steeds vroeger met het gebruik van
alcohol en drugs. Dit probleem doet zich voor
doordat ouders te weinig aandacht aan hun
kinderen schenken en dat scholen dit gebrek aan
aandacht niet opvullen. Het gebrek aan sociale
controle neemt hierdoor steeds meer toe.
Daardoor krijgen de jongeren te veel vrijheid —
""ze zien door de bomen het bos niet meer" — en
kennen hun grenzen niet (ze weten niet
wanneer ze moeten stoppen). Dit alles kan
leiden tot agressief gedrag. In dit geval is hier
sprake van zinloos geweld. Bij voetbalrellen is er
ook sprake van zinloos geweld en kennen de
mensen hun grenzen ook niet.
Ook ligt het probleem bij onze maatschappij. Er
is te weinig politie op straat, waardoor jongeren
minder gecontroleerd worden en meer risico's
nemen — zinloos geweld. Een ander voorbeeld
van te weinig politie op straat zijn de
voetbalrellen. Voetbalrellen lopen dus al snel uit
de hand. Ook kan de politie met te weinig man
zichzelf niet meer verdedigen. Dit leidt tot
respectloze handelingen van supporters naar
politiemannen, door middel van verbale -en
non-verbale agressie. Zoals het gooien van
stenen en rotjes, schelden naar de politie en nog
meer zinloos geweld.

Een mens probeert al vanaf zijn
geboorte te overleven in een wereld die hij niet
kent. Dit kan door aanpassing (adaptatie) of door
je eigen weg te gaan en doen wat je nodig vindt.
Ook al heeft ieder mens het dus in zich om
agressief gedrag te vertonen, speelt agressief
gedrag bij de één een grotere rol dan bij de

ander. Een oorzaak van agressief gedrag kan dus
ook gewoon bij het innerlijk van de mens zelf
zitten, zonder externe prikkels. Dit zie je ook
weer terug bij voetbalrellen. Mensen gaan hun
eigen weg en doen wat ze nodig vinden om hun
club te verdedigen. Ook is de ene supporter
agressiever dan de ander. Als de agressievere
supporter de ander opstookt, escaleert de boel
(gevolg zijn rellen).

Ook doordat de samenleving in de loop
van de tijd steeds meer groeide werd de
rangorde steeds onduidelijker, waardoor
individuen hun plaats niet meer wisten in de
samenleving. De mens kan niet goed in grote
gemeenschappen leven, want hierdoor wordt hij
meer gewantrouwd, nerveuzer en voelt zich
onveilig. De mens heeft het gevoel dat hij
zichzelf moet verdedigen. Een vorm van die
verdediging kan agressief gedrag zijn. Dus de
voetbalsupporters hebben het gevoel dat ze hun
club (territorium) moeten verdedigen, want ze
voelen zich aangevallen door de andere club.
Wanneer de politie ingrijpt, zien ze niet in dat de
politie boven hen staat (rangorde). Hierdoor
wordt er weer respectloos gehandeld tegenover
de politie.

Ook kan agressief gedrag ontstaan bij
mensen die langdurig (zware) traumatiserende
ervaringen hebben ondergaan, zoals jaren
gedwongen seks. Deze ervaringen kunnen voor
grote problemen zorgen bij het regelen van hun
agressie. Bij deze mensen lijkt het vaak of ze
altijd boos zijn en misschien is dat ook wel zo.
Deze boosheid wordt veroorzaakt door de
angsten die bij deze ervaringen naar boven
komen. Met deze angsten kunnen ze niet goed
omgaan en dat wordt vertaald naar agressief
gedrag. Een kleine aanleiding, zoals het verliezen
van een voetbalwedstrijd, kan die boosheid nog
erger maken en zo agressiviteit veroorzaken.

We hebben nu gekeken naar de
oorzaken van gedrag, maar wat is nou eigenlijk
de functie?



We vertonen gedrag om te overleven. Dat doen
we door middel van verdediging, voedsel zoeken
en ons voortplanten. Verdediging is nodig bij een
zeer stressvolle situatie. Hierbij zijn er 3 dingen
te doen. Vechten, vluchten en verstarren — ook
wel de 3v's genoemd. Als men kiest voor
vechten, dus zichzelf verdedigen in een
aanvallende positie, vertoont men al snel
agressief gedrag.

De functie van agressief gedrag kan ook worden
veroorzaakt door roedelorde. Wie is er dominant
en wie onderdanig. Niet iedereen is het daar
altijd mee-eens. Dit kan dus leiden tot vechten
(3v's).

Wat te doen tegen agressie en rellen? Er

zijn geen directe oplossingen voor agressie,
omdat we niet precies weten waar agressief
gedrag vandaan komt. Agressie is wel te
verminderen door middel van meer blauw op
straat te zetten. De politie zal dan strengere
controles bij alcohol -en drugsgebruik moeten
uitvoeren.
Andere kleine oplossingen kunnen zijn: verbod
op alcoholgebruik in stadia, de 'leiders' van de
massa meenemen naar het bureau voor verdere
maatregelen en de anderen een boete of
taakstraf geven. Een andere mogelijke oplossing
zou kunnen zijn dat er niet meer in grote
getallen wordt gereisd naar het stadium of van
het stadium. Want als er geen grote groepen
zijn, ontstaan er minder snel rellen. Oplossingen
om rellen echt helemaal te voorkomen zijn er
nog niet, anders waren er nu ook al geen rellen
meer geweest.

Wij zijn niet bekend met rellen dus kunnen wij
niet goed vaststellen wat een goede oplossing
zou kunnen zijn.

Waar komt het dus op neer? Er is te

weinig blauw op straat waardoor rellen
gemakkelijk kunnen ontstaan en escaleren. De
rellen ontstaan doordat de supporters hun eigen
club (territorium) willen verdedigen, dit doen ze
door middel van vechten wat leidt tot agressief
gedrag en zinloos geweld. Maar deze rellen
ontstaan niet alleen door verdediging, maar ook
omdat agressie in ieder mens zit en dat de één
er meer aanleg voor heeft dan de ander.
Hierdoor kan je elkaar makkelijk opstoken,
omdat er ook meningsverschillen ontstaan. Om
agressie een beetje in de hand te kunnen
houden moet je al bij het opvoeden van het kind
beginnen. Wanneer het kind niet genoeg
aandacht krijgt van de ouders of van school
ontstaat er een gebrek aan sociale controle.
Doordat het kind zich niet in een fijne omgeving
bevindt, gaat het meestal agressief gedrag
vertonen. Jongeren kunnen een oplossing ook bij
alcohol zoeken en dat veroorzaakt ook weer
agressief gedrag. Dit kan je voorkomen als je dus
meer blauw op straat zet. Er moeten strengere
regels en controles komen, zodat het gebruik
dan alcohol op straat wordt verminderd en zo
ook agressief gedrag.
Wij zelf vinden dus dat er meer blauw op straat
moet komen, in kleinere groepen moet worden
gereisd (van en naar het stadium) en dat de
politie ook daadwerkelijk gezag uitvoert.

Gemaakt door Chenna en Martine 4V
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B Best sample article on aggression by students

Aggressive behaviour

MC police magazine, November 16, 2008
Editorial

Krimpen aan den lJssel - Aggression in football
riots is increasing, so more and more people are
victims of violence. No longer do the police have
this under control, so the effects are getting
worse, sometimes with deadly results.

Alcohol, drugs, and rock 'n roll, this is what

the youth of today wants. Young people start
getting used to using alcohol and drugs. This
problem occurs because parents neglect their
children and schools do not compensate for this
lack of attention. The lack of social control only
adds to the problem. This gives the young
people too much freedom -"they don’t see the
forest for the trees"- and do not know their
limits (they do not know when to stop). All this
can lead to aggressive behaviour. In this case we
are talking about senseless violence. In soccer
riots, there is also senseless violence and people
don’t know their limits.
The problem is also with our society. There are
not enough police on the streets, people are less
observed and they take more risks — leading to
senseless violence. Another example of too few
police on the street is soccer riots. Soccer Riots
get out of hand so quickly. Also, the police have
too few personnel to defend themselves
anymore. This leads to disrespectful acts by
football supporters towards the police, through
verbal and nonverbal aggression such as
throwing stones and firecrackers, cursing the
police and more senseless violence.

A man has been trying since he was born to
survive in a world he does not know. This can be
done by adjustment (adaptation) or by going
your own way and doing what you like. Although
every human being is in itself capable of
aggressive behaviour, aggressive behaviour plays
a larger role in the one than in the other. One
cause of aggressive behaviour can also be simply
the inner man himself, without external stimuli.
This also can be seen in football riots. People go
their own way and do whatever they deem

necessary to defend their club. Also, one
supporter is more aggressive than the other. If
one aggressive supporter triggers the other, the
whole thing is escalates (resulting in riots).
Also, because order in society became
increasingly disrupted over time, individuals no
longer know their place in society. Man cannot
live in large communities, because he becomes
more distrustful, more nervous, and he feels
unsafe. The man feels he must defend himself.
One form of defence can be aggressive
behaviour. So football supporters feel that they
must defend their club (territory), because they
feel attacked by the other club. When the police
take action the supporters do not see that the
police have authority over them (ranking). This
again is disrespectful to the police.
Aggressive behaviour may also occur in people
who have undergone long (heavy) traumatic
experiences, such as years of forced sex. These
experiences may cause major difficulties in
controlling their aggression. With these people it
seems as if they are often or always angry, and
maybe that is true. This anger is caused by the
fears that these experiences bring up. With
these fears, they cannot handle the situation,
and that will translate to aggressive behaviour. A
small situation, such as losing a football game,
can aggravate anger and cause aggression.

We have examined the causes of behaviour,
but what actually is the function?
We exhibit behaviour in order to survive. We do
this by means of defence, foraging, and
reproduction. Defence is needed in a very
stressful situation. Here are three things to do.
Fight, flee and become rigid - known as the 3Rs.
If one chooses to fight, to defend themselves via
an attacking posture, they quickly show
aggressive behaviour.
The function of aggressive behaviour can also be
caused by the pack hierarchy. Who is dominant
and who is submissive? Not everyone agrees.
This can lead to fighting (3Fs).



What to do against aggression and
hooliganism? There are no direct solutions to
aggression because we do not know exactly
where aggression comes from. Aggression can
be reduced by putting more police on the
streets. The police will do stricter enforcement
on alcohol and drug use.

Other small solutions may include banning
alcohol in stadiums, taking the "leaders" of the
supporters to the police station for further
consequences, and giving others a fine or
community service. Another possible solution
could be that it would no longer be permitted
for large numbers of supporters to travel
together to the stadium. The lack of large groups
leads quickly to fewer riots. There are no
solutions for totally preventing riots, otherwise
the riots would have already been stopped.

We are not familiar with riots so we cannot
determine what a good solution might be.

So where are we now? There are too few police
on the street, so riots can easily arise and
escalate. The riots begin because the supporters
want to defend their own club (territory). They
do so by fighting, which leads to aggressive
behaviour and violence. But these riots begin

not only through defensive actions, but also
because aggression is present in every human,
and one is more prone than the next. They can
easily provoke each other, because there are
also differences of opinion. To control
aggression you need to start with the raising of
the child. When a child does not get enough
attention from his/her parents or from school it
results in a lack of social control. When a child is
not in a good environment he/she usually shows
aggressive behaviour. Young people can also
seek a solution to their problems in alcohol,
once again causing aggressive behaviour. This
can be prevented if you put more police on the
street. There must be more stringent rules and
checkpoints, so that the use of alcohol on the
streets is decreased and therefore aggressive
behaviour as well.

Therefore, we find that there must be more
police on the street, people must travel in
smaller groups (to and from the stadium) and
the police must actually demonstrate their
authority.

Created by Chenna and Martine 4V
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