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Children as Explorers:
Exploratory Data Analysis
By Junior High School Students in a Computer Assisted Environment

By
Dani BenZvi

ABSTRACT

The overall goal of this dissertation is to advance the understanding of learning and
teaching Exploratory Data Analysis (EDA) in a carefully designed computer assisted
learning environment for the junior high school leveTlhis thesis, presented as a

coll ection of papers, documents and analyz
evolving conceptions, their interactions, and their adoption of points of view. The
theoretical framework informing the analysis of cstent s O | earning as
competence in a new and complex domain, such as statistics, involves more than
particular set of skills, strategies, or knowledge. Following Resnick (1988), the
framework includes viewing competence of a domain as adoptingatbiés, language

and dispositionsf interpretation and sense making (enculturation)

Firstly, |1 analyze at a very fine level of detail the ways in which a pair of students
began to make sense of data and data representations, as well as the procgsm@f ado
and exercising the habits and points of view that are common among EDA exfiests.
focus is on the ways they started to develop global views of data and their representations
on the basis of their previous knowledge and different kinds of locanaddsons. |
examine how knowledge was gradually constructed through complex cognitive ard socio
cognitive processes, which included their interactions with each other, the teacher, the
materials and the computerized tool. | analyze the ways in which thene O pi eces 0
studentsdé prior knowl edge which seemed to
support for the construction of new meanings. Of special interest were the teacher's
interventions, which though short and not necessarily directive halyteaeffects, can

be characterized in general as interesting instances of appropriation
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Secondl vy, through the analysis of studen
framework of student reasoning in the domain of EDA with an emphasis on ltpddtan
representations. | then use written assessments to characterize student sense making of
statistics after the end of their experience with the curriculum. Finally, | analyze the
interrelationships between curriculum design and research in orddratacterize the
nature of the instructional activities, including the role and impact of computerized tools,

which have the potential to promote meaningful learning of EDA

The research methodology is mainly qualitative in nature with some quantitative
agects. The subjects for this study were seventh grade studentsa@®d) of mixed
ability from the experimental classrooms that used the curriculum. The analysis is based
on: 1) focused and detailed data on one pair of students, which were videaitapradst
all stages of their learning statistics; 2) classroom data that was gathered in three
experi ment al cl asses; and 3) summati ve a.

6research projectsdé, written ascmangestsnent s,

These data were used to characterize important phenomena related to the following
guestions: 1) how students choose, interpret, design, transform and use data
representations?; 2) what are the contributions of student interactions with éieiapé
their teacher to their understanding of data representations?; and 3) how students adopt
the habits and points of view that are common among EDA experts, in particular the
expertséo poi nt-global approaches toodata ihterpredation dhdir
representatior’s

The dissertation shows how meaningful learning of EDA took place through complex
sociacognitive processes of enculturation, the processes of testcliemt (and,
possibly, studers t udent ) appropri at i o ocarefully designesit ud e n
|l earning arenas and rel evant -eronmmpolvéementi z e d

in constructing a 6research projecté6.
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A NOTE TO THE READER

This thesis developed thrgh extended planning, trying ideas, testing and implementing
educational materials, gathering data, writing and presenting, collecting feedback,
discussing and more discussing, and so forth. Through this process, my conceptions and
understandings of thessues related to children learning statistics have evolved and
changed. Thus, the introductory overview of the study (Chapter 1) mostly reflects my
intentions and views of what is researchab
However, tle research evolved to show that the issues selected as my research questions
were richer and wider, and thus the scope of my initial questions got enlarged and

i mmersed in Ol arger i ssueso, without | eav|
arranged hat i ntroduction to completely fit th
get a feeling of how the study evolved. | hope this structure preserves this sense of
growth, and provide you, the reader, with a perspective on those changes thegsikis t

and myself have gone through during this scholarly endeavor.

A NOTE TO THE READER 10



"I learnt a lot from my teachers,

and even more from my colleagues,
but from my studentd learnt the most.
(Talmud)

INTRODUCTION

Statistics is becoming ever more pervasive, and veeifiva society which is ever more
dependent on information. Major political, social, economic and scientific decisions are
made on the basis of data. Statistics is a discipline which provides means for dealing with
data. Statistical reports affectingtuially all aspects of our lives appear regularly in all

the news media. Therefore, the importance of statistics literacy is becoming a major goal
of the school curriculum, regardless of the professional future of the student (Gal, 2000).

This thesis jais the increasing efforts and interest in the study of statistics education.

The presentation of this thesis is the
Feinberg Graduate School, of The Weizmann Institute of Science. | began with studies
leading to the M.Sc. Degree, focusing primarily on developing junior high school
statistics curriculum. | reviewed relevant statistics curricula, software-ZBeri997a)
and research literature, established a set of curriculum design principles, and wrote and

tested instructional materials to be used in an innovative educational environment.

With the change of status from the M.Sc. to the Ph.D. study, | continued the cycles of
writing - field-testing - research- improvements (for an account of the curriculum
development, see Hershkowitz, Dreyfus, Bévi, Friedlander, Hadas, Resnick, Tabach,
and Schwarz, in press). The first field experiments culminated in the production of an
improved version of the student textbook (B&n & Friedlander, 1997a, see Appendix
L), the devel opment and i mplementati on
research issues involving many variables, as well as a complex pedagogical situation, and

the narrowing down to the main themes of investigation (see Chapter 1).

This PhD. thesis is a collection of papers presenting in a coherent description how
junior high school students begin to le&xploratory Data Analysi$EDA, in the sense
of Shaughnessy, Garfield and Greer, 1996) in a carefully designed, computer assisted
learring environment. The thesis consists of five published (or in press) research papers,

in which | was the only author or the major contributor. In addition, | include a non
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published study, presented in a published paper format. Each of the six resganchis
introduced by a briebynopsi and is linked to the research questions and the thesis
6storydé6 to form a |1 ogical continuum (Chap
discuss the study, and suggest five major conclusions, theoretical inopkcaand

practical implications for education (Chapter 5).

The first two papers analyze at a very fine level of detail the ways in which two
students A andD) began to make sense of data and data representations, as well as the
process of adopting andercising the habits and points of view that are common among
EDA experts (Chapter 2). The third paper analyze tymtatistical thinking modesf
juni or hi gh school student s, t hat i s, an
domain of EDA, with an emphasis on handling data representations (Paper |III,
in Chapter 3). In the fourth paper, | complement the former analysis by assessing
students6 under st andi n gStaidtics €urredlun(SQ based af t e
on their responses @ O r e ddséd asbessment task (Paper IV, in Chapter 3). The
fifth paper analyzes the mutual relationships between the design 8fCthad research
on learning, in order to characterize the nature of the instructional activities, which
promoted meangful learning of statistics (Paper V, in Chapter 4; see also, Hershkowitz
et al., in press). Finally, | study the impact of computerized tools in enhancing learning
and understanding statistics (Paper VI, in Chapter 4). Thus, this thesis includes five

chapters:

1. Overview of the study: aims and research questions, methods, a review of

literature on teaching and learning EDA, and$i@earning environment.

2. AandD6s case, concentrating on the constru

of data and data regsentations by one pair of students.

3 Studentsod statistical reasoning and thei
SC

4. The impact of curriculum design and technology in enhancing the learning of
EDA.

5. Discussion of conclusions, theoretical and edunationplications.

! The synopsis of each paper is presented bbkfarethe full manuscript.

12
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CHAPTER 1

OVERVIEW OF THE STUDY

Part 1

Aims, Research Questions

The overdl goal of this Ph.D. thesis is to advance the understanding of learning and
teaching statistics (EDA) by junior high school students in a compsatasted, carefully

designed learning environment. My purpose is to follow, at a very detailed level, the

ways in which students begin to make sense of data and data representations, as well as
the process of adopting and exercising the habits and points of view that are common
among EDA experts. The observations and analysis are expanded beyond the learning of
basi c statistical concept s, tool s and pro
i.e., perspectives and points of view of statistics experts involved in the practice of data

based enquiry (described in Paper II).

More specifically, the purpose is toviestigate the following themes in the context of

statistical problem solving processes.

1. Student understanding of data representatiamemely, how junior high school
students choose, interpret, design, transform and use data representations in the
conext of operended EDA problem solving situations with computerized tools.

| chose to analyze the following.

Choosing data representations.In a computerized environment, a diverse
collection of tabular, numerical, or graphical representations of dateadily
available to students. When and how are

CHAPTER 1: OVERVIEW AIMS 14



purpose? Wh a't are studentsod6 considerati

choices?

Interpreting data representation.In the experimental classes, students were
engagedextensively and intensively in making sense of data representations.

What o6data sensed (Friel, Bright, Friers
data representations? How do they interpret and critique them? What are

student s6 c o nfgultidsenrmaking thesesintegprethtions? f

Designing/transforming representationsComputerized tools allow students to

design, or transform a chosen representation in a relatively simple and
straightforward manner. How, why and when do students talentaye of these
facilities, and in which ways? Wh a 't ar e

difficulties in transforming and designing representations?

Using representationsHow do students use representations to see patterns and to
support, refinerefute or critique claims and/or conclusions based on the data?

2. The contribution of student interactions to their understanding of data
representations The interactions- within-pair interactions, group interactions,
and studenteacher interactions-- can be used to characterize student
understanding and learning processes. Therefore, | chose to analyze the following.

Within-pair interactions and group interactionsSt udent sdé <col |l abor a
includes use of the computer, conversation, divisidnrates, resolution of

conflicts, mutual guidance, reflection, critique of others' work, and presentation of

reports. What are the main characteristics of these interactions? How do they

contribute to develop meanings?

Studentteacher interactions. The studentteacher dialogue in the experimental

classes was radically different from the traditional one in content and format.

Since students are engaged for long periods of time in independent exploratory
activities, t hey r ec eervhese ineracsionsowtittethec her t
teacher seemed to be catalytic. What is the nature of sttedahter interactions,

and how/when do they promote student work on EDA problem situations?

CHAPTER 1: OVERVIEW AIMS 15



In my establishment of the educational environment and the resestolg and in
conducting the analysis, | rely on both cognitive and soaltural perspectives. The
cognitive perspectivéeads me to focus on the development and change in students'
conceptions and the evolution of their statistical reasoning on tiseedfaghat they knew

(cf., Piaget, 1976; Davis, Maher & Noddings, 1990). Boeiccultural perspective
guides me to focus on learning (of a complex domain, such as EDA) as the adoption of
the point of view of a community of experts, in addition to skdlsd procedures

(cf., Resnick, 1988; Yackel and Cobb, 1996). Thus, | look at learning as an
¢enculturatio® process, i .e., entering and picking
culture (Schoenfeld, 1992) with two central components: students eshgagdoing,
investigating, discussing and drawing conclusions; and teachers engaged in providing role
models by being representatives of the culture their students are entering through timely

interventions.

The two perspectives are intertwined: conceienolve within a purposeful context
in a social setting. On the other hand, developing an expert point of view and interacting
with peers or with a teacher, imply undergoing mental actions within specific tasks
related to complex ideas. These actionsrdime are a central part of the meaningful
experience within which the 6cultured of t

In light of the above, | wanted to investigate what it meant for a student to be deeply
involved in operended, complex, and long problesalving pocesses related to the
learning of basic statistics (EDA), interacting with peers and teachers, while using various
tools, such as relevant computer software (spreadsheets). | asked what it meant for
a student datoexpgoed,0 meh @ ndemningflly ievestigate interesting

guestions, make relevant conjectures, and use data to answer them.

CHAPTER 1: OVERVIEW AIMS 16



Part 2

Methodology

Data

| collected a diverse body of data, to characterize important phenomena related to the
research questions. The data typeslusehis thesis are prexperiment data, statistics
prior-knowledge data, statistical exploration data, {gteriment data, and delayed post
data (Appendix I). Within these types, | analyzed three main groups of data:

1. Focused and remarkably detailedtdaon one pair of studentsTwo students,
A andD (13-yearold boys) were videotaped at almost all stages of their learning
statistics (20 hours of tapes). (For a detailed sequence of their statistical
explorations, see Appendix 1l.) The students weenesidered by their teacher to
be both able and verfal They were asked to talk aloud and explain their actions.
Additional data of the pair include statistics notebooks, pre and post mathematics
portfolios, their O0r ese«&r, cht emrchjea dtsd ,r efpic
post experiment evaluation forms, and delayed post interviews (see full details in

Appendix ).

2. Classroom data that was gathered during the experimental period in three
classes of the same schodlhese data include classroom etvations of other
pairs and whole class discussions (not necessarily captured in video but reported
by the observers or teach®rsnterviews with the teachers, and the researcher's
notes. These data are used, when appropriate and relevant, to check for
coherence of interpretations emerging from the different sources. Even when a

phenomenon seems important and the data interpretation was validated and

2 There are several good reasons to focus on verbal students. Firstly, their descriptions and explanations
provided valuable data on their actions, thoughts and considerations. Furthermore, | did not have at my
disposal video equipment to record simultanéoys st udent sé6 faces and t hei
Therefore | used one video camera posted in front of the students, which framed the students, their
notebooks, and a teacher on intervening sessions. Thus, students had to provide additional information
ontheir unseen computerized actions and screens.

The observers included two (or sometimes three) researchers, the video photographer, who was a
member of the researchersdé team, and the three mat

CHAPTER 1: OVERVIEW METHODOLOGY 17



agreed upon, the question of the idiosyncrasy of the identified phenomenon may
remain open. Thereforthe data and interpretations from pairs of students in the
same class or from other classes assist in checking for generalizability of the

phenomena.

3. Summative assessment These data consist of studen
assessment activity dec r i bed i n paper V), and st uc
which were collected in the same school and other schools, and are analyzed in

order to compare, contrast, and validate the key findings from the above.

Students

The students in this study were 80 sekiegraders (13earold) in three classes, Iin

a progressive experimental scHpohught by skillful and experienced teachers, who were
aware of the spirit and goals of tBE€ (Statistics CurriculumProject The students were

of mixed ability, and wereised to work collaboratively in small groups in mathematics
classes. They participated in this study, within their regular classroom period. A detailed
description of the pair of studen&sandD, the subjects of the microgenetic case studies,

is givenin Chapter 2.

Prior knowledge. When the students started to learn 8@ they had limited in
school statistical experience. However, they had some informal ideas and positive
dispositions towards statistics, mostly through exposure to statistical jargjom media.
In primary school, they had learned only about the mean and the uses of some diagrams.
Prior to, and in parallel with, the learning of tB€ they studied beginning algebra based
on the use of spreadsheets to generalize numerical lingarns and represent them in
graphs (Resnick & Tabach, 1999).

Data Analysis

The nature of this thesis is mainly qualitative with some quantitative aspects. The
gualitativeanalysis of the data was basedimerpretive microanalysiésee, for example,
Schoenfeld, Smith & Arcavi, 1989; Meira, 1991, pp.-82 Schoenfeld, 1994):

“Thi s sel ecti ve 0 nablighedk ih A986s in Mehdvl It vemphasizes hature and
interdisciplinary studies, the use of innovative curriculum, cooperative learning, students' responsibility
of their learning, and independent investigative projects. The team of mathematics tisesingperted
by staff member from the Department of Science Teaching of the Weizmann Institute of Science in order
to help design the content and the teaching of its mathematics courses (g9ades 1

CHAPTER 1: OVERVIEW METHODOLOGY 18



a qualitative detailed analysis of the protocols, taking into account verbal, gestural and
symbolic actions within the situations in which they occurred. The goal of such an
analyss is to infer and trace the development of cognitive structures and the

sociacultural processes of understanding and learning.

The validation of the data analysis unde
team and one with fellow researchers,owtad no involvement with the data or tR€
project (riangulationin the sense of Schoenfeld, 1994). In both stages, the researchers
discussed, presented, advanced and/or rejected hypothesis and interpretations, and
inferences about the students' cogeit structures. Advancing or rejecting
an interpretation requires: (a) the provision of as many pieces of evidence as possible
(including past and/or future episodes, and all sources of data); and (b) attempts to

produce alternative interpretations edyatrong in terms of the available evidence.

The goal of theyuantitativeoriented studies (Chapter 3) is to assess at the end of the
SC (a) studentsodo typical reasoning about d
of data and data representasp use of data analysis skills, and understanding of basic
statistical procedures and concepts; (c) if and how they adopted the dispositions and
points of view of certain aspects of the ¢
indication of the etent and scope of the phenomena previously identified in the

microgenetic case study.
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Part 3

Literature Review

Teaching and learning EDA

Exploratory Data Analysi$EDA, or data handling) is the current name for what has been
traditionally called descripte statistics. EDA is the discipline of organizing, describing,
representing, and analyzing data, with a heavy reliance on visual displays and, in many
cases, technology. Its goal is to make sense of data, analogousxqdaer of unknown

lands’ (Cobb & Moore, 1997).

EDA studies patterns, centers, clusters, gaps, spreads, and variations in data, and its
essence can be captured by the slogale®k at the data (preliminary analysis), look
between the data (comparisons), look beyond the data (inforfeaence) and look
behind the data (context) (Curcio, 1989; Shaughnessy et al., 1996). Pedagogically, EDA
is an opportunity for opeanded data exploration by students, aided by basic concepts of

descriptive statistics.

In the past decade EDA has gaimedognition as an important component of the
school curriculum. Recommendations were made to introduce stochastics (statistics and
probability) concepts foall students, throughout the school years, beginning at an early
stage (National Council of Teaakeof Mathematics, 1989 and 2000; Australian
Education Council, 1991; American Association for the Advancement of Scienc&).1993
This led to the production of new instructional materials for elementary and secondary
schools in many countries, withtwep nci p al approaches: t he O
6stand alone unit approacho. I n the Oser.i
developing EDA materials that can be used continuously for an extended period of time;

e.g., Used NumbergRussell & Corwin, 1989; Corwin & Friel, 1990; Friel, Mokros &

This is the source of inspiration for the title bfit st Chidden as Explérers . The EDA expe
portrayed as an explorer of wunknown 6l andaa of dat
explore .

In Israel, a statistics curricular reform is currently been suggested in gréddéy B committee of the

Israeli Ministry of Education and Culture. The committee recommendations will instruct primary
schools to allocate 15% of the mathematics syllabus and time to statistics. If applied, a production of
instructional materials and teaastdevelopment programs will follow.

CHAPTER 1: OVERVIEW LITERATURE REVIEW 20



Russel, 1992), andhe Quantitative Literacy Seriedandwehr & Watkins, 1986;
Newman, Obremski & Schaeffer, 1986; Landwehr, Watkins & Swift, 1987,
Gnanadesikan, Schaeffer & Swift, 1987; Barbella, Ke@ae3chaeffer, 1994). In the
6stand alone unit approachdé EDA materials
development effort; e.gMathematics in ContektOxford Mathematic§Greer, Yamin

Ali, Boyd, Boyle & Fitzpatrick, 1995)Core Plus Mathentics Project (CPMP), andThe
Connected Mathematics Projgtiappan, Fey, Fitzgerald, Friel Phillips, 1996). In these
curricula there is growing emphasis on graphical approaches, on students gathering their
own data and carrying out investigations, onubke of probability simulations to generate
data, and sometimes on a crossricular approach. Another example Rata
Visualization(de Lange & Verhage, 1992), in which statistics misuses and distortions are

used as points of departure for the studizDA.

At the university level in the USA, dissatisfaction with student outcomes across most
introductory statistics courses led to a task force report, commissioned by the
Mathematical Association of America (Cobb, 1992). This report made recommendations
for the o6reformbébd of most courses, captured

|l ess theory, fewer recipeso.

In Israel, the official junior high school mathematics syllabus (Israeli Ministry of
Education and Culture, 1990) assigns 15 hours inegra@ge 13) to cover basic statistics
topics, and an additional 10 hours in grade 8 (age 14) to introduce basic concepts of
probability. High school matriculation exams include only limited topics in stochastics at
the three and four credit points leveldlany texts used in Israeli schools (e.g., Geva,
1990) emphasize definitions and computation and neglect the development of a broader
integrated view of statistical problem solving. Thus, statistical concepts rarely originate
from real problems, and igeneral, there is just one correct answer to each problem.
Many teachers ignore the grade 7 statistics unit altogether, due to lack of knowledge,

interest, and enthusiasm, maintaining that there is no time.

" Math in Context (MIC) is the name of the project and of the curriculum. It consists of a series of
booklets, each authored by different sets of authors, individually packaged and available independently.

8 Core Plis Mathematics Project (CPMP) was the project of a set of high school of three books, for grades
9, 10, and 11. Each book consists of separate che
Hirsch is the overall editor, but each chapter idtemi by a different team of authors.
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In response to this situation, attempts to imprthe teaching of statistics (using hand
held calculators) were made by the Weizmann Institute Mathematics Group (Taizi, 1991;
Robinson, 1992; Halevi, 1992). TMachar 98report (Israeli Ministry of Education and
Culture, 1992) stressed the importanéamathematical skills, including numeracy and
graphical interpretation ability, and recommended the use of computers to measure,
collect, analyze, and present data. In response to the report, a comprehensive junior high
school development and researchgpam- CompuMath- was establishedThe Statistics
Curriculum, which is the development component of this study, is part cZ¢imepuMath

project.

Research on the teaching and learning of statistics

Several researchers have reviewed research on thentgaid learning of stochastics

over the past decade (Garfield & Ahlgren, 1988; Shaughnessy, 1992; Shaughnessy, et al.,
1996). Research on EDA teaching and learning has not yet developed as richly as
probability research, however, it is beginning to emasyan important topic in the world
community of statistics educators, and is being fostered by international organizations.

Since 1982, The International Statistical Institute (ISI) and The International
Association for Statistical Education (IASE) hasomsgored and organized five
International Conferences on Teaching Statistics (ICOTS), international research forums
on Statistical Reasoning, Thinking and Literacy (SRITL1999; SRTE2, 2001), and a
number of roundtable meetings on statistical educatidnreview of the proceedings of
these conferences reveals the following themes, which emerged in a fairly chronological

order:

1) clarification of goals for teaching statistics;
2) preparation of teachers to teach statistics;
3) use of technology to teadtatistics; and

4) empirical research on teaching and learning statistics.

°The topic of the most recent | ASE roundtable meet:i
(Batanero, 2001).
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ICOTS5 (PereiraMendoza, 1998) saw the broadening of these research issues in
statistics education with many influences coming from current trends in mathematics
education and newechnologies (including Internet). In the following, | shall use these

categories to describe briefly existing research on EDA.

1) Clarification of goals for teaching statistics

The ICOTS1 (Grey, Holmes, Barnett & Constable, 1983) focused on the inmoertaf
teaching statistics, its goals, and the difficulty of integrating statistics into the already
crowded mathematics curriculum. Kapadia (1983) suggested that students should become
aware of and appreciate (a) the role and use of statistics in sacteiy other academic
subjects, and (b) the scope of statistics; i.e., the sort of questions that an intelligent user of

statistics can answer, and the power and limitations of statistical thought.

Gal and Garfield (1997a) also offer two common overadllgof statistics education:
students should become informed citizens who are able to (a) contribute to the
production, interpretation, and communication of data pertaining to problems they
encounter in their professional life, and (b) comprehend and wligal uncertainty,
variability, and statistical information in the world around them, and participate

effectively in an informatiofaden society.

To achieve this broad vision over several years of schooling, they suggest eight

interrelated basic subgoalsrfstatistics instruction:

1) understand the purpose and logic of statistical investigations;
2) understand the process of statistical investigations;

3) master procedural skills;

4) understand the relevant mathematical relationships;

5) understand probdiiy and chance;

6) develop interpretive skills and statistics literacy;

7) develop ability to communicate statistically; and

8) develop useful statistical dispositions.
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2) Preparation of teachers to teach statistics

The following aspects of training teaals to teach statistics were discussed at IGOQTS
(Davidson & Swift, 1986), and at the ISI roundtable conference (Hawkins, 1990):

a) difficulties of teachers with inductive and exploratory data analysis instruction;

and

b) the need to develop professiopabgrams to prepare teachers willing and able to
be

a O6guide on the sided instead of a O6sage

Biehler (1990) suggests that teachers should view statistics as interactive and
experi ment al 0detectivebd wor k waxibilly, dat a,
multiplicity, and uncertainty of results. The professional development needs of statistics
teachers at school level, as well as those in other subject areas with statistics literacy
requirements, have slowly been recognized and are only ngmneg to be met
comprehensively (c.f., Hawkins, Jolliffe, & Glickman, 1992; Watson, 1998; Gal 2000).

3) Use of technology to teach statistics

The implementation of computerized tools in statistics education was the main theme of
the 1996 International Asciation for Statistical Education (IASE) roundtable conference
(Garfield & Burrill, 1997). In this forum, | reviewed and proposed

a categorization of the different types of software that have been typically used in
statistics instruction (Bedvi, 1997a). These uses have the potential to renew statistics
instruction on the basis of strong synergies between content, pedagogy and technology
(Moore, 1997) but raise both theoretical and practical issues.

Biehler (1993) describes the use of technology ip@mering students to do data
analysis that is interactive and exploratory, using visualization and simulations to
understand statistical concepts and methods. The potential of software lies in relieving
the user from technical aspects of computation aaghigng and providing dynamic and
interactive tools such as linked representations, and simulations (Kaput 1992). Thus,
a statistics curriculum which takes advantages of the technology can stress conceptual
understanding, mathematical modeling and pmold®lving, realworld applications, and

new methods of analyzing data. Moreover, it can support a learning environment in
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which students take an active role, and their social interactions may not merely amplify
cognitive capacities, but brings about m@@aganization of cognitive capacity
(e.g., National Council of Teachers of Mathematics, 1989 and 2000; Hawkins et al. 1992;
Heid, 1995, Biehler, 1997).

4) Empirical research on teaching and learning statistics

Empirical resear ch wmdcomtaptess ofistatistical cbrecepts,tthe d e n t
development of graphical understanding in students, and case studies documenting the

teaching and learning of statistics.

a) Naive conceptions of statistical concepts

The misunderstanding of the conceptr@anhas been investigated by Pollatsek, Lima &

Well (1981), Mevarech (1983), Strauss & Bichler (1988), Mokros & Russell (1992), and
recently in a more global approach by Konold & Pollatsek (in review). Pollatsek and
Mevarech found that students use strategissich as active balancing or
representativeness when dealing with the mean, inappropriately. Strauss & Bichler
identified different devel opment al pat hs o
seven predetermined properties of the mean. MokrBsugsell concluded that the mean

is a mathemati cal object of unappreciated
for finding it) and that it should only be introduced relatively late in the middle grades,

well after students have developed a strangélation of representativeness.

Batanero, Estepa, Green & Godino (1996) report a variety of student interpretations
of the cells in 2x2 contingency tables. Landwehr (1989) summarizes a number of
misunderstandings about elementary statistical conceptfyding the tendency to
believe that any difference in means between two groups is significant, and the belief that
there is no variability in the O0real wor |l o
reasoning beyond the most basic ones, such asability, inference and sampling
(e.g., Watson & Moritz, 1999 and 2000; Reading and Shaughnessy, 2000).

b) The development of graphical understanding

Few studies on the understanding of statistical graphs exist (cf., Ainely, 1995). Curcio

(1987) distiguished three difficulty levels in the comprehension of graphical data:
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a) readingthe data without any interpretation, attending only to facts explicitly
represented in graphs;

b) readingwithin the data, which requires comparisons, mathematical conaeg@ts

skills; and

c) readingbeyondhe data, which requires extension, prediction, or critique.

The understanding of particular types of graph has been investigated by a number of
researchers, e.g., bgraphs (Pereirdendoza & Mellor, 1991); bacharts ad line
graphs (AbergBengtsson and Ottosson, 1995); stamaleaf plots (Dunkels, 1994;
PereiraMendoza & Dunkels, 1989); bexots (Carr & Begg, 1994); and scatter plots
(Estepa and Batanero, 1994).

PereiraMendoza (1995) discussing graphing at the eléargrevel, suggested that
children should explore the assumptions underlying the classification of data and
interpretation of the meaning of data, discuss and explore the possibility of alternative
representations, and predict from the data. Recentkké8g2001) has analyzed how
concepts and symbolizations-develop in the case of statistical data analysis. The study
shows how 11 to 12 yeatd students developed their concepdistributionin relation
to the graphs they used. In particular syrigation of data intoasoal | ed &ébumpé
discussed.

c) Case studies documenting the teaching and learning of statistics

In a teaching experiment conducted with lower secondary school students by Biehler &
Steinbring (1991), data analysis was introducedab d et ect i ve 6 wor k. T
provided students with a data Otool kito
representations. The researchers concluded that all students succeeded in acquiring the
beginning tools of EDA, and that both theaching and the learning became more

difficult as the process became more open. There appears to be a tension between
directive and nosirective teaching methods in this study. In addition, this case study

and others (e.g., de Lange, Burrill & Romhef$93) point to the crucial need for
professional development of teachers in the teaching of EDA in the light of the
difficulties teachers may find in changing their teaching strategy from expository

authority to guide. It is also a challenge for cuddou developers to consider these
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pedagogical issues when creating innovative EDA materials. Recent experimental studies
in teaching basic EDA concepts in middle school classes have been conducted by Cobb

(cf., 1999) with an emphasis on socialtural perpectives of teaching and learning.

Another evolving area of research is related to methods of alternative assessment in
statistics (c.f., Garfield, 1993; Gal and Garfield, 1997b). New ideas about learning and
the way that assessment is viewed in educdtiogeneral have started to impinge on

statistics education and its research (Begg, 1997).

Future research on EDA

Research related to teaching and learning statistics still needs to achieve academic
recognition in the different disciplines or educationabgrammes (Jolliffe, 1998).
Batanero, Garfield, Ottaviani, and Truran (20G@)empt to define some important
guestions to be researched in statistical education and the theoretical foundations of such
research. Scientific efforts and extended dialogs @rg researchers and educators are
required to define Awhat i1 s research in st

validity as a research discipline.

Since EDA is a relatively new topic in statistics education and in the mathematics
curriculumin schools, the existing research does not yet provide full documentation and
analysis of the domain. Many research questions remain open, especially those pertaining
to students learning and understanding (with the assistance of technological tools), the
studentteacher and studestudent interactions with opemnded data investigation tasks,
and the role of enculturation in learning. This thesis is intended to be a contribution to the

study of such questions.
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Part 4

The Learning Environment: The Statistics Curriculum (SC)

Response to the research questions of this thesis cannot be accomplished in
a Ovacuumb. A carefully designed and syst
imbued with a genuine spirit of EDAs required. The challengetis develop a coherent
sequence of learning situations, together with the necessary materials and computerized
tools, whose implementation has the potential to impact the daily practices of teaching
and learning statistics in classrooms. The ultimate fitens to transform classrooms

from academic work factories where students perform assigned tasks under the
management of teachers into communities of learning and interpretation, where students
are given significant opportunity to take charge of theindearning, and reflective
practice among students, teachers, and researchers is encouraged (in the spirit of Brown,
1992).

The Statistics Curriculum(SQ is one component of a large and comprehensive
mathematics curriculum for the junior high school lecalled CompuMath of the
Science Teaching Department, Weizmann Institute of Science. These cuaieula
characterized by the teaching and learning of mathematics usingenged problem
situations to be investigated by peer collaboration and classtheoussions using
computerized environments. In the following, | first describe the thtiggee development

of theSC and then present and characterize the curriculum.

The development of the Statistics Curriculum

The main goal of the curriculum developmieprocess was to design and create

a learning environment in which students are engaged in meaningful statistics,
i.e., statistical processes that arise for the students in familiar problem situations as natural
means for investigating and solving thelgem, rather than as ritual procedures or ready
made algorithms that are imposed by the teacher or the textbook. The curriculum
development process consisted of the following three stages. (More details on this

process are provided in Hershkowitz, ketia press.)
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The first stagenvolved design considerations, before starting the actual development
and research work, taking into account statistical content and syllabi, national standards
and international trends, the participants in the processhaidbiackground, the state of
the art of teaching and learning EDA, theoretical approaches to learning, etc. To illustrate
the type of activities and considerations in this stage, | focus on the choice of the

computerized tool to be incorporated in 8@

Our criteria for choosing technological tools in t®mpuMath project were:
(a) generality that is, applicability in different content areas, availability, and cultural
status; (bnathematizaton i . e. , ampl i fication rkimther eor g
sense of Pea (1987) and D°rfler (1993); ar
the sense of Balacheff and Kaput, 1996); andc@jhmunicative powemeaning the
power of the tool to support the development of statistical language. Adbéss
criteria, | considered the types of software generally used in statistics instruction:
statistical packages, mi croworl ds, tutori a
metatools (Biehler, 1993, 1997; and B&ni, 2000, Paper VI). At tlsi preliminary stage,
| choseStats! (LOGAL® Software, Inc.), an educationally modifisthtistical package
which is a basic and simple data analysis program intended for introductory statistics
courses in school level. | hypothesized that the dynamiojpulative power ofStats!
would foster mathematization and that its simultaneous displays would give it
communicative power for all students. Further discussion on the use of technological

tools in statistics education is provided in Paper VI below.

Thesecond stageonsisted of a first design of the activities and their trial in a few
classrooms, accompanied by classroom research on learning and teaching practices
(observations, data collection and analysis). Some of the findings of this extensive pilot
are described in papers, which are not part of this thesis (cf:z28eA1997a; 1997b;
1999b; Berzvi & Arcavi, 2001). The study itself, and the comments and critiques that
arose from local and international experts, helped me to redesign the leaaterglis
(to make them more attuned to student interests, motivation, capacities, and interactions);
add an extended statistical 6research proj
and, as a result, replaced it with spreadsheet (see details)bstdect, focus on and
refine the research questions of this thesis; and choose and improve the methods used

informally, in order to apply them more systematically to answer the research questions.
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During the experimental implementation of the curriculuwas forced to reexamine
the type of software used, which although seemed to help students in using data to solve
real problems, had limited statistical power and was uncommon in schools. Therefore,

| replacedStats!by a spreadsheet package (EXkefor the following reasons:

1. Spreadsheets amommonand familiar. Spreadsheets, especially EXceare
now recognized as a fundamental part of computer literacy (Hunt, 1996). They
are used in many areas of everyday life, as well as in other domains of
mathematics curricula, and are available in many school computer labs. Hence,
learning statisticavith a spreadsheet helps to reinforce the idea that this is
something connected to the real world. Moreover, prior and in parallel to the
learning of the EDA aourse, thestudents used spreadsheets in their studies of

algebra.

2. Spreadsheets providirect accessthat allows students to view and explore data
in different forms (data representations or inscriptions), investigate different

models that may fit the t& manipulate a line to fit a scatter plot, etc.

3. Spreadsheets aflexible and dynamicallowing students to experiment with and
alter displays of data. For instance, change, delete or add data entries in a table
and consider the graphical effect of tleaege, or manipulate directly data points
on the graph and observe the effects on a line of fit. Further, thegaptable
namely, they provide students and teachers with control over the content and

style of the output.

One major concern at this stagas the degree alpennes®f the activities. Our initial
inclination, when planning a 6virtual acti
of data in a given context, and then to give them the freedom to choose research
guestions, toolsand sr at egi es t o analyze the dat a.
open, instructions being minimal. The actual design of activities was however realized as

an ongoing compromise, by trying to find the appropriate blend between open and closed.

Further | experimentally added at this stage to the EDA course an extended activity
agesearchproe@ (described bel ow), in which each
based problem of their choice. At this stage, | had scarce knowledge about the
implementation of projects in class. For instance, how and when to introduce the project

to students, how to guide their work and assess it.
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The third stageeomprises the creation of coherent sequences of redesigned activities
forming a complete curriculum arni$ implementation, including the dissemination of the
curricular aims and Ospirité on a national
my research on the compound relations between the design of curricular activities and

| earning e@Paperg Ar edmlas o) .

In summary, theStatistics Curriculumwas developed in an extended and complex
process, in which practices were fed by theory and research, and vice versa (in the spirit
of 0devel opment al resear cho, rmcschogls a@arb b, 1¢
teacher courses, and subsequently revised in several development cycles. A description
of the SCfollows.

The Statistics Curriculum

The SCwas developed in order to introduce junior high school students (grade 7, age 13)

to statisticalth n ki ng and t he 0 ar tSCdresdes: (austutientactivie o f |
participation in organization, description, interpretation, representation and analysis of

data situations on topics close to the students' world, with a considerable useabf visu
displays as analytical tools (in the spirit of Garfield, 1995; and Shaughnessy et al., 1996);

and (b) incorporation of technological tools for simple use of various data representations

and transformations of them (cf., Biehler, 1993, and in Paper|vivipe

The design of the learning activities (Bwi & Friedlander, 1997b, Appendix III)
was based on the creation of Osmall scenar
the processes involved in the expmng sé pr
activities are mostly opeended situations using spreadsheets, in which statistostnt
andconceptsare emphasized. For example, types of data, posing questions and collecting
data, basic statistical measures, handling and interpretationafejaesentations, and
intuitive notions of inference and correl a
as, need for data, proof and certainty in statistics, the existence of variability, and the

underlying points of view, processes and methods.

The form ofinstruction for this curriculum emphasized a community of learners
communicating with each other and a new ro
gui des the students in adopting and pickin
The curriculum content and pedagogy is based on the PCAIC investigative myste (
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collect analyze interpret, and communicatg@roposed by Graham (1987), and Kader &
Perry (1994) (see Figure 1).

Pose the question Em—— Collect the data

.

Interpret the results 4+— Analyze the data

| Communicate results |

Figure 1. The PCAIC cycle for statistical investigati. Dotted arrows illustrate possible research paths

The student is expected to:

A become familiar with the problem at hand, identify research questions and

hypothesize possible outcomes;

collect, organize, describe, and interpret data;
constructread, and interpret data representations;
develop a critical attitude towards data;

make inferences and arguments based on data analysis;

o To Po Do o

understand and apply measures of central tendency, variability (and

correlatiort®);
use curve fitting to predidrom data;

communicate the results of his investigation.

10 Correlation and use of curve fitting to predict from data were presented only in soime sevienth
grade classes, or postponed to the higjiade class.
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Students work on two parallel strandg 1) classroom activities

projectd (see Figure 2). Each of these wi
//\\ /\
// \ / \
/ ‘\\ \\\
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Nameﬂ =) v Analyze data
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games , g
vPose a research
What is question
statistics? v |dentify a problem

Figure 2. The two strands of th8tatistics Curriculum

1. The classroom activities

The classroom activitiesare semistructured opesended statistical investigations, in
which considerations and processes involved are also pursued. The situations focus on
topics close to the students' wbfsport, people's names, salaries, cars, etc.), and provide
the background for statistical concepts and methods. The students are encouraged to
hypothesize about possible outcomes, choose tools and methods of inquiry,
representations, conclusions, antbrpretation of results. Most activities are designed to

be done in pairs.

The role of the teacher is to introduce the investigation, to foster communication
among groups, to raise questions, to guide the students through technical and conceptual

difficulties, and to conduct the introductory and summary discussions. The activities are
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interspersed with more traditional class work, designed to reinforce statistical concepts,
procedures and routines. A lesson starts usually with a short introduction texat¢her

on the investigation topic, and a discussion of background, prior knowledge, data,
research question and hypotheses. Later, students, in pairs, spend most of the class time

in analyzing the data using a computer. Once the investigation isefih{ghmay take

more than one class period), the class gathers for a synthesis session with the teacher, in
which main results and concepWsrilar Bi apytue

activity illustrates the above.

Thé&Voo k D iadiptyucoredingvorkers in a printing company: The workers
are in dispute with the management, who has agreed to a total increase of 10 percent in
the salary bill. The dispute is about how this increase is to be divided among the
employees. The students are given ttesgnt salary list of the one hundred employees,
and an instruction booklet to guide them in their work. They are also provided with
information about the national average and minimum salaries, Internet sites to look for
data on salaries, newspaper aetichbout work disputes and strikes, and a reading list of
background material. In the first part of the activity, groups of students are required to
take a position in the dispute, and to clarify their arguments. Then, using the computer,
they have to d=cribe the distribution of salaries and use appropriate measures (median,
mean, mode and range) to support their position. They learn about the effects of grouping
data and the different uses of statistical measures in arguing their case. In therthird pa
their task is to suggest changes to the salary structure which satisfy the 10 percent
constraint. They produce their proposal to solve the dispute, and design representations to
support their position and refute opposing arguments. Finally the olasts for
a general debate and votes for the winning proposal. The time spent on this activity is

about seven class periods.

The computerized tool helps students to develop expertise in using data to solve real
problems. It frees them from computati@ml graph drawing. It allows students to view
and explore data in different forms, e.g., highlight a specific point (or sets of points) in
a data set, alter dynamic displays, and explore different models that may fit the data. The

impact of technologysi studied in Paper VI.
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2. The 6research projectod

Thed r e s e ar cibangxteadec activify, in which the students act as independent
and responsible learners. Students identify a problem and the questions they wish to
investigate, suggest hypothesptan and design the investigation, collect and analyze
data, interpret the results and draw conclusions. At the end they submit a written report

and present their main results to fellow s

The teacher sclleles dates for each stage, guides the students individually, and
actively supports and assesses student progress using alternative assessment methods (Gal
and Garfield, 1997b). Some of the topics students have chosen to investigate were:
superstitions aong students, attendance at football games, student ability and the use of
Internet, students' birth month, formal education of students' parents and grandparents,

and road accidents in Israel.

The time spent on the fuBCunit in the pilot experimentall@asses was 280 hours
(roughly two months), of which two thirds were spent in the computer lab. Students spent
a similar amount of time out of class working on home assignment andbtihee s e ar c h
project® . The i mpl ement at i duded oommunityiingolvemant r i ¢ u |
(parents, school authorities, etc.), and use of school surveys, media, and data sets archives

in the Internet.
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Paper I

Constructing an understanding of data graphs

Construction of global views of data and data

representations
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CHAPTER 2

AANDDO S CASE

The following chapters (Chapters 2, 3, and 4) introduce the scope of the Ph.D. research
work, presented in a collection of six papers. The goal is to form a coherent description
of how junior high school students begin to le&xploratory Data Analysi$EDA) in a

carefully designed, computer assisted learning environmens@he

In this chapter, | analyze at a very fine level of detail the ways in which two students
(A andD) beganto make sense of data and data representations, as well as the process of
adopting and exercising the habits and points of view that are common among experts. In
this process, | consider the role of peer and stu@d@ther interactions to enhance
learning. The focus in the second paper is on the ways they started to develop global
views (and tools to support them) of data and their representations on the basis of their
previous knowledge and different kinds of local observations. | realize how knowledge
was gradually constructed through complex cognitive and smgjaitive processes,
which included their interactions with each other, the teacher, the materials and the
computerized tool . I anal yze the ways
knowledge not only hindered, but ultimately also supported the construction of meaning

for data and data representations.

The students: A and D

A andD, the subjects of this chapter, were students in a progressive experimental school,
who come from an affient background. They were abeaerage ability students,
verbal and willing to share their thoughts, attitudes, doubts and difficulties. They had
worked collaboratively in various school subjects, and had acquired good cooperative
working praxis. Theywgreed to participate in this study, including being videotaped and
interviewed (after class), and furnishing their notebooks for analysis. They were familiar
with computerized environments and spreadsheets, and resourceful in their work with

unfamiliar features of the software.
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A and D engaged seriously with the curriculum, trying to understand and reach
agreement on each task. They were quite independent in their work, and called the
teacher when technical or conceptual issues impeded their progressfact that they
were videotaped did not intimidate them; on the contrary, they were pleased to speak out
loud, address the camera explaining their actions, intentions, and misunderstandings, and
share what they believed were their successes. Michal,nfa¢hematics and science

teacher, characterizes them:

fil is a grownup, easygoing and polite student. He always likes to explore puzzling issues,

until they are fully exhausted. He is bright and diligent, but not extremely quick. His friend,

D, is agood student and has excellent verbal and writing abilities. He tends to perform in
class and in daily Ilife of school on a Ol ar
and poems and includes them in his homework assignments. Quiet ofterm®tcdme

trying hard to impress the adults around hird

My classroom observations of the pair show that they are bothwmakers, cooperating

very well together. They have open and good communication with Michal (their
mathematics teacher), consider heo theebesii mathematics teacher and ask o
for her help or corroboration. They fully complete their home assignments, try to solve

the complementary challenging tasks, and happily report to the teachers on mistakes,
missing data, or contradichie in the assignments.

The differences between them are well captured in their mathematics portfolios,
which were submitted at the end of the first semester of the seventh grade (right before
the beginning of théstatistics Curriculurp In his portfolio,l managed t o O0get
bottomdé of the algebraic conceptions taugh
brilliantly. D, using his writing talents, described chronologically his learning, in a very

pleasant, lengthy and clear style.

In sum, A and D approach theStatistics Curriculum with extensive and good
collaborative learning habits, social oriented classroom praxis, understanding of basic
concepts of algebra, including multiple representation approach to problem solving, basic
knowledge bas in computers and spreadsheets, and positive attitude towards the use of

computers in mathematics.
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Paper |

Constructing an Understanding of Data Graphs

Ben-Zvi, D. (1999). Constructing an understanding of data
graphs. In O. Zaslavsky (ed.), Proceedings of the
Twenty-Third Annual Conference of the International Group for
the Psychology of Mathematics Education, I, 97-104. Haifa,

Israel: PME.
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Paper |

Constructing an Understanding of Data Graphs

In this first case study | focusoneth mi cr oevol uti on of students
of graphs as data representations. To understand students’ discussions, considerations,
difficulties, solutions, and interactions, | useaterpretive microanalysigdescribed in the
Methodology sectin above), which will be systematically used and improved in Paper II.

The purpose of this paper is to study how students construct their understanding of
graphs as displays of real life data, and learn 4desegn them to support certain claims.
| descibe episodes of two 1gearold studentsA andD) working on the activity 6Trhe
Same Song, with a Different Téne ( abou't four | esson peri oc
Olympic 100 meters race. The students were given, in a spreadsheet, the men's 100
meters vinning times, and the years in which they occurred (from 1896, the first modern
Olympiad, to 1996, the #30lympiad).

In the first part of the activity, the students were introduced to the context of the
investigation and were asked to describe the dafahgcally and verbally. In the second
part, the students were asked to manipulate data graphs, i.e., change scales, delete
an outlier, and connect points by lines. In the third part, they were asked to design a
graph to support claims, such &ver the years, the times recorded in the Olympic 100

meters improved considerably”

| describe and analyze the students' development from a stage in which they did not
understand the requirements of the task and the notiomenél to the successful
completion of the design task, in which they were able to make sense of statistical
concepts and ideas. At the beginning, they interpreted the effect of changing scales as
a movement of the graph downwards rather than an effect on its shape. However, the
purposeof the rescaling was to enable the students to visualize the graph as a whole in
a different sense. In order to support a claim in a debate, the transformation was aimed at

visually supporting the position that there are significant improvements redbsls.

A teacher's intervention, which seemed to be a miscommunication, helped the

students to make sense of their tasks and they started to consider how scaling of both axes
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affects the shape of the graph. Moreover, they were able to develop mannsufati

these changes to occur in order to achieve
they transferred and elaborated, in iterative steps, ideas of changing scales, from one axis

to the other until they finally arrived at a satisfying graphtheuat any further

intervention from the teacher.

In response to the second research question, the description also includes the
teacherds interventions, the student s’ di s
tasks (descriptions, sedfxplanatios, questions to a colleague and the teacher, transfer of
ideas, etc.), which have contributed to the construction of students' understanding of

certain characteristics of data graphs.
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CONSTRUCTING AN UNCESTANDING OF DATA GRPHS

Dani BenZvi

The Weizmannnstitute of Science, Rehovot, Israel

| describe episodes of two-y@arold students working on Exploratory Data Analysis (statistics)
developed within an innovative curriculum. | analyze the microevolution of their incipient
understandings of some faags of graphs as data representations. The description includes the
role of the instructional materials, the students' discussions and collaborative attempts to solve
the tasks, and the teacher's intervention. Although her intervention seemed to be a

miscommunication, it appears to have helped the students to make sense of their tasks.

BACKGROUND

The teaching oExploratory Data Analysigstatistics) is mostly based on: (a) organization, description,
representation and analysis of data, with a consitlers® of visual displays (Shaughnessy et al., 1996);
(b) a constructivist view of learning (Garfield, 1995); and (c) incorporation of technological tools for

making sense of data and facilitating the use of various data representations (Biehler, 1993).

With these perspectives in mind, we developed a middle school statistics curtic(BemZvi &
Friedlander, 1997a), implemented it in schools and in teacher courses, and undertook research on learning
(Ben2vi & Arcavi, 1997; BerZvi & Friedlander, 1997b).The curriculum is characterized by: (a) a use of
extended real (or realistic) problem situations; (b) collaboration and communication in the classroom; and
(c) a view of the teacher as fNa guide on etthe si de
analyze, interpret data, and communicate (Graham, 1987) using a spreadsheet. The classroom activities are
semistructured investigations, in which students, working in pairs, are encouraged to hypothesize about
possible outcomes, choose tools andhoés$ of inquiry, design or change representations, interpret results,

and draw conclusions.

THE STuDY

A pair of 13yearold studentsA andD) was videotaped at different stages of their learning statistics (20
hours of tapes). | focus here on 15 minwésheir work with brief teacher interventions. The students
were considered by their teacher to be both very able and very verbal. They were asked to talk aloud and

explain their actions.

The purpose of the following analysis is to study how studemtstieect their understanding of graphs
as displays of real life data, and learn to design them to support certain claims. | used interpretive

microanalysis (see, for example, Meira, 1991, pp-3620 try to understand students' discussions,

Y The project is part oCompuMath an innovative and comprehensive curriculum (Hershkowitz &
Schwarz, 1997).
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considerationsdifficulties and solutions. In this analysis | consider sacignitive aspects, taking into
account verbal, gestural, and symbolic actions, in the context in which they emexgmdparing and
contrasting the data with other pieces of data, writteards, and conversations with the teacher.

The Problem Situation

The extended (four lesson) activityfhe same song, with a different tuneccurs early in the curriculum.

The context is the Olympic 100 meters race. The students were given, in askpetathe men's 100

meters record times, and the years in which they occurred (from 1896, the first modern Olympiad, to 1996).
In the first part of the activity, the students were introduced to the context of the investigation and were
asked to describ¢he data graphically and verbally. In the second part, the students were asked to
manipulate data graphs, i.e., change scales, delete an outlier, and connect points by lines. In the third part,
they were asked to design graph to support the followirigncl&Over the years, the times recorded in the

Olympic 100 meters improved considerably"

In the following, | present and analyze the students' work through the activity.

DEVELOPING UNDERSTANDING OF DATA GRAPHS: THE 'STORY' OF A AND D

In this section, | sent three parts of the activity chronologically: (a) getting acquainted with the context,

(b) acquiring tools, and (c) designing graphs.

(A) Getting Acquainted with the Context

In the first part of the activityhA andD analyzed the table of results,mepared the records of consecutive
Olympiads, considered the issue of extreme data, sorted the data, and created a graph with a spreadsheet
(Figure 1). In their written summaries, they wrote that (a) the best record is 9.48 sec. and the worst is 12
sec., b) the greatest improvement is from 10.25 to 9.48 sec., and (c) the differences between records are not
constant. The first two conclusions are wrong: the best record is 9.84 sec., and the greatest improvement is
from 12 to 10.8 sec. When requested tectibe the datpatterns they did not seem to understand the
meaning of the question. With the teacher's help, they concluded correctly that "the record times seem to

improve, yet there was occasionally a lower (slower) result, than the one achieveddonpOlympiads".

Although A and D seemed to notice the general trend of improvement in the records, their view was
mostly local and focused on discrete data points, or, at most, on two consecutive records. | claim (based on
data not detailed here) thideir difficulty to discern general dagatternswas caused by: (a) the students'
lack of experience with the notion péttern (b) the discrete nature of the graph; (c) the-deterministic
and disorganized nature of statistical data, which is véfgrdnt from the deterministic formulae, they had

met in algebra.

(B) Acquiring Tools

In the second part of the activjtthe students became acquainted with three strategies for manipulating
graphs (changing scales, deleting an outlier, and connectimgspoand considered the effect of these

changes on the shape of the graphs. The objective was to preparedsigimask (Part C below).
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Olympic time (sec.

Changing Scales

The following transcript describes the students' comments on the effect of changing the seatasabf
the original graph from-Q2 to 640 (Figures 1& 2):

\
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10 %0 0%, 0 oo FUPYR SO 2
o 30
8 £
6 o 20
Q.
4 g 10 4000 00040 4004000000000
2 o
0 0
1880 1900 1920 1940 1960 1980 2000 1880 1900 1920 1940 1960 1980 2000
Year Year
Figure I Given graph Figure 2 Manipulated graph

A. Now, the change is thaté that the whole graph st

D. The same in shape, but much, much lower, because the cfthenpaxis] went up higher. Did yo
understand thatPD uses both hands to signal the down and up movements of the graph and the y

axis respectively.]

A. Because now the 12, which is the worst record, is lower. It used to be once the highest. Therefore

the graph started from very higBut now, it[the graph]is already very low.

The students' perception of the change is restricted to the overall relative position of the graph; they

considered the shape itself as remaining fylaghe samebod
(AThe whole graph é went downodo), an interchange of
and/ortheya xi s went wup), and | ocal features (12 as a HfAst
linked and complement each othekwrot e t he f ol l owing synthesis in his

the same in its shape, but moved downward, because beforthel@orst record was the highest number
ontheyaxi s, but now it is | owero.

Deleting an Outlier

In this task, the students veeasked to delete an outlying point (the record of 12 sec. in the first Olympiad,
1896) from the graph (Figure 2), and describe the effect on its shape. DFjustified why 12 can be
considered an outlier:

D. It [the record of 12 sec.] is pretty ext®nal, because 4
we have here [in the rest of the data] a set of 5 0
[
differences of a few hundredths, and here [the % »
difference is] a whole full second. £
O 190 P00 90044 4440400000000
Then, they struggled to interpret the effect of the deletion o
the graph (Figure 3) 1880 1900 1920 1940 1960 1980 2000

Year

Figure 3 Ouitlier deletion
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D. Thechangeisnsteal | y drastic é Now, however, the graph

A. One point simply disappeared. The graphé its ge
They wrote in their notebooks different ddyscriptio
AOne point i n thea) Jhus thd students sirpgpled betveednodiffdrent views of the

effect: global and significant change (the graph is tidy and organized), no change at all (the general shape

didn't change); or just a mere descript{one point disappeared).

Although the dispute about the outlier was not resolved, it served another purpose: ih&dew
attention to a mistake in their conclusions in the

improvementisfrom12 o 10. 8 secondso.

Connecting Points

In the third task, they were asked to connect the points to obtain a continuous graph. The new graph
(Figure 4) elicited many comments from the students, who tried to make sense of what they saw. They
were particularlyintrigued by the fact that the connected graph included both the original points, and the

connecting line.

D. oK. You see that the points are connected by I

transform to one line. It transformed to a liime, 20

which the points are still there. It means that the line

30

itself is not regarded as important.
20

Olympic time (Sec.)

A. This line is OK. We previously thought that if we

10 i 4900040000

connect the points with a line, they might disappear.

But now, there is a graph, and there are also th 1880 1900 1920 1940 1960 1980 2000

Year
points, which are the important part. Figure 4: Connecting line

In their view, the connecting line (as provided by the spreadsheet) not only did not add any nhew meaning,
but also contradicted the context® b s er ved: Aol ympiads occur only onc
there is no data between the points). The students did not see the line as an aid to detect or highlight

patterns in the data, and this is consistent with their previous difficulties in recognizing data patterns.

So farA and D were practicing manipulation&hanging scales, deleting an outlier, and connecting
points), and discussing their effect on the graph's shape. The intention was to provide students with the
means to design a graph, in order to support a particular claim. In the following sectsmuskdn what

sense this preparation helped them achieve this purpose.

(C) Designing Graphs

| present here a fragment of the students' work on the third part of the activity. The students were asked to
design a graph to support the stateme®Wéer the pars, the times recorded in the Olympic 100 meters

improved considerably” | bring first a teacher intervention, which eventually helped the students
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understand the task. Then, | focus on five attenfptizges 45 below) to obtain a satisfactory form tife

graph.

The Teacher Intervention

A and D did not understand the task and requested the teacher's (T) help:

T. [Referring to the 840 graph displayed on the computer screesee Figure 4.] How did you flatten
the graph?

A. [Surprised] How did we flagn it?
T. Yes, you certainly notice that you have fl attene
D. No. The graph was like that before. It was only higher up [on the screen].

The teacher and the students are at "loggerheads”. The teacher assumes that the students @) had mad
sense of the task, but just did not know how to perform it, (b) had acquired the necessary tools, and
understood their global effect on the graph's shape to be used to support the claim. Thus, her hint consisted
of reminding them of what they had alrgadone (scale change). However, the students did not regard
what they had done, as changing the graph's shape. Although this intervention seemed to be a case of
miscommunication, it apparently had a catalytic effect, as reflected in the dialogue, atiiciplace

immediately afterwards:
T. How would you show that there were very very big improvements?

A. [Referring to the 810 graph- see Figure 4.] We need to decrease it [the maximum value of the y

axis]. The oppositeé|[of what we have previously
D. No. To increase it [to raise the highest graph point, i.e. 12 sec.].
A. The graph will go further down.
D. No. It will go further up.
A. No. It will go further down.
D. What you mean by increasing it, | meatgtecreasing.
A. Ahhhé Well ,i tté& @k,crTehaste’' s what | meant. Good, |

Even though their use of language is not completely clear, their previous perception that the graph shape
remains the same was not mentioned at this stage. Morddvexpressed what appears to be a new

understanding:

D. As a matter of fact, we make the graph shape look different, although it is actually the same graph.

It will look as if it supports a specific claim.

At this point,D seems to discern that a change of scales may change the perceptusdionprene may
get from the graph. Thus, they seemed to understand the purpose of the activity, and started to focus on its

goal. In the following, the students' five attempts to design corresponding graphs are presented.
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Stage 1 (The scales are changed: 18802000; y: G5)

D suggested (Figure 4) changing the scale on thrig/to 011. It seems that he chose 11, since he had
previously deleted the outlier, making 11 the maximum data point. They didn't implement this change,
because he immediatefyroposed another scale changes.0 This suggestion seems to be based on his
assumption that the smaller the range the larger the decline in the record time woulddézok).

However, when they implemented this change, the graph disappeared.

AWedm 6t see the graph at all, since there is

Stage 2 (x: 1882000, y: 012)

Having failed to present a new graph, they returned to-tt# idnge (see Figure 1):

A. The graph looks more curved, because the difference between records is ggechdimce we
increased theé now t heaxid] ®fro;mMoila; and evenyerecords s econds
much asitdescendls t i s bi gger than the recordé the I|ine
the line is bigger than it used to be frorto040.

The effect of changing scales on the graph's global features (straight, curved), which were not noticed
initially, and started to be considered after the teacher's intervention, were now being fully considered.
Still, the students struggle to vailtze and explain what they do, or want to do.

Stage 3 (x: 1894996, y: 012)

At this stage, it seemed thatandD had exhausted the changes on tfaxig. So they turned to theaxis.

D suggested changing the upper limit of x from 2000 to 108€a( above). They realized, however, that

this would cause the graph t o -1896)s dhugDepaoposed gsng n (t he
1996 (instead of 2000) as the upper limit of x. Although the éffe@s marginalD commented:

D. Onecanredly s ee, as i f there are bigger differences

Although they had presumably understood how changing scales effects the graph'sD&hap®ng
impression of this horizontal change, seems to originate from his ambiguous idistbetiveen vertical or
horizont al Afidi fferenceso and/or di st anc-as,.they Howeve

realized that it does not start at zero, which triggered the followingidea I1).

Stage 4 (x: 1894996, y: 812)

Atranskrred attention from the-axis to the yaxis, and suggested changing the lower limit for y from 0 to

8 (to get a scale of-82). Observing the resulting sharp visual effect, he reacted immediately:

A. It looks much bigger.

12 The lower limit for y changed automatically to 1896, resulting in a fiaxage of 18961996, instead of
18802000, which were the default values provided by the software.
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Stage 5 (x: 1894996, y: 9.4812)

D suggested applying Idea Il to theaxis, butwithdrew,

whenA indicated that it already started at a yremo value. J 12
Instead A suggested using the minimum record time (9.48%

o _ 2 1137
sec.) as the lower limit of fidea Ill). The resulting graph .= \
(&S]
(Figure 5)satisfied them, and they made the following g. 10.74 *v'\u
final comments: & 1011 —* \\/. /\“\
>
D. This way we actually achieved a result [graph] that 948
appears as if there are enormous differences. 1896 1916 1936 1956 1976 1996
Year
A.  Totell you the truth, this booklet is lovely. Figure 5 Final design

D. Right, it is nice!

DiscussION

This 'stoy’ of A andD traces the microevolution of incipient understanding of some features of graphs as
displays of real life data (see also Bright & Friel, 1997). It describes the students' perceptual development
from a stage in which they did not understare ifguirements of the task and the notion of gatéern to

the final successful completion of thesigntask. The following elements seem to have contributed to the

construction of students' understanding of certain characteristics of data graphs.

Careful instructional engineeringThe students worked with sestructured guidance to solve opended

guestions. First, they acquired tools to modify graphs and then, they employed these tools in the design of

graphs, to support a certain claim.

Close cdlaboration between the pair of studenthe students:

a) verbalized almost every idea that crossed their minds. At times this spontaneous verbalization
produced mere descriptions, but later served as stepping stones towards a hew understanding, and at

times, it served as seatfkplanation (Chi et al., 1989) to reinforce ideas;

b) complemented and extended each other's comments and ideas, which seems to have "replaced" some of

the teacher's role in guiding their evolution;

c) decided to request the teacsehelp when faced with a difficulty, which could not be resolved among

themselves; and

d) transferred and elaborated, in iterative steps, ideas of changing scales, from one axis to the other.

The teacher's main interventiort a first glance, the teaeh's intervention to help the students make sense
of the task, can be considered unfortunate. She did not grasp the nature of their question, misjudged their
position, and tried to help by reminding them of their previous actions. The students, hoigver,

remember the acquired tools, but perceived them differently.
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Nevertheless, this miscommunication itself contributed to their progress. AtAimd D were
surprised by her use of the notionflattening the graplas a description of what they hddne. Then, they
started to direct their attention to the shape of the graph, rather than to its relative position on the screen.
Although puzzled by the teacher's language, the students appropriated (Moschkovich, 1989) her point of
view on what to lookat. Their previous work and their "struggle" with language seems to have prepared

them for the reinterpretation of what they had done, triggered by their teacher's comments.

In sum, the microevolution of the students' understanding of data graphs wesndefl by the
instructional engineering, the students' ways of making sense (descriptiofespéaifations, questions to a
colleague and the teacher, transfer of ideas, etc.), and the teacher's intervention and the use students made of
it.

Acknowledgment | thank Abraham Arcavi and Alex Friedlander for their helpful comments and
suggestions.
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Paper I

Construction of Global Views of Data and Data Representations

The purpose of this second case study is to describe algzarthe first steps of

a pair of 7th grade student& and D) working through thesC The verbal abilities of

these students allowed us to follow, at a very fine level of detail, the ways in which they
begin to make sense of data and data represargaas well as the process of adopting
and exercising the habits and points of view that are common among experts. | focus on
the ways they started to develop global views (and tools to support them) of data and their
representations on the basis of thgievious knowledge and different kinds of local

observations.

As presented above (in Chapter 1), in establishing the setting and in conducting the
analysis, | relied on both soeaultural and cognitive perspectives. The seamitiural
perspective, whichs emphasized in this paper, guided me to focus on learning of
a complex domain, such as EDA, as the adoption of the points of view of a community of
experts, in addition to skills and procedures (Resnick, 1988). Thus, | looked at learning
as emaulurgtiond pr ocess, an8Cistsderas dneatemptito brififf hteh e
practice of knowing mathematig¢statistics)in school closer to what it means to know
mathematicqstatistics)within the discipliné ( Lamper t , 1990, p . 29)
the common practice of the discipline, | briefly present a framework of the general
processes, perspectives and points of view of statistics experts involved in the practice of
data based enquiry (Wild and Pfannkuch, 1999). In this framework, | focumen o
i mportant perspective of expertso view of
propensities(in the sense of Konold, Pollatsek & Well, 1997, p. *#pin data, and
a flexible and dynamic shift between local observations and global observa&iaaiky
stated,local understandingof data representation involves focusing on an individual
value (or a few of them) within a group of dat&lobal understandingefers to the
ability to search for, recognize, describe and explain general patternsencd data

(e.g., change over time, trends).

| describe how the views @& andD slowly changed and evolved from a novice to an

expert perspective. | focus on how their use of local information promote the

13 Propensity refers to group tendency, namely, the intensity or rate of occurrence of some characteristic
within a group composed of elements that vary oh¢haracteristic.
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development of global points of view of datassén different representations (table,
graph). The O0st or y6AdndDdévelapedsan uhderstandingpft i on s

On what to focus: from irrelevant towards relevant information,
- How to read and make sense of local (pointwise) informati¢abies and in graphs,
- How to look at differences between adjacent local entries,

- How to look globally by struggling to learn the ideas underlying global perspectives,

the language to describe those ideas, and the difficulties in applying both,
- How to congruct global views through handling very special local entries, and
- How to flexibly transfer between local and global views througéceding of graphs.

On the basis of the analysis, | claim that learning to look globally at data can be

a complex and désus process from a locabintwise view towards a flexible
combination of local and global views of data and data representations. The local
pointwise view sometimes restrained the st
occasions it served as asmupon which the students started to see globally. In a certain
context, even looking globally may indicate different meanings for a novice than for

an expert.

The data show that most of the learning took place through dialogs between the
students theselves and in conversations with the teacher. Of special interest to me were
the teacher's interventions, at the students' request. These interventions, which though
short and not necessarily directive had catalytic effects, can be characterized ah &gner
6negotiations of meaningsé (in the sense o
| regard them as interesting instancesappropriation as a norsymmetrical tweway
process (in the sense of Moschkovich, 1989). This process takes pl#oezane of
proximal developmer{Vygotsky, 1978, p. 86), when individuals (expert and novices, or
teacher and students) engage in a joint activity, each with their own understanding of the
task. Students take actions that are shaped by their undergtanidn teacher
Oappropr i at e mto het owoframewarlkcand poovides feedback in terms of
her understandings, views of relevance, and pedagogical agenda. Through the teacher's
feedback, the students start to review their actions and aneateunderstandings for

what they do.
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The data show the teacher appropriating
to legitimize their directions, to redirect their attention, to encourage certain initiatives,
and also implicitly to discourage otise(by not referring to certain remarks). The
students appropriatieom the teacher a reinterpretation of the meaning of what they do.
For example, they appropriate from her answers to their inquiries, from her unexpected
reactions to their request foxm@anation, and from inferring purpose from the teacher's

answers to their questions.

Appropriation by the teacher (in order to support learning) or by the students
(in order to change the sense they make of what they do) seems to be a central mechanism
of 6encul turationo. As shown in this stuc

students learn the dispositions of the subject matter rather than its skills and procedures.

Finally, | propose that in learning environments such aS@é¢he students | ear ni ng
involves the following: (a) prior knowledge is engaged in multifaceted and sometimes
unexpected ways possibly hindering progress in some instances, but making the basis
for construction of new knowledge in others; (b) during the learning gspaaany
guestions either make little sense, or, alternatively, are interpreted and answered
di fferently from the original i ntenti on; (
understandings, which grow and evolve towards more complete meanidg&t) anost
of the learning takes place through dialogs between the students themselves and in
conversations with the teacher.

Our study confirmed that even if students initially do not make more than partial
sense of their tasks, through the support of rgmute teacher guidance, class
discussions, peer work and interactions, and ongoing cycles of experiences with realistic
problem situations, students slowly build
on localglobal approaches to data and dafaesentations.
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JUNIOR HIGH SCHOOL STUDENTSGO6 CONSNGEUCT I O

GLOBAL VIEWS OF DATA AND DATA REPRESENTATIONS
DANI BEN-ZVI AND ABRAHAM ARCA VI

ABSTRACT. The purpose of this paper is to describe and analyze the first steps of a pair

of 7th grade students warlg through an especially designed curriculum on Exploratory

Data Analysis (EDA) in a technological environment. The verbal abilities of these
students allowed us to follow, at a very fine level of detail, the ways in which they begin

to make sense of dat, data representations, and the
analysis. We describe in detail the process of learning skills, procedures and concepts, as
well as the process of adopting and exercising the habits and points of view that are
common amongxperts. We concentrate on the issue of the development of a global
view of data and their representations on
different kinds of local observations. In the light of the analysis, we propose a description

of what it may mean to learn EDA, and draw educational and curricular implications.

KEY WORDS:Exploratory Data Analysis, learning and instruction, enculturation, local
and global views of data.

The real voyage of discovery consists not in seeking new

landscags but in seeing with new eyes.

Marcel Proust (French Novelist, 181922)

INTRODUCTION

Research on mathematical cognition in the last decades seems to converge on some
important findings about learning, understanding and becoming competent in
mathematics. Stated in general terms, research indicates that becoming competent in a

compl ex subject matter domai may besasenbchas ma
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matter of acquiring the habits and dispositions of interpretation and sense making as of
acquiring any particular set of skills, strategies, or knowlasige( Re s ni ¢ k , 1988
This involves both cognitive devel opment €
and values of 0 dencultorgtiodma.t he Manhiyc sréese@ar cher
worki ng on t he desi gnbriogfthe pracace ¢f knowgng mathenoaticd e r  t
in school closer to what it means to know mathematics within the diséipline L a mper t ,
1990, p. 29).

This study is intended as a contribution to the understanding ofgihssesses in the
area of Exploratory Data AnalysiEDA (Tukey, 1977; Shaughnessy, Garfield & Greer,
1996). We focus on two igearold students working on the first activity of a statistics
curriculum, and concentrate on the growth and change ofthd sthnt sé concept |
they entered and | earned the O6cultured of

and data representations.

We first outline thetheoretical perspectigeof this study, by presenting aspects of
learning as a process ehcuturation. We then describe a framework of the general
processes, perspectives and points of view of statistics experts, and in particular the

distinctions between local and global understandings of data.

Secondly, we describe ti&tatistics Curriculum(SC) Project that was developed to
introduce junior hi gh school students to
(BenZvi & Friedlander, 1997b). We then present the first classroom activity. In the
methodology section we present details of the $tuolents who were the subjects of the
analysis, the experiment, the data collection and the methods we used to analyze their
interactions. The analysis, which is the main part of this paper, focuses on excerpts from
the interactions. On that basis of thealysis, we propose a characterization of what
starting to become competent in EDA may entail. Finally, we propose some instructional

implications.
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THEORETICAL PERSPECTIVES

Enculturation Processes in Statistics Education

A core idea we use in this stpuds that ofenculturation Recent learning theories in
mathematics education (cf., Schoenfeld, 1992; Resnick, 1988) include the process of
enculturation. Briefly stated, this process refers to entering a community or a practice and
picking up their poits of view. The beginning student learns to participate in a certain
cognitive and cultural practice, where the teacher has the important role of a mentor and
me di at orencultaratobt he Thi s i s especially the ¢
thinking, with its own values and belief systems, and habits of questioning, representing,
concluding and communicating. Thus, fetatistical enculturationto occur, specific
thinking tools are to be developed alongside collaborative and communicative processes

taking place in the classroom.

Statistics Experts6é Points of View

Bringing the practice of knowing statistics at school closer to what it means to know
statistics within the discipline requires a description of the latter. On the basidegftim
interviews with practicing statisticians and statistics students, Wild and Pfannkuch (1999)
provide a comprehensive description of the processes involved in the practice of data
based enquiry from problem formulation to conclusions. They suggest that aciatisti
operates (sometimes simultaneously) along four dimensions, which can be summarized as

follows.

- Investigative cyclesactions and thinking processes during (a) the selection and
definition of a Oreal 6 pr obl ef(o),the geva) t he

collection, (d) the analysis, and (e) the formulation of conclusions.

- Types of thinking:general problem solving strategies (e.g., seeking explanations,
modeling) and specific statistical thinking modes (e.g., learning from data via
continwously forming and changing data representations, searchingyidence on
which to base a judgement, integrating the purely statistical with the contextual

constraints and meanings, considering variation);
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- Interrogative cyclesactions and thinking poesses aimed at questioning, judging,
criticizing, continuing to entertain or discarding, and the like.

- Dispositions such as imagination, skepticism, curiosity, a tendency to see

generalities, and openness to challenge preconceptions.

It is clear thathese characteristics of an expert statistician develop over time during
the ongoing intensive engagement with the professional practice. In the following, we
focus on one important perspective of the

shift beween local observations and global observations.

Local and Global Views of Data and Data Representations

The distinction between local and global perceptions/understandings in mathematics
education in general has been documented and discussed. ForeeXdonk (1988), in

hi s study of tertiary student séo under st e
distinguishes betweenPointwise understanding andAcrossTime understanding.
Pointwiseunderstanding of functions involves observing particular numeridakesaof

the dependent variable as corresponding to the particular numerical values of the
independent variable in a table, graph or formulAcrossTime understanding of
functions refers to the ability to answer global questions such as: How does change i
variable lead to change in others? Monk suggests that expertise involves both the
competence within each view (Pointwise and Acfbsse) and the competence to
flexibly shift from one view to another, according to what is needed. Similar destsiptio

in the subject of linear relationships are also presented in Moschkovich, Schoenfeld &
Arcavi (1993).

In EDA, local understandingof data involves focusing on an individual value (or a
few of them) within a group of data (a particular entry in a tabldata, a single point in
a graph).Global understandingefers to the ability to search for, recognize, describe and
explain gener al patterns in a set of dat e
observation of distributions and/or by means of stigal parameters or techniques.
Looking globally at a graph as a way to discern patterns and generalities is fundamental
both to statistics and mathematics. In statistics it also includes the production of
explanations, comparisons and predictions enltisis of theariability in the data. By

attending to where a collection of values is centered, how those values are distributed or

PAPER Il: CONSRUCTION OF GLOBAL MEWS OF DATA 57



how they change over time, statistics deals with features not inherent to individual

elements, but to the aggregate tinaty comprise.

The interplay between local and global views of data is reflected in the tools experts
use. Among such tools, which support data based arguments, explanations and (possibly)
forecasts, aréme plots Usually, time plots are Cartestike graphical representations,
which display change of a chosen variable over time. Time scales of choice (years,
months) are represented at regular intervals on {##wdsg and the variable of interest on
the yaxis. Time plots highlight features such &nter, rates of change, fluctuations,

cycles and gaps.

When looking at time plots, one of the main observations of experts consists of
looking attrends( upwar d, downward or cy cptopeasitigsmo v e me
Propensity refers to group tendgnoamely, the intensity or rate of occurrence of some
characteristic within a group composed of elements that vary on that characteristic
(Konold, Pollatsek & Well, 1997, p. 151). Experts may connect single data points by line
segments in order to aiddlsearch or to highlight the existence of trends, being aware
that the rate of change between two data points is not necessarily cor3tdinrs i
individual data points that fall outside the overall pattern of the graph, represent
deviations from a &nd. Experts may flexibly handle outliers in different ways, using
their experienced (and honest) judgment according to context and goals. For example, in
some cases, outliers can be of special interest as evidence of an extraordinary event,
whereas in thers, outliers may be deleted when mismeasurement is suspected (Moore &
McCabe, 1993, p.15).

For the purpose of reflection (or even dishonest manipulation), trends can be
highlighted or obscured by changing the scales. For example, in Cattiesigraghs the
vertical axis can be O6stretchedd (e.g., tr
may be changed from representing a unit to represent the tenth of that unit) and the time
axis can be O60compressedo. I nlingpressibn oha c a s e,
steep slope for segments connecting consecutive points, giving a visual impression that
the rate of change is very large. Experts propose standards in order to avoid such visual

distortions (see, for example, Cleveland, 1994, pp/)66
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THE STATISTICS CURRICULUM

The Statistics Curriculum(SC) Project, as described in more detail in Bsh &
Friedlander (1997b), was developed in order to introduce junior high school students
(grade 7, age 13) to statries icfal ERAI nkTing
t he Project was based on the <c¢creation of
experience some of the processes involved
The SC was implemented in schools and in teacher coarsgsubsequently revised in
several curriculum development cycles. It is one component of a large and
comprehensive mathematics curriculum for grad@scélledCompuMath(Hershkowitz,

Dreyfus, Berzvi, Friedlander, Hadas, Resnick, Tabach and Schwagzeiss), which is
characterized by the teaching and learning of mathematics usingenged problem
situations to be investigated by peer collaboration and classroom discussions using

computerized environments.

The SC was designed on the basis of therétmal perspectives on learning and the
expert view of statistical thinking described above. It stresses: (a) student active
participation in organization, description, interpretation, representation and analysis of
data situations (on topics close te thtudents' world such as sport records, lengths of
people's names in different countries, labor conflicts, car brands), with a considerable use
of visual displays as analytical tools (in the spirit of Garfield, 1995; and Shaughnessy et
al., 1996); and (b)ncorporation of technological tools for simple use of various data
representations and transformations of them (as described in Biehler, 1993 anfd,Ben
2000). The scope of the curriculumis2® c¢cl assroom hours, and i
projtecthée carried out by the students (most

guidance.

The following is the first classroom activity of the SC, in a worksheet format, freely
transl ated from t he H&Wb&Hiedadeéerueeéant 6s t ext b

6The Menbés 100 Meters Olympic Racebd

P a r tLooking at the 100 Meters Datad

Figure 1 shows the introduction, usually presented by the teacher in dialog with the
students (about half an hour).
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Introduction: Olympics in Short (A whole class discussion)

In ancient times The Olympic Games were athletic festivals that originated in ancient Greece.
men took part in the event, which was held every four years in Olympia from 776 BC to AD 393

In modern times Since the Olympic Games werg
revived in1896 in Athens, 23 Games were hel
every four years, in various places over the gloh
It was Pierre de Coubertin, the founder of t
modern Olympic Games, who conceived the id
of the Olympic Flag- five colored interlocking
rings on a white backgrounahich represent the
union of the five continents and the meeting {
the athletes of the world at the Olympic Games:
Women began to take part in 1912. Thé? 235
Olympic Games were held in Atlanta, USA ang¥

the next in Sydney, Australia (2000). One of the
most interesting and exciting events in the
Olympics is the 100 meters race.

In this activity you are going to examine real data about the winning tim

‘ the mendéds 100 meters during the
the spreadsheet you wilinalyze the data in order to find trends ¢
Pose interesting phenomena.
(f 2) Discuss your hypotheses regarding the following questions:

Are men improving their times in the 100 meters?

/
- 1

) 1 If they improve, what is the rate of improvement?

. Hypothesize Will women ever outrun nrein the 100 meters?

Can you predict the golthedal running time in the future?

=

=

Figure 1 Excerpts frofmhea hMden s r b@Q crh@ toenr ¢ 0016y mp i c

Figure 2 shows the first worksheet for students, to work in pairs, using a spreadsheet file,
with the men's 100 meters winning times, and the years in which they occurred from

1896, the first modern Olympiad, to 1996 (about two lesson periods).
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Part I: Looking at the Data

\' Open 1(1)04meterﬁ’? file, Whi'Ch hol ds itrh.ethje
100 meters race during the modern Olympics. The data was obtained lfie®
World Almanac and Book of Fac{4993) and from the official Website of th
o7 Collect Atlanta 1996 Olympic Games.
Table
1 What do you learn from the 100 meters table?
Analyze 1 What dos a row in this table stand for?

1 What do the columns in this table stand for?
1 Based on the data in this table, write down your hypothesis regarding trer

or interesting phenomena in the winning times.

2
s
Time Plot
% 1 Use the computer to display the 100 metaita in a time plot.
Analyze § What do the axes stand for? What does a single graph point represent?
- 1 What do you learn from this graph?

1 Does it make sense to connect the graph points by lines?

Describe briefly what you have learnt about the men's 100 metirs tise the
table or the time plot to explain your observations. You may use some of the
fromWordBaskéi bel ow. [ This 6ébasketd
such as: the best/worst time, interesting phenomena, changes betweg

Interpret  conseutive Olympic years, the average change, the biggest improvement, n
of improvements/retrogressions, trends, and outlying values.]

Figure 2 Excerpts from {The Mendsntl®D tmé&xteb co Ol iympd
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P a r tThd Same Song, with a Different Tune6

Figure 3 presents the second part of the activity (about two lesson periods).

Part 11: 6The Same Song,
The Journalistsd Deb:
‘ Two sports journalists argue about the rec

Pose times in the 100 meters. One of thetaims
that there seems to be no limit to human abi
to improve the record. The other argues t
sometime there will be a record, which w
never be broken. To support their positiol

both journalists use graphs.

Change the Graph(using a corputer)

4

Analyze Change the original 100 meters graph, and describe the effect of the change

following cases:

1 Delete an outlier: the record of 12 sec. from the graph. (Can you justify tk
deletion of this point in the graph?)

1 Change the vertical scale®in 0-12 to 340, and then to-92.
1 Change the horizontal scales from 18800 to 62000.
1T Connect the graphdés points by Iine

Support Statements

-

= What changes in the graph would you make in order to support the follg
Analyze st at ement s ? i uader each gfateegnh 6 s s k e t

1 Over the years, the times recorded in the 100 meters improved considerably;

1 Throughout the years, the changes in the Olympic times for the 100 met
were insignificant.

1 Between 1948 and 1956, the times in the 100 meters worsensidierably.
Presenting Arguments (First in pairs, and then a whole class discussion)

Whom do you supportintheo ur nal i % Suppbrt ybe brguments by usi
what you have learnt in the analysis and by presenting appropriate graphs.

Interpret

Figure3 Excer p tTh ef rSmmed Song, with a Different
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METHODOLOGY

Students

At the time of this studyl andD were seventh graders (¥8arold boys) from a class of

35 mixed ability students (in a progressive experimental school), taught by a skitiful
experienced teacher, who was aware of the spirit and goals of the SC Project. They were
above average ability students, very verbal and willing to share their thoughts, attitudes,
doubts and difficulties. They had worked collaboratively since firatle (age 6), in
various school subjects, and had acquired good cooperative working praxis. They agreed
to participate in this study, which took place within their regular classroom periods and
included being videotaped and interviewed (after class),fammishing their notebooks

for analysis. They were familiar with computerized environments and spreadsheets, and

resourceful in their work with unfamiliar features of the software.

When they started to learn this curriculutnandD had limited irschoolstatistical
experience. However, they had some informal ideas and positive dispositions towards
statistics, mostly through exposure to statistics jargon in the media. In primary school,
they had learned only about the mean and the uses of some diad?aprsto, and in
parallel with, the learning of the SC, they studied beginning algebra based on the use of

spreadsheets to generalize numerical linear patterns (Resnick & Tabach, 1999).

They engaged seriously with the curriculum, trying to understand raadh
agreement on each task. They were quite independent in their work, and called the
teacher only when technical or conceptual issues impeded their progress. The fact that
they were videotaped did not intimidate them; on the contrary, they wereglteaspeak
out loud, address the camera explaining their actions, intentions, and misunderstandings,

and share what they believed were their successes.

The Experiment and the Data Collection

The total class time for the whole SC was about 30 periodsadspreer two and a half
months. A and D were videotaped at almost all stages (20 hours of tapes) and their
notebooks were collected. We interviewed the teacher as an additional source of data. In
this paper, we concentrate on the worlA@ndD during te first four class periods.
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Methods

The analysis of the videotapes was based on interpretive microanalysis (see, for example,
Meira, 1991, pp. 63): a qualitative detailed analysis of the protocols, taking into account
verbal®, gestural and symbolic actis within the situations in which they occurred. The
goal of such an analysis is to infer and trace the development of cognitive structures and

the sociecultural processes of understanding and learning.

In order to validate the analysis, it underwenbtws t ag e s , one within
team and one with fellow researchers, who had no involvement with the data or the SC
Project (triangulation in the sense of Schoenfeld, 1994). In both stages, the researchers
discussed, presented, advanced and/orctegje hypotheses and interpretations, and
inferences about the students' cognitive structures. Advancing or rejecting an
interpretation requires: (a) the provision of as many pieces of evidence as possible
(including past and/or future episodes, and alfses of data as described above); and (b)
attempts to produce equally strong alternative interpretations in terms of the available

evidence.

4 The dialogues are translated from Hebrew, therefore they may not sound as authentic as in the original.
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TOWARDS THE CONSTRUCTION OF GLOBAL VIEWS OF DATA
AND DATA REPRESENTATIONS

The 6Story6 in Brief

In this paper, wedescribe howA andD6s novi ce vVviews sl owly c|
towards an expert perspective. We focus on how they started to make use of local
information in different ways as steppistpnes towards the development of global points

of view of data set® different representations.

The O6story6 i ncl uAhedd dedetoped aniupderstamding of.of h o w

On what to focus: from irrelevant towards relevant information,

How to read and make sense of local (pointwise) information in tables and in
grephs,
- How to look at differences between adjacent local entries,

- How to look globally by struggling to learn the ideas underlying global
perspectives, the language to describe those ideas, and the difficulties in
applying both,

- How to construct global viewsirough handling very special local entries, and

- How to flexibly transfer between local and global views througbceding of

graphs.

The 6Story6 in Detail

When the teacher introduced the whole class to the 100 meters problem situation, she
asked the stients to hypothesize about trends in the records in general (following the
guestions presented in Figure 1), without first providing them with any data. The teacher
considered some sample quick responses (étge record times improee) as an
indicationthat the students had enough familiarity with the context of the task in order to
engage meaningfully with the data. When the introduction was AveandD moved to

working in pairs in the computer lab to work through the questions of the first workshee
(Figure 2).
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On What to Focus?

FirstAandDf ac ed t h &hagdo gos tearrofrom this table@? They had in
of them the computer screen displaying the whole table, a part of which is presented in

Table 1. After a short discussion they agreé\thich country has longer namés?

TABLE 1

Part of the table of the mends 100 meters winning

Year City At hl et e Country Time (sec.)

1896 Athens Thomas Burke USA 12.0

1900 Paris Francis Jarvis USA 10.8

1904 St. Louis Archie Hahn USA 11.0

1908 London Reginald South Africa 10.8
Walker

1912 Stockholm Ralph Craig USA 10.8

1920 Antwerp Charles USA 10.8
Paddock

1924 Paris Harold UK 10.6
Abrahams

D [Reading the question out loud]Wh at do you sl @arbn ef?2room W

learn that there are unusual names here.

This first observation did not match either the intention of the curriculum, or what might

have been the first relevant remark made by an expert in data handling. It is also
completely unrelated tohé remarks made in the opening whole class discussion
regarding the improvement in record times. fulther indication of their inexperience

(and possi bl ynusualaamesn @ ss ntoltata r el eDéOasntc adlhse

to the teacher for helppmplaining:

D We don't learn anything specififom this table];there is nothing special

herel

The initial focus on irrelevant features of the data or the inability to focus on anything at
all, reappeared (although not for long) at the beginning of gdwersd problem situation
in the SCi1 Surnameg(not analyzed here). In that activity, students were asked to

compare the length of surnames collected in their own class (Hebrew names) with

PAPER Il: CONSRUCTION OF GLOBAL MEWS OF DATA 66



surnames provided to them from a U.S. class (English names). Thevdee also
provided in a table, provoking the following exchange.

A We now have to phrase a hypothesis regarding interesting phenomena in the
data
D Interesting phenomena, interesting phenomena. O.K., we should find

i nteresting phemeoestiiagnpphenomensdfReéds the tdsk n d |
again:] Formulate a hypothesis about interesting phenomena in the length

of Ssur names. I di dnot under stand what

A O.K,, lets skip thiftask],s i nce we dondét have anythi ng
shorty find something.

D I dondét think we should skip this, web
i s. I di dnot really under st[&herd : Shall
are three surnames in the American class, beginning with the letters Mc.]

Nol l[dondét wunfdaughmdglahds i sndot f ufthery . I w
teacher].

Their remarks at the beginning of both the first and the second joint activity (Olympic
records and surname | engt hs ricestfyatedsting el y)
phenomenainthedaia may encounter an initial I nabi |
(even informal) views of the datah andD seemed to be unable to make full sense of the
intention of the question and its formulation. In both activitiesy there aware that their
observations (e.g., Mc's) might not be relevant. Namely, they somehow recognized what
not to focus on, but were uncertain about

this context, or howwhao depygqutlegumesfti oms!

We propose that this finding is consistent with many other research findings (see, for
example, Moschkovich et al., 1993; Magidson, 1992): novices may be either at a loss
(when asked these kinds of questions), or theirgpians of what is relevant are very
different from the experts' view.

In both episodes described abokeandD were able to make progress following the
teacher's intervention, which they requested. In the first situation (looking at the 100

meters tablg the following interaction with the teacher (T) took place.
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D [Addresses the teacher for hellhat do we learn from this table? We

dondot |l earn anything special. There i
the record time haggee i s small er; here
A There isnbét anything constant here.
T That means, from the tabl e, you | earn

here. Where exactly?
A In the Olympic record times.
T So, why do you say that you didnot | ea

We obseve that, in the presence of the teacher, they started to focus on the numerical
value of the record times. They did so on the basis of discrete data points, or on the basis

of indivi dithel rrecoardds i(me here®)i.s small er,

The anly general observation they produced at this initial stage was what seems an
allusion to the i MThegel asintty amygthée At comng
this was a surprising and not very clear remark, it reflects progress with respiesi to
first irrelevant observation (on the athletes' names). The precise meaning of this remark
and its source became clearer to us when we considered it in the context of other pieces of

data, as we describe later on in the analysis.

The t eac methisbisteractianl has some important features of guidance
provided by an expert to novices. Firstl
may have helped them to abandon their initial observation, which they themselves sensed
as irrelevant, indvor of another trial. Secondly, the legitimization of their observation by
the teacher helped them to keep going. From conversations with the teacher, we learned
t hat t hat was precisely what she felt at

ballpar ké, rather than | eading them to Oright

The teacher knew that ®@There pseaebitmiamgt ni
hered ) was not very <c¢clear and it seemed f ar
generality or propensity. Howeveshe encouraged them to see their observation as
relevant and | egiti mate, a wiy deeyouesay thattyoue n gt h

didnét | earn anythiag? You did | earn inde
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At the beginning ofSurnames when A and D requested the teacher's hetpe
following dialog took place.

A What is 'interesting phenomena'?

T Are there no interesting phenomena in the data?

A [Cynically] It's very interesting that this man's name is Michael.
T You are asked about the length of the surnames!

The teacher's helfhis time consisted of calling their attention to the question asked:
lengths of surnames. In fact, it helpedthemtb®c us and pr oplotkee a

USA, the surnames will be usually longer

In sum,A andD started to learn to make sense ehgral questions normally asked in
EDA. Their learning included trying irrelevant answers, feeling an implicit sense of
discomfort with them, asking for help, getting feedback, trying other answers, working on
a task even with partial understanding of dverall goal, and confronting the same issues
with different sets of data and in different investigational contexts. The role of the
teacher included reinforcing the legitimacy of an observation, as being of the right 'kind'

in spite of not being fully@rrect, or simply refocusing attention on the question.

We regard these initial steps in an unknown field as an aspect ehtituration
process (e.g., Schoenfeld, 1992; Resnick, 1988), to which we previously alluded: entering
and picking up the pointsf view of a community or culture. In this process, we consider

the teacher as an O6encul turator 6.

How to Read and Make Sense of Local (Pointwise) Information in Tables and in Graphs

When asked to explain what a row in the table stands for (second quiestiba
worksheet, Figure 2)A andD pr oduced a straight Agowwar d
describes when the Ol ympiad took place,
The teacher nudged them to see each row with all its details as one wholengase (0
Olympiad) out of the many shown in the table. She also focused their attention on the
entries which were important for the curricular goal of this activity: the record time, and
the year it occurred. This view of each single row, with its two mosvaal pieces of
information, will be reinforced immediately afterwards in the graph (next question in the

worksheet, Figure 2), since the graph (as opposed to the table) displays just these two
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variables. Also, this understanding of pointwise informatiway serve later on as the
basis for devel opi ng &aowgdr recbrdsichamge avaviitheéa s an

Following the questions on time plosandD used the spreadsheet to create a time
plot (Figure 4) of the 100 meters data, and were askegpiain what they learned from
it.
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0 T T T T T T T T T T T
1880 1900 1920 1940 1960 1980 2000

Year
Figure 4 Ti me plot showing winning times for
D But we have to remember again that the change is not at a constant rate. It
doesnot I n c r[[® assesehis kandnts gigaah dn lingreasing linear

line]; it can decrease in between, and then increase again, as can be seen

here in the graph.

A [Reading the questionlVhat do you learn from this graph? We learn from
the graph, in which year there was which running time.

D What running time was achieé what year.
A Yes, thatdés what | meant.

What D spontaneously explained here is related to the logklbal development, and it
reiterates the same comment made before ab
we focus on their agreed observatidnstead of looking at the graph as a way to discern
patterns in the data, their response focused on how the graph shows what the table

di s p IWhat sunningitime was achieved in what year . This comment i
considered as a reply to the quei on t h ey Whae doeyoudeark fodn:the i

graph® It focuses on the nature and | anguac
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displays discrete data, rather than as a tool to display a generality (propensity, trend). In

fact, they did withte gr aph what they had done with t|
understand how each entry is represented, especially because the gsappposed to

the table- displays only two pieces of information. Thus, from their point of view, this is

a verysatisfactory answer.

Reading a single entry also required learning, which in this case consisted of
identifying relevant information according to the context (out of the many pieces in a
single case), its tabular and graphical representations, and tsenwatiich information

is encoded in each.

When working on connecting points (last question of the time plot section of the

worksheet, Figure 2) they obtained a new graph (Figure 5).

12
ol w

Olympic Time (sec.)
(o]

2,

O T T T T T T T T T T T
1880 1900 1920 1940 1960 1980 2000
Year

Figure 5 The 100 meters graph with connecting line.

This graph eliced many comments from andD, who tried to make sense of what they

saw. They first 0 Blynepads eoctur anty dncee ih averynfeud t h a
years |, namely, there are no data between the
line (as prowded by the spreadsheet upon request) not only did not add any new meaning,

but also contradicted their understanding of the representation in relation to the context of

the data. This further supports our claim that they were much more occupied with
undestanding how the graph represents pointwise data, than apatiérns
Nevertheless, we regard this comment as a quite sophisticated observation of the graph

and its nature in relation to discrete data.
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They were also intrigued by the fact that the catexdd graph included both the

original points, and the connecting line.

D O. K., You see that the points are conn
The graph did not transform to one line. It transformed to a line, in which
the points are still there.lt means that the line itself is not regarded as

important.

A This line is O.K. We previously thought that if we connect the points with a
line, they might disappear. But now, there is a graph, and there are also the

points, which are the important part

What the students observed was that the |
remained and did not disappear), and (b) added meaningless segments. Thus, they did not
conceive of the line as an artifact that could help them to observe patberas

something foreign and disruptive. Paradoxically, their correct understanding of the
graphical representation of discrete data was the main factor that impeded their making
sense of the |l ine as an artif bumaysupport ch | &

the visualization of trends.

In sum, when looking at relevant features of the graamdD started to make sense
of pointwise observations. First, they refined their view of a local entry in the table, and
then they identified single &es in the graph and reminded themselves how these entries
displayed the tabular information. When invited to use the line as an artifact to support a
global view, they rejected it because it lacked any meaning in terms of the pointwise view
they had jst learned, and with which they felt comfortable.

How to Look at Differences between Adjacent Local Entries

We now returnttAandD' s observati ohherfe dicom&tt aammytdh i(
hered ) made at the very begiskedto degcribe whatttheye i r |
learned from the 100 meters table. When they returned to the quek&diollowing

dialog took place:

D Letbébs go back now and answer the first

this tabl e?5d6

A There are no constant differendese t we e n é
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D We learn from this table that there are no constant differences between the
recordtimes@ [ | ooking for words]

A The results of é
D The record times of the runners 1iné

A There are no constant differences between the runners in the different
Olympi ads é

At this point, they seemed dleteirsoicanstantand w
differences between the record tinj@swrote insteadresult§ of 100 meters runners in

the different OlympiadpA addedthrough the yeais 0 .

This time afér the teacher's reinforcement about the legitimacy of their observation,
they explained more clearly what they meant by constancy. Their attention focused on
differences between adjacent pairs of data entries, and they noticed that these differences

arenot constant. What led them to focus on the differences?

In their shortterm learning history, we found a possible explanation for their
observation.A andD used spreadsheets in their algebra studies (immediately before they
started to learn the EDA uhito explore patterns, to generalize, to model mathematical
problems, to create and use formulae, and to draw tables and graphs. Most of the tables
handled were linear correspondences between two sets of values. They were used to
generating tables with he spreadsheet by oO6extendingd
adjacent cell s, and o6draggingd a pair of ¢
rest of the cells in the column, which resulted in long tables with clearly defined patterns.
Thus, flom their point of view, and using the same exploratory learning environment in
both algebra and statistics, they invoked the deterministic nature of the relationship
between variables in algebra, in order to make sense of data. Thus, their first focused
observation referred to what was very salient to them and a familiar part of their practices:

the o0differencesd between adjacent data en

We claim thatA andD began by focusing on a very particular local view of the data.
They dudied the presentation of single entries, and compared between two adjacent
entries and their differences. These comparisons stemmed from their previous knowledge
and experiences with a spreadsheet in algebra towards finding a formula. In other words,

we may say that one of the factors, which moved them forward towards observation of
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patterns, was their application of previous knowledge. Thus, the general pattern they

observed and were able to express was that the differences were not constant. Maybe

they implicitly began to sense that the nature of these data in this new area of EDA, as

opposed to algebra, is disorganized, and it is not possible to capture it in a single

deterministic formula.

How to Look Globally by Struggling to Learn the Ideas Underlying Global Perspectives,

the Language to Describe those Ideas, and the Difficulties in Applying Both

A andD seemed satisfied with their first conclusion on the 100 meters data, but when they

were about to start working on the next question, the follgwikthange took place.

D

A

o » O >»

Let's do the next question.

Hold on for a second! And we also learn that the resfil®) meters

runningtimesgon' t al ways decrease. Letds se

They don't always increaset hat 6 s what you urhaan. Le

here 9.95, 10 secon{Boints at two adjacent cells in Table 1].
Not always decrease.

No. But the records do not always increase.

Oh, Yes. Records do increase.

Yes, right. The records do not always increase.

A&D No! Here it increases, herit decreases, here it increases, the same, the

same, i ncr e a gkeyconttheechusfa avehde]. €

A felt the need to say more about his understanding of the 100 meters data than just to

mention that the differences between consecutive retonds are not constant.

Apparently, when the work was refocused towards describing the data, he remembered

what has been said in the class during the introduction about improvements in records.

The observation thefit he r esul t s dom 6 mmedaolchabdengs thel e c r e «

view of the general decreasing trend, by focusing on those single recorded times which

i ncrease. At this point, the Oénot al ways

advance new global insights about the data and the exist@ne@riability in it.

However, it is a step forward towards a more global perception of the data and its
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di sorgani zed natur e, and it wild./ serve as

teacher.

After they had analyzed the 100 meters dataafavhile, they worked on the next
guestion: to formulate a preliminary hypothesis regarding the trends in the data. They
seemed to be embarrassed by their ignoramog knowing what trends mean, and asked
for the teacheros hel p.

A What are trends? Whabes it mean?

T What is a trend? A trend i sé What 0s

A Ah... Yes, among other things, and what is the meaning in the question.

T 0. K. Letdbs see: We are supposed to |

D At the table.

T At the table. More spéically - at what?

A At the records.

T At the records. O.K. And now, we are asked about what we see: Does it
decrease all the time?

A&D No.

T No. Does itincrease all the time?

A&D No.

T No. So, what does it do after all?

D It changes.

T It changes.Correct.

A It generally changes from Olympiad to Olympiad. Generally, not always.

T Someti mes it doesnobt change at al |
And, is there an overall direction?

D No!

T No overall direction?
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A There is no overall decling direction, namely, improvement of records.

But , someti mes there is deteriorationé
T Hold on. The overall direction is? Trend and direction are the same.

A&D Increase, Increase!

T The general trend isé

D Improvement in records.

T What i s Oti mpnr orveecnoernd s 6 ?

A Decline in running times.

T Yes. Decline in running times. O. K.

A Someti mes there are bumps, sort of ste

T € But, t his means that although we h
direction here and there, still the overall diregtio i s t hi s é Fine,
down.

They were unfamiliar with the terminologdy trends and vague about t
purpose and formul ati on. I n response, t he
reasoning towards global views of the data. Ot intention of the question was
understood, the students, who viewed the irregularity as the most salient phenomenon in

the data, were somehow bound by the saliency of local values: they remained attached to
local retrogressions, which they could not Week in favor of a general sense of

direction/trend.

The teacher, who did not provide a direct answer, tried to help them in many ways.
First, she devolved the question (in the sense of Brousseau, 1997-35paB8 22235),

and when this did not worls he rephrased the queWeaareon i n
supposed to look at what? a mate specifically at what? She then hints
g uest Daesisincredse all the timé? a Bal what does it do after ad? I n

addition, she appropriad (in the sense of Moschkovich, 1989) their answers to push the
conversation forward, by ut <hanggs. tChreeab. ¢ WO I C
fincreas® ; decfeasse ; or by subtly transforming the
fbump®  tdeviatidon® ; r by providing alternative language to rephrase the original

guest i olsthete@n dvezall diréctich 0
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After the above interactionA and D wrote in their notebooks the following
hy p ot Heesovesl dirdttion is increase in the records, yetéhgere occasionally
lower (slower) results, than the ones achieved in previous Olymipiads At t hi s st
seems that they understood (at least partially) the meaning of trend, but still stressed (less

prominently than before) those local features théinot fit the pattern.

How to Construct Global Views through Handling Very Special Local Entries

In Part Il- The Same Song, with a Different Tutiee students were asked to delete
an o6outlyingdé point (t he r ecorfrdm tlefgragh2 s ec
(Figure 4), and describe the effect on its shape. The purpose of the curriculum was to
lead students to learn how to transform the graph in order to highlight trends. DFirst,
spontaneously referred to the exceptionality of 12:

D It [the record of 12 secif pretty exceptional, because we have ljgr¢he
rest of the datap set of differences of a few hundredths, and ljgre
difference isja whole full second.

The o6differencesd between val uestsllplayjedanst e x
important role in their view of data when they looked at anything in the graph. Then, they

struggled to interpret the effect of the deletion on the graph.

D The change is not really drastic €& No
more tidyand organized.

A One point simply disappeared. The gra

Again, the students struggle between reporting the exact description of what happened (as
Awr ot e i n hOm ponbin teebgmphkdisappeaed a n d semse bfiitn g

(asD wr o tThe: grafh became straighter, af t ethe gramh yooks muchimore

tidy and organized , b u the chdnge @s ndt really drastic) When they were asked

to justify the del etTheeems,no justifi@ion, usléss angvwphte d an
to make the graph look straighter. Thi s and tidytahdeorganiczed mmanes |
references to the graph as a whole with its own global features.

We claim thatDo6 s focus on t he unusual dat a p
excep i onal ity (via o6differences6é, which was

position to start viewing the graph globally. In other words, focusing on an exceptional
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point and the effect of its deletion directed their attention to a generalo¥idve graph.
This finding seems consistent with Ainley (1995), who also describes how an outlier

supported students6é construction of gl obal

How to Flexibly Transfer between Local and Global Views through re-Scaling of Graphs

The folowing transcript describes the students' comments on the effect of changing the
vertical scales of the original 100 meters graph freh? @Figure 6) to &0 (Figure 7) as
requested in Part HThe Same Song, with a Different Tune

A Now, the change ishat the whole graph stayed the same in shape, but it

went down.

D The same in shape, but much, much lower, because the ciphempaxis]
went up higher. Did you understand thai uses both hands to signal the

down and up movements of the graph amdythxis respectively.]

A Because now the 12, which is the worst record, is lower. It used to be once
the highest. Therefore, the graph started from very high. But ndiheit

graphlis already very low.

As with the previous graphical transformatiohe tchange of scales also focused the
students' attention on the graph as a whole. They talked about the change in the overall
relative position of the graph, thendareer.e as t
Their description included: global featus o f t hTeh eg rwaehpohl e( igr ap h

dowro ) , attempts to make -ssxirBsca(séthie cdlumewenth a n g €
uphigheo) , and referral t o Beaanse now thé 32 wdichaslthe s a | i
worst record, is loway ) Awrotetre f ol | owi ng synt hibesgragh i n hi

remained the same in its shape, but moved downward, because beferthel®orst

record- was the highest number on thaxis, but now it is lower .

However, the purpose of the-sealing was to enablde students to visualize the
graph as a whole in a different sense. In order to take sides in the journalists' debate, the
transformation was aimed at visually supporting the position that there are no significant
changes in the records. Although theicds was global, for them the perceptually salient
effect of theres cal i ng was on relative Ol ocationd

trend.
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Figure 6. The original 100 meters graph. Figure 7. The 100 meters graph after the change
the ysales.
WhenAandDwereasked to design a graph toOversuppor
the years, the times recorded in the Olympic 100 meters improved considerablylich e y

not understand the task and requested the teacher's help:

T [Referring to he 340 graph displayed on the computer screeae Figure

7.] How did you flatten the graph?
A [Visibly surprised]How did we flatten it?
T Yes, you certainly notice that you hayv
D No. The graph was like that before. It wadychigher ugon the screen].

The teacher and the students were at gposgoses. The teacher assumed that the
students had made sense of the task in the way she expected, and that they understood the
global visual effect of the scaling on the graplisasp e . Wh e rhowsdidgoua s k e d .
flatten the graph@ s he was reacting to what she t hc
perform a scale change in order to support the claim. Thus, her hint consisted of
reminding them of what they had already done (schbnge). However, the students
neither under dlattenotite graph) pnpargan d( i hey regar
done as changi ngThda gnaph wag liaeptiat befaes Althquagh this fi
intervention is an interesting case of miscommuioca it apparently had a catalytic

effect, as reflected in the dialog, which took place immediately afterwards, after the

teacher realized what might have been their problem.

T How would you show that there were very very big improvements?
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A [Referring tothe 040 graph- see Figure 7.]We need to decrease[the
maximum value of the-gxis]. Th e 0 p p dvehat ivehawe préviously

done].

D No. To increase {to raise the highest graph point, i.e., 12 sec.].

A The graph will go further down.

D No. It will go further up.

A No. It will go further down.

D What you mean by increasing it, | meatecreasing.

A Ahhhé Well , to decrease ité O.K., Th
understand.

D As a matter of fact, we make the graph shape look different,ugthiv is

actually the same graph. It will look as if it supports a specific claim.

~

When the teacher r élgvhwowddsyeudshotv éhat there wers evaryt (A
very big improvements?) t hey started to make sense of
still attached to the udown movement of the whole grapld began to discern that a

change of scale might change the perceptual impressions one may get from the graph.
The teacher ' s Howdidsybu flattenttre grapd? t, i ad t hm wgh i nt
help the students make sense of the task, can be considered unfortunate. She did not
grasp the nature of their question, misjudged their position, and tried to help by reminding
them of their previous actions on scale changing. The students seemedaiamfvith

scale changing, but their problem was that they viewed this tool as doing something

different from what the curriculum intended.

The miscommunication itself, and the teacher's attempt to extricate herself from it,
contributed to their progressAt first, A andD were surprised by her description of what
they had done aflatteningt he gr aph. Then, they Odapprop
view (in the sense of Moschkovich, 1989) and started to direct their attention to the shape
of the graphrather than to its relative position on the screen. They started to focus on
scaingandrs cal ing in order to achieve the &édmos
they transferred and elaborated, in iterative steps, ideas of changing scales,draxson

to the other until they finally arrived at a satisfying graph (Figure 8), without any further
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intervention from the teacher. (See, B&n 1999 for a detailed description of this
rescaling process.A andD flexibly and interchangeably relied opiptwise observations

and global considerations (both in the table and in the graph), in order to fix the optimal
intervals on the axes so that the figure would look as they wished. When done, they made

the following comments:

D This way we actually achied a resul{graph] that appears as if there are

enormous differences.
A To tell you the truth, thisbodkt he st udeislovelg t ext book]
D Right, it is nice!

120
118 1
116 1
114 1
112 1
110 1
108 1
106 1
104 1
102 1
100 1

9.8 T T T T T T T T T p
1896 1916 1936 1956 1976 1996

Year

Olympic Time (sec.)

Figure 8 Graph designed to support the statement that the 100 meters times improidet @olys

In sum, at the beginning of this episode they interpreted the effect of changing scales as a
movement of the graph downwards rather than an effect on its shape. Following the
teacher's intervention, they started to consider how scaling of kesha#fects the shape

of the graph. Moreover, they were able to develop manipulations for these changes to
occur in order to achieve the desired shape. In the process, they began to move between

local and global views of the data in two representations.

It is interesting to notice the students
v al ukis waly ive actually achieved a restilat appears as if there are enormous
differences ) . However, their focus heownigapdn
by the scaling effect, rather than on them not being constant, as was the case earlier when
differences were invoked. We suggest that this important background of their prior
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knowl edge has been adapted to afrrewnecesoia
which were used to drive the way they made sense of patterns in the data, are being
successfully used here as a powerful tool to evaluate their success in designing a graph to

visually support a certain claim about a trend in the data.

DISCUSSION

The above O6storyd focuses on the first ste
It concentrates on the way they started to develop views (and tools to support them) that

are consistent with those of EDA experts. Our account is offered astrédbgtion to
understanding the process of EDA learning and the mechanisms involved therein. In our
establishment of the setting and in conducting the analysis, we relied on both socio

cultural and cognitive perspectives.

The sociecultural perspective gded us to focus on learning (of a complex domain,
such as EDA) as the adoption of the point of view of a community of experts, in addition
to skills and procedur es. Thus, we | ooked
two central components:ugtents engaged in doing, investigating, discussing and making
conclusions; and teachers engaged in providing role models by being representatives of
the culture their students are entering through timely interventions. The cognitive
perspective led us tiocus on the development and change in students' conceptions and

the evolution of their reasoning on the basis of what they knew.

It is not easy to tease out the two perspectives. Conceptions evolve within a
purposeful context in a social setting. On tilker hand, developing an expert point of
view and interacting with peers or with a teacher, imply undergoing mental actions within
specific tasks related to complex ideas. These actions over time are a central part of the
meaningful experience withinwhc h t he oO0cul tured of the fie
above, we propose that the analysis of our

the process of learning EDA.
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The Role of Previous Knowledge

One of t he str onges tdgeAiasdiDbapplied ang ireéeced $06 o f
repeatedly was the o6differencebd between s
practices in the algebra curriculum. This background knowledge played several roles.

On the one hand, I t epemceSiensdmhich canditomad mosttofh t h e
what they were able to conclude for quite a while. On the other hand, looking at

di fferences helped them to refocus their
towards more global conclusions (the differenaee not constant). Also, we suggest that

looking at differences helped them in implicit and subtle ways, to start getting
accustomed to a new domain, in which data do not behave in the deterministic way in
which they were used to in algebra, in whicgularities are captured in a single exact

formula.

We stress thahandD' s f ocus on the o6differencesd s
their learning. It was invoked and applied not only when they were asked to look for
patterns in the data, but alsoarvery fruitful way when they spontaneously evaluated the
resultsofrscal ing the graph. Ther e, they wused
extent to which the recaled graph matched their goal of designing a graph to support a
certain claim abatirends.

ThusA andDd previous knowledge not only conditioned what they saw, sometimes
limiting them, but also on other occasions, empowered them. Moreover, their previous
knowledge served new emerging purposes, as it evolved in the light of newteahtex

experiences.

In the data presented above, we find other instances of how previous knowledge
played out. For examplé, andD were adamant in their rejection of the line segments
connecting the discrete data in the graph because of their knowledge af single data
entry i s represdntked irreprersedaCatiesni an The
nNo represent at i thareawere moeOdympiadsgn betwéem c el M t hi s
their sophisticated prior knowledge did not allow them dous on the connecting
segments as a mere artifact of the new domain, used by experts to help them notice or

highlight a trend, rather than to claim interpolated values which do not exist.
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In conclusion, the above illustrates the multifaceted and sometineegected roles
prior knowledge may play, some of which may hinder progress, but others may advance it

in interesting ways.

From a Local-Pointwise View towards a Flexible Combination of Local and

Global Views

Learning to look globally at data can be angbex process. Studies in mathematics
education show that students with a sound local understanding of certain mathematical
concepts, struggle to develop global views (cf., Monk, 1988). Konold, Pollatsek & Well
(1997) observed that high school studéngdter a yearlong statistics courisatill had a
tendency to focus on properties of individual cases, rather than about propensities of data

sets.

In this studyAandD6s al so very persistently empha
differences. Their vies wer e rel ated to their 0hi sto
knowledge about regularities with linear relationships in algebra. The absence of a
precise regularity in a set of statistical data was their first difficulty. When they started to
adopt the ation of trend (instead of the regular algebraic pattern expected) they were still
attentive to the prominence of 6l ocal dev
dealing more freely with global views of data. Later on, it was precisely the focus on
certain pointwise observations (for example the place and deletion of one outlying point)
that helped them to direct their attention to the shape of the (remaining) graph as a whole.
During the scaling proces#, and D looked at the graph as a whole, bather than
focusing on the trends they discussed its relative locations under different scales. Finally,
when they used the scaling, and had to relate to the purpose of the question (support of

claims in the journalists' debate), they seemed to begirake fetter sense of trends.

It is interesting to note: (a) the local pointwise view of data sometimes restrained the
students from O60seeing globallyd, but in ot
students started to see globally; (b) in a aartcontext, even looking globally may
indicate different meanings for the students than for an expert (position of the graph vs.
trend).
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Appropriation

The data show that most of the learning took place through dialogs between the students
themselves andni conversations with the teacher. Of special interest to us were the
teacher's interventions, at the students' request. These interventions, which though short
and not necessarily directive had catalytic effects, can be characterized in general as
0 neigaotti ons of meaningsd (in the sense of Y
we regard them as interesting instanceapgropriation as a norsymmetrical tweway

process (in the sense of Moschkovich, 1989). This process takes placezam¢hef
proximal developmer{Vygotsky, 1978, p. 86), when individuals (expert and novices, or
teacher and students) engage in a joint activity, each with their own understanding of the
task. Students take actions that are shaped by their understanding; ther teach
Oappropr i at eignio her bwn srameveod tand pnowsdes feedback in terms

of her understandings, views of relevance, and pedagogical agenda. Through the teacher's
feedback, the students start to review their actions and create new urtiegstefor

what they do.

I n our dat a, we see the teacher appropl
objectives: to legitimize their directions, to redirect their attention, to encourage certain
i niti avhyido gos say fhat you did not learn anytjo ) and also i mpl
discourage others (by not referring to certain remarks). The students appfopmatiee
teacher a reinterpretation of the meaning of what they do. For example, they appropriate
from her answers to their inquiries (e.g,avhh 6t rendd or O&éi nterest
mean), from her unexpected reacHawaidwut o t h
flatten the graph ) , and from inferring purpose frc

guest i owesre éupposed to lkat whatd ) .

Appropriation by the teacher (in order to support learning) or by the students (in
order to change the sense they make of what they do) seems to be a central mechanism of
6encul turationo. As shown i n stlientwhenst udy,

students learn the dispositions of the subject matter rather than its skills and procedures.
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INSTRUCTIONAL IMPLICATIONS

The learning processes described in this paper took place in a carefully designed

environment that included:

- the curricubm built on the basis of expert views of EDA as a sequence of semi
structured (yet open) leading questions within the context of extended meaningful

problem situations (Be#&vi & Arcavi, 1998),

- timely and nordirective interventions by the teacher asrespntative of the

discipline in the classroom (cf., Voigt, 1995),

- computerized tools that enable students to handle complex actions (change of
representations, scaling, deletions, restructuring of tables, etc.) without having to
engage in too much tecdeal work, leaving time and energy for conceptual

discussions.

In learning environments of this kind, students meet and work with, from the very
beginning, ideas and dispositions related to the culture of EDA (making hypotheses,
summarizing data, recognigj trends, identifying interesting phenomena, and handling
data representations). Skills, procedures and strategies (e.g., reading graphs and tables,
rescaling) are learned as integrated in the context and at the service of the main ideas of
EDA.

It can k& expected that beginning students will have difficulties (of the type
described) when confronting the problem situations of the curriculum. However, we
propose that whah andD experienced is an integral and inevitable component of their
meaningful leaming process (with long lasting effects which are now being analyzed on
the basis of further data). If students were to work in environments such as the above, the

learning would involve the following:

1. their prior knowledge will be (and should be) engagedteresting and surprising
ways 1 possibly hindering progress in some instances but making the basis for

construction of new knowledge in others;

2. many questions will either make little sense to them, or, alternatively, will-be re

interpreted and answext in different ways than intended; and
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3. their work will inevitably be based on partial understandings, which will grow and

evolve.

Our study confirmed that even if students do not make more than partial sense of that
with which they engage, appropriateatber guidance, inlass discussions, peer work

and interactions, and more importantly, ongoing cycles of experiences with realistic
problem situations, will slowly support the building of meanings.
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CHAPTER 3

STATISTICAL REASONING AND UNDERSTANDING

I n t he previous chapter I used a Omagni
mi croevolution of one pair o f students en
| anguage, 0 c ant skillst Endw enlargerthe scppe ef my view, to examine

the learning that took place in the experimental classes that participateid Breject

I first anal yz-&retede rtthte udywtypeat reotdlEgh
school studens 6 st ati sti cal reasoning modes, t he
taxonomy of novicesd reasoning in the domze

data representations (Paper III).

Then, I assess student sodo s ofmleieexpadekce ng o f
with the curri c ulbbasedc jnvestigationasettings Raped 1IV)d arhea
summative evaluation focus on the ways students made sense of data: handling data
representations, interpreting of data and findings, and if and heyvatthopted the point
of view of EDA experts on locajlobal conceptions of data.
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Ben-Zvi, D., & Friedlander, A. (1997b). Statistical thinking in
a technological environment. In J. B. Garfield & G. Burrill (eds.),
Research on the Role of Technology in Teaching and Learning
Statistics, (pp. 45-55). Voorburg, The Netherlands: International
Statistical Institute.
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Paper Il

Statistical Reasoning Modes

This study responds to the first research questi@w funior high school students

choose, interpret, design, transform and use data representations in the context of open
ended EDA problem solving situations, supported by computerized tools. | describe
some of the characteristic thinking processes obderve n st udent sdé hand
representations in th8C6 r e s e a r c*h Basedopn thecanalysis of more than one
hundred projects, | identified the following patterns of statistical thinking in four modes,

which were evidenced in all the experimémiasses:

Uncritical thinking in which the technological power and statistical methods are
used randomly or wuncritically rather than
data representation is based on its extrinsic features, such as shalpe, cather than its
statistical meaning. Thus, graphs are valued as aesthetic illustrations, rather than
providing means to analyze data. Students also ignore the patterns suggested by their
graphical representations, relate to some obvious or extfeateres only, or fail to
analyze their graphs altogether. Statistical methods are perceived mostly as meaningless

routines, rather than useful tools, which allow one to analyze and interpret data.

Meaningful use of a representatjoim which students usan appropriate graphical
representation or measure, in order to answer their research questions and interpret their
findings. Their choice of data representation is based on its intrinsic features, such as the
type of data or the research question. his mode, students do not tend to go back and
reorganize their raw data or group it, in order to achieve a better representation and to
draw further conclusions. They typically ignore numerical analysis methods, and mainly
justify their inferences graphadly. Although students may use many representations,
these are merely a transformation in shape, rather than additional information or new

interpretation.

“The o6research projectd (described in Chapter 1) i
independent and responigiblearners, identify a problem and the question they wish to investigate,
suggest hypotheses, design the investigation, collect and analyze data, interpret the results, draw
conclusions, and submit a written and oral report.
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Meaningful handling of multiple representations which students are involved in
an ongoing seahcfor meaning and interpretation to achieve sensible results, and in
monitoring their processes. They make sensible decisions in selecting data
representations and measures, can explain and justify their choice, consider their
contribution to the researcfuestions, and make corresponding changes in the data
analysis. Students in this mode, reasoned and operated in a flexible and reflective
manner, considered ways to verify and prove their initial hypotheses, and to convince
others of their results. Thayanipulated their data and favored one representation to
another, according to their goal. They were using multiple representations in order to add
extra meaning to their research, and were moving independently back and forth in

different directions inHe statistical investigative cycle (Figure 1 in Chapter 1).

Creative thinking in which students decide that an uncommon representation or
method would best express their thoughts, and they manage to produce an innovative
graphical representation, or s@lvented measure, or method of analysis. Naturally, this

type of behavior occurs less frequently.

| also consider the following aspects, which relate to the interaction between the

learning environment and the students' style of work and modes of thinking

1. The students' initial lack of experience in conducting a statistical investigation
caused difficulties in gathering and tabulating data, and inefficiencies in analysis
methods. As they gained experience, they overcame some of these difficulties,
and wee able to connect their goals to a suitable method of investigation and
representation. (This issue is further discussed in Hershkowitz, et al., in press,
pp. 4546.)

2. The context in which their original research question is embedded affected the
nature ofstudents work. Some topics, data sets and research questions enable the
investigatodrf® to at eakegher mode of t houg
trends, association), whereas others leave their performance at a descriptive level
(questions suchag, how manyéd or Owhatés the best é
i mportant role in guiding students to Qque

statistical thinking to a higher level.
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3. In the SClearning environment, teachers cease to be the dispensers @y a dai
dose of prescribed curriculum and must respond to a wide range of unpredictable
event s. This is particularly wevident i
They can play a significant role in their interactions with students by encouraging
them toemploy critical thinking strategies and use data representations to search
for patterns and convey ideas; directing them to a potentially stimulating context;
expanding and enriching the scope of their proposed work; and providing
reflective feedback on éhi r performance (see more abol

Paper 11.)
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STATISTICAL THINKING IN A TECHNOLOGICAL ENVIRONMENT
DANI BEN-ZVI, ALEX FRIEDLANDER
Department of Science Teachidde Weizmann Institute of Science
P.O. Box 26, Rehovot 76100, Israel

"l learnt a lot from my teachers,
and even more from my colleagues,
but from my studentsl learnt the
most." (Talmud)

Abstract

We designed a statistics curriculum for junior high school using spreadsheets, based on
the Pose, Collect, Analyze, and InterprBCAl) cycle. The curriculum contains two
parallel strands: structured activities and a research project. From the analysis of student
behavior, four thinking modes were identified and analyzed: uncritical thinking,
meaningful use of a representation, miegful handling of multiple representations, and
creative thinking. We also considered several aspects which relate to the interaction
between the learning environment described and the students' style of work and modes of
thinking.

Key words: Statistcal education; Cognitive research; Technology; Curriculum.

BACKGROUND

Traditional Israeli junior high school statistics usually emphasizes computation and
neglects the development of a broader integrated view of statistical problem solving.
Students areequired to memorize isolated facts and procedures. Statistical concepts
rarely originate from real problems, the learning environment is rigid, and in general,
there is just one correct answer to each problem. Even when the problems are real, the
activities tend to be "unreal” and relatively superficial. The only view of statistics
students can get from such a curriculum is of a collection of isolated meaningless
techniques, which is relatively irrelevant, dull, and routine. Many teachers ignore the
conpulsory statistics unit, maintaining that there is no time, or that there is pressure to
include "more important” mathematical topics, and lack of interest and knowledge. We
have developed a statistics curriculum (B&m & Friedlander, 1997) in an atternfo
respond to the need for more meaningful learning of statistics and have incorporated the
use of available technology to assist in this endeavor.

THE POTENTIAL OF TEGHNOLOGY

Technology provides the opportunity to create a whole new learning envirgniment
which computers can be used both as tools in problem solving, and to foster conceptual
development. Thus students can take a more active role in their own learning, by asking
their own questions and exploring various avenues to solve them (Lajdig, H®id,

1995). The use of computers allows students to pursue investigations, can make them
less reliant on their teachers, fosters cooperation with fellow students, and can provide
them with feedback on progress. We would suggest that the openraeseroputerized
environment can push students to become intelligent consumers as they are "forced" to
choose from the available tools and options. Thus, computers have made the creation of
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graphs and tables equally acceptable problem solving tools, itioadtth the more
traditional numerical and algebraic methods.

Computers can provide a wider experience with data manipulation and representation
as compared to the traditional class work (Biehler, 1993). Real situations supply large
data bases, which ahard to handle without a computer and which offer many different
opportunities to explore using a variety of methods. Also, students have to learn to
perform in conditions of temporary or extended uncertainty, since they often cannot
predict the tool's mitations. When students begin an investigation by posing a question
and collecting data, they are unlikely to predict any obstacles ahead of them, for example,
wrong data type, missing variables or tabulating difficulties (Hancock et al., 1992), so that
one of the things they have to learn is to evaluate progress and persevere.

Whereas students in the traditional statistics curriculum were able to "plant a tree,”
students in the computerized curriculum are able to "plant a forest and plan for
reforestratbn”. Using software that allow students to visualize and interact with data,
appears to improve students' learning of data analysis concepts (Rubin et al., 1988).

Thus, the creation of a technological learning environment should have considerable
impact o the contents of the statistics curriculum, and should be accompanied by a
broadening of its focus, towards an emphasis on conceptual understanding, multiple
representations and their linkages, mathematical modeling, problem solving, and
increased atterdn to realworld applications (NCTM, 1989). In the following sections
we introduce the actual statistics curriculum and preliminary results of our study.

THE STATISTICS PROJET

The statistics project, is a curriculum development and research prograr,b&an in

1993. A statistics curriculum for junior high school (grade®),7was developed and
implemented using an interactive computerized environment. The project has three
components: (i) the development of sets of activities in statistics; (ilpmgntation in

classes and in teacher courses; and (iii) research on the learning processes and on the role
of teacher and student within this dynamic environment.

In the first year we developed and tested materials in a few experimental classes and
beganin-service teacher courses. In the following two years we extended the experiment
to more classes and improved the learning materials in the light of feedback. All the work
has been accompanied by cognitive research.

The instructional activities aim torgmote the meaningful learning of statistics
through the investigation of opemnded situations, using spreadsheets. Students are
encouraged to develop intuitive statistical thinking through activities in which they collect
and interpret their own dataA similar approach was reported by two projects in the
United Kingdom:Statistical Investigations in the Secondary Sct{@aham, 1987), and
Data Handlingfor the Primary School (Green & Graham, 1994). In all three projects the
core concept of the curatum is based on the process of statistical investigation,
introduced as Graham's PCAI cycle (1987)pose the question and produce an
hypothesiscollect the dataanalyze the resultinterpret the resultgFigure 1).
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Figure 1. The PCAL cycle for gatistical investigation.
(Dotted arrows illustrate possible research paths.)

Data handling is introduced as "mathematical detective work”, in which the student is
expected to:

become familiar with the problem, identify research questions and hypothesize
possible outcomes;

collect, organize, describe, and interpret data;

construct, read, and interpret data displays;

develop a critical attitude towards data;

make inferences and arguments based on data handling;

use curve fitting to predict fromath;

understand and apply measures of central tendency, variability and correlation.

Too oo o To To Po o

Our statistics curriculum combines two chronologically parallel strands (Figure 2):

(&) concept learning through a sequencestifictured activities(basic concepts and
skills);
(b) research projectarried out in small groups (free enterprise).

Each of these will be discussed in turn.
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Figure 2. The two strands of the statistics curriculum.

(a) Structured activities

Each structured activity is based on an epeded poblem situation, investigated by
students in a complete PCAI cycle. The problem situations focus on topics which are
close to the students' world (sport, weather, people's names, salaries, cars, etc.), and
present new statistical concepts and methode students do not always collect the data

on their own; sometimes it is given to them in spreadsheet format. Statistical concepts
covered include types of data, critical issues in posing questions and collecting data,
statistical measures, graphical reggntations and their manipulation, and intuitive
notions of inference and correlation.

In their first meeting students brainstorm freely on the word statistics, and are asked to
complete their first small statistical investigation, based on their irguitotions. This
helps to motivate students and gives the teacher some idea of their prior knowledge.
During the following investigations the students are encouraged to make their own
decisions about questions to research, tools and methods of inqurgsemstations,
conclusions, and interpretation of results. Most learning is collaborative in small
heterogeneous groups in a compidtased classroom environment. Students get
assistance from fellow students as well as from the teacher. The teactmguiied to
create a holistic, constructivist environment (von Glasersfeld, 1984): the classroom
becomes an open "statistical microworld" (Papert, 1980), in which the student is expected
to become a responsible learner. When the class is involved irctusgtiactivity, the
teacher introduces the investigation theme, fosters communication among groups, raises
guestions to encourage thinking, guides the students through technical and conceptual
difficulties and, at the end, conducts a discussion of thétsesThe structured activities
are interspersed with more traditional class work, designed to reinforce statistical
concepts.

To illustrate the structure of an activity, we describe briefly one exantpieWork
Dispute- in a printing company. The wigrs are in dispute with the management, who
has agreed so far to a total increase in the salary bill of 10 percent. How this is to be
divided among the employees is a complicated problamd thereby hangs the dispute.

The students are given the saléisy of the company's one hundred employees, and an
instruction booklet to guide them in their work. They are also provided with information
about average and minimum salaries in Israel, Internet sites to look for data on salaries,
newspaper articles abbwork disputes and strikes, and a reading list of background
material. In the first part of the activity, students are required to take sides in the debate,
and to clarify their arguments. Then, using the computer, they describe the distribution of
sabries and use central tendency measures, guided by the position they have adopted in
the dispute. The students learn the effects of grouping data and the different uses of
averages in arguing their case. In the third part, the students suggest adt¢mation

salary structure without exceeding the 10 percent limit. They produce their proposal to
solve the dispute, and design representations to support their position. Finally the class
meets for a general debate and votes for the winning proposais, friroughout this
extended activity, students are immersed in complex cognitive processes: problem solving
with a 'purpose’ in a realistic conflict, decision making and communication.

(b) Research project
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The research project is an extended activityp glsrformed in small groups. Students
identify a problem and the question they wish to investigate, suggest hypotheses, design
the study, collect and analyze data, interpret the results and draw conclusions. At the end
they submit a written report andgsent their main conclusions and results to fellow
students and parents in a "statistical happening”. The teacher schedules dates for each
stage, guides the students individually to scaffold their knowledge, and actively supports
and assesses student pesg. Some of the topics students have chosen to investigate are:
superstitions among studengttendance at football gamestudent ability and the use of
Internet students' birth montHormal education of students' parents and grandparents
road accdents in Israel

The structured activities supply the basic statistical concepts and skills which are
applied in the research project, and allow students to get acquainted with the PCAI cycle,
the computerized tools, and methods of investigation. Onttier band, the research
project motivates students to become responsible for the construction of their knowledge
of statistical concepts and methods of inquiry, and provides them with a sense of
relevancy, enthusiasm, and ownership.

THINKING PROCESSES

During the three years of experimental implementation, we analyzed student behavior
using video recording and classroom observations, student and teacher interviews, and the
assessment of research projects. The main objective of this paper is to describé some
the characteristic thinking processes observed. Although our data describes all the phases
of the PCAI cycle, we will concentrate on the last two stages, data analysis and
interpretation of results. We present the patterns of statistical thinkifauinrmodes,

which were evidenced in all the experimental classes. We are still investigating whether
or not these developmental stages are hierarchical and whether or not students go through
these stages linearly.

Mode 0: Uncritical thinking

Spreadsheetare powerful usefriendly tools, which allow students to generate a wide
variety of numbers, statistical measures and, more importantly, colorful and "impressive"
graphs in large numbers, quickly and easily. As a result, at the initial stage, stents g
excited by the technological power and exercise it uncritically. Many students explore
the software's capabilities, ignoring instructions or any particular order of steps. Their
choice of data presentation is based on its extrinsic features, sutlapes solor or
symmetry, rather than its statistical meaning. Thus, in this mode, graphs are valued as
aesthetic illustrations, rather than providing means to analyze data.

Students ignore the patterns suggested by their graphical representationgorelate
some obvious or extreme features only, or fail to analyze their graphs altogether.
Statistical methods are perceived as meaningless routines that must be performed to
please the teacher, rather than useful tools which allow one to analyze and idtggpret
The default options of the software are frequently accepted and employed uncritically,
leading to wrong or meaningless information.

In order to compare the population of different countries, Na. and Ne. created a bar chart. Since
China was includa, the default option chose a scale on tzxig which led to a useless chart.

The ease of producing graphical representations led some students to prefer quantity over
quality.

PAPER lll: STATISTICAL REASONING MODES MANUSCRIPT 101



l. and R. presented 18 bar charts in a project about models and pricesiofthair
neighborhood. Each chart presented information about six models. Thus, they
were not able to make an overall analysis of any of their research questions.

Mode 1. Meaningful use of a representation

Choosing a representation from a variety whimble options, is a critical process in
statistical analysis. An appropriate representation may reveal valuable patterns and trends
in the data, supply answers to questions and help justify claims.

Two of the typical features of this mode include thiéofving.

(a) Students use an appropriate graphical representation or measure, and can explain their
choice. The reasons for favoring a representation type are based on intrinsic features,
such as the type of data, the method of its collection or eareh questions.

(b) Students are able to perform modifications and transformations of the representation,
in order to answer and justify their research questions and interpret their results. They
reflect on their statistical analysis, identify and perf changes of scale, order of
variables and titles, according to their needs.

In this mode, students use the statistical techniques with a sense of control, reason and
direction. They are able to make changes in their graphs, but do not tend to gmdback
reorganize their raw data in order to achieve a better representation and to draw further
conclusions. In other words, students perform wethin the stage of data analysis
(stage A in the PCAI cycle), but do not make the necessary connectionhevithor |

stages. We also found that students who operated in this mode, ignored numerical
methods of data analysis, and mainly justified their inferences graphically. Although
students may use many representations (for example, different types of)gthpbe are
merely a transformation in shape, rather than adding any additional information or new
interpretations.

Typically, the student uses representations meaningfully with an interpretation of
results, but there is minimal and poor connection betviee PCAI stages.

Mode 2: Meaningful handling of multiple representations: developing metacognitive
abilities

In this mode, students are involved in an ongoing search for meaning and interpretation to
achieve sensible results. They make decisionseircng graphs, consider their
contribution to the research questions, and make corresponding changes in the data
analysis with a variety of numerical and graphical methods. The process of making
inferences and reflecting on the results obtained may teate formulation of new
research questions. Students are able to organize and reorganize data (e.g., changing the
number of categories, designing frequency tables, grouping data and analyzing sub
groups of data) in the light of results already obtain&ince students are relieved of
most of the computations and gragfawing load, their learning expands to include task
management and monitoring. While working on their investigation, students reflect on
the entire process, make decisions on represeméaand methods, and judge their
contribution to the expected results (Hershkowitz & Schwarz, 1996).
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G. & A. looked for patterns in the birth month of the students in the school. They
hypothesized that spring is the "favorite" birth season. Inititidy produced a pie chart
for each of the eight classes in the school. They tried to detect general patterns by adding
up the relative frequencies for the spring months. This did not satisfy them and they
decided that in order to "prove" their hypothedieey must aggregate the data for the
whole school. They first plotted a bar chart that summarized the data by months for the
whole school. Since this graph did not yet yield the expected result, they reorganized
their data into the four seasons andwdeesecond bar chart. This finally satisfied their
search for a proof that the "favorite” season is spring.

A. & L. collected data on the number of years of formal education of the parents and
grandparents of the students. They expected to find a tresip” between the level of
education of the two generations. They calculated the corresponding statistics (mean,
mode, and median) and presented it properly in a tabular format. They noticed that the
numerical analysis showed some patterns. Howetey, preferred to continue their
investigation using graphs. They first plotted bar charts, but the picture was too detailed.
Nevertheless, they gained the impression that parents studied more than the grandparents.
Since the relationship between the tgemerations was still not clear, they plotted a three
dimensional graph (Figure 3), showing each generation on a separate plane. They
deduced thatifl this graph one can clearly see that the number of years of formal
education for the parents is highdrain that of the grandparerits They also observed
that the two distributions show the same patterre., that the two graphs havihé same
'rises' and 'falls’. It seems as if parents and their children are 'glued' togetbach of
them relative tdheir own generatioh

They then turned to a more conventional method, which had been taught in class.
They produced a scatter plot, with a least squares line, which showed a very weak
correlation between the two variables. This presented them withflectasince visually
they "saw" what seemed to be a high correlation. They preferred the visual argument and
so changed (distorted) their concept of correlation, claiming kgl ‘torrelation means
equality between the variables and low correlatioranginequality. They concluded
that 'this graph[the scatter plotfeinforces our hypothesis that parents encourage their
children to study more".

Eduweation [1ears]

[
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O
]

Figure 3. Graph from Number of Years of Formal Education
for Parents and andparents- A. & L.'s project.

In this last case, the students' statistical reasoning was incorrect. However, in both cases
we observed that the students reasoned and operated in a flexible and reflective manner.
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The teams considered ways to verifydgrove their initial hypotheses, and to convince
others of their results. They manipulated their data and favored one representation to
another, according to their goal. They were using multiple representations in order to add
extra meaning to their rearch, and were moving independently back and forth in
different directions in the PCAI cycle.

Mode 3: Creative thinking

Sometimes, in their search for ways to present and justify ideas, students decide that an
uncommon method would best express their ghts; and they manage with, or without
computers, to produce an innovative graphical representation or method of analysis.
Naturally, this type of behavior occurs less frequently.

E., in grade seven, was investigating the frequency of road accidentaghdser a
period of several weeks, using official figures (Israel Central Bureau of Statistics, 1993).
After posing a variety of research questions, he found an interesting relationship between
the proportion of accidents involving different types dfiiee and their proportion of the
Israeli vehicle population. He plotted, a scatter graph of these proportions (Figure 4).

E. added a diagonal line from the origin to the opposite corner, looked at the result, and
claimed: fif a type of vehicle is belowé¢ diagonal, it can be considered safer then a type
that is above... One can see that the public bus company's campaign to use buses,
because of their safety, is not necessarily true, since their share in the total number of
accidents(about 4%)is almosttwice their share of the country's vehicle population
(about 2%)". However, E. concluded his argument by noting tha¢ed to check the
mean annual distance travelled by each type of vehicle, suigghat my conclusion is
true”.

Figure 4. Car Accidents in Israel E.'s project. Proportion of
accidents involving different types of vehicle versus their
proportion of the vehicle population.

E.'s project, evidences two novel cognitive modes. the first is E.'s ideatitopahe

plane and his understanding of the meaning of what he had done. Second E. identified
the need for more data to support a sound conclusion. The first mode reveals flexible
unconventional interaction with the graphical representation, and tbadeeflects his
statistical concept understanding.
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DISCUSSION

We shall consider several aspects which relate to the interaction between the learning
environment and the students' styles of work and modes of thinking described in the
previous section.

Cognitive load

The use of computers shifts the students' cognitive load from drawing graphs and
calculations to activities which require higher level cognitive skills. Thus, students can
apply their cognitive resources to operating the software, applyitigtis& ideas and
methods, and monitoring statistical processes. As the cognitive load increased, some
students preferred to choose a familiar method rather than looking for alternative methods
of analysis and interpretation. In some cases, the cornggtaphical capabilities, and

the ease of obtaining a wide variety of representations, diverted student attention from the
goals of the investigation to some extrinsic features of the tool.

Experience in statistical investigations

The students' lack of errience in conducting a statistical investigation causes among
other things, difficulties in gathering data and tabulating it in spreadsheet format (Kaput
& Hancock, 1991), and inefficiencies in analysis methods. Students often failed to
foresee the comsjuences of their strategies on the following stages of statistical problem
solving. As they gained experience, they overcame some of these difficulties, and were
able to connect their goals and ideas to a suitable method of investigation.

Context of invstigation

The context in which the original research question is embedded also affects the nature
and statistical methods of student work. For example, as reported in the TERC project
(Hancock et al., 1992), deep affective involvement and preconcepttated to the
context of the planned investigation, may lead some students to ignore statistical ideas
and draw irrelevant conclusions. Similarly in our experience, some topics enable the
investigators to "takeff' to a higher mode of thought, whereashears leave their
performance at a descriptive level. If, for example, the students’ question is in a
descriptive format (i.e. How many...?, Who is the most...?), it may not push them to use
higher cognitive modes, whereas a question about the relatidmstiwpen two variables

is likely to be more fertile. The teacher can play a significant role in directing students to
a potentially stimulating context, and in expanding and enriching the scope of their
proposed work.

Combining structured investigationadindividual projects

Work on structured statistical investigations, with a given set of data and research
guestions, helps students to gain experience in data analysis, in the application of
statistical concepts and in the process of drawing inferend¥srk in parallel on
individual projects allows students to experiment, restructure and apply, in a creative and
open manner, the ideas and concepts learnt. This combination of the two strands
stimulates students to progress in their use of statisticdldoti® modes of thinking and
reflection. They become aware of the wide variety of investigation strategies and
possible interpretations of results, and finally, they learn to communicate their ideas in
written and oral reports.
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Teacher actions

An immediae consequence of working in a technological learning environment is that the
teacher has more time to meet students on an individual basis, thereby understanding their
needs better. On the other hand, the teacher loses some conieo| is unable to
monitor every detail of students' actions. Teachers cease to be the dispensers of a daily
dose of prescribed curriculum and must respond to a wide range of unpredictable events.
In the initial stages, the teacher has an important role: students needrtcobeaged to
employ critical thinking strategies, to use graphs to search for patterns and convey ideas,
and to become aware of the critical role of choosing an appropriate representation and
analysis design. Students also need teacher guidance taavpodsentially rich context

and reflective feedback on their performance. As students become accustomed to the new
setting, gain experience in posing more sophisticated research questions and refine their
methods of work and thought, the teacher's rolegbs from active instructor to fellow
investigator.

QUESTIONS FOR FURTHE RESEARCH

We believe that the learning environment described above and the proposed framework
for thinking modes in learning statistics, may be useful to statistics educators,v@gniti
researchers, and curriculum developers.

We would like to suggest several further questions that we have not yet considered.

A Does the student who learns statistics in a technological environment undergo a
developmental process, or are the methodsaskwlescribed above, a set of discrete
and not necessarily hierarchical modes?

A What are the contexts of investigation that foster higher level statistical thinking?

A How do students of various learning abilities respond to the proposed learning
environnent?

A What are the teacher actions that stimulate students to use meaningful multiple
representations, and develop metacognitive abilities and creative thinking?

It would be interesting to hear from others whether their observations with similar
materiab replicate the suggested categorization of student thinking modes. In so doing
perhaps some of the questions regarding development may be answered. We ourselves
intend to investigate the data gathered over the last three years to answer, if only, partial
some of these questions.
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Paper IV

Sense Making of Data at the End of the SC

This unpublished Opost experimentodo study i
employ various research methods, and to advance the identified characterization of

important fnenomena related to the research questions, presented in the previous papers.

The study presents a data investigation assessment task administered to 80 seventh
graders two weeks after the end of Btatistics Curriculuncourse. In the assessment
task, sudents were asked to examine in pairs real data on the number of immigrants to
| sr ael since the foundation of the state.
6expertised in making sense of datima and ¢
analysis, understanding and using basic statistical procedures and concepts, as well as,
adopting and exercising aspects of the EDA
they exercised global views of data and their representations. Thevgsahlso to
provide a quantitative indication of the extent and scope of the phenomena identified in

the case studies (Chapter 2). In the following | present the conclusions.

Studentsdéd global views of data and data repres

The results of this stly show that most of the students at the end oSthaeld several

i mportant aspects of eglomeapdroadhes ppaatanand dath v i €
representations. In particular, in the context of a real and meaningful data investigation,

the maprity was able to formulate global research questions and hypotheses (67.5%),
interpret graphs globally (87.5%), and handle cycles in data, while independently learning
about Oi mmigration wavesd (45%). Student s
to display global features of data and their frequency distribution. Further, 46% of the
students used a line in a graph as an artifact that could help them to observe and present

patterns in the data.

Anot her i mportant aspe &DA poiitofyview) aretheirs 6 ad
frequent manipulations of data representations (e.g., change type of graph, scaling), in

order to better present their conceptions and understanding of the data. Global
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expressions were more frequent in the presence of gedplepresentations of data, and
when prompted by &éguidingdé (yet open) ques
attached to local views of data (e.g., 12.5% gave local interpretations of graphs) did better

in the presence of supporting prompts dath graphs.

| suggest that this relative success in adopgludpal view that is, the tendency to
notice and describe generalities in data was supported by: (a) the emphasiS@bthe
enculturationprocesses, i.e., entering and picking up the pahisew of a community
or culture, through interactions with a teacher, who plays an important role as
a nenadlturatod ; (b) the extensive and meaningf ul
within a purposeful context related to complex ideas in aab@®tting during the
classroom activities and the O&éresearch pr
wor ksheet which was similar in contents an
fewer instructions); and (d) the support provided by the pedgerized tool, which
removed most of the computational/technical load, to allow students focus on becoming
interpretersof data and findings (cf., Bezivi, 2000; Paper VI in the thesis).

Intertwining the local and global views of data

The data show thattudents functioned in various levels of understanding within their
local or global views, and also variably combining both views. This was evident in the
multiple ways they used their views to make sense of data and their representations, in
formulatingresearch questions and hypotheses, handling and interpreting graphs, dealing

with new concepts, etc.

|l suggest that sophistication in student :
each point of view (local and global) and within the dynamic andbike integration of
those views. Thus, | see two trajectories of development, which may occur
si mul t an everticadl grawth {n @gphistication within a view (local and global);
a n dorizontab - growth in the webbing of the local and globalwse These ideas

require further research.
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Student s6 emergent Oéexpertised BSG data based

Studentsd emergent statistical knowl edge
basis for their meaningful engagement in the follgwin

1. making sense of questions normally asked in EDA, being able to interpret and

answer them, even if in an incomplete way;

2. choosing, transforming, designing and interpreting data representations to make

sense of 6real 6 situati ons;

3. interacting with statistial concepts in complex ways combining statistical and

contextual perspectives;

4. intertwining flexibly local and global views on data and their representations to
see multiple perspectives in reabrld situations; and

5. constructing new knowledge (e.g., abaycles) on the basis of their previous

knowledge.

Assessment

Many <chall enges exi st i n the assessment
a complex learning environment: the existence of multiple goals for students, the
mishmash between the contextuakalworld) and the statistical, the role of the
computerassisted environment, the group vs. the individual work, etc. The assessment
approach employed in this study consi sts
those exercised duringdhearning, i.e., similar design of worksheet with open, semi
structured questions, work in pairs, and use of computers. Although shown beneficial in
many respects, this method still needs further investigation, in particular to find efficient
ways to evhate the knowledge of the individual within a group (in the sense of

e

fat)

Her shkowit z, 1999) , and to assess students
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SEVENTH GRADE STUDENTSOSENSE MAKING

OF DATA AND DATA REPRESENTATIONS

AT THE END OF THE SC

Unpublished stdy (thesis version)

By
Dani BenrzZvi

ABSTRACT. The paper describes 7thr ader s6 cooper ati ve worKk
assessment task in a compassisted environment. The task was administeredeat

end of a carefully designed Exploratory Data Asay(EDA) course.The purpose of the

study was to assess studentsod sense maki ng
data analysis skills, and understanding of basic statistical procedures and concepts; (b) if
and how they adopted the dispositianes d poi nts of view of cert
cul tureb. Addi tional purpose was to provi
scope of the phenomena previously identified in a microgenetic study of tyeai8ld

students (BetzZvi and Arcavj in press). In ghiobdbabtuensod
assess student sé (a) formul ati on of r
(b) choices, manipulation, design and use of data representations; and (c) interpretations

of artifacts and observations.

KEY WoORDS Exploratory Data Analysis, learning and instruction, enculturation, local and

global views of data.
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INTRODUCTION

This study presents a data investigation assessment task administered to 80 seventh
graders two weeks after the end of the Sti@s Curriculum $0Q, a carefully designed

10-week course on Exploratory Data AnalysiEDA (Shaughnessy, Garfield & Greer,

1996) using spreadsheets. In the assessment task, students were asked to examine in pairs
real data on the number of immigrantsisrael since the foundation of the state. The

anal ysis of studentsd responses IS propose
dispositions at the end of tI8C and to provide quantitative data of the extent and scope

of the phenomena iden#fl in a previous microgenetic study of two students

(Ben-Zvi and Arcavi, in press).

I focus on what students can do independ
support of classroom discussions) while formulating research questions and hypotheses;
choosing, manipulating, designing and using data representations; and interpreting the
findings of their work. One of the key cr

their local / global observations of data, and the implications thereof.

| first list the theoretical perspectives of this study: learning as a process of
enculturatonst ati stics expertsoéo points of view,
representations, the development of a global view (findings from the previous
microgenetic study), and current assessment trends in statistics education. These
theoretical perspectives and th8tatistics Curriculum (SO Project (BerZvi
& Friedlander, 1997) are presented only in brief, since they were detailed in other parts of
this thesis. | then describe themigration to Israebssessment task. In the methodology
section, | present the students who were the subjects of the analysis, the experiment, the
data collection and the methods | used to analyze their responses. Thesawalgsi is
the main part of this paper, focuses on ql
responses. On the basis of the anal ysi s,

EDA from both cognitive and cultural perspectives.
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THEORETICAL PERSPECTIVES

The following core ideas are the theoretical basis of this tudy

Enculturation processes in statistics education.

Briefly stated,enculturationrefers to the process of entering a community or a practice

and picking up their points of view.The beginning student learns to participate in

a certain cognitive and cultural practice, where the teacher has the important role of

a mentor and enceldratadt o(rc,f .o r Stchheoeon f el d, 1992;
is especially the case witlegard to statistical thinking, with its own values and belief
systems, and habits of questioning, representing, concluding and communicating

(Ben-Zvi and Arcavi, in press).

Statistics expertsod6 points of view.

Wild and Pfannkuch (1999) provide a compnetige fourdimensional description of the
processes involved in the practice of data based enquiry from problem formulation to
conclusions: investigative cycles, types of thinking, interrogative cycles, and dispositions.
In this study (and in the previousicrogenetic study, Bedvi and Arcavi, in press),

I focus on one important per sa kexidleiance o f
dynamic shift between local observations and global observations of data

Local and global views of data.

In EDA, loca understanding of data involves focusing on an individual value (or a few of
them) within a group of data (a particular entry in a table of data, a single point in
a graph). Global understanding refers to the ability to search for, recognize, desadbe a
explain general patterns in a set of data (e.g., change over time, trentiskeg eyé
observation of distributions and/or by means of statistical parameters or techniques.
Ben-Zvi and Arcavi (in press) suggest that EDA expertise involves bothaimpetence
within each view (local and global) and the competendéexibly shiftfrom one view to

another.

¥ When | submit this paper ®refereed publication, | intend to complete the description of the thoretical
perspectives, which are presnted here only in brief.
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The development of a global view of data and their representations.

BenZvi and Arcavi (in press) suggest that learning to look globally at dmtabe
a complex process for students. That study concentrated on the development of a global
view of data and their representationsfAgndD (seventh graders, 3arold boys) on

the basis of their previous knowledge and different kinds of local vdigans.

Alternative assessment in statistics education

In light of the complex goals for statistics education, an adequate assessment of student
outcomes is not possible using only traditional methods, such as, multiple choice or short
answer questionsinstead, a variety of imaginative and sophisticated assessment methods

is suggested, such as, opmmled questions, performance tasks, observations,
conversations, journals, portfolios, projects, and mbdeas e d -br f & eab s es s
tasks (Gal and Gheld, 1997).

In light of the complex goals for students in € | used in this study an extended

performancetask o better il |l uminate studentsd capa
new situati on. The f ocus ndqdkillstkhowledgeaanét wa s
6cul tured (views, di spositions). I asses:s

situation, asnterpretersof data and findings. To maximize the value of assessment, the
task was administered in similar settings tosthof theSC namely, computeassisted

work in pairs on extended, opended, real data based investigation.

THE STATISTICS CURRICULUM

The Statistics Curriculum(SQ Project was developed in order to introduce junior high
school students (grade 7, age 13) st at i st i cal thinking and
It is described in detail in Bedvi & Friedlander (1997) and in the thesis (Chapter 1).

The Ol mmigration to |Israeld assessment tas

In the final assessment task, students were asked to integatetmmigration data
(provided in a spreadsheet table, Table 1), and find trends and interesting phenomena.
The worksheet included minimal instructions concerning statistical methods and

spreadsheet procedures, to allow students to display their kn@wiaolg abilities.
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Figure
worksheet.

shows excerpts (freely transl

Immigration to Israel (final assessment task)

4

Pose

#
%

S5
ﬁ Hypothesize

b
Xy

.l
]
g Collect

e ?,\t
= ,. - /

Analyze

Interpret

Research questions and hypotheses

In this activity you are asked to examine real data about tmbens of new
immigrants to Israel since the establishment of the state (in 1948). With
help of the spreadsheet you will analyze the data in order to find trends
interesting phenomena.

1 Suggest a research question concerning the immigratiomatel.IsAdd
your preliminary hypothesis regarding this question.

1 The number of immigrants to Israel in 1949, one year after the founc
of the state, was almost 240,000 people. The number of immigrants
about 76,000 in 1995. Based on these data, stgmesadditional
research question and a related hypothesis.

Op en Imnfigeatiod f i | e, which holds th
immigrants to Israel during the years 194%05. The data was obtaine
from the Statistical Abstract of Isra€1995).

Trends

In this part you are requested to describe the trends in
immigration data.
1 Use the computer to graphically display the immigration data.
1 What do you learn from the graph about the immigration to Israel?
1 Based on the graph, explain the meaning the notio
wavesao. Suggest a graphical me
Frequencies

The Ministry of Immigrant Absorption characterizes the number
mmi grant s per year a s30,0000 immnigramts);
regulsd306001-$0€a000), and O0bl essedb?d

i

o]

1 Organize the data in a frequency table which represents these groups
f Calculate the absolute and relative frequencies of the three categorie
1 Display these groups in a graph. What do you |&&am it?

Synthesis

Describe briefly what you have learnt about the numbers of immigrants
arrived at Israel since its establishment.

Figure 1

E x ¢ e r pThesimniigration totisteéd #éassessment task.
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TABLE |

The table of immigrants and pdption in Israel by year

Year Immigrants Population Year Immigrants Population
duringyear atend of duringyear atend of
year year
1949 239,954 1,173,900 1973 54,886 3,338,200
1950 170,563 1,370,100 1974 31,981 3,421,600
1951 175,279 1,577,800 1975 20,028 3,493,200
1952 24,610 1,629,500 1976 19,754 3,575,400
1953 11,575 1,669,400 1977 21,429 3,653,200
1954 18,491 1,717,800 1978 26,394 3,737,600
1955 37,528 1,789,100 1979 37,222 3,836,200
1956 56,330 1,872,400 1980 20,428 3,921,700
1957 72,634 1,976,000 1981 12,599 3,977,700
1958 27,290 2,031,700 1982 13,723 4,063,600
1959 23,988 2,088,700 1983 16,906 4,118,600
1960 24,692 2,150,400 1984 19,981 4,199,700
1961 47,735 2,234,200 1985 10,642 4,266,200
1962 61,533 2,331,800 1986 9,505 4,331,300
1963 64,489 2,430,100 1987 12,965 4,406,500
1964 55,036 2,525,600 1988 13,034 4,476,800
1965 31,115 2,598,400 1989 24,050 4,559,600
1966 15,957 2,657,400 1990 199,516 4,821,700
1967 14,469 2,776,300 1991 176,100 5,058,800
1968 20,703 2,841,100 1992 77,057 5,195,900
1969 38,111 2,929,500 1993 76,805 5,327,600
1970 36,750 3,022,100 1994 79,844 5,471,500
1971 41,930 3,120,700 1995 76,361 5,619,000
1972 55,888 3,225,000
METHODOLOGY
Students

The students in this study were seventh graders/éa®old girls and boys from three
classes) in a progressive experimental school inAvel, taught by skillful and
experienced teachers, who were aware of the spirit and goals 8CtReoject. The
mixed ability students were used to work collaborativelgrmmall groups in mathematics

classes.

PAPER IV: SENSE MAKNG OF DATA AT THE END OF THE SC MANUSCRIPT 117



Prior knowledge. In primary school, students had learned only about the mean and
the uses of some diagrams. Thus, when they started to leaBCtlleey had limited
in-school statistical experience. However, th®d some informal ideas and positive
dispositions towards statistics, mostly through exposure to statistics jargon in the media.
The SC course introduced them to basic statistical methods and concepts, statistical
reasoning, and tbAe 6art and cultured of E

The experiment and the data collection

The study took place two weeks after the end of@Geourse. The students worked on

t hlenmigrationtolsraedh assessment task during 90 mint
school 6s c¢comput @dtowork im pairs using b worksheet (Figuretl) and
spreadsheets, and that the assessment task would not affect their final grade in statistics.
Thus, a familiar learning setting was created that resembled to a r&glidassroom

activity. At the end the students furnished their worksheets and computer files for
analysis. Additional sources of data were interviews with the teachers before and after

the activity and a videotape of one pairéos

The teachers reported that most students engagesusgriwith the task, were
i ndependent in their work, and foll owed tF

except in a case of technical difficulty with hardware or software.

Methods

The data were systematically categorized and then quantitatimellyzed taking into

account the type of explanations associated with them, and possible links with other
stages of the investigative cycle. The goals of the analysis were to infer the degree of:
(a) studentsd6 stati st i cmabilitkto mamdge degrengf@d,nd r e
realistic situations, aterpreterso f data and findings,; and
dispositions, in particular, their use of local / global views of data and their

representations, at the end of 8@

In orderto g al uate studentsd responses, I rel
explanations in the worksheet and on their
and numerical summaries. | first organized these sources of information by item for all

40 pais. Then, categorization scales were carefully created, tested and verified for each
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item. The categorization scales were moe-determined but rather the result of

an evalwuation of studentsd responsedg, I n
reasoning and dispositions. Finally, responses were carefully graded according to these
scales, summarized and presented. In cases of doubts about an interpretation of

a response, it was assigned to a 6l owerdo |

In order to validate thanalysis, parts of the data were presented to expert researchers
for analysis, in order to check for alternative interpretations. The researchers discussed,
presented, advanced and/or rejected my hypotheses, interpretations, and inferences about
studentstesponses to reach a consensus. Additional specific methodological details will

be provided in the appropriate sections below.

ANALYSIS OF DATA

In the following sections | chronologically analyze how seventh gragspondetf to

the following tasks:

|

. formulating research questions and related hypotheses,
2. choosing and designing data representations,
3. interpreting data representations,

4. dealing with cycles in the data through

wavesoO, and

5. handling frequency distributions arttetr representations.

Each section opens with the question from
by rationale and purpose. I then descril
identified on the basi s orésentsintarpdetationssadd r e s p

i mplications of the analysisd results.

YStudentso6 quotes are freely translated from Hebrev
original.
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1. FORMULATING RESEARCH QUESTIONS AND HYPOTHESES

1. Suggest a research question concerning the immigration to Israel.
C12) your preliminary hypothesis regarding this question.
@nad 2. The number ofmmigrants to Israel in 1949, one year after the foundin
A of the state, was almost 240,000 people. The number of immigra
= Hypofhesize was about 76,000 in 1995. Based on these data, suggest an addit
research question and a related hypothesis.

Figure2 Fira t wo quedtmmo mg adfi daskhe o6 | sr ael 6

After a brief introduction of the investigation context, the students were asked to
formulate research questions and hypotheses (Figure 2), without using the data set at this
stage. The purpose wastesaess studentsodé ability to fo
research questions and hypotheses in a given situation, based on their previous
knowledge. The students were familiar with the task, since during the learningStf, the

the teacher encouraged mhedo propose research questions and hypotheses concerning

a given oO6real d context and discuss their
students sometimes investigated issues of their own interest, rather than those suggested
by the textbook.

The presentation of two questions in the assessment worksheet (Figure 2) is
purposeful. The first question is opended and general. The repeating question is more
directive, yet open, aimed to evaluate the effectivenessdof @ c u s i n gtllatwee c hni ¢
frequently used inth8Cst udent 6 s textbook. By the wuse
we O0gentlyd guided students to focus on th
gui dance is provided by two 6spmeismmthé case

first and last years).

The analysis of responses to this item identified the following hierarchical categories

of research questions (and hypotheses).

1 (Statistically) irrelevantresearch questionfocuses on (a) irrelevant features
ofthedah i n terms of t he iCanvtreesntmbgraft i on t he
immigrants be controlled in order to avoid a population expldzion; (b)
variabl es that do not eNhat s tthe originof he gi ven
most of the immigrants to Isra@? (@ rcauses for an hypothesized

phenomevhydoqu e(sét i o nghy the immigyatigrratefidecreases
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with time?®d . Al t hough some of these responses
considered from a statistical perspective. Thus, questions about pmpulat

explosion or causes for a decreasing trend, which were natural and interesting

in studentso6 view, were categorized (st af

this analysis.

1 Local research questionfocuses on an individual value (or a few of them)
within
a group of da tnavhich ye&ravas the bargastpnmmegrationi to
Israel®

1 Globalresearch questionfocuses on general patterns in a set of data, such as
change over t i mWhaaor itsr etndess, t reemd , i m t he
numbers wer the years® ; Is tlie number of immigrants associated with the

number of Israeli citizens?

The three categories are not fully distinct. Irrelevant responses sometimes indicate global
reasoning (e.g., a causal question about trends), as well as ostextually relevant

issues (e.g., population explosion). Moreover, some of the global responses may include

a combination of local and global utterances. NaturallySthe our se ai med at ¢
students towards global reasoning (intertwined watbvant local observations) and away

from irrelevant and | ocal reasoning. Tabl

two questions of the assessment task.

TABLE Il

Types of research questions (and hypotheses) formulated by students.

Type of Re®arch Question 1 Question 2 Change in
Question (Non-guided) (Guided) Response
N % N % %
Statistically irrelevant 9 22.5 11 27.5 +50
Local 8 20.0 2 5.0 -15.0
Global 23 57.5 27 67.5 +10.0
Total 40 100.0% 40 100.0%
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A majority (57.5% ofthe students) formulateglobal research questions in response to
Question 1, focusing mainly on trends and association in the data. One fifth of the
responses werbcal, focusing on thenumber of immigrants in a specific year, or on
maximal yearly numér. Although all the(statistically) irrelevant research questions
(22.5%) dealt with immigration issues, they were related to variables not given in the data
set, general irrelevant issues (such as, absorption and population explosion), or asking

about auses for the hypothesized phenomenon.

When prompted by two data entries (number of immigrants in 1949 and 1995) in
Question 2 (see Figure 2), more students (67.5% compared to 57.5%) were able to
formulate global research questions. Thecal responses alost vanished (only 5%).

The increase (by 5%) in the third categerye (statistically) irrelevantquestions was
surprising, since | had speculated that th
studentsd6 reasoni ng esandflabal view obdata. r HoWwewer,a n t '

a more careful analysis of theses responses provided a possible explanation.

Most of the students who formulatéstatistically) irrelevantresponses to Question 2

were global reasoners in Question 1, and focuseth@causedor their previous global

hypot hesi s. For exampl e, a pair ofthestuder
number of immigrants decrease withtimg wr ot e | WhyQuteesntimbersof 2 , f
immigrants decrease since the establishmenthef state® I suggest t hat
(a) sensed that their first gl obal formul a

therefore advanced to finding causes for their hypothesis; and (b) perceived the given data

i n the o6f oc usadnfirrgadion qftheirsptevioosnhypatisesisa and thus felt free

to specul ate about c aus eldquestidns agstadistiaally) | cat
irrelevant, all of them dealt with relevant variables (number of immigrants and year) and

some of themmeflected global reasoning about the immigration data.

Nevertheless, almost half of the students (49%) in Question 2 weregtobed The
types of changes were: (a) focusing on the two relevant variables, i.e., number of
immigrants and year (50%), (bdahsferring from a noglobal (irrelevant or local) to
a global question (37.5%), and (c)-werding the first global question (12.5%).
Therefore, these data suggest that: (a) in the absence of data in Question 1, it was harder
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for students to formulata ppr opri ate questions and hypot
data in Question 2 supported studentsd rea

In formulating research questions and hypotheses, students used several key
statistical concepts, such as treratsd association. Although many responses were

accur at e andDaestheidataushos areasspceatiog betweefi the year and the

number of immigrantsy®) |, sever al types of di fficultie
statistical concepts. Forexamg , o ne pavimany enmigrands arrivié at Israel
everyyeard-r ef ereeing to the i mmigrantsdé yearly
dat a. T h e i Bveryhygap @ tlalger snunger of mew immigrants arrive at

Israelo , r e v e a lineended lioaask abohtdrgnds. This example, as well as other
owordingdé difficulties, i ndicates that at

statistical concepts, their expression may be incomplete. Therefore, any evaluation of

studenitsdtsi caattatr easoni ng mu s t include <caut
understandings that are not yet fully O0exp
guestion and hypothesi s) and the o6focusi ng

that mg assist in this direction.

Additional linguistic/conceptual confusions were associated with the dual meaning of
t he Hebr eAl i wathwh i é h denotes bot h Oi mmi gr
For exampl e, WhBtasithe treBd dacsekse[d6, A | di pydedreas® in the
number of immigrants to Israel every year? and hy pla bun @ewj theeeds, f
a trend ofimmigration [ 6 Al iolyappgroXiinately 50,000 people per ygar [ e mp hasi s
added]. They seem to have asked whether there was an ingréarsdecreasing) trend,
but their hypothesis reveals that they were more concerned with their wild guess of the
yearly average. Similar linguistic/conceptual obstacles were found in other parts of this
thesis (see, for examplBenZvi and Arcavi, in pes3. They seem to be an important
component in the development of meanings in handling data, sometimes hindering

progress, but in other cases supporting it.

BTheHdr ew yeodedd adl so has dual remigratom.g: O6decreased and
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2. CHOOSING AND DESIGNING DATA REPRESENTATIONS

Trends

In this part you are requested to déserthe trends in the
immigration data.

- Analyze
5 Use the computer to graphically display the immigration dé

Figure 3 The grapkplotting question.

In the next task students were asked to graphically display the trends in the immigration

data (Figure 3). Proding a graph in a spreadsheet is a rather straightforward process,
which consists of selecting the cells that contain the data to appear in the chart and using a
6Chart Wizardd to step through the proces:
chartop i ons. Neverthel ess, choosing the app
type and its design (scales, titles, etc.) can be quite a demanding activity for students,
even in a supportive, computars si st ed environment . hThey
many representational options anboosethe appropriate one based on their partial
statistical and contextual understanding. However, the immediate feedback provided by
the computer supports studentsd experi ment

Thepumse of this task was to assess what t
whether they took advantage of the spreadsheet facilities to design graphs, and for what
purposes. The graphical choice and use of that choice may reveal the extent to which
students saw meaning in data and were able to formulate sensible questions, hypotheses,

and interpretations.

The teachers reported in their interviews that most students were fluent in using the
computer to produce graphs and did not ask for their assistafke. teachers also
reported that several pairs were experimenting with different graphs, before they made
their final choice. The distribution of ¢

lll. The various types of graphs used by the studentsxamplified in Figures 4 and 5.
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TABLE Il

Types of graphs chosen to display trends in the immigration data.

Graph type N % Total (%)
A connected dot plot 8 22
-
_g_ A dot plot 6 16
GE) A smoothed connected plot 7 19
= A smoothed connected plot, 2 5 62
shaded area underneath
Bar chart 14 38 38
Total 3749 100% 100%
300000 300000
250000 250000 .
P 200000 @ 200000 .
s 8 34 .
g 150,000 £ 150000
E E
100,000 100000 *
3 . %
50,000 50,000 N N .
ot .“0 Ceee® *e e’
0 0
1940 1950 1960 1970 1980 1990 2000 1940 1950 1960 1970 1980 1990 2000
Year Year
A connected symbol plot A symbol plot
300000 300000
250000 250000
@ 200000 ) 200000
g’ 150000 -? 150000
E E
100000 100000
50,000 50000
0 ‘s e B 2 3 2 N E 8 & 8 5
1940 1950 1960 1970 1980 1990 2000 9 =] S =1 ] S =] = ] ] o ot
Year
Year
A smoothed connected plot A smoothed connected plot with shaded area

Figure 4. Types of time plots used by students to displayitimigration data.

19 Graphs of three pairs of students were not found in their files. Thus the precentages were adjusted to the
new total of 37 students.
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Figure 5 Bar chart used by students to display the immigration data.

The data show that all of the students were able to appropriately display the immigration
data: 62% used time plots (Figure 4) and 38% used bar Chitgure 5). Although the
students were encouraged in tBE to use a scatter plot to display time series, their
choices in the assessment task were dispersed between five different kinds of graphs
(Table 1l1). Further, 46% of the students used a line plot (cortfistsnnecting segments

or a smoothed line), which may indicate that they conceived of the line as an artifact that
could help them to observe and present patterns in the data. This is different from the
initial phenomena identified in the case studywimch A andD did not conceive of the

line as an artifact to support a global view, but as something foreign and disruptive. Thus,
students seem to be fluent in choosing a variety of graphs to display global features of

data.

Furthermore, ong¢hird of them made substantial changes in the default graph
provided by the computer in order to investigate trends in the data. The changes included
scal ing, adding a regression |ine, and usi
periods. Thus, students chose transform between many different representatives
(Schwarz & Dreyfus, 1995) of the same statistical object (i.e., different graphs of the
same dat a) . I consider thege apdhiitaiaissy 6as
skillful and flexible maipulation of graphical representations of data, and awareness of

their role in conveying ideas by the visual impression they may induce.

2 Although a bar chart displays the data propésigce the intervals on the x axis are equal), the more
adequate graph in this case is a time plot, which is used by experts to display change over time and
highlights features such as trends, rates of change, fluctuations, and cycles.
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In the following section | further expl
design actions by looking at theitémpretations of those actions.

3. INTERPRETING DATA REPRESENTATIONS

Trends [continued]

= Analyze What do you learn from the graph about the immigration to Israel?

Figure 6 The graph interpretation question.

In the next task (Figure 6), the students were agskethterpret the graph they had
previously formed, which was displayed on the computer screen in front of them. The
purpose of this task was to investigate the ways they understood graphical data
representations in the context of the immigration dataliengand to assess what were

their views on data in making those interpretations.

The analysis identified that studentso
generally of two major typeslocal and global, similar to the split between local and
global research questions that was observed above (in the analysis of the first task).
In EDA, local interpretationinvolves focusing on an individual value (or a few of them)
within a data representation (e.g., a single point in a gragblpbal interpretation
involves focusing on general patterns in a data representation (e.g., change over time,
trends). EDA experts are able to flexibly shift between local and global interpretations,
and intertwine both perspectives to search for, recognize, desadbexalain general

patterns in a set of data.

The data show that the loeglobal dichotomy represents only a partial description of
studentso6 interpretations. Within each ca
interpretation levels. Mosthoa b | y , gkhalintegnetationd were divided into the

following non-hierarchical categories.

1 Threeperiod interpretation - noticing, grouping and describing three
I mmi gration periods: oOhigh, OoMewd and t he
were fav periods in which the immigratidhrived: the foundation of the state

and 1990 onwards. In the resthere was a stabl@verage immigratiom.
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1 Four-period interpretation - noticing, grouping and describing four
i mmi gration periodilsowé, tdhlei gibadtea :atn@ldi.tghen
For e x énnhe llate fortigs, there was a mass immigration. Since the
fifties there was a significant decrease; and in the beginning of the nineties

there was again a large immigration, which later became modgrate

1 Focus on variability - interpretation that emphasizes the existence of
variability in the data, without indicating any specific pattern in them, e.g.,
fiThere are many increases and decreases in the number of immigrants during
the years ; The nuniibeof immigrants is not constant nor have any trends,

but is rathervariableo.

1 Cyclic interpretation- focuses on the cycles in the data. This category is
di scussed i n immigratiannvavedfaski(Sectianf4 bedow)e 06

1 General patterns interpration - noticing and describing general patterns
(trends or as s o dheeisnoasspcjatioh etweer theayeap | e , A
and the number of immigrants. However, except of several outlieis a

decreasing line .

The data show that all the studie understood the intention of the question and its
formulation, and answered it in a sensible way. The distribution of interpretations is
presented in Table IV. The major finding here is that most of them (87.5%) were able to
interpret the graph in global way, attending to general (rather than local) features of the
data. These global interpretations were at different level of sophistication focusing on
various groupings (three or four subintervals), the existence of variability, cycles, trends
or asociation in the data. In particular, the data show that students at the en&6f the

(a) provided a wealth of global interpretations; (b) exhibited different levels of global
reasoning (such asit he number of i mmi grridemifyimyand s not
describing trends and cycles); and (c) combined local and global views of data (as
illustrated below).
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TABLE IV

Types of graphés interpretations.
Type of Interpretation N % Total
Three periods 16 40.0
Four periods 4 10.0
%‘ Variability 3 75
o Cyclic 4 10.0
General patterns 8 20.0 87.5
(trends, association
Local 5 12.5 12.5
Total 40 100% 100%

These results are different than our previous observations4@eand Arcavi, in
press) on studentsod i nt the SCr dhem ttheiroransarksa t t h
i ndi cat ed t hashat dpweusldar fromsthisigiagh® mfay encount e
initial inability to focus attention on relevant (even informal) views of the data
representation. Novices seem to be either at a loss (veked ¢his kind of questions),
or their perceptions of what is relevant are very different from the experts' view. Their
initial relevant views of data representations were mostly local, and only later slowly
changed and evol ved ctivetha madudes glabal pointg ef views 6 p e

of data sets in different representations.

It is also notable that the rate of global interpretations in this task is higher than the
rate of global research questions and hypotheses observed in the first taskld lbe
related to the fact that students were acting in the presence of a data graph, which
supports the construction of global meanings, while the first task was accomplished
without any data at hand.

The coconstructive interactions between local agbbbal views of data are

illustratedinAandD6 s sophi sticated interpretation of

fiThe number of immigrants per year is not constant. During the first years of
the state of Israel the number of immigrants was relatively high. Then, there

was a long period in which the number of immigrants increased and
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decreased but did not arrive at the number of immigrants, which were in the
first years of the stateand ranged between 50,000 and 70,000. Laterion
recent years, the number of immagts soared, thebe@me moderate - but

still was higher than the previous years, but not as high as the first years of

the stated

This description consists of a mix of selmcal and various types of global observations,

in a oOnarrat iovesdt ydred O glrhaepyni fciad st focus o
( the number of immigrants per year is not congiant, then divide the
subintervals and characterize each one of them, emphasize variability in the data

( e . there wasi a long pert in which the number of immigrants increased and
decreased ) |, provi de abetwepre®j0d0iand 70,00 g e ad c ompe
bet ween pelbui stilidtee infrregratipn in redent yearsyas higher than the

previous years, but not as high as fiirst years of the stade) .

Finally, in the graph interpretation task, only five responses (12.5%)locaie Like
global reasoning, local reasoning was alsomomn o | i t hi c . It varied
observations focusing on single value (artatr y or O6speci al 6, such a
e . grhenumier of immigrants in 1986 was the smallest and f ocusing on
(few individual values with a commben <char
largest number of immigrants arrivdzbtween 1948 to 1951, about 240,000 immigrants

[t he approxi mate number of i mmigrants in 1

4. DEALINGWITHCYCLES (61 MMI GR/ATIOQN WA

Based on the graph, e x p | ammigrationh e
L Analyze waves$ . Suggest a g rhagpththicfeature.met hod
Figure 7. The O6i mmi gration wavesd question

In the previous tasks, students worked with statistical tools and concepts with which they
were used in th&C(such as, tables, graphs, trends, variation), in order to make sense of
data. The assessment worksheet also introduced a new iifeaigration waves . The
purpose was to assess how students were able to handle it. The students were asked to

explain what Oi mmi gration wavesO0 might me
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highlight the phenomenon. On the computer screen, they had the graph from the previous
task (a time plot in most cases).

Before | turn to analyze studentsd resp
distinct cycles in the immigration data during the yeal®521989. The cyclic
phenomenon is evident in Figure 8, which is a smoothed (by a three point moving
average) and properly scaled graph of the data. In this interval, the cycles are
nontregular, and can be described as an average -yeaencycle, wih decreasing
amplitude. Therefore, this may give rise

though they did not deal with such phenomenon in the curriculum.

80000

70000 1
60000
50000

40000

Immigrants

30000 -
20000 -

10000 -

0 \ \ \ \ \ \ \
1952 1957 1962 1967 1972 1977 1982 1987

Year

Figure 8 The immigration data displayed in a smoothed graph emphasizing cycles.

Studeh s6 responses are presented iIin Table V
described in one way or another a succession of influxes of immigrants, or successive ups
and downs (27.5% of the students), as an
global essence of the <circul atinonigsatiod veages ur e o0
indicate that there are downs and ups in the immigration to the statgeriodical
phenomenon, for example, 195@ - an increase, 19568 - a decrease . The seco
response (17.5%) is similar in nature, but focuses only on one complete cycle of an
immigration influx. These two types of s&kplanations (45% in total) seem to indicate

a global understanding of the cycle phenomenon, i.e., the ability to recognize and
describe cycles in a set of data on the basis of the variability in the data. By attending to

how a collection of values periodically change over time, these students dealt with

features not inherent to individual elements, but to the aggregate thabthpyise.
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TABLE V

Studentsdé types of explanation of O6i mmig

# Typ

)
e Il nterpretation of éN & Total
1 = A su_cces_smm)f influxes (_)f people 11 275
2 immigrating, or successive ups and down
2 The num_ber of immigrants sweland dies 7 175 450
away (aridge) or vice versa
3 - A su_dden rapidncreasein the number of 12 30.0
S Immigrants
- .
4 _I\/Iarl_<edchangen the number of 4 10.0 40.0
Immigrants
Unclear or incorrect answer 4 10.0
Did not answer the a@stion 2 50 150
Total 40 100.0%  100.0%

Other responses focused differently on the variation in the data set. In the third (30%)
and fourth (10%) types of responses, stude
a sudden rapid increase in thember of immigrants, like an ocean wave, or a marked
change in the number of immigrants, without stating explicitly the direction of the
change. These responses may indicate a partial understanding of the cycles, and a greater
focus on local data. Inusm, 45% of the students made sen
using global explanations, and additional 40% generated incomplete but selwible

interpretations.

Representations of cycleStudents were also asked to suggest a graphical method to
highight the O6i mmigration waves® phenomenon.
changes of the current type of graph, mostly to line plot, offered by 46% of the pairs; and
(b) changes within the graph (54%). The latter kind included changes of soébeisigc
parts of the graph, grouping of data, and connecting points by lines.
One example is displayed in Figure 9, in which the graph was changed from a scatter plot
(a dot plot) to a smoothed line plot, displaying only a partial interval (1988) onthe x
axi s, and O6mi ni mi-g@a@D) in wrder toivisually enspbasizedlhe (0
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cycl es. I consi der such purposeful actio

sense of, use and manipulate data representations.

80,000
60,000 -
0
c
S
(o))
£ 40000 1
E
20,000 -
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995
Years
Figure 9 Asmoothedmd properly scaled |Iine graph emphasi z

5. HANDLING FREQUENCY DISTRIBUTIONS

Frequencies

The Ministry of Immigrant Absorption characterizes the number
i mmi grants per year a s30,0000 immnigramts);
6gel ard ye@abs003p, 08dd oO6bl essedbd

Analyze 1 Organize the data in a frequency table which represents these groups
f Calculate the absolute and relative frequencies of the three categorie
71 Display these groups in a graph. Whatyda learn from it?

Figure 1Q The frequency question.

In this task, students were required to handle a frequency distribution of the immigrants
data, based on a given grouping to three unequal subintervals (Figure 10). Students were
asked first to orgsize the data in a frequency table, by dividing it to the given
subintervals, and calculate the corresponding absolute and relative frequencies. Students
were also asked to display the frequency distributions in a graph and answer the
interpretation questo nwhat éo you learn from this graph? Even though
guestions were familiar to students, they required rather sophisticated statistical reasoning

on frequencies and relative frequencies, and spreadsheets skills.
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Most of the students (36 pairs, 9p&mswered the first part of the ta5kAll of them
managed to create a correct frequency table, group the data to equal subintervals of
30,000 immigrants each, and calculate absolute frequéhcieMost of the pairs
(94%) succeeded in calculating cothgcelative frequencies, a task which required them
to write a spreadsheet formula, copy it to corresponding cells in the frequency table, and
choose the kind of fractionsd inscription

inscriptions of relativerequencies chosen by the students.

TABLE VI

Inscriptions of relative frequencies.

Type of Fraction Inscription N %
Percentages 16 47
A decimal fraction 13 38
A simple fraction 5 15
Total 34 100%

Studentsd responses s hoding gequericigshin arvarietgof o f s 1
inscriptions. Only two pairs had errors in calculating the relative frequencies, and their
spreadsheets formulas indicate they misunderstood the concept. On the other hand, only
three pairs used the default inscriptiomyded by the spreadsheet (a decimal fraction

with eight digits), while the rest (91%) chose to transform the fraction to a meaningful
inscription by annexing the number of decimal places, or by changing to percentages or
simple fractions. Students alased the computer to calculate the sums of the frequency
columns and handled appropriately rounding issues (e.g., changed 99.9% to 100.0% or
48/48 to 1). These intentional actions indicate that students not only knew how to use the
computer, but also werable to make sense, judge and transform their computerized

numerical artifacts, while having inscriptional personal preferences.

ZFourpairsdidnb get to the frequency task and did not fin
requencies were adjusted accordingly in this section.

% Dividing to unequal sulintervals, as required by the task30,000, 30,0080,000, and 60,000
240,000) is not atraightforward spreadsheets procedure, which was unfamiliar to the students. Only
three pairs managed to overcometg@hnicaldifficulty.
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Representation of frequency distributionStudents were later asked to display the
frequency distributions in a graph andeirpret it. This task occurred towards the end of
the activity and therefore only 24 pairs

graphical representations are presented in Table VII.

TABLE VII
Studentsd displays of nfigrabogdamncy di stributi o

Type of Representation N %
Pie chart 11 46
Bar chart 7 29
Histogram 4 17
Line graph 2 8
Total 24 100%

The data show that students were fluent in using a number of appropriate data
representations. The most typical graph chosen vgées ehart, which is a common way

to display relative frequency of uni vari at
interpretations of their graphs indicate understanding of key features of the frequency

di stri but iAmost hab ofdhby eaas s f@Wver e oébarrend, exa

6regul ard, and a bit mor.e than a quarter w

| suggest that several factors contributed to the abovementioned results:
(a) studentsdé prior knowl edge, namihl vy, pr
factors and percentages in their algebra lessons; (b) extensive experience with frequencies
during theSCi nvestigations and the &édresearch pr

onumbersdé in a meaningful and familiar con

DISCUSSION

My account is &fered as a contribution to understanding the processes of EDA
|l earning by beginners in junior hi gh schoct

data analysis assessment task, which was administered after the endwéak1IBDA
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course (thesQ. The anal ysis concentrated on studen

sense of data and data representations, i.e., skills in statistical analysis, understanding and

using basic statistical procedures and concepts, as well as, adopting and exercising

aspetd of the EDA O6culturebo. I n particul ar,

views of data and their representations. The goal was also to provide a quantitative
indication of the extent and scope of the phenomena identified in a previous study

(Ben-Zvi and Arcavi, in press). In the following | discuss the data presented above.

Global views of data and data representations

Current studies in mathematics education show that students with a lecahd
understanding of certain mathematical conceptsuggle to developglobal views
(cf., Monk, 1988). In statistics education, Konold, Pollatsek & Well (1997) observed that
high school studentsafter a yearlong statistics coursstill had a tendency to focus on
properties of individual cases, rattthan aboupropensitieof data sets.

My observations at the beginning stage of 8&(BenZvi and Arcavi, in press), in
which students were novices in terms of their views of data, show that they persistently
emphasized local views of data in tablesd agraphs. They were attentive to the
prominence of &6l ocal deviationso6, which
views of data. Only later, the focus on certain pointwise observations, the gradual
adoption of the notion dfrend and the exeise of scaling, helped them to direct their
attention to the shape of the graph as a whole, taking into account the variability in the
data. Thus, they slowly began to develop understanding of global view of data and their
representations, and later weakle to flexibly integrate local and global views in data

analysis.

The results of this study show that most of the students at the end $Ctheld

k e

sever al i mportant aspect globalfppreacheetodamandp oi n

data represdations. In particular, in the context of a real and meaningful data
investigation, the majority was able to formulate global research questions and

hypotheses (67.5%), interpret graphs globally (87.5%), and handle cycles in data, while

independently leari ng about Oi mmi gration waveso (4

choosing a variety of graphs to display global features of data and their frequency
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distribution. Further, 46% of the students used a line in a graph as an artifact that could
help them to oberve and present patterns in the data.

Anot her i mportant aspect of studentsé ad
frequent manipulations of data representations (e.g., change type of graph, scaling), in
order to better present their conceptions amtlerstanding of the data. Global
expressions were more frequent in the presence of graphical representations of data, and
when prompted by oO6guidingdé (yet open) ques
attached to local views of data (e.g., 22.§ave local interpretations of graphs) did better

in the presence of supporting prompts and data graphs.

| suggest that this relative success in adopgludpal view that is, the tendency to

notice and describe generalities in data was supported by:

(@ the emphasis of th&C on enculturationprocesses, i.e., entering
and picking up the points of view of a community or culture,
through interactions with a teacher, who plays an important role

as emqulturatod ;

(b) the extensive and meaningful learning exper@snin handling
data within a purposeful context related to complex ideas in a
soci al setting during the classroom act.

projecto;

(c) the structure of the assessment worksheet which was similar in
contents and st ylksheetsgbuttwitheeweére xt bookds wo

instructions); and

(d) the support provided by the computerized tool, which removed
most of the computational/technical load, to allow students focus
on becominginterpreters of data and findings (cf., Bedvi,
2000; Paper VI in the #sis).

Intertwining the local and global views of data

The above description may create a false impression that local and global views of data

exist in sharp dichotomy, and that student
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sophisticiagwdtbo | bcal 6 more sophisticmtedd ¢
what this study tells us. The data show that students functioned in various levels of
understanding within their local or global views, and also variably combining both views.

This was eident in the multiple ways they used their views to make sense of data and

their representations, in formulating research questions and hypotheses, handling and
interpreting graphs, dealing with new concepts, etc.

I suggest that s apdarstanding of adtai developedrbothswithind e nt
each point of view (local and global) and within the dynamic and flexible integration of
those views. Thus, | see two trajectories of development, which may occur
si mul t a weticld-grlowth in séphistiation within a view (local and global); and
dorizontab- growth in the webbing of the local and global views. These ideas require

further research.

Studentsd emergent Oexpertised in data bas

Studentsod6 emerkgeowl edqpd i anhdcdi spositions a

basis for their meaningful engagement in the following:

1. making sense of questions normally asked in EDA, being able to interpret and

answer them, even if in an incomplete way;

2. choosing, transformingdesigning and interpreting data representations to make

sense of 6real 6 situati ons;

3. interacting with statistical concepts in complex ways combining statistical and

contextual perspectives;

4. intertwining flexibly local and global views on data and theirespntations to

see multiple perspectives in reabrld situations; and

5. constructing new knowledge (e.g., about cycles) on the basis of their previous

knowledge.
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Assessment

Many challenges exist in the assesspment of
learning environment: the existence of multiple goals for students, the mishmash between
the contextual (realorld) and the statistical, the role of the compuassisted
environment, the group vs. the individual work, etc. (Gal & Garfield, 1997figBhr

1993). The assessment employed in this study consists in the use of a performance task in
similar settings to those exercised during the learning, i.e., similar design of worksheet
with open, semstructured questions, work in pairs, and use of maers. Although

shown beneficial in many respects, this method still needs further investigation, in
particular to find efficient ways to evaluate the knowledge of the individual within

a group (in the sense of Hershkowitz, 1999), and to assess d@posihd points of

views.

Attending to the many issues raised here, the challenges remain overwhelming.
Supporting studentsd becoming familiar not
tools but also with the many nuances, considerations andspoinview involved in
generating, describing, analyzing and interpreting data and in reporting finings, is one of

the greatest challenges in statistics education.
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CHAPTER 4

CURRICULUM AND TECHNOLOGY FOR THE LEARNING OF EDA

Any response to the research questions of this thesis cannot be accomplished in

a 0 v a c ucarefidly desiged and systematically researched learning enviroament
imbued with a genuine spirit of EDAIs required. In using th8Capproach, standards,
materials and tools as a model , I experin
learning enironment. Thus, although curriculubased research is not the main focus of

this thesis, some issues concerning the interrelationships between curriculum design,
research, technology and learning were however included in its scope. | consider in this
chapter what theSChas to offer in order to promote changes in the way statistics is how

being taught and learned in junior high schools. More specifically, my purpose was to
study the following themes.

In the first paper of this chapter6 | e ar ni n(BapeaV)e hanayée the
interrelationships between curriculum design and research on learning to characterize the
nature of the instructional activities. The purpose is to study the type of contexts and the
nature of tasks t haahingfuatatistissuearpiryy and uaderstahe nt s 6
how we can be more aware of their actions, in order to design tasks which offer them
opportunities to engage seriously, work and reflect, and advance their statistical

knowledge.

In the second paper of this chap(Paper VI), | study the impact of computerized
tools, such as spreadsheets, in enhancing learning and understanding statistics.
My assumption is that although software is just a medium (and not the message),
its integration, especially when well den to fit the course, could introduce deep
changes. My aim is thus to study how technological tools, that have the potential to
support conceptualization of statistical objects and actions, may help students to gradually

become exqumexpleesic.ed O
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Paper V

Learning Arenas
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Paper V

Learning Arenas

In this paper, | take a close look at the interrelationships between curriculum and learning.
| observedunior high school students as they engaged in two kinds of atékimg a
standin a debate on the basis of data analysis @eglgningdata representation$o
emphasize a point they want to make. The purpose of the analysis is to advance the
understading of (a) how students learn to handle data and data representationS@ the
educational environment, and (b) how can we be more aware of student actions, in order
to design situations in which students engage seriously, work and reflect, and advance
their knowledge. The analysis also takes into account the contribution of student
interactions (withippair interactions, group interactions) to their understanding and

learning of data representations.

The first example prWokbBisptte dachi vheypeages
Chapter 1). The task is based on a familiar context and provides realistic, manageable
and meaningf ul dat a, which were O6engineere
some key statistical concepts, and most immbigta the students are askedttke sides
in a conflict situation. I observed that
choosing statistical measures, creating data displays and arguing) and motives was the
stand they had taken. The s¢ilec of the stand, if done thoughtfully, has an important
value of its own, in that it transforms the pure learning situation into a meaningful
position. Concept learning thus takes place in context, using and applying the concepts
and through exchange afeas among peers. Putting themselves in the position of one
side in a dispute, motivated the students
proposal approved by the majority. Thus, their explanations for choosing representative
measures rad graphical data displays emerged from their stand in the dispute. Taking
a stand also made students check their methods, arguments and conclusions with extreme
care. They felt it natural to face criticism and cowagyuments made by peers and
teache, and to answer them. Sometimes, when the results of their work were not in line
with their stand, they were forced to persevere and search for more congenial statistical

evidence and proof.
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These observations sugages tonsiwdrapartialytdued e nt s
to the design of the problem situation, which inclutldeng a stand The students
showed themselves able to understand and judge the complexities of the situation,
engaged in preparing a proposal which in their view was acceptatiaal and just, and

were able to defend it.

In the second exampled6 The Same Song, wactivity (descrided f f er e
in detail in Paper I} students go beyond reading, interpreting and understanding data
representationsthey are encouragdeto design (or redesign) representationsThe task
directed studentsodo attention to the proble
a representation. Thus, they developed 6
impressions that mape induced. This task provides an opportunity for students to
represent ideas creatively in various ways, and also understand some meta

representational issues (in the spirit of diSessa, Hammer, Sherin & Kolpakowski, 1991).

In sum, the examples describedthis paper illustrate how curriculum design can
take into account both: (a) new trends in subject matter (EDA), its needs, values, and
tools; and (b) student learning and interactions. By staging and encouraging students
e.g., totake sidesand desgn (and re-desigr) data representations, we pushed them
towards levels of discussion, which | have not observed in most traditional statistics
classroom. | suggest that we can usefully characteakimg sidesand designing
representationsislearning arenasand propose a definition of the terrhearning arenas
are problem situations based on careful research design, aimed at promoting and
supporting certain student actions, which encourage meaningful learning of statistics.
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TOWARDS A CHARACTERIZATION AND UNDERSTANDING OF
STUDENTSO L EMAANNTERACTIVE STATISTICS

ENVIRONMENT
DANI BEN-ZVI and ABRAHAM ARCAVI

ABSTRACT. We shall describe episodes of middle school students working on
Exploratory Data Analysis (EDA) developed within an innovative culuim. We

outline the program and its rationale, analyze the design of the tasks, present extracts
from studentsd activities and speamudurat e ab
observations, we propose new construct- learning arena which is suggested as a

curriculum design principle, which may also facilitate research.

KEY WORDS:Exploratory Data Analysis, learning and instruction, curriculum

development.

THE LEARNING ENVIRONMENT

The teaching of statistics is undergoing major changes ¢Bhaasy et al., 1996; Moore,

1997), mostly due to: (a) a shift in content at the introductory stage from descriptive
statistics to EDA-- i.e., emphasis on organization, description, representations, and the
analysis of data, with a considerable use obialisdisplays and technology; (b) new
pedagogy which abandons an fi nfcanstracavisti on tr
view of learning (Davis et al., 1990; Garfield, 1995).e., students construct their own
knowledge by combining present learningpesiences with existing conceptions; and (c)

the incorporation of new technologies, which facilitate the handling, change, and use of
various data representations, and provide tools for making sense of data (Biehler, 1993).

With these perspectives in minge initiated a middle school statistics project, which
includes curriculum development (B&wi & Friedlander, 1997a), classroom trials,
teacher courses, research on | earning proc
technological environmenBénZvi & Friedlander, 1997b). The project is part of an
innovative program developed at the Weizmann Institute (Hershkowitz & Schwarz,
1997).
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We chose to emphasiztatistical contentand concepts for example, types of data,
posing questions and collew) data, statistical measures, handling and interpretation of
graphical representations, and intuitive notions of inference and correlation. We also
emphasize the elements sifitistical thinking e.g. the need for data, proof and certainty

in statistics the existence of variability, and the logic underlying processes and methods.

The form ofinstruction for the course was based on the following main principles:
(@) the use of extenderkal (or realistic) problem situations; (b) an emphasis on

a commuity of learners communicating with each other; and (c) a new role for the

teacher as fa guide on the sideo (Hawkins

The curriculum content and pedagogy is based on the PCAIC qya$e Collect,
analyze interpret, and communicatgroposd by Graham (1987) and Kader & Perry
(1994), using a spreadsheet. Students work on two parallel strafidisclassroom

activities and (2) a research project.

(1) The classroom activitiesare semistructured statistical investigations, in which

considerabns and processes involved are also pursued. The students are encouraged to

hypothesize about possible outcomes, choose tools and methods of inquiry,

representations, conclusions, and interpretation of results. Most learning is designed to be

done in pas.

(2) The research projectis an extended activity, in which the students act as

independent and responsible learners. Students identify a problem and the question they

wish to investigate, suggest hypotheses, design the study, collect and analyze data
interpret the results and draw conclusions. At the end they submit a written report and

present their main results to fellow stude

During the experimental implementation, the learning materials weretdigédl,

presented in teachers courses, and then published. In order to study the effects of the new

curriculum, we analyzed student behavior using video recordings, classroom

observations, interviews, and the ofedssessme

I n the foll owing, we fAobserveo pairs of
taking a standn a debate on the basis of data analysis,dasigning(or re-designing)
a representation to emphasize a point they want to make. The @it analysis
(presented briefly below) is to advance our understanding of (1) how students learn in
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such an environment, and (2) how can we be more aware of student actions, in order to
design fAbettero tasks. ( By S&tidentsteegage we

seriously, work and reflect, and advance their knowledge.)

STUDENTS TAKING A STAND

One activity was thé Wo r k  dn asppntirtg €dmpany: the workers are in dispute

with the management, who has agreed to a total increase in thelsthlafylO percent.

How this is to be divided among the employees is a problamd thereby hangs the
dispute. The students are given the salary list of the one hundred employees, and an
instruction booklet to guide them in their work. They are alswiged with information

about the national average and minimum salaries, Internet sites to look for data on
salaries, newspaper articles about work disputes and strikes, and a reading list of
background material. In the first part of the activity, stusl@né required to take sides in

the dispute, and to clarify their arguments. Then, using the computer, they have to
describe the distribution of salaries and use measures (e.g. median, mean, mode, and
range) guided by their position in the dispute. Thelshts learn the effects of grouping

data and the different uses of statistical measures in arguing their case. In the third part,
the students suggest alterations to the salary structure without exceeding the 10 percent
limit. They produce their propodsto solve the dispute, and design representations to
support their position and refute opposing arguments. Finally the class meets for a
general debate and votes for the winning proposal. The time spent on the full activity is
about seven class periods.

This taskcontext is familiar to students with interesting, realistic and meaningful data
(Cobb & Moor e, 1997) . The data was fiengin
and provides points of departure for raising some key concepts. For exdraplarious
central tendency measures are different from each other, to allow students to choose
a representative measure to argue their case. We also arranged that the mean salary (5000

IS) is above the real national averages (4350al5employees4500 IS- printers only).

Communication of statistical ideas seems to us an essential part of student experiences.
We expect students to clarify their thoughts, learn to listen to each other, and try to make
sense of each ot her oty we atlestudents ttakB sidegn thmo s t [

conflict situation. Their actions, e.g. handling data, choosing statistics, creating displays
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and arguing are all motivated, guided, and targeted by the stand they have taken. Their

actions may also cause themdoange their original stand, etc.

The selection of the

stand, if done thoughtfully, has an important value of its own, in that it transforms the

pure learning situation into a meaningful position.

Concept learning thus takes place in context, using aptying the concepts and
through exchange of ideas among peers.

Atraditional 06 textbook type, but al so

This obviously includes exercises of the

mu ¢ h

To illustrate the use of concepts and arguments that the task promoted, winédring

following short transcript from a video recording of one of the experimental classes.

It records a group of students who chose to take the side of the workers. After clarifying

their arguments, they described the distribution of the current salgtieed by their

position in the dispute. The student pairs prepared various suggested alterations to the

salary structure to favor workers (as opposed to management), and then held a series of

meetings with fellow student pairs (about 10 students i iallwhich they discussed

proposals, and designed graphical representations to support their position, and prepared

themselves for the general debate.

The
Id.

foll owing transcript is taken from

OK, we have this pihart] and we plan to use [See Figure 1]
Everybody agrees?

StudentsYes, yes.

Id.

Let's see what should we say here? Actually we see that... 60
percent of...

60 percent of the workers are under the average 460 IS].
Now, by adding 12 percentthere are far fewejworkers under
the national average].

OK, but I have a proposal, that brings almost everybody above the
average wage. If we add 1000 shekel to the 49 workers, who are
under the average...

It's impossible. Can't you understarmat?

This[my proposaljwill leave us with 1000 shekel, that can be
divided among the other workers, who are dtiee average].

Then each of them will get exactly five shekel!...
But we don't have any chance to win this way.

What is the madtr with you? We'll have a revolt in our own ranks.
Do you want that to happen at the final debate?

Anyway, this is my opinion! If there are no better proposals...
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Id. Of course there are: a rise of 12 percent on each saé&xgiuding
the managers]..

Sh. OK. Show me by how much will your proposal reduce the 60
percent.

D. | am printing now an amazing proposatverybody will be above the
[national]average: NO WORKER WILL BE UNDER THE AVERAGE WAGE!
This needs a considerable cut in the managetaries...

Current salaries (IS)

115061500 1500618500
3%

10064500
66%

Figurel The fAworkers6é6o description of the curr

In this exchange, three different proposals for the alteration of the salary structure were
presented. The first, offered by It. and Id., suggested an increase of lalonorkers.

The managers' salaries remain unchanged. The second proposal, originated by
S., suggested an equal (1000 IS) increase for each of the 49 workers earning less than the
national average (4350 1S), the small remainder to be divided amomnght#reworkers.

Again the managers' salaries remain unchanged. The third proposal, presented by
D., suggested a considerable cut in managers' salaries, and an increase for all workers

under the national average, to bring them above the average.

Weobsev e t hat central to studentsdé actions
workers. Putting themselves in the position of workers in a dispute against the managers,
motivated the students to find a fAwinning
approved by the majority. For example, Figure 1 above, is grouped to emphasize the
| arge proportion of salaries below the pri
that the management will boast about the relatively high company average (500 1S),
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workers chose to emphasize the relatively
explanations for choosing representative measures and graphical displays, emerged from

their stand in the dispute.

Taking a stand also made students check their methogisments and conclusions
with extreme care. They felt it natural to face criticism and cowargrments made by
peers and teacher, and to answer them. Sometimes, when the results of their work were
not in line with their stand, they were forced togssere and search for more congenial

evidence and proof. Finally, after much refining they formulated the following proposal.

To divide most of the money among the workers, because they currently earn very
low salaries; i.e., an increase of 13.35% forweer s under the printer
salary; an increase of 8.85% for the remaining workers. The managers salaries to
be increased by 1000, 900, 800, ..., 400 IS, inversely related to the size of their
present income. The small remainder to be contributedgioanage homes in town.

They also prepared the following arguments for the final debate.

If we remove five managers from the salary list, the company average decreases

dramatically below the national average. We shall display the significant

improvement n t he workersd6 salaries, made by our
[Figure 2]and statistical measurdmedian and modeWe wish to create

a "balance" in the company. No longer will 66% of the employees earn below the

national average. Most of the erapées will earn a salary close to the company

average.

These observations suggest that studentso
the design of the problem situation, which inclutédsng a stand They

a) dealt with a complex situation arttie relevant statistical concepts (averages,

percentages, charts, etc.);
b) used critical arguments to confront conflicting alternatives;

c) used statistical procedures and concepts with a purpose and within a context, to

solve problems, relying heavily aisual representations and computer;
d) demonstrated involvement, interest, enthusiasm, and motivation in their learning;

e) were able to create their own products (proposals and their representations).
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New salaries (IS)

1500618500
4%

80001150
2%
10004500
41%
Figure2 The wor kersdé f igalaries.proposal for the

We turn now to a second brief example from another activity.

STUDENTS AS DESIGNERS (OR RE-DESIGNERS)

The activity-i The same song, OwbDctuns ealy id thed durdculem t t
The problem is presented to students in the following wa

Two sports journalists argue about the record times in the 100 meters.
One of them claims that there seems to be no limit to human ability to
improve the record. The other argues that sometime there will be a
record, which will never be broken. Topgort their positions, both
journalists use graphs.

One task of this investigation asks students to design a representation, using

a computer, to support different statements, such as:

(a) During the years, the times recorded in the Olympic 100 metersweg
considerably.

(b) Throughout the years, the changes in the Olympic times for the 100

meters were insignificant.

(c) Between 1948 and 1956, the times in the 100 meters worsened
considerably.

This taskcontext is familiar to students with interestingdameaningful data, providing

opportunities to search for patterns, centers, variations, and gaps in the data. Students go
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beyond reading, interpreting and understanding data representatieysare encouraged

to design(or re-desigr) representationgHarel, 1991).

The task directed students attention to the problem of scaling in the design and

interpretation of

critical of the false impressions that may be induced (see, for examelgraphs in

Figures 36).

Gold record time (Sec.)

Figure 3. Design to support statement (b)
above.

Gold record time (Sec.)

Figure 5. Design to support statement (c)
above.

a

Figure 4. Design to support statement (b)

Figure 6. Design to support statement (b)

Gold record time (Sec.)

Gold record time (Sec.)

representation.

e
>
>

above.

Year

%

L)

above.

T
o much os pasiiblel
Year

Thus

This task providesan opportunity for students to represent ideas creatively in various

ways, and also understand some nrefaesentational issues (diSessa et al., 1991).

DiscussION

The examples we have described illustrate how curriculum design can take into account

botht (1) new trends in subject matter (EDA), its needs, values, and tools; and (2) student

learning. By staging and encouraging studergsy., totake sidesand design(andre-

desigr), we pushed them towards levels of discussion, which we have not obsethed i

traditional statistics classroom. They showed themselves able to understand and judge the

complexities of the situation, engaged in preparing a proposal which in their view was

acceptable, rational and just, and were able to defend it. The seamngle involved
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more than just being able to read and interpret, it focused attention on the crucial role of
scales in creating a visual impression for good or ill.

We suggest that we can usefully charactetéeng sidesand designingas learning,
arenasand propose a definition of the ternlLearning arenas are problem situations
based on careful research design, aimed at promoting and supporting certain student
actions, which encourage meaningful learning of statistics (mathematics)

We propose thdearning arenascan be a helpful guide in the development of tasks for
student learning. We intend to pursue this work further in order to identify, develop, and
research more arenas similar to those above. We hope that the refinement of this idea,
and the accumulation of examples, will contribute towards a theory of principled

development of learning materials.
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Paper VI

The Impact of Technology

In the SC learning environment, computerizédols are brought into play to assist
students in their explorations of the new subject matter. Since most traditional
assumptions about teaching and learning are challenged by the use of technology in
statistics education, we are forced to think de@plgut all aspects of our educational and
research work. | described above (Chapter 1) how the choice of the tool played an
important role in the preliminary stages of 8@development. This study focuses on the
practical and theoretical impact of intiucing technological tools in statistics education.
Drawing on observations in the experimental classes and on theoretical perspectives, this

paper discusses the role of technological tools in statistics teaching and learning.

Technological tools espedildesigned for statistics learning have been developed to

support:

1. Student s’ active knowledge <construction

interpreting and transforming data and

(e.g., using simulatics).
2. Opportunities for students to reflect upon observed phenomena.

3. The development of students' metacognitive capabilities, i.e., knowledge about

their own thought processes, sedfjulation, and control.

4. The renewal of statistics instruction and curricalwon the basis of strong
synergies between content, pedagogy and technology (in the spirit of Moore,
1997).

| emphasize in this paper the use of technology as a powerful tool to mediate and

d

~

C

support studentsd constr uctionsand pefspectiees ni n g s

rather than as a learning goal in itself. A detailed example of an activity froBCtlse

introduced to illustrate that an attempt at serious integration of computers in teaching and
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learning statistics brings about a cascade ahgbs in curriculum materials, classroom
praxis, students and teachero6s interaction

The computer changed my assumptions about what can be learned, and, as a result,
facilitated the redesigning of tf@C Using the computeto investigate data, students
acted directly on statistical objects and relations through various linked representations.
They produced, interpreted, transformed, and used data representations, and discussed the
meanings of their actions and motivesh @ comput er 6s ability to
sort, etc.) quickly and accurately, dynamically link multiple representations, simplify
procedures, provide immediate feedback to the user, and transform a whole representation
into a manipulable objectocn t r i but ed t o-mbkngprogdssesient s6 sen

A theoretical discussion follows which underpins the impact of technological tools on
teaching and learning statistics, by emphasizing how the computer lends itself to
supporting cognitive and soetultural processes. This can take the form of
amplification and reorganization (Pea, 1987; Dorfler, 1993) and of experiencing a new
O0mat hemat i cal theeexderiescend direch mamipulatyon of Mmathematical
objects and relatiors ( Bal a c hug 1996, @ 478). A@owerful tool brings about
the reorganization of physical or mental work in at least the following ways: shifting the
activity to a higher cognitive level, changing the objects of the activity, focusing the
activity on transforming ah analyzing representations, supporting a situated cognition
mode of thinking and problem solving, accessing statistical conceptions by the use of
graphics, constructing meaning of concept
ambi gui tyd ( seesbkovsiz, impress).z and H

Subsequently, | present a review of educational technologies, which represents the
sorts of software that have typically been used in statistics instruction: statistical packages
(tools), microworlds, tutorials, resources (includihngnt er ne't resources),
metatools. This paper ends with a discussion of implications and recommendations for

the use of computers in the statistical educational milieu.
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Towards Understanding of the Role of Technological Tools
in Statistical Learning
Dani BenZvi
Weizmann Institute of Science
The purpose of computing is insight, not numbers.
(Hamming, 1977)
Abstract

The paper begins with some context settingnew views of statistics and statistical
education. These views are reflected, artigpular, in the introduction of Exploratory

Data Analysis (EDA) into the statistics curriculum. Then a detailed example of EDA
learning activity in middle school is introduced, which makes use of the power of the
spreadsheet power onetructiore dfi raelarengs sfar wtdtistical s 6 C
conceptions. Through this example, | endeavour to illustrate that an attempt at serious
integration of computers in teaching and learning statistics brings about a cascade of
changes in curriculum materials, clagsnm pr axi s, and studentséd
theoretical discussion follows which underpins the impact of technological tools on
teaching and learning statistics by emphasizing how the computer lends itself to
supporting cognitive and soetultural proceses. Subsequently, | present a sample of
educational technologies, which represents the sorts of software that have typically been
used in statistics instruction: statistical packages (tools), microworlds, tutorials, resources
(including Internet resouecs ) , and tteols.cHANally, Gestainmmeplications and
recommendations for the use of computers in the statistical educational milieu are

suggested.
Introduction

The practice and research of statistics have been revolutionized by the introdictio
modern computing technology. Computers have greatly increased the efficiency and
adequacy of practical statisticiansd wor k,
complexity of theoretical st at iststheifieldoAns & r
educational technology in statistics is relatively young. Only some twenty years have

elapsed since personal computers became available to homes and schools. Since then, the
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rate of technological changes has been amazingly fast. Dewehig that push the edge
of technology may seem outdated immediately after they are introduced.

At first, the leaders of the educational community were carried away by euphoric
enthusiasm and voiced prophecies of universal panacea. A slow but steady
disenchantment followed, with a message to explore carefully the methods of application
and research and the criteria regarding what is important to investigate (Hawkins, Jolliffe,
& Glickman, 1992; Kaput, 1992). The statistical educational community wasdfdoc
re-examine what statistics should be included in the school curriculum, what technology

is appropriate for educational purposes, and what type of research initiatives are needed.

Recently, a more realistic approach to the potential of technoldgmlal (which,
in this paper, | take to include computers (systems of hardware and educational software)
9aPhical calculators, the Internet, and interactive multimedia systems) in statistics
education has been implemented. Successful experiences areifgpdgo accumulate,
and a better understanding of the role of technology is beginning to emerge. Thus, an
abundance of available resources has begun to yield exemplary statistical software,
innovative curricular materials that make use of technologicds$t and research on the
design, use, and impact of them. For example, the last International Association for
Statistical Education Roundtable Conference, held in Granada in 1996, focused on the
role of technology in teaching and learning statisticstaiged identify important issues

and needed areas of research (Garfield & Burrill, 1997).

Pedagogically, technological tools especially designed for statistics learning have

been developed around the world to support:
1. Students' active knowledge constraati by "doing" and "seeing" statistics.
2. Opportunities for students to reflect upon observed phenomena.

3. The development of students' metacognitive capabilities, i.e., knowledge about

their own thought processes, sedfjulation, and control.

4. The renewal ofstatistics instruction and curriculum on the basis of strong

synergies between content, pedagogy and technology (Moore, 1997).

Educational technologies allow one to deal with the quantitative complexity inherent to
statistics, easily access methods of datalysis, and explore the roles played by chance
and probability models. However, more empirical wisdom, blended with theoretical
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reflection is required. Computers have changed the practice of statistics, but have they
changed the practice of teachingtstics? What impact do they really have on the
teachability and learnability of statistics, both new and old? What has research shown us
about the role of technology and what do we still need to know? The overall goal of this
paper is to further thenderstanding of the role and impact of technological tools in
statistics education.

CURRENT TRENDS IN STATISTICS EDUCATION

The Change in Statistics

On the verge of a new millennium, statistics is more pervasive than ever. We live in a
society which is esr more dependent on information and technology. Major political,
social, economic and scientific decisions are made on the basis of data. Politicians resort
to more datédbased arguments, often reaching different conclusions from the same data.
Statistcal reports affecting virtually all aspects of our lives appear regularly in all the
news media. Accordingly, statistical literacy is becoming a major goal of the school
curriculum, regardless of the professional future of the student (Gal, in préas$tical
thinking offers simple but noemtuitive mental tools for trimming the mass of
information, ordering the disorder, separating sense from nonsense, and selecting the

relevant few from the irrelevant many.

New views of the disciplines of statigi@and statistical education have gradually
emer ged. Todayods |l eading statistical edt
statistical and mathematical reasoning as quite distinct (Garfield and Gal, 1999). Moore
(1998) expanded the view of statistiog uggesting that it should be considered one of
the liberal arts. Thinking of statistics as a liberal art balances its essential technical
expertise with its flexible and broadly applicable mode of thinking and reasoning about
data, variation, and chanc&imilar to statistical thinking, the liberal arts, especially in its
philosophical tradition, encourage skeptical, analytical thinking, unconstraireegtyri
standards, and bearing in mind that any conclusions are subject to continuing challenge.
The liberal arts image emphasizes that statistics involves distinctive and powerful ways of

thinking:
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Statistics is a general intellectual method that applies wherever data,
variation, and chance appear. It is a fundamental method because data,
variation,and chance are omnipresent in modern life. It is an independent
discipline with its own core ideas rather than, for example, a branch of
mathematics. (Moore 1998, p. 1254).

The Change in Statistics Education

Classroom practice habeen influenced by the ew approaches to statistics, the

accumulating educational research knowledge tteg gradually moved away from

mathematics alone back to data and interdisciplinary wWGd&rfield, 1995) and the

changes in technology that haferced statistics educatote focus on what is not

automated. These driving forcédmve led to a shift in introductory courses from

traditional views of teaching statistics as a mathematical topic (with an emphasis on

computations, formulas, and procedures) to the current empamesiatistical reasoning

and the ability to interpret, evaluate, and flexibly apply statistical id&asis, teaching

and learning statistics should give more attention to big ideas and general strategies for

dealing with data, variation, and chance (fdbb, 1992). Current recommendations for

first course in statistics include at least the following:

1.

Incorporate more data and concepts and treat recipes and formal derivations as

secondary in importance.

Wherever possible, automate computations agphics by relying on

technological tools.
Foster active learning, through various alternatives to lecturing.

Encourage a broader range of attitudes, including appreciation of the power of
statistical processes, chance, randomness, and investiggtieand a propensity

to become a critical evaluator of statistical claims.

Use alternative assessment methods (Gal & Garfield, 1997) to better understand

and document student learning.
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The Introduction of EDA

One significant manifestation of theskeas and the increasing use of new technological
tools has been the incorporation of Exploratory Data Analysis (EDA) (Biehler, 1982,
1993; Shaughnessy, Garfield, & Greer, 1996; Tukey, 1977) into the statistics curriculum.
EDA is the discipline of organiag, describing, representing, and analyzing data, with a
heavy reliance on visual displays as analytical tools and, in many cases, on technology.
In addition to inference, its goal is to make sense of, and gain insight into, data, analogous
to the exploraon of unknown lands (G. Cobb & Moore, 1997).

EDA studies patterns, centers, clusters, gaps, spreads, and variations in data, and
its essence can be captured by the slogdmsk at the data (preliminary analysis), look
between the data (comparisong)pk beyond the data (informal inference) and look
behind the data (context) (Curcio, 1989; Shaughnessy et al., 1996). Pedagogically, EDA
is an opportunity for opeanded data exploration by students, aided by basic concepts of
statistics. EDA is often ptrayed as an iterative and interactive process in which the
explorer moves, from a question, to collecting and looking at pertinent data, to
reformulating and refining the question, to looking at more data, and so on (Graham,
1987; Konold, 1995b). Intuutely, technological tools seem to be ideal in these
processes, by empowering students to do data analysis that is interactive and exploratory,
using visualization and simulations to understand statistical concepts and methods
(Biehler, 1993). In the fadwing section, | introduce two typical EDA activities in a
computerbased environment, blended with theoretical reflections on the role of the
technological tools.

AN EXEMPLARY, STATISTICAL, COMPUTER-BASED ENVIRONMENT

The purpose of presenting the follogiexample is to show that an attempt at a serious
integration of technological tools in teaching and learning statistics brings about a cascade

of major changes in curriculum and student
sequence of episodes invirlg interactions among students, teacher, and computer in a

spreadsheet environment described in-Ben(1999).
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The Setting

OQur studies of studentsdé use of spreadshee
such as #fAtr endo the dngokgrespalclaaf the GompulashrPtoject fin

this project, we explore the effects of continuous and immediate access to technological
tools on studentsod construction of meaning
Schwarz, 1997).

We have deeloped an innovative middle school EDA curriculum (E&m &
Arcavi, 1998; BerZvi & Friedlander, 1997a, 1997b). In this curriculum, statistics
learning is seen as a combination of two desirable processes: (a) "Doing" meaningful
statistics, namely, posinguestions, hypothesizing about possible outcomes, choosing
tools and methods of inquiry, designing or changing representations, interpreting results,
drawing conclusions and justifying them; and (b) learning as a cognitive and socio
cultural process. Theurriculum is organized as sequences of real (or realistic)-open
ended data investigations, which allow for many interactions, collaboration and
communication in the classroom. The use of technological tools is not considered a
learning goal in itself. Their incorporation is intended to contribute to support making
sense of data and constructing meanings of basic statistical concepts, and to facilitate the
use of multiple data representations.

First Acti vity: Mends 100 Meters

This study originatedrém a classroom activity. Seventh grade students (aged 13) were
presented with a table of the Olympic reco
which they occurred (from 1896, the first modern Olympiad, to 1996), and additional

data, such as dthet es &6 names and countries. Their
spreadsheet, was to describe the data graphically and verbally, and discern trends in the

data.

Our preliminary observations in experimental classes showed that students were
able toengage quickly and with relative ease with the task and the conrijased
environment. They were usually able to read the table of results, compare the records of
consecutive Olympiads, consider the issue of extreme data, sort the data, and create a

presribed time plot using a spreadsheet (Figure 1).
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Students used the table and graph to infer, for example, that (a) the best record is
9.84 sec. and the worst is 12 sec., (b) the greatest improvement is from 12 to 10.8 sec.,
and (c) the differences betweratords are not constant. In many instances, students also
added explanations for interesting phenomena, such as gaps (World Wars | & 1), and

change of accuracy of measurement (due to introduction of new digital timing devices).

Student s0 kingsernse of the data was supported by the familiarity of
the context (sports), the use of a familiar graph (time plot), and the presentation of a
complete image of a graph by the computer, avoiding decomposition into a series of small
plotting techniques The computerds basic capacity tc
allowed the students to focus on interpreting the graph rather than on plotting it.

Despite their success in describing the data, students often had difficulties in
discerning the ovetl trend. It seemed (based on data not detailed here) that their
difficulty in discerning the general trend in the data was caused by: (a) their lack of
experience with the notion of trend; (b) the discrete nature of the graph; and (c) the non
determinisic and disorganized nature of statistical data, which is very different from the
deterministic formulae they had met in algebra. Moreover, even students who correctly
perceived the trend of the specific data had only a fragmented concept image of the
gereral concept of trend.

We carried these observations with us when we decided to redesign the activity in
order to prompt a more serious engagement with the concept of trend, which is a central
component in any time series analysis. We realized that#ieas originally designed
did not make ful l use of the computeros
multiple representations. We speculated that students would be more successful in
constructing meaning of time plots and trend through intensoduption, interpretation,
transformation, and use of multiple representations, as contrasted with the use of a limited

number of them.

Improved Activity: The Same Song but With a Different Tune

The redesigned investigation, based on the same data, veasteceto students. In the

first part of the activity, the students were introduced to the context of the investigation
and were asked to describe the data graphically and verbally. In the second part, the
students were asked to use the spreadsheetrtipufegte data graphs, i.e., change scales,
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delete an outlier, and connect points by lines. In the third part, they were asked to design
graphs to support claims, such as:

1. During the years, the times recorded in the Olympic 100 meters improved

consideraly.

2. Throughout the years, the changes in the Olympic times for the 100 meters were

insignificant.
3. Between 1948 and 1956, the times in the 100 meters worsened considerably.

A pair of 13yearold students (A and D) was videotaped at different stafjebedr
statistics course (resulting in 20 hours of tapes). | concentrate here on short segments of
their work with brief teacher interventions. The students were considered by their teacher
to be both very able and very verbal. They were asked takalld and explain their

actions.

When A and D were requested to describe trends in the data, they did not seem to
understand the meaning of the question. With the teacher's help, they concluded correctly
that "the record times seem to improve, yet thegis occasionally a lower (slower) result
than the one achieved in previous Olympiads”. Although A and D seemed to notice the
general trend of improvement in the records, their view was mostly local and focused on

discrete data points, or, at most, on temsecutive records.

Acquiring Manipulation Tools

Changing scaledn this part of the activity, the students acquired tools to support claims

based on graphs. For example, the foll owi
the effect of changing &hvertical scales of the original graph frori®to G40 (Figures

1&2):

A.Now, the change is thaté that the whol e

went down é

D. The same in shape, but much, much lower, because the columraftisd went
up higker. Did you understand that? [D uses both hands to signal the down and

up movements of the graph and thaxys respectively.]
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A. Because now the 12, which is the worst record, is lower. It used to be once the
highest. Therefore the graph started fnaery high. But now, it [the graph] is

already very low.

The students' perception of the change is restricted to the overall relative position of the

gr aph; they considered the shape itseltf a
includes: global feawes of the graph (AThe whole grapl
of background and foreground (the graph went down and/or&xésywvent up), and local
features (12 as a #dAstarting pointo of t he

complement each logr.

In this example, the computer allowed direct teaching about scales to be avoided,
and transformed the graph into an object to be manipulated and explored by students as a
whole, rather than as the sum of its components. Although the computerdadsiste
students in this task, work with objects and actions at a higher cognitive level seems to
require a great deal of effort. A and D were not able, at this stage, to capitalize on the two
different representations of the situation (Figures 1 & 2)aonl@bout the role of scales

in shaping the graph to support claims.

Deleting an outlierWhen asked to delete an outlying point (the record of 12 sec. in the

first Olympiad, 1896) from the graph (Figure 2), and describe the effect on its shape, they
struggled to interpret the effect of the deletion on the graph (Figure 3):

D The change is not really drastic é Now,

and organized.
A.One point simply disappeared. The grap

Theywrotei n t heir notebooks different descript
straightero (D); AOne point in the graph c
between different views of the effeaglobal and significant change (the graph is tidgt an
organized), no change at all (the general shape didn't change), or just a mere description
(one point disappeared). Although the dispute about the outlier was not resolved, it
served another purpose in that ndusiondbogw AOGS

the greatest improvement in records in the first part of the activity which they corrected.

The computerédés dynamic system, whi ch |
allows students to change, delete or add data point(s) in the tabdlesoasider the
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immediate effect on the graph (much statistical rmelresentational software supports

such direct manipulation of data pointsonagrapghh e e mer gence of D©Os
the graph seems to be supported by this powerful attributeudti-representational
software. It can enhance the accessibility of statistical concepts (e.g., outlier), and pave
the way for studentsdé discussion, refl ecti

errors).

Connecting points.In the third tak, they were asked to connect the points to obtain a

continuous graph. The new graph (Figure 4) elicited many comments from the students,

who tried to make sense of what they saw. In their view, the connecting lines (as
provided by the spreadsheet) ooty did not add any new meaning, but also contradicted

the context, as D observed: AOl ympi ads o0cc
there are no data between the points). The students did not see the line as an aid to detect

or highlight patternsn the data, which is consistent with their previous difficulties in
recognizing data trends.

Our observations indicate that the stu
statistical concepts are supported by making connections between the context of th
investigation, the data, and the graph (the study of Ainley, Nardi and Pratt, (1998) offers
another perspective on this idea). Technological tools can assist students to switch their
discourse interchangeably between the realms of context, graph,tandydaroviding an
easy access to tabular, numerical, graphical, and textual representations. However, in the
above incident, the attention of A and D was drawn to one aspect of the representation,

i.e., the contradiction between the new graph and gwateness implied by the context,

rather than to perceiving the connecting line as an aid in representing trend.

Designing Graphs to Support Statements

As reported so far, A and D were practicing manipulations (changing scales, deleting an
outlier, and canecting points), and discussing their effect on the graph's shape. The
intention was to provide students with the means to design a graph in order to support a
particular <cl ai m. It was only after a tea

gaphdéds shape that D expressed what appears

D. As a matter of fact, we make the graph shape look different, although it is actually

the same graph. It will look as if it supports a specific claim.
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At this point, D seems to graspat a change of scales may change the perceptual
impressions one may get from the graph. At this point, A and D seemed to understand the
purpose of the activity, started to focus on its goal and to direct their attention to the shape

of the graph, rathdhan to its relative position on the screen. Their previous work with
multiple representations and their struggle with language seemed to have prepared them

for the reinterpretation of what they had done, triggered by their teacher's comments.
After manyat t empt s to design graphs, supported
they developed fAscale sensitivityo and bec

be induced (see, for example, the graphs in Figu@s 5

Thus, their concept image oetrd became much richer and linked to change over
time, situations, variability in data, and time plots. The following elements seem to have
contributed to the construction of students' enhanced understanding of time plots and
trend: the instructional engeering, the students' ways of making sense (descriptions,
selfexplanations, questions to a colleague and the teacher, transfer of ideas, etc.), the
computerb6s mediati on, the teacher's inter:

elements.

In the conputerbased learning environment described in the examples above,
students acted directly on statistical objects and relations through various linked
representations. They produced, interpreted, transformed, and used data representations.
Several attribbe s o f the computer seem t-makingont r ik
process, namely its ability to operate (plot, calculate, sort, etc.) quickly and accurately,
dynamically link multiple representations, simplify procedures, provide immediate
feedback tahe user, and transform a whole representation into a manipulable object. In
addition, the computer changed assumptions about what can be learned and the statistics

curriculum was accordingly redesigned.

Balacheff and Kaput (1996) characterized this tep®logical impact of

technol ogi cal tool s on mat hemati cs educat
real i smo, namel vy, Aithe experience of dir e
relationso (p. 470) . I n t hystenfatclviewoolthen g s e c

impact of technological tools on statistical realism.
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THE IMPACT OF TECHNOLOGICAL TOOLS IN STATISTICS EDUCATION

For the purpose of my deliberation, | adopt an approach based on empirical research and

theoretical analysis that views roputers ascognitive tools i.e., means for human

cognitive activity (Dorfler, 1993). A cognitive technologyhas been described by Pea

(1987) as "any medium that helps transcend the limitations of the mind" (p. 91).

This approach is based on a specibaaeption of the human cognition (Doérfler,

1993), of which the following are key aspects:

A Cognitive processes have a concrete and imagistic basis and are not (only)
organized by formal/general rules, nor are they mainly of linguistic and

prepositional chracter.

A Cognition depends heavily on the available tools and means: it is to be viewed as
being distributed (Pea, 1992) over the system made up by the individual, her
social context, and the various available cognitive means (including technological
tods). Cognitive development is understood not merely as development of the
individual mind, but also as a social development of the available means and tools
and their acquisition by the individual through socially structured activities (e.g.,
P. Cobb, 198).

A Cognition tends to be contelbund in the sense that conteyiecific objects,
properties, relations etc. are used and exploited, and can even be viewed as
systemic elements and parts of the cognitive system. This is expressed by the
term fisognateaodono. Situated thinking

specific quality, relations and elements of the respective situation.

This conception of cognition leads to specific ways of using computers in statistics
education (which can be viewed aspecific case of mathematics education), and a view

on how the computer lends itself to supporting cognitive and -sndioral activities.

The Amplifier Metaphor

In environments that are not based on technological tools, representations produced and
used during classroom activities are limited in number. Graphs or tables are often
presented to students or constructed according to prescriptive instructions (Kaput, 1992).

Representations are then often the same for students learning in the same class.
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Instruction often concentrates simply on translation skills between representations, and
mastery of these skills tends to become the central goal of teaching. The use-of multi
representational technological tools turns many of the manipulations of reptesent

into automatic operations. It is then not surprising that students produce a variety of
representations. Figures/ldisplay seven representations as visible outcomes of actions

produced by students in the activity described in the previoussectio

Pea (1987) suggested tlnplifier metaphorto portray the fact that with a

computer we can carry out many more calculations in a much shorter time and with a
much higher accuracy, but with minimal change in the quality of what we do. Thus, the

tool enables us to do what we already do, but faster, more often, more accurately, better,

or to a larger extent or degree, with fewer errors. In this sense, the use of a computer in
the examples above amplified studeand sé ab
easily. However, the amplifier metaphor falls short of adequately capturing the effects of

using technological tools in statistics education.

The Reorganization Metaphor

An appropriate usage of technological tools has the potential to bring abaitirstru
changes in the system of-cultutaleactigties) dteenthamd ¢ o0 g
just to amplify human capabilities. A powerful tool brings about the reorganization of

physical or mental work in at least the following ways.

Shifting the Activity to a Higher Cognitive Level

Working with a powerful technological tool may shift parts of the activity to a higher
cognitive level. For example, students have to integrate and focus their interest on
detailed planning, and anticipating possibésuits (instead of calculating or drawing),
before executing. In turn, this implies a shift of the main problems, difficulties and tasks
of the activity. In the examples above, the computer made it possible to shift the
student s6 at t exd scaimy aridaesigning graphs tolslippom statistical
claims. Thus, computer usage entails the emergence of different levels of operations and
objects, e.g., plotting of graphs might be considered as one level, and various

manipulations and transformmats of them as another. Several empirical studies point

PAPER VI: THE IMPAC OF TECHNOLOGY MANUSCRIPT 172



out that working with a powerful technological tool may shift parts of the activity to the
metacognitive level as well (Hershkowitz & Schwartz, 1999).

Computers support actions on a higher level dondensing and curtailing
complex processes to easily manipulable units. The software commands encapsulate
sequences of actions formerly disposable only in unfolded process form. This power
makes possible an effective and goaented reflection on theorganization, the

sequencing, the consequences and other aspects of the whole activity.

Changing the Obijects of the Activity

Using technological tools causes a change in the objects to be worked with and upon.
Therefore, not only the structure and forfrtlee activity but also its content are changed.

For example, by using a statistical software package in the teaching of elementary
statistics, the field of objects is enlarged to include statistical tables, data, graphs and
numerical results. These regentations can become the objects of the cognitive activity,
e.g., by varying the given data, sample size, number of repetitions, and are no longer just
the products of the drawing or calculating activity. Representations as a whole can be
edited, maniplated, transformed, combined, separated into parts, stored, recalled, etc.
This capability entails a fereaching reorganization of cognitive activity and a shift of the
focus of attention to a higher cognitive level. The products of such activity eth t
technological tool can become the objects of reorganized and extended activity and

reflection.

Focusing the Activity on Transforming and Analyzing Representations

Kaput (1992) made the distinction between
calculations and transformations (e.g., the algebraic representation of a function), and a
Adi splay notation systemo, whereby the ac
interpretation (e.g., graphical and tabular representations of a function). h&brstical

distinction between action and display notation systems holds when the material tools at
disposal are limited to paper, pencil and ruler. It does not hold any more when one uses
tools providing, in addition to the representations themselvessaga among
representations and udemsed manipulations, or what is often called multi

representational software. In this case, all representations are action notation sitstems
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is possible to stretch graphs (by scaling, changing aspect ratiot@tearrange a table

according to a particular criterion, and so on.

Cognitive processes can often be successfully guided and organized by tangible
representations of the given situation. The thinking process then consists essentially of
transformationsand manipulations of these representations, with the aim of reaching a
solution or solving a problem. To assist these processes the computer offers the user a
great variety of graphical and symbolic elements for the construction and manipulation of
repregntations. Thereby the user can build on the screen representations of many
situations, work with them, and analyze them. Thus, a computer system has many
valuable advantages over the traditional technology of paper and pencil, including easy
and interatve changes in the representations, saving, recalling, and editing
representations and their construction, unlimited repeatability, and documentation of all

the actions carried out with the representations, for later reflection and analysis.

Statistics d ucati on shoul d strive to enhance
representations, and should prevent sticking to a single restricted one. It is important to
develop the ability to switch between representations, to translate one into another, or
even to dsregard a specific one. Some statistical packages for introductory statistics are
good example of tools that may enhance such flexibility in the multipidow
representations they offer (e.g., Data Desk, Fathom, MEDASS Light, TableTop,
StatView). Theygo far beyond the role of mere means for visualization. They permit the
construction and flexible usage of various representations for analyzing data, moving

beyond a means of display to become a tool for thinking and problem solving.

Supporting the Situated Cognition Mode of Thinking and Problem Solving

Situated thinking exploits as much as possible the specific quality, relations and elements

of the respective situation. The computer can support such a mode of thinking and of
problem solving through st simulative power. Thus, technological tools can assist
students Ato bridge statistics and O6real 0

situations and real datao (Balacheff & Kap

For example, Pratt (1994) reports on a new paot@based pedagogic approach,
termed fAactive graphingo, which may help vy
In an active graphing task, students enter data directly into a spreadsheet, and produce
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scatterplots as part of an ongoing experitneihe physical experiment, the tabulated
data, and the graph are brought into close proximity. The ability to produce graphs during
the course of an experiment enables the graph to be used as an analytical tool; the
students make decisions about futtmials in their experiment on the basis of their

interpretation of the graph.

Accessing Statistical Conceptions by the Use of Graphics

Technological tools support enhanced accessibility of many statistical conceptions, by
permitting the transformation ofupely symbolic presentations into spaigometric

ones, which are easier to grasp and build cognitive models on. For example, some
statistical sof tware packages present a
geometrical markers on histograms. Theretiwese concepts may become objects for

manipulation and reflection.

In addition, the unique dynamic features of technological tools support linkages
between data alterations and their geometrical representations, examples being a graphical
Asl i deamget ot hceh bin width and observe the ¢
program which allows one to add an outlier point to a scatterplot and observe consequent

changes in the correlation coefficient and the position of the regression line.

Constructing Meaning of Conceptions by the Use of the Representative

Ambiguity

The most common visible outcomes of actions mediated by -nepitesentational
software are the firepresentativeso (Schwar
in press) that are displaygthin the representationsfor instance, specific windows for

graphs, or specific tables of values through which problems on functions are solved.
Studies of the function concept (Schwartz & Dreyfus, 1995; Schwartz & Hershkowitz,
1999) report that thgains of students using technological tools originate from the fact

that such tools enable them to produce more examples of the mathematical entity
(function) and that students could act on representatives and translate among them.
Schwarz and Hershkowitisubmitted for publication) claim that such gains by students

using multirepresentational software may originate from the fact that teachers often take

advantage of Arepresentative ambiguityo toc
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boost shared oc i al construction of mat hemati cal
refers to the partial nature of representatives, as parts of concept examples, which often
make them ambiguous in the sense that only some of the critical properties of the entity
are displayed in them. The study of Schwartz and Hershkowitz has shown that
representatives produced via the mediation of computers helped in the social construction
of meaning of the function concept.

Similarly, Figures 5 7 show three graphical represatintes of the same situation,
namel vy, the mendéds 100 meters Olympic race.
the change over time, which may be difficult or impossible to infer from another
representation. For example, Figure 7 shows a linear serafarecord time, Figure 6
shows a slight decrease, while Figure 5 shows aundorm decrease. Intuitively, it
might seem that such ambiguity is detrimental to learning and or development. However,
our examples suggest quite the contrary, namely, $atlents gained from the
representative ambiguity through its promotion of shared social construction of statistical
meaning. Research is needed to establish the role of representatives in the construction of

meaning in statistics.

TYPICAL TECHNOLOGICAL TOOLS IN STATISTICS EDUCATION

In this section, | present a sample of educational technologies that have typically been
used in statistics instruction. They fall into at least one of the following categories
(distinguished by their educational functionsbatistical packages (tools), microworlds,
tutorials, resources (includi #iogls (BamZvier ne't
1997; Biehler, 1997).

Statistical Packages

Statistical packages (tools) include software for computing statistics and ctaingtru

visual representations of data, often based on a spreadsheet format to enter and store data.
These packages create a computing environment that is mainly used to prepare students to
become professional statisticians. Professional statistical seftevaften very complex

and not suitable for all students. Therefore, an adaptation to adjust the software to the

classroom is often required.
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MEDASS Light( Bi ehl er , 1995; 1997) is a good exa
statistical package. It ian elementary tool for interactive data analysis for high school

students (grade 7 and higher) in a first statistics course. MEDASS Light is intended to be
an easy to use elementary tool, and thus fill the gap between the common, too simple, and
insufficiently flexible tools designed for high school use, and the professional tools that
are too complex for high school introductory courses. It is designed to support flexible
interactive data analysis with multiple analyses and results. A spreatikbelzita table

is used for data input, editing and display. The graphical methods include boxplots,
histograms, bar graphs, dot plots, scatterplots, and line plots. All the plots can be used for
single variables or together with a grouping variable thatpsdtiuce composite or muti
window plots. Graphs can be enriched by further statistical information, such as lines for
the mean or median, regression lines or curves from fitting polynomials, and exponential
functions and simple smoothers. Numerical sames and frequency information are

also available for analyses with grouping variables. Numerical results are displayed in
data tables that can be further analyzed as new data with the available tools. Selection of
subsets, transformation of variablewlaxclusion of points from an analysis are available

on two | evels: graphical selection Aby han
of a menu system. The system supports numerical, categorical, text, and nominal variable
types. Generic commasdadapt to the variable types and the roles chosen for the

variables (such as grouping variable, x or y variable).

Fathomis an innovative computdrased learning environment for exploratory data
analysis and algebra, which is intended for use in highoscdmd college introductory

cour ses. Fat homdés f eat ur-énstantanecud upadbing ofdy nar
every representation and calculation while dragging data points, axes, attributes, or bars;
formulas to calculate values, plot functions, and nt r o | simul ati ons; 0
function plotting, attribute definition, and filters; simple simulation and sampling tools;

and direct import of data from the Internet.

Spreadshegiackages (e.gExcel) are widely used for introductory statigtignstruction,
and have many compelling capabilities. However, their educational use has been
disputable (Hunt, 1996).
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Microworlds

These consist of software programs to demonstrate statistical concepts and methods,
including interactive experiments, emphtory visualizations, and simulations. In
microworlds students can conceptualize statistics by manipulating graphs, parameters,
and methods. Typical examples are microworlds that allow the investigation of the
effects of changing data on its graphicapresentation or the value of a correlation
coefficient, the effects of manipulating the shape of a distribution on its numerical
summaries, the effects of manipulating a fitted line on the quality of the fit, and the

effects of changing sample size oe thistribution of the meanProb Simand Sampling

Distributionsare good examples of computer simulation microworlds.

Prob Sim (Konold, 1994, 1995a) is a simulation tool intended for high school and
introductory college courses where the major emphasi® imodelling real situations.

To model a probabilistic situation with Pr
elementary events of interest. The mixer is sampled from, after specifying replacement
options, sample size, and number of repet#tionEvents of interest in a sample are
specified and counted. Specified events are counted in new random samples. Prob Sim
makes the last step especially easy. Once analyses have been conducted on one sample,
the user can press a button to see theteesifiithe same analyses performed on a new

sample.

Sampling Distributionsis intended for secondary students and undergraduates in

introductory statistics courses. Its purpose is to teach the Central Limit Theorem and the
behavior of sampling distributien Sampling Distributions allows the user to create a
population and then draw random samples from that population. The populations are
created graphically wusing up and down arro
change its shape. Poputats can be simulated in one of three modes: binomial, discrete,

or continuous. In drawing samples, the user determines the sample size and number of
samples to be drawn. The sampling distributions of sample means and sample medians
can be displayed, arslmmary statistics are also provided (e.g., mean of sample means,
mean of sample standard deviations, standard deviation of sample means). Users can
visually compare the sampling distribution to the population, and visually witness the
effects on the sanlipg distribution caused by changing the shape of the population and
sample size (Chance, Garfield, & delMas, 1999; delMas, Garfield, & Chance, 1998).
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Tutorials

These include programs developed to teach or tutor students on specific statistical skills,
or to test their knowledge of these skills. The tutorial program is designed to take over
parts of the role of the teacher and textbooks, by supplying demonstrations and
explanations, setting tasks for the students, analyzing and evaluating student responses
and providing feedback. Some tutorials function as an interface with other statistical

software, when one purpose of the tutorial is to demonstrate use of that software.

ActivStats (Currall, Young, & Bowman, 1997) is a rich learning environment for an
introductory statistics course in a multimedia, compbtsed format. The material is
provided on a CD, which includes video clips, simulation, animation, narration, text and
interactive experiments. A compelling feature is the extensive use of videmiamnated
illustrations to present concepts and techniques. The user can launch associated pieces of
software, such as the accompanyiataDeskpackage or a Web browser, independently

of the activity being pursued in ActivStats. Options are also alaitabcustomize the

operation and appearance of the material.

ConStatS(Cohen & Chechile, 1997; Brewer, 1999) is a good example of a computer
based tutorial. It is intended to allow students experiment with statistical concepts taught
in introductory colége statistics courses. The emphasis of ConStatS is on gaining
conceptual understanding of statistics by dealing with real and interesting data. It consists
of 12 programs, grouped into five distinct parts: representing data (displaying data,
descriptive statistics, transformations, bivariate data), probability (probability
measurement, probability distribution), sampling (sampling distribution, sampling error,
sampling problem), inference (introductory estimation, hypothesis testing), and
experiments. Ech program is divided into a | arge
confronts the student with more than a small number of closely related decisions. The
choices the student has to make on each screen lead to an active style of learning. WHY
and HELP buttons are available on every screen. Students are required to perform a
series of experiments on the same data, which are provided in the program. Once they
have worked through the experiments and become familiar with concepts, they can use a
data amalysis package to explore data on their own. Data sets from different disciplines
are included. New data sets can be added readily by students and teachers.
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The Authentic Statistics StadlASP) (Lajoie, 1997) is a good example of a tutorial

designed to mdel assessment standards. Intended for middle school students in
introductory statistics course, the software demonstrates performance criteria for the
statistical investigation process. ASP consists of three components, Discovering Statistics
(a descmptive statistics HyperCard stack), Authentic Statistics (a library of examples
developed to assist students in their learning of descriptive statistics), and Critiquing
Statistics (students assess peer projects). The examples demonstrate student performan
standards for the statistical investigation process. Thus, the performance standards are
made clear and open to learners. Students can see concrete examples by watching video
tapes and computer screen recordings of student performance (average wamd abo
average), accompanied by textual descriptions of the program scoring criteria. There are
six assessment categories: quality of research question, data collection, data presentation,
data analysis and interpretation, presentation style, and creat®itydents can access
information about each category to see a textual and visual demonstration of average and
above average performances. After viewing the information, they can develop their own

project and align their performance to the criteria.

Resources

These consist of various resources to support teaching statistics. The development of the
World Wide Web has produced unprecedented global means for teachers to easily share
their ideas on ways to improve the teaching of statistics (Lock, 1998).ouljlththe
volume of online material may seem daunting, and the process of searching for
worthwhile information can be frustrating, the rewards, both for teachers and students,
can be quite substantial. If current trends continue, universal access teabhshduld
become easier and more common;line applications should become even more
sophisticated, and useful resources should continue to appear at a steady rate. Typically,

the sorts of Web resources are as follows (Lock, 1998):

On-line Course Materia

More and more instructors are providing course materials to their students through web
sites. In addition to providing convenient access for students, these pages can be perused
by teachers at other institutions looking for hints and ideas to imprdteig own

courses. For example, ti@ghancedatabase contains materials designed to help teach a
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course on chance or a more standard introductory probability or statistics course. The
Chance course is a quantitative literacy course based on case stiiiethe aim of
making students more informed and critical readers of current news that uses probability

and statistics, as reported in daily newspapers.
Online Texts

Several individuals and groups have undertaken ambitious projects to develop statistics

textbooks that can be accessed via the Web.

JAVA demonstrations

These are interactive programs that can be accessed over the Web, based on the JAVA
programming language, which are simple -seff demonstrations of statistical concepts.

For example,Guestng Correlationsis a game to show the relationship between

correlations and scatterploiegressiomlemonstrates the effects of adding an outlier, and
Histogramc hecks t he effect of bin size on histoc
geyser in Yelbwstone National Park.

Electronic Journals and Newsletters

Examples includdournal of Statistics Educati¢dSE) which publishes refereed articles,

datasets, reviews, and tips related to all aspects of teaching statistics at the post secondary
level andChance Newswhich includes references to statistical issues in current news

media.

Electronic Discussion List

These dists allow instructors to share questions, ideas and announcements related to
teaching statistics, practicing statistics, and statistoadputing. The wekites which

archive the messages also provide good resources for searching through past discussions.
Data

Many data sources, often in downloadable formats, are available in the Web from
different types of resources: dataset archivesegonent and official agencies, data
about the web, and textbook data. For exanifie, Data and Story LibrafDASL) is

an online library of data files and stories that illustrate the use of basic statistical methods

which is available freely via Interhe It provides data from a wide variety of topics, can
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