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ABSTRACT

Sri Padmi, | G. A. R. 201®eveloping #Gr ade Studentsdé I nform
ReasoningThesis, Mathematics Education Study ProgramigPaduate Program

of Surabaya State University. Supervisors: (I) Agung Lukito, M.S., and (ll) Prof.

Dr. Siti M. Amin, M.Pd.

Keywords Informal Inferential Reasoning, Realistic Mathematics
Education (RME), Pendidikan Matematika Realistik Indonesia (PMRI),
Design Research.

Inferential statistics has beproven to be a hard concept for studentsigerstand.

On the other hand, as the future citizen of modern society, statisticenes

important for the students to deal with ditden information they enoater on

daily basis. Informal Inferential Reasoning is a current topic in international
statistics education proposed to bridge these two problems. The present study is
focused on developing™gr ade studentso infor mal i n°
Indonesialt is based on Realistic Mathematics Education (RME) also known as
Pendidikan Matematika Realistik Indonesia (PMRI). The goal is to contribute to
instructional materials in developing IIR as well as accompanying theory on how

this material works. The resech question of this study,ikow can ¥ grade

students be supported to develog2WRe used design research as the methodology.

We conductetivo cycles of teaching experiments whose subjects werentirade

the students and one teacher in LaboraB@agondary School of State University of

Surabaya. The first cycle consisted of 6 students, while the second cycle consisted

of 27 students and one teacher. The data were collected through video recordings

of the teaching experotkenent and studentséb

The data then analyzed by comparing and contrasting the Hypothetical Learning
Trajectory to the Actual Learning Trajectory. As the result of the analysis, six
lessons on developing IIR were designed; (1) Scout staff; (2) Comparing the Dots;
(3) Are girls taller than boys?; and)(&ocial Media Addiction.



vii

ABSTRAK

Sri Padmi, | G. A. R. 201®eveloping #Gr ade Studentsdé I nform
ReasoningThesis, Mathematics Education Study Program, Postgraduate Program

of Surabaya State Universitgupervisors: (IDr. Agung Lukito, M.S., and (Il)

Prof. Dr. Siti M. Amin, M.Pd.

Kata Kunci Informal Inferential Reasoning, Realistic Mathematics
Education (RME), Pendidikan Matematika Realistik Indonesia (PMRI),
Design Research.

Statistik inferensial mrupakan konsep yang sulit dipahami oleh siswa. Di sisi lain,
sebagai calon anggota masyarakat modern, statistik merupakan alat yang penting
bagi siswa untuk menghadapi informasi sai@a yang mereka temui di kehidupan
seharihari. Informal Inferential Rasoningmerupakan topik yang kini dibahas di
dunia pendidikan statistik internasional untuk menjembatani dua masalah tersebut.
Penelitian ini bertujuan untuk mengembanghaformal Inferential Reasoning
siswa kelas 7 di Indonesia. Pendekatan pembelajaag digunakan adalah
Pendidikan. Pendidikan Matematika Realistik Indonesia (PMRI). Tujuan dari
penelitian ini adalah mengkontribusikan materi pengajaran dalam mengembangkan
lIR. Pertanyaan penelitian dari penelian ini adallgamana siswa kelas 7 bisa
didukung untuk mengembangkan IIR?esign research digunakan sebagai
pendekatan dalam penelitian. Penelitian ini terdiri dari 2 siklus, dengan subjek
siswa kelas 7 dan seorang guru di SMP Lab Universitas Negeri Surabaya. Peserta
dari siklus pertama adalalo6ang siswa, sedangkan peserta siklus kedua adalah 27
siswa dan seorang gurata dikumpulkan melalui rekaman video dan hasil kerja
siswa. Data tersebut kemudian dianalisis dengan membandingkan Hypothetical
Learning Trajectory dan Actual Learning Trajegto Design research ini
menghasilkan 4 pembelajaran dalam mengembangkan IIR: (1) Tongkat Pramuka,
(2) Bandingkan Titiktitiknya; (3) Apakah anak perempuan lebih tinggi dari anak
laki-laki?; dan (4) Kecanduan Media Sosial.
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CHAPTER |

INTRODUCTION

1.1 Research Bakground

Statistical procedures can be divided into twajor categories; inferential
and descriptive (Hon, 2010). Descriptive statistics revolves around describing and
summarizing the data at hand, while inferential statistics attempts to use said data
andwhat is known of it to infer about a larger population containing it. In most
countries, statistics education introduced in primary and secondary school
traditionally consist of descriptive statistics, focusing on computation about
averages and interpreyj graphs (Makar & Rubin, 2009). Inferential statistics is not
introduced before tertiary level (Makar & Rubin, 2009; Rossman, 2008).

In recent years, the idea to reform the aim of statistics education has brought
a lot of discussion. Major stakeholdersstatistics education have consensus about
the need of statistical literacy for an individual to function efficiently in modern,
informationladen society (Beizvi & Garfield, 2004). Irvitably, the way statistics
being taught in school has to be refornasdwell, from focusing on computation
and procedures to a more holistic approach that goes beyond data analyzing
technique (Paparistodemou & MeletidMavrotheris, 2008) and assists students to
make sense of the world, which is the essential purpose ististat

Amidst this notion of reforming the aiof statistics education, emergeugt
idea of Informal Inferential Reasoning (IIR). Although no universal consensus has
been reached about it, views from various researchers generallabgteé being

the fundamental ideas thatnderpin the undemshding of classical statistical



inference. limplies that instead of making inference afalusing formula, students
areencouraged to use informal statistical knowledge that surely is more familiar to
them tomake inferences about unknown populations based on observed samples
(Zieffler, Garfield, Delmas, & Reading, 2008)

The notion to teach inferential statistics in early stages of statistics education
stems from the fact that formal inferential statistecproven to be a hard concept
for students to understand. This difficulty is maimye tost udent sdé | ack
experience in reasoning about it, hence the inability to make sense and derive
meaning of all the computation and procedyisffler et al., 208). It might be
better if inferential statistics is introduced early in the stage of statistics education
by focusing on the informal aspect of Zidffler, et al., 2008; Makar & Rubin,
2009), since the mathematics comprising formal inferential statistibeyond
reach of young students.

A lot of studies have showed the succes of developing IIR in young children.
Ben-Zvi, Gil and Apple (2007) employed data handling softwairgkerPlotsto
support the development of IIR in grad& 4Bakker & Gravemeije(2004) used
graphical representation softwaidinitools to support high school students
informal reasoning about distribution. Watson & Moritz (1998) introduced IIR
through the activity of comparing two data sets for children in gra8@leviile
Pfannkuch(2011) developed similar idea in -¥®arold-students through the
investigation of boxplots.

Since IIR encourages students to employ their informal knowledge,
problems with meaningful context and activities will support their reasoning. A lot

of research&have focused a lot on the use of software, while in most countries this



context are probably not suitable due to the lack of facility and infrastructure. In
Indonesia, specifically, generally public schools are not equipped with enough
computers and sutfient internet connections. In term of curriculums, statistics
education for primary and secondary students are traditionally centered around the
computation of central tendencies and graph representations.

Although inferential statistics is not spec#ity mandated to be taught in
Indonesia, implementing it will be beneficial in the long run since formal inferential
statistics is hard to understand for Indonesian students as well. Promoting
inferential reasoning while learning about descriptive stasistan help students
bridge the connection betweealescriptive and inferential statisticgvatson &
Moritz (1999) presented the idea that there are many points in the curriculum where
the idea of inference can be introduced, together with descriptivatistati

Some studies in Indonesia have already brought up discussions about more
meanirgful way in learning statistics; most of them focus on average.
Lestariningsih (2012) proposed the use of folklore as a context to support students
in learning averageyhile Assagaf (2014) suggested tiee of lengttmeasurement
as a contextHowever, as far as the researcher is awaréhefe is no studyhat
specifically aims to incorporate IIR in early education in Indonesia.

Based on those issues, it is importamtdesign meaningful contextual

activities in order to foster the devel

reasoningThe study focuses on th# grade students in Indonesia.



1.2 Research gquestion
Based on the elaboration aboube research questi of this study is
f ormul at e d How san Ttho grddestmdentsfibe supported develop

infor mal i nferenti al reasoning?o

1.3 Research Aim

The aim of this study is to design instructional materials to support
Indonesian students in developiimformal inferential reasoning, as well as to
contribute a local instructional theory focused on developing IIR to statistics

education in Indonesia.

1.4 Criteria of the study
Based on the research question and aim, we setueafor this study
whichis elaboragd as follows.

1. The students are ablea&chieve the learning goal of each lesson.

2. The students are able to participate in class discussion and to argue for and
against a statement without using any formal statistical terminologies. This is
exhibitedinte st udentsdé worksheet and the tra

3. The students are ablenmake generalation from sample to populatiorg t
back p this generalization with data, atadproduce thigieneralization with a
degree of uncertainty.

4. The hypothécal learning trajectory (HLT) is realized within the actual
learning trajectory (ALT). The HLT and the ALT will be compared and

contrasted by means of Dierdorpds matr.i



1.5 Definition of some key terms
It is important to define the key terms invelin this study in order to avoid
different or misinterpretation for the terms. These terms and its definition are
elaborated as follows.
1. Inference
A guess or opionion made by a person based on information that they have.
2. Informal Inferential Reasoning
Informal inferential reasoning is defined ag tway in which students use their
informal statistical knowledge to make argument to support inferences about
unknown populations based on observed samfiesan also be defined as
cognitive activities invitved in informally drawing conclusions or making
predictions about Afsome wider uni vers
statistical measures and statistical models of random samples, while attending
to the strength and limitations of the sampling anddifasvn inferenceThere
are 3 characteristic of IIK1) generalization beyond the dat) {he use of data
to back up this generalization, ar®) (he employment of probabilistic language
(statement of uncertainty) in describing this generalization.
3. Devebping
Developing is defined as progress. In the range of education, developing the
students6é understanding means a progres
knowledge and the intended learning goal.
4. Supporting
Supporting is defined as giving assistance or eragament. Supporting does

not inherently mean that the students are given help al the time. Instead, they



are expected to form their own knowledge with facilitation and

encouragement from the teacher.

1.6 Significance of study
Related to the objectives ofdlstudy above, the present study is expected to

be able to contribute to the development of a local instructional theory in domain
of statistics. These contributions includes the classroom material as well as an
ccompanying theory on how it fosterthe guwlt s 6 | | R.

For the teacher, it is expected to be an innovative way to teach statistics in the
classroom as well as to introduce IIR to Indonesian educators. It is also expected to
become references for other researchers who will conduct studies on trelevan

issues.



CHAPTER I

THEORETICAL FRAMEWORK

2.1 Statistical Literacy
Although literacy is more commonly associated with the ability to read and
write, the termhas been used in various fistd address a basic or minimal set of

skills required to functiorsufficiently in that field.BenzZvi and Garfield (2004)

proposed a ddfition of statistical literacpe s fAbasi ¢ and i mportant
be used in understanding st at iWatlmac a | nf c
(1993 defined statisticdl i t er acy as At he ability to undc

statistical resultthat permeate our daily livesoupledwith the ability to appreciate
the contributions that statistical thinking can make in public and private,
professional and personaladdé s i o n s 0 2003identified statis@cal llitergcy
as a compound of two components nanfa)ythe ability to critically interpret and
evaluate statistical information one encounters in life(@hdhe ability to discuss
and communicate such inpeetations and evaluations.

With the definition of statistical literacy, comes the need to determine what
knowledge, skill or competence that has tqpbssessed andastered by an adult
to be classified as statistically literat@al (2002) argued thateo p | stafissical
literacy dependson two componentsnamely knowledge and dispositional
componentsThe knowledgecomponentconsiss of five interrelated knowledge
bases (literacy, statistical mathematicgl context and critical), while the

dispositionacomponentompriseghe accompanying beliefs and attitudes.



Statistical informations an unescapable patpeopl eds prof essi c
daily lives. Modern citizes are bombarded with statistics used by politicians,
researchers, and companies in anréfi strengthen their argumentdoore @s
cited in Gal, 2002¥tated that data, variatipand chance are universal and ever
present parts of daily lifenentioningthe impossibility to find policy question that
has no statistical component as an example

There are two roles that people can assume in regard to statistical
information that they may have in everyday life; they can either beotieumers
of the information,or the producers(Gal, 2002) People assume the rolé a
consumer unconsciously every time they encounter statistical information in
everyday life, such as poll result or graphs in a news articles. The producer of legit
statistical information, on the other hand, are mostly those working as statisticians
or researchers; as in individuals who conduct statistical investigation and
procedures on daily basis.

Consideringhe contextsn whichstatistical information usually appedrgt
role of a consumes definitely much more commotianthe role ofa producer
Nonetheless, people in evepyofessionstill need to be able to produce well
grounded argumesitbased on reliablacts andstatistics.To conclude, at some
point in their life an adult in modern society wié ina situation where they are
demanded tbe a consumer or a producer of statistical information, and they need
statistical literacy to handle this situation effectively.

Statisticds one of the five domains afathematics, hence it is traditionally
being taught tstudents in school as part mathematics curriculunDespite the

effort of statisticians in recent years to establish statistics as a separate and unique



discipline from mathematiqslel Mas, 2004)it cannot be denied thatiagistics are
strongly linkedto mathematics considerinthe numerical information andhe
mathematical formulastilized within it. Gal (2002), in his model of statistical
literacy, also argued mathematical knowledge as one of the fmsstatistical
literacy.

Consideringhat staistical literacy is a&aompetencyhat a modern citizen is
expected to havet is one of the expected outcome stétisticseducation(Gal,

2002) However, teaching studenttassticsat school does not necessarily mean
that ts graduates are statistically literate lot of researchesave brought up
interesting findings related to statistical literacy in society, or lack thereof. Mullis
et al. (as cited in Gal, 2002) reported that less than half of the students graduated
from high school are able to do statistical tasks designed to measure statistical
literacy. Kahneman, Slovic, ant@iversky (as citedn Garfield, 1995pointed out
misunderstandings by adults about statistical concepts that are prevalent in daily
life, suchasrepresentativeness sampleand gambling fallacyWallman (1993)

also pointed out various misunderstandings, misperceptions, mistrusts, and
misgivings people have in regard to how statistics are involved in making private
and public choices.

Causes behinthis tendency to misunderstand statistical information are
identified; one of them is the traditional way statistics is being taught in school,
which is too much focused on procedures and computations. The focus on
procedures and computations is underpthby an expectation by that the answer
should be unique, correct, and numerical, while in reality, statistics is far from that.

This contrasting nature of statistics as a knowledge is uncomfortable for students.
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Calculating numbers islso tedious work j@ne to mistakes and prding no
mental stimulation. Hence, the students do not only find statistics difficult, they also
find learning statistics unpleasgf@arfield & BenZvi, 2004).

The ineffectiveness of the teaching of statistics calls for a refdome of
the change to be expected are the change of a focus on analysis instead of
computation, and a focus on encouraging the students to think and to reason
statistically (Garfield & Befizvi, 2004).Therefore, the recent argument itatistic
educationis how to reform the wagtatistics being taught in school to produce

citizers tha are statistically illiteratas the outcome.

2.2 Informal Inferential Reasoning
In statistics two broad categories can be distinguished: descriptive statistics and
inferental statisticWalpole, 1995)Descriptive statistics are procedures used to
find pdterns in a set of datas well asto usethesepatterns to summarize and
describehe seof dataitself. Inferential statistics relate to tpeocesses of making
inference about a population from observing and analyaisgmpletaken from
that populationThat is, descriptive statistics do not go beyond the data at hand,
while inferential statisticenakes generalization froasampleéothep@ ul at i on it 0
taken from

There is no doubt that inferential statistics is a profoundly significant
knowledge.Inferential statistics is communally agreed as the heart of statistics,
since the main reason for statistics to be devel@sed sciences for people to
investigate a phenomenontorpredict a future trend in socie(Bakker & Derry,

2011) Thosephenomena and future trends are investigated through a series of
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scientific methods applied to a very limited sample, based on which conglusion
and cecisiors regardinga larger populatiorhaveto bederived.Generalizing to a
larger population from a limited sample is where inferential statistics takedeit

Looking atthe mathematics curriculum, statistics in most countries is
introduced inprimary school. Up until the end of their secondary education,
statistics learnt by studentsaditionally revolves around descriptive statistics and
rarely goes beyond computing averaaged interpreting graph@lakar & Rubin,
2009) Inferential statistics, on the other handuyssiallyintroduced to students in
the tertiary level Makar & Rubin, 2009Rossman, 200&ratt, JohnstoiVilder,
Ainley, & Mason, 2008 It revolves around tatistics that are importann
conducing researh, such as hypothesis tggparameter estimatisnor rormality
tesk. Since the inferential statistics being introduced in collstgéistics classes
mainly consists of formal procedures, it is referredgdormal inferentiadtatistics

St u d e ficully id infdrential statistics has been addressed by prominent
statistics educators istatistics education journals and confererf{Beatt & Ainley,
2008). The solution proposed to tackle this problemtasintroducestatistical
inference tathe studers below tertiary level (secondary and primampwever,
since formalinferential statisticsis cognitively not suitablefor them, it is
approached by focusing on informal aspeat it. This is known asnformal
inferential reasoninglIR).

IIR is a rehtively new topic in the field of statistical educatidngeneral
consensus abodefinitionand frameworks is yet to be reached. Some researchers,
however, have formulated their definitions built around their respective studies.

Pfannkuch 2006 descriled IR as the drawing of conclusions about a population
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that is based mainly on looking at, comparing, and reasoning from distributions of

data. Rossmar2Q08 described it as the way students infer beyond the data at hand

through reasoned arguments thampéoys no formal method, technique, or
calculation. Anther definition is by Zieffler eal. 2008) who formulatedIR as

fthe way in which students use their informal statistical knowledge to make
argument to support inferences about unknown populatbased on observed

samples (p. 44) while BenZvi, Gal and Apel 2007 defined inbrmal inferential

st at i scbgnitive activiies ifivolved in informally drawing conclusions or
making predictions about Asome @ns,der uni
statistical measures and statistical models of random samples, while attending to

the strength and limitations of thesampy and t he d(p.8wn i nf er en

Makar and Rubin (2009) suggested three key principlesathatsential in
makingstatistcal inference informally: (ageneralization beyond the data) ¢(be
use of data to back up this generalization, @hdhe employment of probabilistic
language (statement of uncertainty) in describimg generalization.

Some researchers have reportedable progresses in fostering informal
inferential reasoning in young students (primary and secondary school). The study
by Bakker and Gravemeijé2004) showed that"Tgraders can develop the concept
of distribution through informal ways of reasonifdgn-Zvi et al.(2007) explord
the possibilities of developing IIR fof'@rade in technologyich environment by
using data generator software, with similar software also used by Watson (2008) to
develop IIR in ¥ grade. Both study noted that the studestart to produce

statements that address the elements of IIR.
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Recent study by Makar & McPhee (2014) showed that through a series of
predicting activities, grade 1 (5 years old) can be supported to develop IIR. Similar
result is also reported by High (2014) on a study done to grade 1 to-B (@ars
old). The less strict nature of informal inferential statistics allows it to be taught
across various education levels. Even though the main idea is to start with young
students, some research alsmrddgts implementation for student in late secondary

andearlytertiary education (Wienber, Wiesner & Pfaff, 2010).

2.3 Example of informal inferential reasoning

A study by Hamlin, Wynn, & BlomnfRossman, 2008jhvestigated whethre

or not infants find an individual appeal
toward others. nontho | d i nf ants where shown a char
struggle to climb up the hill. Ot her <cha
tot he top, while O0hindererd pushed the cl

the characteristics severaines, before being presented with the helper and the
hinderer. The study recorded that for a sample of 16 infants, 14 chose the helper
toy. The gestion is that, it is because of genuine preference or a mere cltamce?
infants really have a preference?
Formal inferential statistics will require formal calculation of an exacilpe
or a test statistics. On the other hahe, studentsvithout infelential reasoningyill
probably conclude that the infants do have preference by solely looking on the data.
With informal inferential reasoning, the students will have to make a
generalization toward the population of sample in general. Their claim about

whether or not the infants have preference will also be based on the data. They will
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also produce a statement of uncertainty or certainty. Suppose their assumption is
that the infants have no preference, then the infant picking the helper can be
modeled byflipping a coin and getting the head. It is quite unusual to flip 16 coins
and get 14 heads, hence it can be argued that the possibility of 14 infants picking
the helper toy without any preference is quite small.

On the other hand, the argument about ttaggy can also come from the
guality of the sample. The students can argue for the infants having no preference
considering the sample size. Even though almost all the infant chose the helper toy,
the size of the sample is too small to represent theengapulation.

To conclude, as informal inferential reasoning bridge between descriptive
statistic and formal inferential statistics, the students in this stage do not use any
formal inferential statistical procedures but do not produce any deterministic

statement either.

2.4 The importance of Informal Inferential Reasoning
The reason why Informal Inferential Reasoning is a reasonable topic to be
researched is described as follows.
241 St udent s an leinihgffarntalunfetential statistics

Formal inferentl statistics are thought to be difficult and students in
introductory statistics class often have difficulty understanding the reasoning
behind it(Makar & Rubin, 2009; Garfield & Zvi, 2008Y.arious caiseshavebeen
identified.

The first one is that desptive and inferential statistics are taught

separately. Students are often unable to link the descriptive statistics they learn in
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their compulsory education to the inferential statistics they learn in college.
Brandom (as cited in Bakker & Derry, 201drought up this issue by discussing

the distinction betweerolism and atomismin statistics educationAtomism

approach refers to learning individual concepts separately and only about what

these concepts refers to, then combining them to form a cohkogiyt of

knowledge. On the contrarjiolismi s descri bed as fié one ¢
concept unless one has many concepts. For the content of each concept is articulated

by its inferential relations to other concepts. Concepts, then, must come in
packag@.eld). Holism is preferred overatomismbecause topiby-topic

approach is deemed to be no longer effective.

Learning descriptive and inferential statistics separately also leads to the
second case, which is the difficulty to deal with the probalulistature of
inferential statistics. fie raditional approach to statistics in the early grades can
encourage an overly deterministic sense about statistics. Upon entering statistics
classes in college, the students generally lack experience in workingamdth
reasoning about stochastic eveigt underpirstatistical inferenc€Zieffler et al.,

2008)

The third case is the focus on procedures and algorithms, what is fondly
referred t omediasmotdheed fsnyenadr o me ( Bakker & [
createsa shallow understanding such a way that although students can remember
the formula, they often cannot apply it in a slightly alternated context. The concept
of mean is one of the examplef thisinert knowledge. It is introduced to students

as the formulaof arithmetic mean when they are as young as grade 6. Students
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however rarely use it to compare groups, instead only use it descriptively or
calculating it out of habifBakker & Derry, 2011)

Garfield (as cited itdarradine, Batanero, & Rossman, 201thYexd that the
teachers prefer to teach concepts and procedures in the hope that the reasoning will
develop by itself. As the result, the students start their formal inference with a
reasoningfree background and a detrimental misconception that statistady
about counting numerical values. Zieffler et al. (2008) also agreed that inferential
reasoning is unlikely to develop by itself with maturation or life experience, hence
it needs to be intentionally developed. Therefdris, ¢onsidered importafor the
teachers to provide students with ways to attend to other relevant aspects of data
sets such as variations, distribution and sample size, in addition to learning
definitions and calculations. Without paying attention to its conceptual
underpinning students will continue to find inferential statistics problematic
(Pfannkuch, 2006)

Furthermore it has been argued that doing computations should not be the
focus anymore, at least not as much as reasoning the behindrsgigtations, as
there are fair number of software that can help the students to do the calculations
nowadaygHarradine et al., 2011)

2.4.2 Supporting statistical literacy

Inferential reasoning is a central otfjge of statistical reasoning
(Paparistodemou & Meletiemavrotheris, 2008)Students are going to encounter
and deal with statistical information even if they are not enrolled in statistics class
or working in a statisticelated career path. Therefore aside from easing the

students in their transition to formal statistical infere(iceffler et al., 2008)|IR
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can help students in their future work environment where formal statistical
procedures cannot be carried out.

Since the goal of statistics education is for studemtachieve statistical
literacy in the end of education, it is important to consider the role that statistical
inference has in it. Statistical inference has been referred as one of concepts that
build statistical literacy. In the framework of statistidgétracy proposed by Gal
(2002), for example, the statistical knowledge base consists of five parts which
includes statistical inference as one of them. The five parts of the knowledge base
are: (a) knowing why data are needed and how data can be prod)dadiliarity
with basic terms and ideas related to descriptive statistics, (c) familiarity with basic
terms and ideas related to graphical and tabular displays, (d) understanding basic
notions of probability, and (e) knowing how statistical conclusmmmferences
are reached.

2.4.3 The need for innovation

Being innovative relates to looking beyond the current working system, identifying
the ideas of tomorrow and putting them into practice. Innovation in education
means trying new ways of doing things irithearning environment&ducation
system is often viewed as the main army a nation have in amlevattie against
unemployment andonstantly being in the center of policy debdtence in order

to be wellequipped in dealing with change, a countegd to constantly innovate
(OECD, 2010).

Along with the need for statistical literacy, ideas about reforming the current
way statistics being taught in school have arisen. Statistic education in elementary

and middle grades in particular, is encouragedhié its focus on techniques of
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graph constructioand calculation of statistical measures to a focus on ideas such
as distribution and variability (Leavy, 2010).

Informal Inferential Reasoning is a new topic and therefn®t included
in conventioml mathematics curriculum. However, it is an interesting new topic

that can be the profound innovation to the current statistics education.

2.5 Developing informal inferential reasoning

In order to developlR, a series of lessons ai® bedesignedTherefae, a
careful consideration needs to be made regarding mé¢eds to be employed in
order to createan ef fective | esson; a | esson
knowledgeandthe learning goal.
2.5.1 Sample andpopulation

The concept of sample and populatioas hbeen deemed important by

various researchers. Rubin, Hammerman and Konold (as citednizvi et al,
2007) mentiord the ideaof sample size and sampling procedure, as well as
representativeness, controlling for bias, and tendasdyeing involvedi informal
inferential reasoning. Zieffleet al. (2008) also emphasized on sample and
population,staing that informal inferential reasoning & a process includgs)
reasoning about possible characteristics gpulation based on a sample, (b)
reasoing about possible differences between two popriatlso based on sample,
and (9 reasoning whether or not a particular sample and its summary is likely or
surprising.In the design research Bakker and Graveimejer (2004), an activity

which the stdents take a small subset of data and add more and more data value

t

h



19

into it is proposed as a way to support students in developing the idea of
distribution. This activity is callegrowing sample.

7" grade students have no conceptiget about sample andampling
process since the concept of sample and population is formally introdugeadien
9 (14-15 years old)However since thalea of sample and population is important
for IIR, the students need to develop the idea of it even though they do not
necesaily have to be exposed to tlrmalterminologies andefinitions. It is also
worth noted that in the last activity designed by Assagaf (2014) contains inferential
reasoning because the students are expected to use the average value of one group
to repesent the whole population. This design failed because the students added up
the average of all groups and divided it by the number of the groups instead, which
was caused because they have not been exposed to the idea of sample and
population yet.

Sampe and sampling process therefore becomes main wdeae the
designed lessorshould be started with and centeredmrdtead of giving them the
definition of sample and population, students have to be ghesspportunities to
experience sampling behaviand to develop the need to samf®annkuch,

2006) It is also important to expose students to the distinction between sample and
population (Biehler, 2014)as well as the aspect of sample thatermine its
representativeness like sample size and randomizatoughton (2013) also
stated that the need for unbiased sampling method is one of the most important
topics taught in introductory statistics courses, thus developing ability to assess

quality of sampling method is important in statistical inference.
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2.5.2 The use of context

The gudentswill have to look beyond the data at hand, as well @aetsuade others
and to argueabout their inference. To do that, they need to be interested and
engagd in the problems. ehce the choice of context is very importaieal life

data, sirprising and complex problem situatgtat contradictheir prior beliefs

are usefu(Ben-2vi et al., 2007)as well as compelling question that propel students
to look beyond the data at hand.

In this study, the context chosen is height measurement (in cm) and the use
of social media (in hours). Height is a biological measurement that every individual
student is familiar with, while the use of social media is an igmieurrently being
talked about in society. Both of them are real life data that the students collect

themselves.

2.5.3 Dot plots
Activity for statistics lesson for young children are encouraged to be based on
exploratory data analysi€EDA), which mostly abut analyzing and summarizing
a set of data mainly with visual methd@aparistodemou & Meletiemavrotheris,
2008) The use of statistical procedures are not compulsory, which is convenient
since premature introduction to alghm is argued to result in inert knowledge
(Bakker & Derry, 2011) Therefore the kind of data representation needs to be
chosen wisely that encourage students to analyze data visually.

Data visualization that is proposed to be used here is doDabplots are
one of the simplest statistical chart, initially exist as a fdmagvn graph to depict

distribution(Wilkinson, 1999) A dot plot is constructed by plotting data points on
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afairly simple scalewhich on most cases horizontal and desnot require 0 as
starting point It is used for continuousnd quantitative data.They are useful for
moderately sized data, as well as to highlight clusters, outliers, range, and other
characteristic§Wilkinson, 1999)

Dot plots is &irly easy to construct wibut computersoftware hencet can
be supportive in classroom environngetitat is not technologicallgquipped It
alsosuppors EDA because itjives way for the students visually detecthemain
characteristics of the data

The use of dot plots has been mentionmeé study done by Pfannkuch
(2006) to 15 years old students, where they have to use box plots to abasibn
inference The result of the studiesiggests thahe useof box plos might be too
early for students, and that thelould besupportedto reason withit through
keeping the datan dotplot form, under the boxplots (Bakker, Biehler, &uahold,

as cited in Pfannkuch, 2006

2.5.4 Vocabulary

Language play important rolesfimathematics instruction, occupying at least three

crucial roles in mathematiegdassroom which are Yavay of communication(b)

what student$duild understandingvith as they process ideas through languages,

and (c) assessmer(bral and written communitian) (Thompson & Rubenstein,

2000 St udent sé6 i nfor mal mat hemati cal knowl
experiences and cultural background, and in classroom discourse wheéiadhis

of knowledge is the subject of attesrti language plays central rq/alshaw &

Anthony, 2008)
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Mathematics as a science offers its own challenge gmeecabulary are
subjectspecific Researches have shown how languages and lack of attention to it
can resulin problem for studentsnainly in classroomwith nonnative speaking
studentslssues related to mathematics vocabularies in mathematics has been the
subject of many research@hompson & Rubenstein, 200@hristensen (asited
in Walshaw & Anthony, 2008) conducted a study about mathematical langauges in
Maori mathematics classroom that shows how mathematical words can be
problematicEerde & Hajer (2005) brough forwattite languagerelated problems
within multilingual Duch secondary schools apdoposed alesign of classroom
material to tackle this problem.

Statisticsvocalulary are even more exclusively used sincesftares very
littte common vocabulary with other domains o&tfiematics itselfThe following

are issueselated to vocabulargommonly found in the field of statistics.

Table2.1. Issues related &tatisticalvocabulary

Category of issue Example of word Example of word
(English) (Indonesian)

Some words are shared| Mode, event, Modus, kejadian
by mathematics and combination. kombinasi, kelas, tepi
everyday life, but tay atas, tepi bawah.
have distinct meanings.
Some mathematics worq Average. Ratarata, sampel,
are shared with everyda) distribusi, acak.

language and have
comparable meanings,
but the mathematical
meaning is more precise
Some mathematical Outlier, permutation. | Pencilan, permutasi,
terms are found only in varian standar deviasi.
mathematical context.
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Some words have more| Median, range. Median, rage.

than one mathematical

meaning.

Modifiers may change | Number or random Distribusi frekuensi.
mathematical meanings| number, probability or

in important ways. conditional probability.

Some mathematical Stemandleaf Diagrambatang daun.

phrases must be learneq
and understood in their
entirety.

Some words shared with Simulation, experiment Percobaan, eksperimen.
science have different
meanings in the two

disciplines.

Some mathematical Leaf, in stearrandleaf,

terms sound like sounds like leave.

everyday words.

Some mathematal Dependent events and| Kejadian saling lepas dat

words are related, but | independent events. | kejadian saling bebas.
students confuse their
distinct meaning.

Technology may use LnReg STDEV

language in special wayj

Some words are Range representatif,
partially/not translted variabel.

into Indonesian.

Note. Adapted fromi Lear ni ng Mat hematics Vocabul ar
InstructionalSt r at egi es 0 by Denisse R. Thomps
2000,Mathematics Teache®3(7), p. 569

Just ke students cannot understand statistics just by learning formulas and
procedures, it is alsalebatableto assume that they will have sufficient
understanding only by being given the definition of these wadtdarning a
mathematical term is not as simpkegetting and learning its definitive mear{s)g
It is important taguide the studentsff everyday language that they are comfortable
with and ease them into using technical mathematics langr@agectly (Leung,
2008)

The solution that is proposed here is exploiting the infortaalguage

produced by the students themselwathen teachers and students are engaged in
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classroomdiscourse informal langaugecan play an important facilitative role.
Research suggests that infal and formal language cdre used in various
combinations in class, and ttstidentscan use informal language productively to
explore concepts represented by technical vocabulaeyng, 2008) Paying
attention to informalanguage to develop formal language is also proposed by
Thompson & Rubenstein (20Q@yhosuggesteveral interesting strategi®sch as:

1) buildingthe concept firsand then attach the voaahry to the established ideas,

2) asking students to explaitimeir work orally with the teacher actively correcting,
revoicing, and guiding their utterance to be more mathematically precise, and,

3) asking the students to write in the form of a journal where they note down
statistical vocabulary that they encouriteclass every day and provide them with
their own definition.

Several studis have been conducted with statistiwadabulary as main or side
attention. Watson & Kelly (2008) conducted a study to students in grades 3, 5, 7,
and 9 about their ability toefine three fundamental statistical terms: sampe,
random, and variationPfannkuch (2011) did a studyn informal inferential
reasoning in whickhe teacher will introduce the vocabulary in the beginning of the
class, and then write it on the board ev@ne it comes up in discussion.

Last but not least, how effective the scaffolding of vocabulary can support
staistical literacy also needs to be consider@thtistical literacy can be thought as
a combination ofstatisticsand literacy. The statistics panvolves understanding
of statistical concepts, while the literacy part is about the ability to exgiedsgical
conceptsn words, as well as to communicate, discuss, and argue ald(atgon

& Kelly, 2008). It is evident thatsubjectspecificvocabularyis an inherent part in
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supporting he 61 i teracyo6 asGa2002palsomentsoneatei st i c al
ability to discuss and communicate sulterpretations andvaluationsas one of

the components that buigdatistical literacy.

2.6 Realistic Mathematics Education

Realistic Mathematics Education is an approach in Mathematics Education
based on the idea of Hans Freuden{ahvemeijer, 1994)initially as a way to
reform mathematiceducation in the Netherlands. Freudenthal’s view is that
Mathematics is a human activity. As opposed to receiving everything-teace,
students must build their own mathematical conceptions based on their own world.

This human activity is centeredoand the idea of what Freudenthal refers to
as mathematizingwhich he suggested to be the key process in Mathematics
education and relates to the process of translatingtaddsty problers into
equivalent mathematical tes{Gravemeijer, 1994).

To evokethis mathematizingrocessRME encourage the use of contextual
problem (Gravemejer, 1994). Contdxdaund problems are easily understood by the
students becaugbese areloser to their everydayvjes henceheyencouragehe
studentdo develop and useir own solutions. Different solutionsofn different
students will leado a discussion about adequacy, and then turn into the idea of
efficiency (Gravemeijer, 1994). Frorheéneed to be efficient, a generalization to
formal mathematical terrarises

For instructional material with Realistic Mathematics Education approaches,
there are three principles which function as heuristic during the designing process.

They are 1l)guided reinventiorand progressive mathematizatio) didactical
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phenomenology,and 3) seltdeveloped modelgGravemeijer, 1994). This
elaboration will focus on the first two of the principles, which support the
development of Informal Inferential Reasoning.

Guidedreinvention means that the students should be given a chance to
experierwe the process by which the aimed mathematical concepts are invented.
Being exposed to th&tuation that gives rise to thosgathematical concepaind
beingimmersed in the related process will encourage students to start developing
their own proceduresalbeit informally. These informal procedures are later
mathematized to formal procedures, which is called progressive mathematization.

Didactical phenomenologstates the importance in selecting the problems
solved by the students. Historicalljpathemaits was developed as a way of
problem solving, therefore during the design process, we have to select problems
that not only offer the students a chance to solve it themselves, but also the
possibility to generalize this to other situation.

In reasoning ahat inferential statistics informally, students use their informal
statistical knowledge to make arguments based on observed samples to support
inferences aboutn unknown populationHence the emphasis is not on statistical
procedures and mathematical argants, but more on reasoning from
characteristics of data, conceptual understandings and the provision of explanation.

Informal knowledge, althoughit seems groundless at glance, is not
necessarily purposeless. It is a less formal knowledge resultingpfiiomformal
knowledge(Zieffler et al., 2008)Informal knowledge is important for students as
a foundationthat they can build on ando reinvent formal concept and

representationvith. Hence, IIR implies that instead of making inferencedata
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usingstatisticalformulas, students are encouraged to use informal knowledge that
surely is more familiar to them. This informal knowledge willuse them to
reinventthe formal statistical concepts, thaeyhcan use broadly across many
statisticscontexs.

In this research, a sequence of instructional materials will be designed to
foster the development iR. The principle from Realistic Mathematics Education,
especially guided reinvention and progressive mathematization, as well as
didactical phenomenologyyill be employed as thédesignheuristicduring the

designing process of thiestructional material

2.7 The Role of Teacher
Theidea of effective learning is whetige studentparticipate activelynstead
of acting as passive receiveighis, however, des not imply thathe role of the
teacheiis irrelevant The role of the teacher in the classroom will be elaborated as
follows.
2.7.1 Decision maker related to the mathematical contents and tasks
A lot of factors have to be taken into consideration duringlésegning process of
a lesson. The formulation of the learning goals is determined by the curriculum in
each respective country. The activities are chosen and designed such a way that it
can be conducted within the nkhomledgef r a me a
and the school ds resource are also needs
On the other handhe flow of the lesson needs to be in accordance to the pace

of the studentsd | earning. The students
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construct their own kneledge. There has to be a balance between predetermined
learning goals and the mathematics built by stud@itson, 1995)

Theesponsibility to be responsive to t
track with the learning gds lead to the development diiypothetical learning
trajectory (HLT) . It is an instrument with significant role throughout all phases of
designresearch. HLT is essentially the same as the learning trajectory that most
teacher are familiar of, but desgghin such a way so that it can adapt as well as
possible to unforeseeable circumstances (van Eerde, 2013). More detailed
explanation about HLWill be given in the later chapter.

The teacher holds very important role as a the planner and executor of these
three components; the learning goals, the learning activities, and the HLT. In this
study, however, the researcher will take over the planner role and leave the executor
role to the teacher. This does not mean that the teacher will just stay there waiting
for the command from the researcher. Quite the contrary, in dacgusehe
teacher is the one who are knedtfjeable about the classroom community and
situatonThe teacher déds knowledge will be const
design process artde formulation of HLT.

2.7.2 Setting up the ontextand classroom environment

As has been explained before, corgeate inherent part in developindR. Since

the students so far only have experience in working wébcriptive statistics,
moving beyond thdataat hando an unknown but bigger set of data is a very new
idea for them. They need to be engaged to the context to encourage them to look

deeper into the data.
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Regarding this matter, the role of the teacher is to engage the students by presenting
the context as interesting as possible. The teacher can personalize the context by
connecting it to their own or the studer
issues happening in sociefyuestions or prompts by teach@sohave important
role ineliciting statement of generalization from students.
2.7.3 Establishing social norms andsociomathematicalnorms
During the course of the lesson, there will be group works and presestation
the groups will work on different samples and come up with @iffemswersThe
students are also used to the deterministic nature of descriptive statistics, in where
they can see all the data and there is always an exact and numerical answer.
Therefore, general social norms have to be established beforehand toteature
the lessons run smoothly without being intervened by undesirable forms of
interaction between and among classroom community.

Walshwa & Anthony (2008) did a metanalysis on what sort of pedagogies
that through classroom discourse will encourage estud s 0 engagement
mathematics. One of the result of this study is that various researches agree on
Aparticipating rights and obligationso,
has to engage in classroom discussion, either to explain their thmkiisgening
to others doing so. Therefore the teacher not only has to establish, but also clarify
and enforce discourse participation rules within the classroom community.

During the discussion, it is important for the teacher to lead the discussion and
argumentation and facilitate dialogue, not only for the mathematical development
but also to ensure important and desirable social outcOMalshaw & Anthony,

2008)
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Sociomathemizcal norms, on the other hand, am®rmative apects of
mat hemati cal di scussions spedgYatkel& t o st u
Cobb, 1996) This includes normative understandings of what counts as
mathematically differenandmathematically sophisticatemt efficiert, as well as
knowing what kind of mathematical explanation and justification can be count as
acceptable.

These norms are not predetermined criteria; they are supposed to be
constructed by each classroom commuifitackel & Cobl 1996) Each class
might have different clarification on what can be constituted as mathematically
sophisticated or different. In developing informal inferential reasonusgyeroup
will have different inference, method of samplinggr argument for
representativeness. Discussion centered around these differences is expected to end
with consensus abowgbphisticationor efficiency i what method of sampling is
effective and unbiased, othe correct and proper use of statistical
vocabulary/terminologies.
2.7.4 Tending the mathematical vocabulary
In this study, the students are encouraged to develop the concept themselves without
being pressured to use technical vocabulary at the €raet the course of the
lesson, the studenése predicted to use generakey day words or phrasésthe
place of formalterminologies they are yet to be aware Tiey will usebump,
scatteredandpickyin the place ofypical, spreadandbias for example.

However, the students are also expected to be able to use tewlonds

correctly, which in terms of sochiomathematical norm can be counted as being

mathematically sophisticated. This is where the role of the teacher comes up; to
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tend to the coping strategy of using generic every day word and help the students
shapimg it into a mathematicallgophisticatecrgument. Language is also pointed
out by Walshaw & Anthony (2008) as an important part of pedagogies that teachers
need to pay attention to. They stated
terms and plases and sensitizing students to the particular nuances weighs heavily
with the teacher, who profoundly influences the mathematical meanings made by
the studentso (p. 533).

What the teachers are advised to do is to emphasize these informal words or
phraseduy either asking the students to revoice it or revoicing it themselves, or
writing them down on a special section of the white/blackboard. In the end of the

lesson, the teacher can discuss this word and introduequhelenformal words.

2.8 Statistics in Mathematics Curriculum in Indonesia

In Indonesian curriculum, statistics starts to be introduced in primary school.
There is clear separation between descriptive and inferential statistics. Descriptive
statistics is introduced in a traditional way ttfatuses on computation and
procedures. Inferential statistics, on the other hand, is only started to be introduced
at college level statistics.

In primary school, students are introduced to data collection, organization and
representation, as well as theeasure of central tendency. These concepts
developed further in junior high school, together with the concept of probability.
lIR is not specifically mandated in the curriculum, however the current curriculum

does provide room for it to be developed.

t
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Resarch about statistics education in Indonasidar has beefocused on
developing the idea of measures of central tendeaay I(estariningsih, 2012
Assagaf, 201 Considering a lot of studies suggest th&t can be successfully
taught to junior higlschool students, as well as the fact that primary school students
are just enteng their explorative data analysis phase, a study about the
development of IIR is carried out ¥#th grade

Based on the new curriculum 2013, the basic competence and dtandar
competence in statistics féth gradeare the following.

4.8 Collecting, analyzing, interpreting and presenting data of observation in the
form of a table, chart or graph.
4.9 Conducting experiments to find empirical probability of a daily life probdem,
well as presenting it in the form of a table and graph.
(Kemendiknas, 2013)

Based on the description above, it can be concluded that:

1. There is a shift in the goal of statistics education, resulting in a more holistic
approach that is demanded by theksholders of statistics education in the
world.

2. Formal inferential statistics is an important yet difficult subjects that creates
obstacles for students in learning statistics.

3. Informal Inferential Reasoning is a powerful concept that can help students
bridge their informal knowledge to formal inferential statistics, also to assist

them in professional environment where formal statistics is needed.
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Considering its importance and the lack of discussion on this topic in Indonesia,
the aim of this study ifo contribute a local constructional theory7th gradeto
develop IIR. The research question is formulated as follbélesy can7th grade

students be supported to develop Informal Inferential Reasoning?

2.9 The pre-HLT

The aim of this study is to contribun empirically grounded theory in
supporting 7th grade students to develop IIR. To accomplish that, a set of
instructional materi al i's desi gthed, con
accompanying teacher guides, as well as the accompamyfrogheticallearning
trajectory (HLT), which will be explained in detail in Chapter IV.

The instructional material and the HLT is actually the end product of the
designing and preparation phase of design research. However, the HLT previously
constructed according the result of literature review, resulting in the pieT.

The preHLT is further improved by considering the result of the classroom
observations and the teacherodos interview
which will be implemented in the teaiag experiment(s). Therefore, the {eT

will be explained as the closing of this chapter.
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As explained in the theoretical framework, there are four aspects that are
hypothesized to be essential in lessons focused on developing IIR: 1) a focus on
sampe and population, 2) the use of context, 3) the use of dot plots as the type of
data representation, and 4) delaying the use of formal statistical terminology and
using its informal equivalent proposed by the students instead.

Schwartz, Sears, and Chafig Weinberg et aj.2010)suggested that the
studentso6é informal knowl edge shoul d be
the foundation for the formal instruction later on. Since the target of this study is
7" grade, they are used to the descriptitea of statistics and have not yet
possessed any understanding about sample and population. The students need to be
introduced to sample and population, as well as why sampling is necessary. Aside
from that, the students also need to learn about th@yjoisampling process. The
following are the four ideas that the students need to develop.

1. A part of data can represent the whole (representativeness).

2. It is impractical to take the whole data into account, hence the need for
sampling.

3. The bigger the @t of data, the more it resembles the population (effect of
sample size).

4. All member of population has to have equal chance to be picked as sample

(randomization).

Hence, to support the students in developing IIR, the researcher has designed
four lessos, built around those four ideas and those four aspects. The lessons,
comprising the learning goal and the description of the activity are elaborated as

follows.
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1. Lesson 1: Scouts out and about

The aim of this lesson is for students to recall the concefattafas well as data
collection, representation, and summtrat they received in primary schodhe
context of this lesson is finding out suitable Scout staff length for the students in
grade 7.

This lesson contains two activities. The students wodeoup and each group
is given a population box containing pieces of paper with the height of the students
written on it. In the first activity, the students take a certain number of data from
the population box and represent it in the form of dot plbeyTuse blue dot to
represent male students and pink to represent female. In the second activity, the
students work together to create the class dot plot. Each student get a sticker, pink
for girl and blue for boys, and they stick it to the plot providedhe whiteboard.
The students are then asked to describe their plots and find out the typical value.

Handson sampling activity are recommended by researchers (Weinberg et al.,
2010) as an effective way for the students to experience the process ohgdpli
actually taking a part of data from the whole. Moreover, the students are most at
ease when comparing data visually and using their hand gesture to explain it
(Watson & Moritz, 1999). The use of dot plots and different colors for male and
female studnts encourage this.

The students have been introduced briefly to arithmetic mean in"theaée,
but the use of it is not encouraged in this lesson. Learning algorithm can be
detrimental in the long run (Watson & Moritz, 1999) and those who use the mean
as learned algorithm without any appreciation of representativeness were generally

unsuccessful in using it in application.



36

2. Lesson 2 : Compare the dots

The aim of this lesson is to develop the idea of sample representativeness and
sample sizeln the prevwus lesson, the dot plot made by the students by taking a
certain number of data from the population box is referred theagroup chart
while the whole class dot plot is referred to asdlass chart The context of this
lesson is the disappearandeét® group chart, so the students have to determine the
group chart that is suitable to replace it.

There are three activities contained within this lesson. In the first activity, the
students compare and contrast their group chart to the class chhg. dacond
activity, the students compare and contrast all the group charts to the class chart.
The conjecture is that the students pick the group chart that contains similar
information to the class chart as the most representative one.

In formal statiical inference, the students usually begin with a single sample
and a hypothetical population (Watson & Moritz, 1999). It might be better for
younger students if they can compare two actual set instead of one actual and one
hypothetical set. The studemizn actually see how the part of data can contain the
same information as the whole.

Since the students take the sample themselves, it gives them some kind of
6personal ownershipb over their data. Th
cl ass 6 @Meisberges & 2000phespecially when determining which group
chart can represent the class chart the best.

In the third activity, the students pick one chart that is considered to be least
representative. They are instructed to add more data poirtsetchart. The

conjecture is that the students will see that the more data points they add to the
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group, the more it resembles the class chart. This activity is catdadng sample
(Bakker, 2012).
3. Lesson 3: Are girls taller than boys?

This lesson is deghed to develop the need for sampling and the idea of
randomization.There are two activities contained within this lesson. In the first
activities, the students are asked to find out the typical height of the students in the
whole school. The conjecturethat the students will run out of time or space, which
will encourage discussion about a more effective way in finding information about
a population.

In the second activity, the students are asked to judge a claim that contradicts
their previous knowlege. Generally, the male students are taller than the female
students. The context for this activities is a health report by the Head of the Students
council, who collect his data in an unfair way that is the most convenient for him,
i.e. by taking femaletadents mostly from the higher grade. The claim made by the
Head of the Students Council is that the female students are taller than the male
students. The conjecture is that the students will reject the claim because the data is
picked such a way thatproduces said statement.

This kind of statement that trigger
encouraged because it encourages the studentsktdéeper into the problem and
evoke meaningful discussidBakker & Derry, 2011)

4. Lesson 4: Soml media addiction

The aim of this activity is for students to experience the process of inferential

statistics, albeit informally. They conduct a miasearch, generalizing their result

from sample to population, and use data to back up this statevhédattaking
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sample representativeness into accolihey are expected to utilize the informal
statistical knowledge they already learned during the course of the lesson.

The context for this lesson is social media addiction among grade 7. The
students workn group to collect data from grade 7 and present it in a report. Each
group then present their work in front of their peers, followed by feedbacks from

other groups and class discussion.
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CHAPTER 1lI

RESEARCH METHOD

3.1 Research approach

The main goal othis studyis to support7®" gradestudents in developing
informal inferential reasoning. This goal also demands for innovation and
improvement to be made to the conventional way statistics are being taught in
secondary school. To achieve this goal, aeseof instructional material intended
for that purpose and an accompanying theory on how they work are developed. The
instructional material is designed in such fashion so it can foster the emergence of
student s6 | | &fectivilyothe enstrsitiomalematerials needs to be
implemented in an experiment setting that closely resembles the targeted group,
and do so iteratively to adapt to whatever unexpected factors that might reveal
themselves along the way.

To fulfill these requirements, a quatitee approach called design research is
chosen. It is aimed specifically to develop theories about degpeaific learning
as well as its accompanying instructional materiBiskker & Eerde, 2013; van
Eerde, 2013)More importantly, design research emghas not only on what
educational design that works, but also on why, how, and to what extent it works.
It i s aimed to figive theoretical i nsight
| ear ni ng c afEerdee2018,mp.d)nwhicteislimline withe aim of this
study.

Design research is conducted in iterative cycles, with each cycle comprises

three plases namely preparation andigasteaching experiment, and retrospective



40

analysis Graveimer & Cobb, 2006 The retrospective analysis is the nosicial
phase where the previous phases are reflected. The knowledge of the researcher is
the starting point of the cycle, and the result of the retrospective analysis contributes

to the researcherdés knowledge, that | ead:

Emerging local theory

Figure 3.1 Cyclic process of design resear€@révemeijer & Cobb, 2006

3.1.1 Preparations and design phase

Van Eerde (2013) mentioned three steps taken during this phase: (a) a
literature review, in which the researcher studies the present knowledge about the
topic; (b) the formulation of research aim and research question; and (c) the
development oHLT.

In developing the HLTin which the researcher start conducting a thorough
literature review about the topic of the study, namely how it is portrayed in the
curriculumand the textbooks as well as the gap between reality and expectations
(Bakker & van Eerde, 2013). In response to the finding it entails, the researcher

determines the research aim and questions, as well as developing the HLT (van
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Eerde, 2013). This include est abl i shing | earning goal
knowledge, as well as creates a set of tasks capable to bridge that gap and the
accompanying hypothesized learning process.

To ensure this HLT works, aside from the pilot phase that is going to be
explainedin the next session, the HLT is also discussed with experts. What is
expected at the end of the preparation phase is an elaborated HLT and a set of tasks,
ready to be implemented in a classroom. The interventionist nature of design
research allows the HLID be modified along the course of the research (Bakker
& van eerde, 2013), in order for the instructional materials as the output of the study
is the best possible for the intended educational environment.

3.1.2 Teaching experiment

Steffen & Thompson (as eitl in Bakker & van Eerde, 2013) stated that the
primary purpose of a teaching experi ment
reasoning at first hand, thus bridging the practice or research and the practice of
teaching. In the teaching experiment phéise HLT produced in a previous phase
is tested to see whether or not it works in real life settings as opposed to being
hypothetical.

The teaching experiment in this study consiststieég pilot teaching
experiment and main teaching experimdiitepilot phase isvhere the researcher
tests the instructional materials to a small group of students in order to see how it
works in real educational setting. Adjustments to the content and design of the HLT
is made according to how the pilot implementation gokis adjusted HLT is then
conducted in the actual teaching and learning process irmtie teaching

experiment
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Prior to the teaching experiment, the researcher also needs to determine the
type and the means of data collection, as well as to discusssguns with the
teacher(Eerde H. v., 2013) The data coll ected typical
written works, pre and postest, field notes, as well as audio and video
registrations.
3.1.3 Retrospective analysis

Sincethecongt ure i n HLT is a hypotheticall
learning may occur, it makes sense that the analysis will be about comparing the
hypothetical conjecture to the actual learning process. In this phase, the HLT is
employed as a guideline to inetlprocess of the analysis (Bakker & van Eerde,
2013). Based on the resultrofiinteaching experiment, further adjustment is made
to the HLT which can result in an additional cydlbe cycles stop when the criteria
of this study as explained in the prews chapter is achieved.

The approach employed for retrospective analysis in this studysks
oriented methodwhere the HLT and the actual observed learning trajectory is
compared by means of Dierdorpdés analysis

matrix is described as follows.
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Table 3.1. Dierdorpbés analysis matri X
Hypothetical Learning Trajectory Actual Learning Trajectory
Number| Formuldion | Conjectures o1 Transcript| Clarification | (optioral)
of of problem |st udent |of video Quantitative
problem recording expression
on how well
the HLT
match the
ALT
Note Adapted from fADesign research: |l ookit

educationo by H. Aroéeediny Ehe Firit Soutth &Egst 2 01 3,

Asia Design/Developmental Research (SBR) International Conference

(pp. 2:10). Sriwijaya University.

The trustworthiness of a study depends whether or not it is conducted in a
valid and reliable way. Each research approach demands specific way to assess its
validity and reliability. Bakker & van &de (2013) explained in detail about the
criteria for validity and reliability in design research setting. Validity refers to the
soundness of the reasoning that has led to the conclusions, as in whether or not the
data actually measures what we inteadrteasure. On the other hand, reliability
refers to the independency of the study from the researcher.

Each of these criteria can be understood internally or externally. Internal
validity refers to the quality of the data and the strength of the reasthiaihigads
to the final conclusion, while external validity means that the result has to be
generalizable. Internal reliability meant that the data collection and analysis have
to be independent of the researcher, while external reliability demandsstite re

has to replicable in similar circumstances.
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3.2 Data collection

This study employ various means of data collection. The process of data collection

in each phase of the study will be described as follows..

3.2.1 Preparation phase

The means of data collémh employed here is classroom observation and interview

with teacher, and priest. The data are collected in the form of video and audio
recordings, field not eleresutofthisghaseidthent sd6 w
student s6 wo rguidehaadethe accampamying leypothatical learning
trajectory.

Table 3.2. describes in more detail this part of the data collection.

Table 3.2. Type of data and method of data collection

Method
Data Interview  Classroom Pre-test

observation
T e a ¢ h elrefsod mdthematics a a
teaching
Teaching methods a a
Sociccultural norms a
Classroom management a a
Teacher 6s f ami a
Realistic Mathematics Education
(PMRYI)
Teacher 6s unde a

statistics, inferential statistics,

and their familiarity with IR

Student sé prior Kk a
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3.2.2 The pilot experiment
The first cycle of teaching experiment is conducted as the pilot of this study.
The researcher acts as a teacher. The participants are a small group of students with
heterogeneous mathematical ability. @&commendation from the teacher will be
required in order to gain a sample of students with variation in their mathematical
ability.
The aim for the pilot phase is to test the HLT and gain knowledge on how the
design works. The data is collected by observaon and by col |l ect i ni
worksheet. The type of data collected is video and audio registration of the teaching

experiment, field notes, and the student

3.2.3 The teaching experiment

In theteaching experimenthe HLT being impleranted is the adjusted and
corrected version of the HLT used in the first cycle. However, the size of the groups
is significantly bigger since it is going to be conducted in the actual classroom.
Instead of the researcher, the teacher will act as the tedeoheg the teaching
experiments.

The data collection is essentially the same as those in the first cycle; it is done
by observing the classroom and coll ectin
collected in the form of video and audio recordingddfnotes, and written works
of the students.

However, it is worth considering not to collect too many data since the data

will be too overwhelming to analyze in a limited tin(Eerde H. v., 2013)
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Consequently, although thesearcher will collect data from all the students, he or
she will concentrate on a focus group €8 4tudents. The data from this group can
be the focus of the analysis while the data from the rest of the students can be an
additional information to sugmpt the findings related to the focus group. Since the
size of the focus group is quite small, it enables the researcher to dig a little deeper

for data by interviewing and discussing their work with them.

3.2.4 Pre-test and posttest
Although considered as éhbest way to approach problems in the field of
education, desighased research, or qualitative research approach in general, it still
cannot escape its fair share of critique. The critiques mostly concern the
researcherds bi as aesut BarAbeandiSqudes (agaited ®mn c e 0 |
Terry & Shattuck, 2012, p. ]2, for exampl e, stated tha
intimately involved in the conceptualization, design, development, implementation,
and researching of a pedagogical approach, then emguhat researchers can
make credible and trustworthy assertions
To bridge this problem, a pair of test is conducted in the beginning and the
end of the teaching experiment as a means of data collection. In research, this is
referred to a pretest and postest(see appendixBoth compriseimilar problems
with different contexts, designed to find out how the students make inference in a
hypothetical situation.
The pretest is conducted during the preparation phase and aimed to
investitckt e t he studentsd gestjaonmrthe gtheohandeisl g e . T

conducted post teaching experiment and aimed to detect whether or not the students
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develop the intended informal inferential reasoning. From bothapiee postest,

thedataareclct ed i n the form of the students?o
Even though the qualitative data and analysis is the main focus of design

research, the quantitative data and analysis can provide additional information. It

can be used to support or test the findingsedlto the qualitative data and analysis.

3.2.5 Validity and reliability

During thedata collection phase, validignd reliability of the study can be
accomplished through various ways. Validign be ensured by conducting a pilot
prior the actual teaching p&riment and employing multiple means of data
collection (triangulation). The pilot phase of teaching experiment as well as the pre
and postest before and after are also aimed to accomplish validity. The researcher
can see whether or not the tests amel HLT actually measure and evoke the
intended learning. The ecological validity, on the other hand, can be accomplished
by having the actual teacher to teach during the teaching experiment also increase
the validity.

The internal reliability can be achies by using means of data collection that
is independent of data collection, like video and audio registration. On the other
hand, external reliability can be ensured by explaining the steps of data collection

as clear and detailed as possible (traceghilit
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3.3 Data analysis
3.3.1 Pre-testand posttest
As explained before, piest are aimed to measure studes 6 knowl edge
to informal inferential reasoning, or lack of it. At the start of the teaching
experiment, the prior knowledge required to participate in the lesson is also
measured.

Pretest result is analyzed loyalitative approach. The qualitve analysiss
done bycomparing the students” answers to the framework proposed by Makar and
Rubin (2009) as cited in the previous section of this pafevill contribute to the
adjustment made to the initial HLT, as well as to choose the focup fwodhe
second cycle of learning experiment.

In the end of each learning cycle, the result from @ared postest are

compared to see if the students develop the notion of informal statistical inference.

3.3.2 The pilot experiment

The dataconsistofvilke r ecor di ng and studentso
process begins with the researcher watching the recording with research questions
and HLT as guidance to ensure that the researchers will not miss any important
fragments. Notes and transcript are mdmesed on the interesting fragment
observed. Then, the excerpts of the fragment are analyzed by meansooigatdd
methods. As an additional data, discussion and interview with the focus group are

also analyzed.

wWr i

To create ideal assumptions aboutstutdes 6 | ear ni ng, resear cl

both for i nstances that confirm student ¢
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absence of it. This is an iterative process, meaning that whatever conclusion is
generated by the researcher based on a certain fragimerto be tested at other
fragments to see whether the conclusion pertains or needs to be modified. The result

of the analysis is used to make necessary adjustment and modification the HLT.

3.3.3 The second teaching experiment

The analysis conducted forehdata gathered in second cycle teaching
experiment is essentially similar to those conducted for the data from the first cycle.
The result of the analysis is used to answer research questions, generate
conclusions, modify HLT and determine whether orauutitional cycle of teaching

experiment is needed.

3.3.4 Validity and reliability
Validity and reliability of the study is also affected by the data analysis. It can be
elaboratedexternally and internally. Internal validity is accomplished by having
more tha one type of data (triangulation) and comparing the transcribed lesson
episodes to the HLT. External validity, whicbncernghe generalizability of the
study, is achieved by the use of contextual problems, which is hoped to enlighten
how this theory migt work if applied to similar contest

Reliability can also be elaborated into external and internal reliability.
External reliability means that the study is replicable, and this is achieved by the
ensuring the trackability of the research. To ensakability, the esearch process
is described adetail as possibleso the readers can comprehend the steps of the

research. Internal reliability, on the other hand, is accomplished by means-of inter
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subjectivity, whch means that the study is peeviewed by colleagues of the

reseacher and consulted to the exper

The teaching experiment is conducted in SMP Lab Surabaya (Laboratory
Secondary School of State University of Surabaya). After thorough discussion with
the teacher, Mrs. Ira, it is decidedattthe first cycle is conducted in class VIIB
while the second cycle in class VIIC. Based on their grades, these two classes have
no significance difference in term of mathematical ability. The teacher, Mrs. Ira,
also supported this by stating that studeint SMP Lab is not categorized into
classes based on their mathematical ability.

Six students, out of 27, participate in the first cycle, while 27 students
participate in the second one. The complete research timeline is described in the

following table.

Table 3.3. Timeline of research

Data Collection Date Participants

Classroom observation an¢ 16 February 2015 | The actual teacher
the teacher 6 Students of class VIIB

Pretest and 18 February 2015 | 6 students from class VIIB

interview

Cycle 1
Lesson 1: Scout Staff 18 February 2015 | 6 students from class VIIB

Lesson 2: Compare the Dg 25 February 2015
Lesson 3: Are Girls taller | 4 March 2015

than Boys?
Lesson 4: Social Media 11 March 2015
Addiction
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Postt est and t|12March 2015

interview

Pretest 31 March 2015 Students of class VIIC
Focus group 1 March 2015 4 students from class VIIC
interview

Cycle 2

Lesson 1: Scout Staff 1 April 2015 Students of class VIIC
Lesson 2: Compare the Dg 3 April 2015

Lesson 3: Are Girls taller | 6 April 2015

than Boys?

Lesson 4: Social Media 7 April 2015

Addiction

Posttest 8 April 2015 Students of class VIIC
Focus group 4 students from class VIIC

interview
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CHAPTER IV

HYPOTHETICAL LEARNING TRAJECTORY

As has been explained before, the stud
as important as the learning goals that need to be accomplished at the end of the
lessonSi mon (1995) stated that AA teacher m
the students makef that ask and their experience with it that determines the
potenti al f or. FobnetandDolk(2§01)alsq stated tHatkhe $tudents
can go off in many directions as they explore, struggle to understand, and make
sense of the world hypothezlly.

Simon also emphasized the importance of a reflexive relationship between
the designing procef the learning activities and the consideratiotihefthinking
and learning that the students might engageTime need t@wonsider thdearning
goals the activities, and the studentsd thi
gives rise to what known &gypothetical learning trajector¢HLT).

Simon (1995) proposed the notion of HLT as the model of decision making
the teacher must execute in thassroomln addition, Simon described HLT as
made up of three components: the learning goals that determine the direction, the
learning activities, and thieypotheticallearning processThe term hypothetical
refers to the fact that itis only a predictiorf how t he studentsd un
evolve during the learning activities.

According to Simon (1995), the notion of HLT goes against the idea of having
rigid learning goals or linear trajecto®.ver t he course of the | e

interactons with the students wil/ bring new
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and thinking. This new knowledge results in the modification of the HLT, which
changes the design of the learning activities. On the other hand, the change in the
design of activitiesalso determinepr edi cti on of t.nTke st uden
symbiotic relationship between thgpothetical learning process and the design
the learning activitiess an essential part of HLT.

The aim of this study is to contribute an empirically gradhdheory in
supporting 7th gradestudents to develop IIR. To accomplish that, a set of
instructional mat eri al i's desi gthed, con
accompanying teacher guides, as well as the accompanying Hi€fe are 4
lessons which Wllibe conducted over the course of 4 meetiddee instructional
material will be tried out during the teaching experiment phase in Indon&sian
gradeclassroom.

The instructional material and the HLT is the end product of the designing
and preparatiorphase of design researchhe HLT is previously constructed
according tolte result of literature review, afartherimproved by considering the
resul t of the classroom obseTheredotej ons an
overview of the classroom obsetva ons and tténgew wilkleec her 6 s
elaborated before the HLThe learning trajectory, on the other handjepicted

in Figure 4.1.



54

41 Theoverview of the classroom observatior

Prior to the teaching experiment, a classnoobservation followethy an
interview with the teacheThe data is the teaching and learning process in the class
where the second cycle or main teaching experiment would be implemented.

The topic happened to be taught during the observation is catedin
system. Since this topic is included in the curriculum but not included in the text
book usedby the school, the teacher had to provide the material herself. The
observation gave light to the following information. The teacher started the lesson
by askng the students to read the current topic quietly for a few minutes, followed
by an introduction to coordinate system. Some students did the problems provided
by the teacher as an example, in front of the class.

After the introduction, the teacher diswied the worksheet among the
students followed by instruction. There was no group work and the students were
instructed to work individually. The teacher left the students alone yet they worked
quite well by themselves. The teacher explained that duetk reason, she had
to leave the class and let the students do the investigation themselves.

After a period passed by, the teacher was back and invited the students to
correct their work together. For each problem, the teacher asked one of the students
to do it in front of the class and then listed the correct answers on the blackboard.
The teacher mainly led the discussion from the front of the class over the course of
the lesson. The discussion was quite straightforward and the teacher did not
challengetie students for more sophisticated answer or different ways to get there.

Il n general, the teacherodos way of teacl

loud and clear hence the students were engaged with the lesson. She was quite
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responsive with the studend r esponse and curiosity i
making the assignments more difficult if the students can solve said assignments
easily. She was also not strict when it comes to followinglierk.

Anot her interesting dahmrmgTo ensureshet h e
students working quietly and did not disturb the classroom condition, the teacher
established a rule where the students had to pay an amount of money whenever they
leave their table.

As for the teacher themselves, her name i®WwaAgustina, S.Pd., known
by her students as Mrs. Ira. She is graduated in mathematics education. She has
been teaching mathematics fdt grade students for approximately 5 years.

The interview confirmed the fact that Mrs. Ira was overwhelmed with the
demand of the latest curriculum; the curriculum 2013. She expressed concern about
the dense formation of curriculum 2013, especially the fact that Statistics in this
curriculum is introduced earlier than in the previous gksde from collecting
data, thdearning goal for the students is also being able to represent data in various
charts and graphs.

The demanding curriculum also cause the limited time allocated to be an
obstacleEven though she was personally in favor toward group work and project
basedlesson, there is practically no room for studesntered activities in the
classroom.

As for Pendidikan Matematika Realistik Indonesiahich is Realistic
Mathematics Education in Indonesian context, Mrs. Ira claimed to be only familiar
with it as an aproach in elementary school mathematics. She has never been

educated in it nor applied it in her classroom. She also stated that she thinks of

n
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Statistics as a subject that is mainly about nurabdrformulas and does not need
much exploration.

By considemg the resul't of the classroom o
interview, the HLT and the teacherds gui

Prior to the teaching experiment, a classroom observation follbyexah
interview with the teacheThe data is the teachimgd learning process in the class
where the second cycle or main teaching experiment would be implemented.

The topic happened to be taught during the observation is coordinate
system. Since this topic is included in the curriculum but not included itethe
book usedby the school, the teacher had to provide the material herself. The
observation gave light to the following information. The teacher started the lesson
by asking the students to read the current topic quietly for a few minutes, followed
by an introduction to coordinate system. Some students did the problems provided
by the teacher as an example, in front of the class.

After the introduction, the teacher distributed the worksheet among the
students followed by instruction. There was no grapk and the students were
instructed to work individually. The teacher left the students alone yet they worked
quite well by themselves. The teacher explained that due to work reason, she had
to leave the class and let the students do the investigh&orselves.

After a period passed by, the teacher was back and invited the students to
correct their work together. For each problem, the teacher asked one of the students
to do it in front of the class and then listed the correct answers on the blackboard.

The teacher mainly led the discussion from the front of the class over the course of
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the lesson. The discussion was quite straightforward and the teacher did not
challenge the students for more sophisticated answer or different ways to get there.

Ingene al , the teacherdés way of teaching
loud and clear hence the students were engaged with the lesson. She was quite
responsive with the studentsd6 response a
making the assignments mat#ficult if the students can solve said assignments
easily. She was also not strict when it comes to followinglierk.

Anot her interesting insight is the cl
students working quietly and did not disturb the clagsrgondition, the teacher
established a rule where the students had to pay an amount of money whenever they
leave their table.

As for the teacher themselves, her name is Ira Dwi Agustina, S.Pd., known
by her students as Mrs. Ira. She is graduated in matiesreducation. She has
been teaching mathematics fdt grade students for approximately 5 years.

The interview confirmed the fact that Mrs. Ira was overwhelmed with the
demand of the latest curriculum; the curriculum 2013. She expressed concern about
the dense formation of curriculum 2013, especially the fact that Statistics in this
curriculum is introduced earlier than in the previous one. Even though she was
personally in favor toward group work and projbessed lesson, there is practically
no roomfor studerdcentered activities in the classroom.

As for Pendidikan Matematika Realistik Indonesiahich is Realistic
Mathematics Education in Indonesian context, Mrs. Ira claimed to be only familiar
with it as an approach in elementary school mathemaBbe has never been

educated in it nor applied it in her classroom. She also stated that she thinks of



58

Statistics as a subject that is mainly about nurabdrformulas and does not need

much exploration.

4.2 The Hypothetical Learning Trajectory
Based on thebservation and interview, some revisions are done qor¢he
HLT, resulting in the HLT implemented in the first cycle of teaching experiment.
In the first activity in the first lessorhé students only have to make one
type of graph, which is dot pemtHowever,de t o t he teacher 6s ad
the studentsd worksheet more in |line wit
were added. Hence, the students are not only expected to present the data in dot
plots, but also in a frequency distribution talhilee graph, and bar chart.
In Lesson 2, the students are given quite an open instruction in comparing
all the group chartsBasically they were only asked which group chart can
represent the class chart the b&sie to the nature of the class discaasiit
might be better if the instruction is not left completely open to give the students
a sense of guidanc&@herefore, thestudentsaregiven a table to assist them in
comparing the all the charts. This table provide characteristics based on which
the students have to compare the group charts and find out which one is more

suitable to represent the class chart.



THE CLASS CHART

GROUP CHART 1

GROUP CHART 2

GROUP CHART 3

What is the height of the

shorthest student?

What is the height of the

tallest student?

The typical height of the

studen is ... cm

What is the average
height of the students?

Which one is taller, girls

or boys?

Is there anything more
that you notice from the

charts?‘

Figure 4.1 Theplannedable for the instruction in activity 2.1

59

There arealso 3 activities in Lesson 2: activity 2.1 where the students

compare the class chart to their own group chart; activity 2.2 where they compare

al

I t he

sampl eb

group

activity.

charts

t
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activities arealmost similar, activity 2.1 is removed.
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chart

t ed

Generally, sincehere are only 6 participants of the first cycle, hence they

cannot collect data from their own class. Therefore we provide data from a virtual

classroom. All charts are no longer put in the woeletland put on separate sheets

instead.All problems become less opended and the students are given more

guidance.

The detail of the complete HLT is elaborated as follows.

t



LEARNING TRAJECTORY

Collecting,
representing, and
summarizing data.

Investigating whether
or not the established
length for Scout staff
is suitable for grade 7
students in their
class, by finding out
the typical height.

Making
generalization from
sample to population,
A part of data can The bigger the sample, It is impractical to All member of backing this up with a
have similar the more likely it take the whole data population has to well-chosen sample.
characteristics as the resembles the population into account, hence have the same
whole (effect of sample size). the need for chance to be picked
(representativeness) sampling. as sample. Doing a mink
research.
Comparing the group || Taking one chartthatis || |hyestigating the Judging a biased
charts to the class communally agreed to height of the claim that contradicts Activity 4
chart. be not representative students in the their initial
and adding more data =chool. presumption. Lesson 4
Activity 2.1 points into it (growing
sample) . -
Activity 3.1 Activity 3.2
Activity 2.2
Lesson 2 Lesson 3

Activity 1.1
Activity 1.2

Lesson 1

= hig idea

= description of activity designed to
develop this big idea.

= students’ worksheet

59
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4.2.1 Lesson 1 Scouts out and about

4.2.1.1 Starting points

Students have been iattuced to statistics in 6th grade, especially data collection
and arithmetic mearStudents have not been introduced to the concept of sample
and populationBefore participating in the lesson, it is assumed that students are
able to

add, subtract, multigl and divide rational numbers in all representativeness
perform arithmetic calculation to solve problems

collect, organize and represent data

find the measure of central tendency of a group of data

calculate arithmetic mean of a group of datad

> > > > > >

meagire length using metric measurement

4.2.1.2 Learning goals

The aim of this lesson is for students to recall the concept of data as well as data
collection, representation, and summtngt they received in primary school.

After completing this less the studets will be able to

A collect dda and put them in an inventory (list or table);

A represehdata in the form of dot plot; and

A summarize data, either by using measures of central tendency, measures of

dispersion, or relation between variable.
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4.2.1.3 Description of ativity

The gudent® background knowledge in statistics consist merely of
descriptive statistics, so they are going to utilize this to find the typical value from
a set of dataHence they need a context where they will be inclined to find the
typical vdue. The context chosen for this lesson is finding whether or not the length

of Scout staff is suitable faf" gradestudents.

160 |

Figure4.1. lllustration of the staff of Indonesian Scout

In Indonesiathe Scout staff has an official length that has been established
by the Board of Indonesian Scout, which @& Tm.To find out whether or not this
length is suitable for'7 grade students, firstly they will need to know the typical
height of the students and then compare it to the lendgtie&cout staff. They are
going to start with ¥ grade students in theclass.

The lesson consists of tvaztivities. In the first activity, the students collect
data from a small group of studeimighe classrepresent it in the form of dot plot,

and summarize ifThe second activity is similar to the first, only witligger set
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of data. The students collect data from all students in the class, represent it in the
form of dot plot, and summarize it as wélhe idea of the first and second activity
is to give the students concrete idea in dealing with sample and popuiReal
life data is used here to make the problem more meaningful for students.
Eventhough thedata collected will be from the students in the class, due to
the limited time they are not going to literally do measurement during the lesson. It
is bestfor the students to be prepared with the information of their own height.
Hence one day or two before, the teacher will have to ask the students to measure
their height at home.
Throughout these two activities, the students will be working in a gro8p of
or 4 students. This arrangement will last until the end of the lesson sequence; a rule
the teacher should inform the students about once the groups have been established.
During the pilot phase, the researcher will be working with a small group
students The number of the students will be insufficient to makeoncrete
distinction betweensample and population. Therefore, the students simulate the

process of data collection by taking data freapulation bagA population bags



a bag containing smgbieces of paper with the height atie sexof each student
in theclasswritten on it
First activity

The teacher starts the lesson by setting up the context about SceuT beff
teacher can ask whether or o student&now the length of theiown staff, and
that all Scout staffin Indonesia havéhe same measurement (160 cm) because the
Board of Indonesian Sob establishes it that way, whitlopefully will leadto the
need to find out the typical height df grade students. To simplify ihe students

are going to investigate the height fgrade students in their own class first.

AREERY-

A5 148 147 148 145 150 151 152 153 154 155 158 157

Figure4.2. Example of group chart

In this activity, the students work groups The teacher distributes worksheet
Activity 1.1, a pink markera blue marker, and an A3 paper with a dot pt@le on
it to each groupEven though dot plot is quite simple and its construction is quite
straightforward, the teacher should set aside time to explain how to construct a dot
plot. The teacher also needs to establish that pink dots represent lgilbsb e
dots represent boys.

Each group will gather data from different number of students; for example,

group 1 may collect data from 12 students while group 2 collect data from 16
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students. The instruction abdbe number of data to be collectedl be provided

in the worksheeflThe studentsvrite down the data in the table and present timeem

the form of dot plots. From this point onward, this will be referred to agrthe

chart. Then the students discuss and summarize their dot plot. Movingndeyo
descriptive statistics, the students are also asked to predict what the graph of the
whole class will look like.

Afterward, the teacher ks 1 group to present their dot plot and data
summaryin front of the class. The other groups compiwem with their own
findings. In the end of the activity, the teacher asks the students whether or not they
agree with the presenting groupds predicHt
Second activity

The second activity is quite similar to the first oeecepthat in this one, the
students work together to create a dot plot using data from the wholeTdiass.
students will keep working in groups.

Prior to the lesson, the teacher prepame A3 paper witta horizontalscale
on it and hang it on the board. Thadber stagthe activity by distributing blue
and pink stickeramongthe students; blue sticksfior boys, pink stickesfor girls.

Then each student st&khe sticker to the scale, depends on their own height. |
the end thewill have a dot plot thaepresent the height of students of the whole

class. From this point onward, this will be referred to asldmss chart.
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‘Pi ?

143 144 145 146 147 148 149 150 151 152 153 154 155 156 157

Figure4.3. Example of the class chart

Afterward, the teachatistributesthe worksheet for activity 1.2nd the A3
paper for class charb each group. The studsrwork in groups t@opy the class
chart to thescaleon theA3 paper They discuss the class chart and summarize it,
similar to the activity 1.1ln the en¢lthey go back to the problem in the beginning
of the class and discuss whether or not the leaffl60 cm for a Scout staff will
be a suitable measure fdf grade students.

There is no presentation. Instead, the teacher conducts class discussion where
the students summarize the class chart togethethe end of this lesson, the
students will prduce two dot plots; the group chart and the class chart. The purpose

is to give them the concrete idea of sample and population.

4214 Conjecture of the studentsb6 reaction
A The students summarize data visually. They notice the dot at both ends of the
dot plot aad mention the tallest and the shortest students. Their attention can also

go to where the majority of the dots are stacked (modal value). They might also
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notice the difference between blue and pink dots and connect it to the difference

between maleandiea | e st udentsd height. Exampl e

A Most of the dots are stacked at 148 cm, so most students are probably of that
height.

A The shortest student is 140 cm, while the highest is 158 cm.

A This dot is stand alone on here, the person nisghteally short.

A There are more pink dots than blue dots on the left, so girls are taller than
boys.

A In finding the typical, the students might analyze the chart visually and use

modal value as typical height. They might get confused if the distribottidata

is not a perfect bell shape, which means that there are outliers or more than one

value with dominant frequency. Some of the students might analyze the chart

numerically and use arithmetic mean. Some might unable to find the typical.

Exampleofs udent s6 statement are:

A 148 cm, because most of the dots are at that height.

A Ummm its between 146 and 150 cm so | guess that’s what the typical height
is.

Al candét do it, the dots are too scatte

The students might get confused in predicting the chatthéowhole class. They

might use the characteristics of their group chart and use that to predict the class

chart. Hence they might use the same maximum and minimum or typical value,

and fill up the rest of information on their own.

A In concluding whetheor not the height of the Scout staff is suitable"tgiade

students, the students probably use the typical height and compare it to the length
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of the staff. Some students might also consider the maximum and minimum

value (or outliers, if present).

4.2.1.5 Discussion
It is important to note that the students may not have time to do actual measurement
in the class, therefore the teacher is advised to ask the students the previous day to
measure their height at home. The teacher should also prepare a mdagpering
case someone forgets to measure their height. The teacher also has to set up a dot
plot axis for the students to stick their sticker to.
Aside from the practical matters, there are other important roles for the
teacher during this lesson. In ordemake data analysis meaningful, the students
need to be engaged to the context. Hence, the role of the teacher is to engage them
when she or he sets up the context. It is advisable to bring up real life matter or ask
student s 0 ex p e ratementoequestidrotmedeachdr cah useis: s t
- When | was a Scout | always think thasitn 6t f ai r t hat al | S
of the same length. What do you think?
- Can you use your Scout staff comfortal
- Do you think the classext door also finds the Scout staff uncomfortable to
use?
- What is the length that you recommend?
Even though the students are already introduced to the algorithm of arithmetic
mean in primary school, they are not pressured to use it in this lesson.dlie¢ea 6 s

role is to take the focus away from the formula and badk toleasa measure of
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central tendency. The point is for the student to be able to summarize their data, and
not to calculate the mean.
Since backing up statement with data is one efgibal of IR, the teacher has
to emphasis the use of data to back up e
every answer provided by the students, the teacher has to ask them to back it up
with their data, if they have not already.
The teacher alsbas to pay attention to the informal words the students might
come up with that stand in the place of formal statistical conceptblikep,
stacked, shortest/highest studett.. It is important for the teacher to revoice these
words evey time they cae up, and write therdown ona special section on the
board
Lastl vy, teacherdés most i mportant rol e i
since every group is working with different subset of data, there are a lot of different
answers and opinionsh& teacher has to bridge these differences by emphasizing
that there is no one right answench answer can be correct as long as its backed
up by dataIn activity 2.2, when the students are summarizing the class chart,
compare it with their predictiomithe previous activity and ask them about why the

prediction is correct and why not.

4.2.2 Lesson 2: Compare the dots

4.2.2.1 Starting points

In this lesson, the students start to move beyond descriptive statistics to inferential
statistics. Even though thelyave noconception yet about what sample and

population are, they will be exposedaaoncretedea of it by investigating a set
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of data, a subset from that set of data, and comparing thétiwnto this lesson,

it is assumed that tretudentsareable to

A collect data and put it in an inventory (list or table); and

A summarize data visually or numerically, either using measures of central
tendency (mean, median, modus), measures of dispersion (minimum and

maximum value, or spread), and relation between variables.

4.2.2.2 Learning goals

The aim of this lesson is to develop the idea of sample representativeness and

sample size. After completing this lesson students will be able to

A compare two sets of data in theem of dot plot using the summary of the data;

A identify thesimilarities and the differences between the summary of two dot
plots;

A recognize that a subset of the data (sample) can have the same characteristics
as the whole data (population);

A recognize that the bigger the sample, the more likely it resembles the
population; and

A explain the effect of sample size.

4.2.2.3 Description of activity

This lesson consists @ activities. In the first activity, the students companel
contrastall the group charts and determine which one represents the class chart the
best. Inthesecondactivity, the students single out a group chart that is communally

agreed to be not representative and growing it.
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First activity

The teacher starts the lesson by setting up the context. Still in the context of
height measurement, the teactadlis an imaginary situation in which the class chart
is gone and only the group charts remain. The teacher then leads the disoussion
whether or not the students will be able to get the information about the height of
the students of the whole class)yfrom their group chart.

The teacher asks the students to investigate what information about the
height of the students in the class that they can retrieve from the group chart. The
teachethenannounces that they are going to do a competition betgveap charts
to see which one can represent the class chart the best. The students get a copy of
all the group charts and work in grotgpcompareand compare¢hem to the class
chart. In the end, all the groups vote which group chart represents theradass
the best. The group chart who wins presents their chart in front of teefolémved
by a class discussion.

Secondactivity

In the previous activity, students may or may not notice that the group chart
with bigger size of data tend to easilyléov the characteristics of the class chart.
The third activity,is designed to foster this idea. The students are given one group
chart that 1 s communally agintepevidu® Al ose
activity, add more data to this group chad formulate their conclusion about
what happens when the size of the data is getting bigger and bigger.

Since it will be impractical to collect the data all over again, each group is

given a population bag containing the data of the whole class. Gitienss take
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data values form this population bag, put them into the chart, and examine the group

chart as its grow bigger and bigger.
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Figure 4.21 Example of growing sample actiyi

4224 Conjecture of the studentso6é reaction
In the first activity, the students might analyze the data visuHftlgy already

summarize group chart and class chart before. Therefore in this activity, they

probably use these summaries and find out which summaries are similar or which

are different between the two charts. It also possible that they simply usefke sha

to compare the two charts. Some students might have difficulty in comparing the

class and group chart because the two have different number oDtizes.might

choose to use arithmetic means.
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In the second activity, the students might stick to visunlysis. It is very
possible that they will not use arithmetic mean since it will be complicated to
calcul ate every groupdés means and compar
might find that more than one group chart can represent the class chahewnd
insist to have more than one winner in the competition. Before they already use data
summary to compare their own group chart to the class chart, but now that there are
more than one group chart of various size of data, it is very possible thattbets
notice this and consider sample size as one of the factor that effect sample
representativeness.

The third activity is the least complicated of the three. Students can see that
the more data they insert into the chart, the more the group chargseiinble the
class chart. It is very likely that they can arrive into the conclusion that bigger

samples are more representative.

4.2.2.5 Discussion

As in the previous lesson, the teacher also has to pay attention to the informal words

the students might comup. Since the concept of representativeness is very new to

the students, the teacher needs to empha:
the big data. Statistics bne of the mthematicglomainthat has quite an extensive

specific vocabulary anthe students need to be introduced to them. Words like
6representd is one of the infor mal wor ds

probably to write down on the board.
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Teacher also has to emphasis the wuse
statemen Therefore for every answer provided by the students, the teacher has to
ask them to back it up with their data, if they have not already.

When the student are comparing group chart and class chart and they find it
difficult because the two have differtrenumber of dots, give a guiding question
such asWhat information can you get from the class chart? Now can you find it in
the group chart?

The teacherds most i mportant role 1is
groups probably have differenhswer about which sample represents the class
chart better. The teacher needs to bridge these differences by emphasizing that there
is no one right answer and that what matters is how they can support their argument

by basing it on their data.

4.2.3 Lesson 3:Are girls taller than boys

4.2.3.1 Starting points

In this lesson, students modeeper into inferential statistics. In the previous lesson,

they already explore the notion of sample representativeness and sample size.

Therefore prior the beginning of this lessiifis assumed that the students are able

to

A summarize dot plots, either using measures of central tendency (mean, median,
modus), measures of dispersion (minimum and maximum value, or spread),
and relation between variables;

A compare two sets of data tmetform of dot plot using their data summary;

A know that a subset of data can represent the whole data; and

(0]

d i
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A know that the bigger this subset, the more likely it resembles the whole data.

4.2.3.2 Learning goals

This lesson is designed to develop the need for kagngnd the idea of
randomization. After completing the lesson, the studeittde able to

1 making a conclusion about a big set of data by taking only a subset of it;
1 explain why sampling is needed,;

1 detect bias in data collection; and

1 explain the ideafarandomization; that every member of population has to

have the same chance to be picked as sample.

4.2.3.3 Description of activity
This lesson consists of 2 activities. The first activity is designed for the first goal,
where the students are tasked to fintdahout the typical height of the students of
the whole school. The second activity is designed for the second goal, where the
students are tasked to investigate a claim about the height of the students of the
whole school.
First activity

The first activty is still in the context of height measurement, only this time
the students deal with a much bigger set of data. The students work in group to
investigate the typical height of the students in the whole school. Each group is
given apopulation bagwhich, as has been explained befasea bag containing

small pieces of paper with the height aheé sexof each student in the school
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written on it. Therefore, each piece of paper represents one student and the whole

bag represent the population of the sitho

Figure4.22. The population bag

These data are fictional, and there is no distinction between grades. The only
variables are gender and height. The students present this data in the form of dot
plots, summarize it, and attempt to find the typical value of the students in the
schal. In the end, they produce what will be referred tohasschool chartThis
dot plot is significantly different from the other two dot plots because (a) the data
source is significantly bigger, and (b) not all data value is portrayed in the dot plot.
Second activity
The second activity is still in the context of height measurement. But instead of the
students making a conclusion about the typical height of the students in the school,
they are provided a claim made by a fictional character about it.

The students are also provided about the process of data collection that leads

to this claim, which is a map with the area of data collection shaded. The area of
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data collection is specifically made to be not fair; the fictional character only gather

his daa from1S'gradest udent s and the member of girl
thagt rlihs are taller than boys. o0

The students are then work in group to investigate whether or not this claim is

acceptable.
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Figure4.23. The map of the biased data collection
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4234 Conjecture of the studentsd reacti
During thefirst activity, the first possibility is that the studetrigto put all the data
into dot plot until they run out of space or realize that they are wasting time.

Prior entering this lesson, the students alrekdynthe idea that the bigger
the samplethe better. Thereforesome students might employ that notion and
already plan to take only a subset of datan the population bag. They, however,
are only concerned about the size and try to take as many data as possible that they
can fit in the dot pit.

It is also possible that the students pick the data. They probably take the data
one by one randomly first, and then realize than the data that they take does not
seem like a representative data; it probably contains too many girls or the students
are mostly tall. Hence, they decide to be selective about what value they insert into
the dot plot by putting back the value that they do not want and actively digging the
population bag to find the value that they want. They have this idea in their head
abaut what the population will look like, and they try toifito that idea.

Some students might take some data randomly, by employing the idea that
a subset of data can have the same characteristic as the population. However it is
very possible that thejo not have any reasoning about this random selection.

The second activity is designed to contradict the students presumption. Most
students probably assume that the boys are taller than girls. Given a cldingthat | s
are taller than boy8 a nd tpibkmessin therwhay of the fictional character
collect his data, it is very possible that the students will come up with the idea of

bias or random. Although they probably do not say these words yet and use informal

equivalent words instead. Theexamplé st udent s6é statements

E



79

He is reallypicky, it is only grade 6 students and the girl from volley club.

- It is notfair, of course the girls are going to be taller! | mean, they are from
volley club.
- | bet his claim will be different iféntakes the data from the boys in volley

club too.

4.2.3.5 Discussion

As in the previous lesson, the teacher also has to pay attention to the informal words

the students might come up. The teacher needs to revoice these words and write it

down on a special sehent on the board. The teacher also has to emphasis the use

of data to back wup every of student so
provided by the students, the teacher has to ask them to back it up with their data,

if they have not already.

The mos important role for the teacher is leading the discussion. All the
possible students6é reactions for the fir:
that can open doors to an interesting debate. If the students try to put all the data
from the popudtion bag into the chart, remind them about the previous lesson, about
how they can get information about a set of data from a subset of it. Questions the
teacher can ask are, forexamplet t i ng i n all the data seem
it? Do you emember about what we did last meeting?

If they try to pick their data, ask what their reasoning to do so. The students
might explain their idea of an ideal chart, that they believe will represent the
population the best. Challenge this idea with the taat they have no idea at alll

about all the data in the population bag, unlike in the previous lessons. Questions
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the teacher can ask are, for examflb, so you think that the data you take so far
seems weird. How do you know that?

Meanwhile, if they ty to take a small subset of data randomly, ask their
reasoning to do so and how they can be confident that the data they take will
represent the population. Questions the teacher can ask are, for extonpéout
the data that you left out? Look at tradlést students in the data that you picked
already; what if there are a much taller student you left in the population bag?

It is important to note that until this point, the students still have not been
introduced formally t o atthe nwar dish eff sed mplee d
for the teacher to not use these words and stick with the informal words the students
use.

In the end of this lesson, the teacher set the context and assign the task for
Lesson 4. The last activity is a mini research whieeestudents everything they
have learned so far to conduct an investigation involving data from the whole
school. Since this activity is quite big, the allocated time for one meeting is
considered to be not suitable. The teacher assign the projectendlod Lesson 3
instead, so the students can do it in their free time. In Lesson 4, the students will

present their result to their peers.

4.2.4 Lesson 4: Social media addiction
4.2.4.1 Starting points

Prior to this lesson, it is assumiht the students are able to
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summarize dot plots, either using measures of central tendency (mean, median,
modus), measures of dispersion (minimum and maximum value, or spread),
and relation between variables.

know that a subset of data can represent the whole data.

know that the lgger this subset, the more likely it resembles the whole.

know why sampling is needed.

know that every member of the population has to have the same chance to be

picked as sample.

4.2.4.2 Learning goals

The aim of this activity is for students to experience hecess of inferential

statistics, albeit informally. They conduct a miasearch, generalizing their result

from sample to population, and use data to back up this statevhédattaking

sample representativeness into accotlihey are expected to uzé the informal

statistical knowledge they already learned during the course of the lesson.

Therefore, after completing this lesson the students will be able to

A

A

produce a statement that indicates a generalization from sample to population;
use data to b&cup this statementaking into account the representativeness
of the sampleand

state it with a degree of uncertainty.
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4.2.4.3 Description of activity

This lesson consists of 1 activity, which is the miggearch. Since this activity is
quite big and requigequite some time to finish, the teacher assigns them in the end
of lesson 3 so the students can work on it in their free time.

The context used in this activity is social media addiction. The students are
presented with a statistics about social mediaicidd among teenagers in
Indonesia, quoted from a local newspaper. They then attempt to investigate whether
or not this claim applies to the students in the school. They work in group to do a
survey with the students of the whole school as the sour@tayfats well as collect,
organize and analyze their data. In the end, they present the result of their research
in the form of a project report.

This activity is very open ended. The students are not provided with data or
population bag like in the prews lesson. The students collect the data themselves,
present them (still in the form of dot plots), and report their findings. The only thing
that is not very opeended is that the students are given a readge report form

that they only have to fill inso they do not have to write the report themselves.
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The students conduct the research during their free time between Lesson 3
and Lesson 4. In lesson 4, they only have to present their findings. Each group gets

an opportunity to present their findinghile the other groups give feedbacks.

H? Eﬂﬁﬁﬂ(ﬂ -'b
Pamfwad

Wwe are doing a research to find owt about ..

Figure4.24 The layout of research project report
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4244 Conj ectur e odnswerhe studentso

Students arpredictedo not collect data from the whole school and instead choose

a sample instead. Studentsdé report, espe
varies, dependsn the sample that they choose. Since the students will udéereal

data, the result of the research will depends on the data from the school.

4.2.4.5 Discussion

This activity is designed to give an idea about scientific research and how statistical
concluson is reachedAs in the previous lesson, the teacher also has to pay
attention to the informal words the students might come up. The teacher needs to
revoice these words and write it down on a special statement on the board. The
teacheralsohastoemphas t he use of data to back up
Therefore for every answer provided by the students, the teacher has to ask them to
back it up with their data, if they have not already.

Also it has to be noted that the students still havebeen introduced
formally to the words fAsampled and Apopu
teacher to not use these words and stick with the informal words the students use.

In the end of this lesson, which is the end of the whole sequence, therteach
gather all the informal words and concepts that have been gathered during the
course of the lesson, discuss it with the students, and introduce the formal
equivalent of these words.

During the discussion, it is very important for the teacher td kba
discussion and bridge the differences between studemtsis a very open ended

task and kthe groups work with different sample, therefore they will came up with
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different answers. The teacher has to emphasize that this is okay; that this is the
problem that real statisticians also has to face in the real world. The most important
thing is how strong their argument is to defend their conclusion, which demands
the utilization of all the informal statistical concepts they already learn in the
previous lesson. Therefothe discussion should be centered around

Each group can come up with different inference, and what make these
inferences different from each other is how strong their argument in defending
them. Center the discussion around

A their mahodology, as in step by step explanation in how they are doing
their research;

A the informal statistical ideas that they learn from the previous lesson
(representativeness, effect of sample size, and randomization) and how
they use it in their research.

A the result as in the dot plot and data summary; and

A the final conclusion.

Questions that the teacher can ask, for example;

- Why do you think the other group get different conclusion?

- Did you collect your data in a fair way? How? Remember, we talked the
importance about not being picky, right?

- The other group collect their data from a much bigger number of person. Do
you think it is good? What if 1t 1is

- How sure are you that your conclusion represent all the students in the whole

schooP
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CHAPTER V

RETROSPECTIVE ANALYSIS

To strengthen the predicting power of the HLT and ensure that the
instructional material evokes the desired reasoning ,(tfR material and the
accompanying HLTheed to beéested in an episode of teaching experinageithen
revised accordingly. This brings us to the next part of design research cycle;
teaching experiment and retrospective analysis, which is the main discussion of this
chapter.

The retrospective analyssdefined by Graveimeijer and Cobb (as cited
Akker, et al.,, 2010) as examining the data set collected during the teaching
experiment which aims at supporting the researcher to revise and improve the local
instruction theories as well as answering the research questivedtlight to the
resultof the researcht is considered as an underlying principle that explain how
and why the designed instructional material works. This chapter will be divided into
two parts, one for each cycle. In each part, the comparison will be made between
s t u d erort kedvledge, meaning their knowledge before the teaching and
|l earning process, and studentsd acquired
they acquire during the learning process. Throughout this chapter, triangulation
bet ween sidwerderingpre Gand gostest, video registration of the
classroom experiment, andh e s twutetreworkssluging the learning process

will be made.
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5.1 First cycle of teaching experiment
As has been explained before, the first cycle is conducted with 6 out of 27
students of class VIl BThese students ai&ana Indira, Gaby, Anggi, Indra, and
Yosep (pseudmames) The analysis of the first cycle will be started with the result
of the pretest and the studentsd iIintervi e
experiment and the analysis, and findlhe refinement made to théypothetical
Learning Trajectory
5.1.1 Pre-assesment

The pretest consists of one problems with 4 splestionsThe data used
were virtual and presented in the form of bar chart, depictitegest in sports
among 96 middle school students, which is hypothetically randomly chosen from
500 students. The chart shows that the students who like sports are mostly grade 8,
followed by grade 7 and 9.

The explanation about the result of the pretgiébe organized in two parts;
descriptive statistics and inferential statistitbe first and second question are
focused on descriptive statistics. There are some questions about the graph that the
students have to answer, and then they are askedntitomé thing that they find
most noticeable about the grapkll students can answer the first sqbestion
correctly, showing that they understand the information presented in the bar chart.

The answer for the second question, however, are quite vaidy.2
studentsPianaandYosep are able to spot one thing that they find most interesting
about the graph, which is the grade that likes sports the most and the least,
respectively. The other studentsosk to describe the whole chart, and one went

totally irrelevant by describing the purpose of the chart instead.
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The third and fourth question start to move into the range of inferential
statistics. The students are asked to determine from which grade a student is if they
say they like sports. Studeratige then asked to provide reasoning for their answer,
referring to the chart.

Threestudents ladira, Indra Yosep chose grade 8, referring to the bar
chart without considering the fact that it is only 96 of 500 studétsse three

students still thinlof the data presented in the chart descriptively.

Farar  bon \elas § \M‘P" Yoy Wha Ol ragé\/ |
_ ()Jhn% szya/c VRS Ou(mgp

Because there are a lot of students from grade 8 who likes sport/most nur
students who like sport.

Figure 5.4 Yoseps answer for question 4
Two students fail to grasp the questiddmnad s swearns grade 9 and her
argument is because the number of grade 9 is the largest, hence it was the most
possible to meet grade 9 randomly in the hallwagbymistakenly read that the
student they met in the hallway dislikes gppthence her answer is dea9.
According to the interview conducted after the-f@st, she confirmed a very
personal argument, which is because she thinks grade 9 is too busy with exam to

do sport.
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I t 6s st ude® besause theymavemaaydkrams.

Figure 5.2 Gabyd answer for question 4.
The closest answer to inferential statistics came fforggi, who chose
grade 8 as her answer. Her argument is that they met the student in the hallway
randomly and the student does not mention their grade, and since in the gdaph gra

8 is the one that likes sports the most, it is very possible that the students is a grade

8.
},\ coha WY Saun pe (keMU Segepmano <~[iﬂ£>('ﬁ
QL % ‘ Jo i, T A
Secasa . Toda gmgqja il
glas N adatan P alinot 9 A
‘@@n(jg;’)uc Ca e LeNas . C{,qr\ L‘ 2 5 | F L) .’L\Qr\d«
SoG a Oi;'ShTqug 4
Because | just happen to meet son
grade, and [in the chart] grade

Figure 53Anggib s answer f or question
In general, the students were still thinking of the data descriptively and did
not exhibit any sign of probabilistic language. . They also did not find it problematic
that the chart only depicted 96 out of 500 data. They did derived conclusion about
somethiig that might not be part of the information offered by the chart.
Table 5.3 provide alignment issue between the result of thieegtrand the

element of lIR.
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Table 5.3 Alignment issue between the result of prest and the element of
IR
Framework Commerts
Generalization The students produce a statement about a I
beyond the data. | population by considering information from its sample
Data as evidence | Most of the students, when asked to argue about
answer, refer to the chart provided. Only stidents us
their personal knowledge.
The use o] No sign of probabilistic language. The statement tha
expression o] students made was deterministic.
uncertainty.

5.1.2 Teachingexperiment

This section focuses on the first cycle of the teaching exeet It
consisted of 4 lesson. The explanation will be started on brief description of the
tasks and the learning godisilowed by an elaboration on how the lesson vesrat
the analysis of the result
5.1.2.1 Lesson 1: Scout Staff

The first lesson is aimed fa@tudents to recall the statistical knowledge

they already learned in previous grade, which is collecting and representing data. It
consisted of two similar activities, only that the data the students work with in the
first activity isof smallersizethanin the second activitylhe context is finding out
suitable size for Scout staff in grade 7.e[tudents have to collect data about
st ude n tasdeptesemnt tndntin various foromly that thedatathey gathered
in the first activitywill representsample, while thelatafrom the second activity
represenpopulation.In both activity, the discussion was centered on the dot plots.
The students were going to analyze the dot plots to answer two main questions: 1)
what they can find out about the heigiithe students from the chart, and 2) what
the typical height of grade 7 students is.

Activity 1.1
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To start the first activity, theeacherasked the students about Scout
extracurricular and how many of them participating in it. Téacherthen
proceedo inform the students about the regulation by the Board of Indonesian
Scout regarding théxed lengh of the Scout staff for Indonesian scout. The
discussion then moved to whether or not this size is suitable for all Scout in
Indonesia. Some studentgae that it is not fair because it is probably more
suitable for male students, while female students are generally shorter. In these
argument s, it can be seen the student s;¢
for male and female grade 7 students is.

Theteacherinstructed the students to collgbe databy taking pieces of
paper out of the class population kemd ist them on the table provided in the
worksheet. Théeacherthen showed all the charts that the students had to put
their data into, withsecific instruction on putting in the data into dot plots form
using the blue and redarkers The students then proceed to work.

Thestudents had no significant challenge during the data collection and data
representing part of this activity. Dot plotttedugh was a neway to represent
datafor them, proven to ban interesting chart to construdgenerally, the
students were able to analyze the data visually and not pressured to do any
calculation.When the students are asked to mention one thinghéwtitice
from the chart, most of them focas the difference of height between boys and
girls by noticing that blue dots are mostly on the left side of the chart while pink
dots are on the right sid&imilarly, when answering question about typical

height, most of the studénfocused on the modal values.
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came up

some guidance, the students resorted to assuming that the class chart must also

possesses

t

he

group

chart os

characteri s

The compatibility of the HLT and the ALT s presented in thBierdorp

matrix analysis below.

Table 5.4 Compatibility between HLT and ALT of activity 1.1

No. Task HLT ALT Quantitative
expression
3. |Look at your| Mentioningthe| The students +
chart. What car tallest and focused on the fag
you say abou| shortest that the blue dots af
the heightof the| students. distributed more of
students whos the left side of the
data you| Mentioning the| chart, while the pink
collected? majority by side are on the righ
referring to the| and conclude thg
modal value. |the male student
are generally talle
The difference| than the femalg
between male | students.
and female
student
height.
4. | If someone ask Finding the The students +
you, what is thg typical visually | analyze the dat
typical height of| through the visually and focuse
the studenty modal value. | on the part of the
whose data yol Finding the chart where the dot
collected, wha typical are mostly stacke
is your answer t¢ numerically (modal values)
that? through
arithmetic
mean.
5. | Predict what thg Using The students
chart will look | characteristics | assumed that must
like if you | of the group also posesses the
collect data from charts to characteristics of
the students o predict the those of the group
the whole class!| class chart. chart.
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The only obstacle is the time limitation. Fdypes of chart were proven to
be too much to work on in one lessoour. Even though the students already
possessed prior knowledge about frequdable, calculating the percentage of
the frequency of each data point was stressful for them and henceyremer
To tackle this, théeachedecided to leave the table half way and instructed the
students to move on to the other graph. This diffictlityned out to be an
interesting point of discussion about which type of data representation is the
most attractive and efficient.
Activity 1.2

To start the second activity, theacherexplained that the students

are going to constructdot plots from ae population box together. Tteacher
showed the stickers and the A3 paper on which the students must construct the
start. All six students were then sat together around a table and input the data
together.

Since they were working together, the disamssvhich is initially intended
to be within each group turned out to be between and among groups. The
students discussed the questions in the worksheet together and then wrote down
the agreed upon answer on the worksheet. Since the questions areitmdar t
ones they got for Activity 1.1, the discussion went one a little bit more smoothly
since the students already established the ground for the answer. In general,
their strategy were more or less similar to those they use in the previous activity.
Howev e r due to the time restriction

prediction match the actual class graph cannot take place.

t
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The compatibility of the HLT and the ALT is presented in tBéerdorp

matrix analysis below

Table 55 Compatibility between H.T and ALT of activity 1.2

chart. What car
you say abou
the height of the
students whos

tallest and
shortest
students.

focused on the fag
that he blue dots ar
distributed more ofr
the left side of the

No. Task HLT ALT Quantitative
expression
2. |Look at your| Mentioning the| The studentg +

size
think
suitable?

do you
is

data you| Mentioning the| chart, while the pink
collected? majority by side are on the righ
referring to the | and conclude thg
modal value. |the male student
are generally talle
The difference | than the femalg
between male | students.
and female
student
height.

3. | If someone ash Finding the The studentg +
you, what is the typical visually | analyze the data
typical height| through the visually and focuse
of the student{ modal value. | on the part of the
whose data yo{ Finding the chart where the dot
collected, what typical are mostly stacke
is your answel numerically (modal values)
to that? through

arithmetic
mean.

4. | So if you want| Using the| All groups consider| +
to design g typical height| the typical height of
Scout stafff to  determing the students and
especially for| the suitablg design the Scout
the students in height of thel staff with height in
this class,what | scout staff. accordance to that.
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5.1.2.2 Lesson 2: Comparehe Dots
The second lesson is focused on developing 2 big ideas; 1) that a part of
data can represent the whole (representativeness), and 2) the bigger this part of data,
the more likely it represents the pdgion (effect of sample size), both are thai¢o
of activity 2.1 and activity 2.2, respectively. The context used here is the
disappearance of the class chart, so the students have to determine which group
chart can represent the class chart the best in term of the information it dapicts.
activity 2.1, the students choose one from three group charts to represent the class
chart the best. In activity 2.2, the students adding more and more data value to the
least representative to chart, also knowgrasving samplectivity.
Activity 2.1
Theteache started the lesson by asking the students about their predictions
of the class graph and which one of their predictions actually matchduit.
teachercollected all of the group charts and stick them to the whiteboard. The
researched then preed to dstribute the worksheet, the chadagd the table to
the studentsThe students discussed within their groups for a few minutes about

the difference and the similarities of each group chart to the class chart.
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Afterward, theteacheiasked the students tote which group chars the most

and the least representative one
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Figure 5.4 The class chart and the group chart®f cycle 1

As predicted, the students analyze the dot plot visually to find the
characteristics of the set of dafde students usbé same strategy when asked
about the typical height (in Bahasa Indonesiizggi kebanyakan siswaand
average height (in Bahasa Indonegiaggi ratarata), which is to find the
modal clump (modal values) in the dot plGaby, for example, was unable t
find the typical value in her chart (Group 3) because for her, the chart is too
Afl at o.

As found in the previous meeting, unless asked specifically to use the
formula of arithmetic mean, the students thinkaeérageas the typical value
or mode. The mferred choice of using modal value as measure of central
tendency is definitely encouraged by the use df de data representation,

meaning when using different representation, the students will probably use
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different measurélVe can interpret that theot plot did helped the students to
construct the notion of central tendency, so the notion of average no longer
me a n s-anddaidwdiNdne of the students, however, detected the difference
between charts from the shape of the charts.

A case with statiscal vocabulary arosefosepclaimed that graph 1 is the
|l east representat i veAdpaenty,hastleoughttofdhed si z e 6
size here as the width of the dot plots, not the number of data points.
Unfortunately, theeachedid not followup this case.

All groups picked group charts 2 as the most representiygroup chart

3 as the least representativ@roup 2 had to go to the front of the class and

explained it.It was ended by a conclusion that group chart 2 can represent the

classchart because it gives similar information.

The following Dierdorp matrix analysiglepicts the compatibility issue

between the HLT and ALT for activity 2.1.

Table 5.5Compatibility between HLT and ALT of activity 2.1

No. Task HLT ALT Quantitative
expresn
1. | Which one of | Analyze the charts| All students +
the group visually then detectedhe
chart is the | picking the chart | characteristics of thi
most suitable | that has similar group charts as wel
to represent | modal clump, as compared and
t he c¢ | {maximum or contrasted the grouj
chart? minimum value, or| charts based on
distribution of blue| those
and pink dots. characteristics.
2. | Which one of | Analyze the charts| One group +
the group visually then compares the shapg
chartis the | picking the chart | while another group
least suitable | that has different | compares and
to represent | modal clump, constrasts the
the class maximum or characteristics of thi
chart? What | minimum value, or| chart.
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can you do to| distribution of blue
make it more | and pink dots.
suitable?

Activity 2.2
Theteacherstarted activity 2.2 by bringing group chart 3 into attention. In
group chart 3, when theeacheremphasized the difficulty in finding the
typicality because they have to use a very wide range of modal values, the
students ethusiastically agreed. This inability to find typicalitywas
communally agreed to ibe reason group chart 3 is tleast representative
Theteacherthen asked the students about what they could do to make group
chart 3 more representative. One of thelent,Gaby made a good discussion
point by answering, AAdding (more data)
Theteacherthen proceed to ask each group to focus on their own copy of
group chart 3. Theeacheitook 1 population bagpok out additional piece of
paper by herselhinumber as instructed in the worksheet, and read it aloud for
the students to put the datatlwe group chart 3.
The conjecture of this activity is quite straightforward. As the number of
data get closer and closer to the total number of students s cktudents
can see that the group chart starts to look more like the class chart. Transcript
1 shows how the discussion goes when the students were adding the data value,

while figure 6 shows the transformation of group chart 3.
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Fragment 1
Teacher Are you guys done? Okay. The second one is Ita, she is a girl,
157 cm.
Gaby | td6s rising!
Indira ltés got promoted.
Diana Ummm, 158 is the most *unknown?* no
Yosep |1 tds just the same!
Teacher t he third one is Rudi, heds a boy
Teacher Okay, the data added up 5 more points, what can you notice?
Diana 157 is the tallest one, but &
Teacher s the shape better than before?
Anggi: Yes
The ot her s: |l tds better!

Indirac Much better, miss, it rose.
Teacher What aspect is being corrected? Can you tivedtypical value
now?
Anggi: 157 ..
Teacherl57158, right? I tds getting closer (
Teacher Okay, so the number is adding up and getting closer to the
number of
students in the class. What can you notice?
Indirac The heightss st arting to be more visible,
*the class
chart*

Based on the transcript, it is quite evident that the students were able
to see that the chart of group 3, whic
starting to look more and moti&e the class chart. The students used
word | ike 6riseb6 and 6épromotedd to addi
clump. Because now they could determine the typical value, as opposed
as the initial shape of group chart 3, they also stated that the shape w
much better than before. Therefore, it can be interpreted that the students

are starting to conceive the notion that the bigger the part of data, the

more likely it resembles the whole.
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Figure55. The fAgrowtho of group

The followingDierdorp matrix analysishows compatibility issue
between the HLT and ALT for activity 2.2.

Table 5.6Compatibility between HLT and ALT of activity 2.2

of data that you| the more data|] comment that the
take is getting | value added tq graph is getting

closer tothe the group O0hi gher o
total number of | chart, the the typical value
students in the | more it is gettng close to
class, what is | resembles the| that of the class
your population. chart. They also
conclusion? claimed that the

bigger the numbel
of data inserted
into the group
chart, the more it
resembles the
class chart.

No. Task HLT ALT Quantitative
expression
3. | As the number | Stating that | All groups +

char
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5.1.2.3 Lesson 3: Are Boys taller than Girls?

The third lesson is designed to develop two big ideamely 1) with a
really big set of data, it is impractical to take the whole data into account; and 2) all
member of population have to have equal chance to be picked as sample. The
context is finding information about the height of the students in Hudenschool.
This lesson consists of two activities, activity 3.1 and activity 3.2, designed to
develop big ideas 1) and 2) respectively. In activity 3.1, the students are tasked to
create a dot plots depicting the height of the students of the whold.doramivity
3.2, the students have to judge whet her
made by the Head of the Students Council is acceptable.
Activity 3.1

Prior starting the activity, the te:
previous meetingA short discussion commenced about which group chart wins
and why. The teacher then distributed the worksheet ad population box, all the while
announcing that the students were going to construct a dot plot of the whole school.
This chart was later refedeo as theschool chart Afterward, one of the group
presented thewvork to the front of the class.

During the construction of thechool chartthe students had no indication
that they realize this task is much more demanding than the previous oge. The
seemed to take pieces of paper randomly out of the population bgtatridem
on the provided dot plot scalgist like they did in the previous lesson. Only after
the teacher reminded them of the limited time, that the students realized that trying

to put all the data into the chart is futile.
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For the secongroblem the students are tasked to determine the difficulty
they encounter in constructing the school chatt. students mentioned time and
the number of data as the obstacles in constructeyghgjust as conjectured he
students claimed that it is impractical to take the whole data into account, but none
of them make the connection to the previous meeting, where they can gain
information about the whole data by analyzing only a part of ity @fter the
teachermade them recall the previous meeting that the students came into a
conclusion that taking the whole data is impractical and they caideormly a
part of it instead.
In the third problem, the students are tasked to describe whahation
that they can gain about the height of the students in the school, based on the school
chart. Just as conjectured, the students analyzed the school chart visually.
The chart theyliscussed is shown in Figure 3.
Fragment 2
Yosep In this chart, lte boys are taller, the height is 160 something.
TeacherHow about the typical height?
Yosep The typical height .. 160.
Indra 161!
Yosep No, its 160. 158 to 160.
Indra Oh, right.
TeacherReally? How come you arrive at that conclusion?
Yosep (pointsat the chart, where the dots cluster the most)
Teacher Oh, | see, thatds where all t
dots? They cluster over there, don
Diana It is around 150 Miss.

Teacher: Well where is the hill then? From 158 ...
Indra: (point to the clump) ... until 160.
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Figure 5.6. The school chart of group 1

This discussion even moved further into expression of uncertainty. The
school charts by all three groups apparently have the same typical value, which
was ranging between 1%8d 160. It was also interesting that they used range
(modal clump) instead of only using one modal value. Although when
considering only individual chart the students were in doubt whether or not the
whole data says the same information, they were quiteafter three charts say
the same thing, as shown in the following fragment (Fragment 3).

Fragment 3

Teacher: What do you think? Do you guys agree? Group 27?

Diana Our grup is also 158 to 160 Miss.

Teacher: Oh, i1itdés the sapme? You gquys? (¢
Gaby Its 158 to 159.

Teacher: Okay, if three small data have said the same thing, are you guys sure
that is the information given by the big data?

IndraandYosep We are sure, Miss.

Teacher: Is it certainly the same?

Diana Well, not exactly Miss.

Teacher: What is the possibility then?

Diana Not certain, but very possible.

Indra (The possibility will be) .. big.

Teacher: | know, right? All the charts say the same thing.





































































































































































