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ABSTRACT

This manuscript incorporates recent proposais for enhancing me leaming of malhemalics by

developing authentic statistics instruction and assessmem for eighth grnde studenls based

on a cognitive apprenticeship approach. The goal of instruclicn was for small groups 10

create statistics projects that addressed a meaningful research question. To ensure that

criteria for assessing such performance were understood, groups were assigned to two

treatments--üorary ofexemplars and text--which differed in the degree to which criteria

were explicit. The effectiveness ofelaborating on criteria through examples (Le.,library)

or text (Le.• text) for enhancing learning was examined. Both treatments demonstrated

significant performance gains from pretest to posttest. However, students' understanding

of representative sarnpling was significantly better as a result of receiving the library

treatment than the text treatment. Making criteria more elaborate through examples of

performance can thus enhance students' understanding of more abstrac( statistical concepts

such as sampling.
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RÉSUMÉ

Ce manuscrit incorpore des propositions récentes qui visent à augmenter l'apprentissage

des mathématiques en dévelopant une stratégie d'instruction et d'évaluation authentique en

statistiques pour des élèves de huitième année qui ont vécues une approche d'apprentissage

cognitif. L'objectif de l'instruction était de demander à des petits groupes de créer des

projets de statistiques qui adressaient une question de recherche significatif. Afin d'assurer

la fiabilité des critères d'évaluation selon la comprehension des performances présenter,

deux traitements ont été administrer aux groupes qui se différants par l'explicité des

critères: librarie d'exemplaires et texte. L'efficacité d'élaborer les critères par exemples

(i.e., librarie) ou par texte (i.e., texte) a été examiner selon l'augmention d'apprentissage

démontr6 par les élèves. Les deux traitements ont démontrés des gains de performance

significatif sur un examen avant et après instruction. Néanmoins, la compréhension des

élèves de l'échantillonagc represcntative étaient significativement meilleur pour ceux qui ont

reçue le traitement de librarie que ceux qui ont reçue le traitement de texte. La

compréhension des élèves elant exposé à des conceptes abstrait comme l'échantillonage

peut donc Stre augmenter par des exemples qui élaborent les critères d'évaluation.
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CHAPTER 1: INTRODUCTION AND REVIEW OF THE LITERATURE

Concems over the quality and characteristics of instruction and assessment have been

at the heart of recent proposais for educational refonn in North America. Current school

practices emphasize discrete and isolated bits of knowledge detached from the context in

which such knowledge is used (Hacker & Hathaway, 1991; Resnick, 1987; Shepard,

1991; Whitehead, 1929). Key subtasks are used to assess overal1 ability despite the re­

stricted and !1arrow view such measures present of student learning (Frederiksen &

Collins, 1989; Hacker & Hathaway, 1991; Moody, 1991). Instructional and assessment

practices within this tradition are inconsistent with the recent emphasis of mathematics

education on integrated thinking and meaningful1earning (National Counei1 ofTeachers

of Mathematics [NCTMl, 1989). Dissatisfaction with traditiona1 c1assroom instruction

and assessment (Shepard, 1989) has 1ed to requests for the integration of authentic class­

room activities and assessments as a means of improving the quality of mathematics edu­

cation (Lajoie, 1991). The term authentic is used to refer to situations that have a genuine

re1ationship to real-world tasks (Moody, 1991). Authentic activities can bring the com­

plexity of real-wood prob1ems--prob1ems students are 1ikely to encounter outside the

c1assroom-into the c1assroom. Such activities provide opportunities for meaningful

problem solving. Authentic assessment tasks that reflect the complexity of real-wood

problems present an interesting challenge to learners. However, whether such tasks suc­

ceed in enhancing mathematical thinldng and 1eaming has yet to be determined. Re­

sean:h investigating the effectiveness of these actÎvities as well as the validity and relia­

bility of such measures is necessary ta detennine the potential suceess ofrecommended

reforms in mathematics classrooms.

ProposaIs for improving mathematics education reflect the increased value of high­

level thinking such as problem solving, reasoning, communication, and connectedness

(NCl'M, 1989). The objective is ta develop instruction and assessment that gocs beyond
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the acquisition of computational and memorization skills. However, this goal can he

achieved only by conceiving of mathematics as an ill-structured rather than well­

structured discipline. A shift in perspective would greatly reduce the emphasis on mem­

orization skills while increasing the focus on thinking skills (Resnick, 1989). Alternative

forms of teaching and assessrnent that emphasize the active nature of learning can con·

sequently he considered. Reconceptualizing rnnthematics enables learners to construct

their knowledge as weil as illustrate and explain their thinking when solving a problem.

Such leaming is particularly important in the area of statistics where the ability to reason,

although crucial for understanding, is rarely engendered (Pollatsek, Lima, & Weil, 1981;

Tversky & Kahneman, 1971). Providing leamers with sufficient conceptual background

through instruction at levels earlier than college or university may help redress this prob­

lem (Garfield & Ahlgren, 1988; NcrM, 1989; Posten, 1981). However, the abstraetness

of statistical content can limit younger leamers' acquisition of conceptual understanding

unless opportunities for active engagement and reasoning are provided,

Student engagement and reasoning can be promoted in project-based environmenls

that situate leamers in an authentic context for exploring concepts ove!' long periods of

time (Blumenfeld, Soloway, Marx, Krajcik, Guzdial, & Palinscar, 1991). Such explo­

ration can facilitate the acquisition of in-depth understanding, Collaboration and sharing

knowledge with peers can also benefit leamers in acquiring such understanding (NCl'M,

1989; Phelps & Damon, 1989; Wood, Cobb, & Yackel, 1991). However, assessment of

learning in group situations poses a challenge. Multiple forms of assessment that exam­

ine these sId11s accurately and provide a complete profile of student and group learning

are required. One way ta improve the assessment process is to ensure that assessment cri­

teria are valid indièators of student leaming and that such criteria are understood by leam·

ers. Providing explicit or transparent criteria ensures that students understand perfor­

mance standards befme attempting to attain them (Fmieriksen & Collins, 1989). One of

the ways in which assessment criteria can be made clear ta learners is through a library of



•

•

3

exemplars that demonstrates expert performance on relevant assessment criteria (Collins,

Hawkins, & Frederiksen, 1991). Such a library can provide clear benchmarks of oerfor­

mance on each criterion thereby ensuring thm the criteria are understood. A library of ex­

emplars would be particularly usefui for demonstrating abstract statistical content that is

rarely understood conceptually. Once intemalized, the criteria can be used by learners to

assess their own progress in understanding such content (Diez & Moon, 1992).

The purpose of the present study is to implement reform proposals for improving

Statistics instruction by developing authentic instructional activities and assessment mea­

sures to facilitate the learning of descriptive Statistics for younger leamers (i.e., eighth

grade). The effectiveno:oss of these activities and measures is examined in terms of.
whether (a) Statistics instruction facilitates leaming at the eighth grade level, (b) projects

that integrate instruction and assessment promote learning, (c) small-group cooperation

facilitates individuals' understanding of statistics, (d) elaboration ofassessment criteria

through a library ofexemplars enhances performance, and (e) authentic measures reliably

assess performance.

Mathematlcs Rerorms in Curriculum and Assessment

Educational standards geared towards improving the quality ofmathematics

education have becn proposed due to students' insufficient conceptual understanding of

mathematics. Dy fostering memorization ofcomputational algorithms and manipulation

of symboIs, traditional mathematics classrooms fail to promote conceptual or procedural

understanding; nor do they emphasize the role of mathematics outside the classroom

(Resnick, 1987; Shepard, 1989). As a result, students are not given the power to le.un

mathematics effectively or to apply their knowledge to rea\-world contexts. These prob­

lems are addressed in reform recommendations for ameliorating mathematical content,

instructional conditions, and evaluation of mathematical learning to foster thinking skills

such as problem solving, reasoning, communication, and connectedness (NCTM, 1989).

These recommendations represent worthwhile or essential mathematical goals which are
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meir own leaming. Classrooms that incorporate real-world problems in problem-solving

activities have potential for engaging all students in (NCTM. 1989) (a) formulaling and

solving problems, (b) making conjectures and developing arguments, (c) validaling solu­

tions, and (d) evaluating mamematical claims and evidence. Such aClivities give leamers

the power to reason and communicate ideas about mathematical content in problems that

are likely to he encountered outside me classroom.

MatbematjcaJ Content

Recommendations for improving mamernatics instruction emphasize bom new and

revised content. Proposais for new mamernatics content include me commencement of

statistics instruction from kindergarten and proceeding through high school (NcrM,

1989). Given mat statistical content is highly abstract, activities mat make statistical

concepts more concrete and provide students wim opportunities to apply statistical prin­

ciples in a meaningful way need :0 he developed. The purpose of revising content and

initiating statistics instruction at me precollege level is to promote student inquiry, in·

vestigation, analysis. and interpretation rather than limit learning to me acquisition of

computational and algorithmic ski\ls. This goal can he achieved by creating environ­

ments that empower students through activities that (a) involve meaningful and realistic

problems, (b) aIlow ail students to experiment with and explore statistical concepts more

extensively (American Statistical Association [ASA]. 1991), and (c) encourage students

to problem solve, reason. communicate about statistical ideas, and make connections

among concepts. The underlying assumption is that the content to he learned is

fundamentally connected with the ways in which it is learned (NCTM. 1989).

Instruction.' Conditions

Instructional conditions or the ways in which content is learned are determined by the

learning environment and the kinds of tasks students are required to do. Proposais for

improving instructional conditions in rnathernatics include developing learning
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environmenls that establish mathematical thinking as the classroom norm and encourage

students 10 make sense of mathematics (Lampert, 1990). Mathematical sense-making can

be achieved in tasks that require the use of resources and/or t001s that reduce the cogni­

tive load (Lajoie, 1993; Salomon. Perldns, & Globerson, 1991) by supporting thinking

skiUs (Lajoie, 1991; NcrM, 1989).

Resources that reduce cognitive load and support thinking skiUs include peers who

work together in groups on problem-solving tasks or on projects that are presented oraUy

(NCTM, 1989). Such coUaborative work enables students to share their knowledge

which allows them to clarify, elaborate, and justify their ideas. Group work exposes

leamers to different points of view which provokes thought and challenges beliefs

(Collins et al., 1991). In this way, collaboration on problem solving tasks and on oral

presentations can support and encourage statistical thinking.

Statistical thinking can also be supported by tools or technologies such as calculators,

statistical packages, and graphing utilities. Such tools can reduce memory load by per­

fonning lower level operations (Salomon et al., 1991) which allows leamers to engage in

cognitive activities that would otherwise be out of reach (Lajoie, 1993). For example,

computer software that computes statistical analyses provides leamers with opportunities

to interpret data and to reason about results rather than doing endless calculations which

often excludes the possibi1ity of funher exploration. Guidance from teachers in using

these tools to inlerpret results is also requiIed. Additional tools that support leaming and

allow for exploration and communication of statistical concepts include visual and

graphie representations such as diagrams, graphs, tables, and concrete models.

Bulull'. 0'Mtth"D'UGI' lamina

The proposed changes in instructional content and conditions also refer to assessment.

The relationship between instruction and assessment is a recursive and inteJdependent

one, with leaming providlng the linking construet. This relationship is important given

that leaming, while a by-produet of instruction, also serves as input for assessment. As-
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sessment in turn, provides information about instruction so that the latter can he adapled

to the learning of individual srudents. While assessment can occur al the end of insrruc­

tion. the emphasis in the Curriculum and Evaluation Standards (NCTM. 1989) is on on­

going or dynamic assessmenL Dynamic assessment refers to evaluation that occurs white

learners are in the process of solving problems rather than after the problem is compleled

(Lajoie & Lesgold. 1992). Dynamic assessment thus provides instructors and students

with immediate feedback. In this sense. assessment is a guide to learning rather than a

terminal point to learning (Diez & Moon. 1992). By representing instruetional and

learning objectives. assessment can help teachers to make instructional decisions (Collins

et al.• 1991) and aid learners to assess their own performancl: (Costa. 1989; Frederiksen

& Collins. 1989). It is at this point that instruction and assessment mesh and hecome

integrated. The importance of such integration is discussed in the next section.

Assessment of Matbematical Leaming: From Traditionsl to Authentic Measures

One of the fundamentai issues behind educational testing is whether tests represenl

worthwhile knowledge and maslery. What is deemed wortbwhile. however. depends on

the type of learning that is valued in education. According 10 currenl perspectives. wonh­

while knowledge and mastery consists of the ability to problem solve. reason. communi­

cate about ideu. and make cOMcctions rather than to memorize (Archibald & Newman.

1988; NcrM. 1989; Romberg. zarinnia, & Colis, 1990; Wiggins. 1992). Assessmenls

must be designed ta promote and measure such skills. Traditional assessments1. howev­

er. were developed based on IWo sets of purposes which resulted in the promotion of rote

leaming: (a) classroom purposes which were determined by teachers (i.e•• internal as­

sessments) and (b) other purposes which were determined by external sources such as ad·

ministrators. policy maIters. test developers. etc. (i.e.• external assessments). Reliance on

extemal assessments that emphasized lower-Ievel ski1ls and rewarded high test scores

resulted in the distortion ofclassroom instruction and assessment (Brandt, 1989;

1Traditional assessment in dJis manuscript refers ID ail measmes charactaizcd by a multiple-choicc formaI
which includcs slandardizcd and norm·referenced leStS.
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Frederiksen & Collins. 1989; Hacker & Hathaway. 1991; Kirst. 1991; Shepard, 1989).

Instruction became characterized by drill and practice and classroom assessment con­

sequently became grade·oriented rather than learning-oriented (Brandt, 1989; Moody,

1991; Shepard. 1989; Wolf, Bixby, Glenn III, & Gardener, 1991). These practices pro­

mote rote learning rather than conceptual understanding. Traditional assessments are thus

inadequate for assessing and fostering the type of learning currently valued. Alternative

measures !hat provide rich information about learning tbrough problem solving. reason­

ing. communication. and connectedness are therefore required (Archibald & Newman.

1988; Lajoie, 1991; NCTM, 1989; Romberg et al., 1990; Wiggins, 1992). Such measures

fall under the rubric of "authentic assessment" (Hacker & Hathaway, 1991). The ad­

vantages of authentic assessment are highlighted in a comparison of traditional and au­

thentic assessment which is presented in the following sections. The underlying assump­

tions and testing practices of each type of assessment are discussed in terms of their con­

sequences on learning. This discussion is follow~ by an examination ofdesign issues

relating to the development of authentic measures.

Apumptlpm Mnd Pnctim; Trad'dong' ys. Autbentje Asscssments

In this section, the assumptions (i.e., decomposability and decontextualization) and

testing practice (norm-referencing) underlying traditional assessment will be conttasted

with the assumptions (i.e., holistic and contextualization) and practice (criterion­

referencing) underlying authentic assessmenl.

DccomI'Nhlllty)fI, IIgIIIde A.umm'ons

TnditlllD'! IPumption: Occ:omMl8b1l1tv. The decomposability assumption

refelS ta the notion that thought is composed of independent pieces of knowledge and

skills (Hacker &: Hathaway, 1991), Within this framework, assessments need only ex­

amine achievement on key subtasks which are assumed to reflect overall ability. Tradi­

tional assessment is based on the decomposability assumption. Such an approach ta

testing, however, results in a restricted and narrow view of student leaming (Frederiksen
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& Collins, 1989; Moody, 1991). Overall ability cannot he directly assessed through tests

that present a snapshot of slUdent leaming at one point in lime. Individuals have a vast

array of knowledge and abilities ranging from low-level skills such as computation to

higher-order thinking skills such as problem solving, reasoning, and communication. By

excluding cor,'plex problems, traditional one·answer or mulliple·choice question tests do

not provide slUdents with opportunities to develop the latter type of skills (Wiggins,

1990). Rather, the type of knowledge generally assessed by traditional measures is al­

MOSt strictly declarative. In statistics, for example, knowing what a "sample" is or what it

means is assumed to he indicative of how an individual will perform on a task that re­

quires sampling. However. such questions fail to tap into the processes that are involved

in such an endeavor, such as planning and reasoning. Rather, restricting measurement to

discrete bits of knowledge results in rote leaming and in an emphasis on the right answer.

Dy emphasizing correctness above al1 else, the message traditional tests c.onvey to SlU­

dents is that they are powerless to show what they know. Rather, they must choose or

guess someone else's right answer (Hacker & Hathaway, 1991). Students consequently

come to believe that explaining one's understanding has no value in leaming: The correct

solution is what maners. Students are thus portrayed as passive rather than active leam­

ers (Kirs!, 1991; Shepard, 1989). In essence, instruction based on the decomposability

assumption stitles slUdent creativity and insight thereby serving as a barrier to thinking

and leaming (Hacker & Hathaway, 1991; Romberg et al., 1990).

Autbentlç ...mptllHl; HoIbtlç. The holistic assumption refers to the notion

that valid assessments of student progress are obtained when all skills (lower and higher

levels) required in performing an activity are measured directly (Hacker & Hathaway,

1991; Moody, 1991). Authentic assessments are therefore holistic in the sense that they

provide information about learning that encompasses a1l aspects of thinking rather than a

single skill or subskill. Dy requiring that lcamers solve opcn-ended and complex prob­

lems, authentic asscssment promotes higher-order tliinking ski1ls (Hacker & Hathaway,
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199\). Learners are consequemly provided with opponunities to explain and justify their

solution rather than to select an answer that was generated by a teacher or test developer.

By emphasizing quality rather than correctness of a response, authentic assessment con·

veys to students that their opinions and thoughts are imponant. Students are thus given

an opponunity to articulate, evaluate, and revise their own thinking rather than identify

the teachers' knowledge. Learning is thus construed as an active process in which stu­

dents perform complex taslcs rather than engage in recognition or recall on less complex

tasks (Linn, Baker, & Dunbar, 1991; Wiggins, 1990). Authentic assessment engages stu­

dents in sense-making activities (Nitko. 1989) that require the interpretation rather than

recognizing the correct answer. Such activities give the control and power over learning

back to the students.

Dec:ontu,...liZptlgn YIn ÇggleJblal'ption A$'umptlons

TradltloDgl JlSSumptlon; Dec:onteJtugliptiOD. Decontextualization refers to the

assumption that each component of a complex skill is unaffected by the context in which

it is used (Hacker & Hathaway. 1991). This assumption has been severely criticized on

the grounds that it ignores the integral role played by the physical and social en­

vironments in the acquisition and application of knowledge (Greeno, 1989; Resnick,

1987). According to de Lange (1991). phenomena have no meaning except in the context

for which the knowledge construction occurs. On this basis it is argued that performance

on general achievement measures such as standardized tests. are poor predïctors of per­

formance on tasks requiring inquiry. knowledge integration. and communication

(Arohibald & Newman. 1988). Traditional tests as they currently exist, are not predictive

or more authentïc fonns of achievement.

'ulhen'" .œlmptlqn: Çqntcltulllption. Contextualization refers ta the

assumption that the context in which learning occurs is a critical component of bath the

learning and assessment process (Hacker & Hathaway, 1991). This contextincludes bath

the physical (i.e•• objects in the environment, tools. ete.) and social environments (i.e.• in-
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teractions with peers and teachers). The contextualization assumption ret1ects the holistic

nature of authentic assessments in the sense that their purpose is to obtain comprehensive

information about learning. As such, all aspects of learning and ail factors impinging on

learning must be exarnined. The contextualization assumption thus rel1ecls the

complexity of real-world learning and enhances the validity of aUlhentic measures.

NO[ID.Referenced ys. CrjterjQD.Referenced Testjne Practjcgs

Traditjooal prleU"; Norm.referencjng. Traditional measures, particularly

standardized tests, present intelligence as flXed, ranked, and predictable (Archibald &

Newman, 1988). As such, a single score is used to represent overall ability despite the

fact that it does not provide useful information about student learning. Students' scores

are ranked and then compared to those of a norm group; Le., peers. This practice is

referred to as norm-referencing (Archibald & Newman, 1988; NcrM, 1993). However,

norm-referenced tests do not indicate whether students are doing better or worse (Moody,

1991) but rather treat assessment as a matter of pure measurement (Resnick, 1987). Such

tests have been more effective at predicting who will achieve and in describing achieve­

ment than helping teachers adapt instruction to enhance the learning of individual

students (Linn, 1989). Moreover, by using norm-referenced criteria, traditional tests

ensure that at least half the students perform successfully. This practice yields rankings

that do not reflect performance in normalleaming situations (Wiggins, 1990). ln

addition, the implication offalling significantly below the norm is that such failure is

natural and indicative of an incapacity 10 leam (Wolfet al., 1991). Leaming is therefore

perceived as belonging to a select few with the power to leam lying outside of the

leamers' control.

Autbentle vractlçe: Crlterlpn·relerençlnr. The underlying assumption of

authentic assessment is that every student has the ability and power 10 leam. As such,

students' scores are not compared 10 a norm group but rather to preset criteria that reflect

agreed-upon leaming goals. The generic term for this practice is critcrion-referencing. In
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the case where perfonnance is compared against criteria that reflect NCTM (1989) pro­

posais, the practice is referred to as standards-referencing (NCTM, 1993). By comparing

perfonnance to a standard set of criteria that apply to ail students, authentic assessment

can indicate whether students are doing bener or worse (Moody, 1991). Students can

compare their perfonnance against the same criteria at various intervals which provides

an index of improvement for each student. Authentic assessments use measurement as a

tool for enhancing and empowering student learning through improved assessment and

instruction.

SlImmacy

The emergence of authentic assessment arose in response to criticisms about

assumptions and practices underlying traditional measures. The advantages of more

authentic assessment include (a) assessing perfonnance and knowledge directly rather

than through other related skills or knowledge, (b) emphasizing higher thinking skills,

personal judgment, and collaboration rather than low-Ievel skiUs, (c) emphasizing the ac­

tive nature of learning through involvement and participation rather than restricting stu­

dents to the passive reception of information, and (d) establishing genuine intelIectuai

standards that challenge learners rather than establishing nonns that disempower learners.

Igun Jo he Consldered in Autbentje Asscssment

The advantages of authentic assessment make it an appealing framework for

addressing reform proposais designed to improve mathematics education. However,

various design issues need ta be considered before authentic assessment can be

implemented in mathematics classrooms. These include (a) operationalization of

authentic assessment, (h) validity, and (c) reliability and cost.

agerat'gnalirJoR Autbentiç """ment
Operationalizing authentic assessment requires a distinction between perfonnance

assessment and authentic assessment. The emphasis on perfonnance-based learning has

led ta confusion regarding the difference between these two types of assessmell.ts. The
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terms performance assessment and authentic assessment are oflen used inlerchangeably in

the literature yet, they are not synonymous (Meyer, 1992). Performance assessment

refers to the examination of a kind of response generated by the sludenl whereas authentic

assessment refers to the context in which that response is performed. Authentic assess­

ment is a form of performance assessment, however, not ail performance assessmenls are

authentic. It is therefore important te specify in what respects assessmenl is authentic.

Authenticity has many facets, sorne of which include the following: (a) stimuli. (b) task,

(c) complexity, (d) locus ofcontrol, (e) motivation, (f) spontaneity, (g) resources, (h) con­

ditions, (i) criteria, G> standards, and (k) consequences. There is much room for opera­

tionalizing authentic assessment given these possibilities. A framework for operational­

izing authentic assessment in terms of NCTM (1989) reform proposais has been devised

by various researchers (Diez & Moon, 1992; Frederiksen & Collins, 1989; Lajoie. 1991;

Linn et al., 1991; Wiggins, 1989, 1992). The following 1ist is a compilation of these

frameworks.

1. Leaming. Authentic assessment must provide multiple indicators of learning. These

inc1ude both cognitive and conative (i.e. motivation and volition) dimensions of 1eaming.

2. Tasks. Authentic assessment tasks must be relevant, meaningful, and realistic. They

shou1d al50 be based on performances and not drills. As such, they should promote

thinking rather than the acquisition of bits of information. The set of tasks should be

representative for generalizations ofoverall performance te be made.

3. Content. The quality of the content should be high such that fundamental concepts

are taught. Content coverage should be comprehensive 50 that the assessment represents

the curriculum in its entirety.

4. Falmess and Equlty. Authentic assessments must consider ethnic/racial and cultural

biases, gender issues, and aptitude bîases. Such evaluations should al50 be equitab1e over
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time. Providing students with opportunities for assessing peers as weB as themselves can

he useful for teachers in ensuring equity for all students.

5. Classroom. Authentic assessment must he ail integral part of the classroom. That is.

such measures must reflect the leaming goals outlined in the curriculum guidelines.

6. Groups. Authentic assessments must include the development of individuals and

groups of individuals in order to assess growth.

7. Consequences. Authentic assessments should he evaluated against curriculum

guidelines to determine whether instructional goals were attained.

8. Scoring. As guides to learning, criteria should he descriptive rather than comparative.

Language such as "excell~nt," for example, should he avoided.

9, Bencbmarks lor success. Examples of various levels of performance should he made

available to students prior to assessment to ensure that they know what their evaluation is

bas~"n.

10. Transparency, Assessments should he clear enough so that students can assess

themselves and others with a\most the same reliability as the evaluators.

The above framework is global in that many facets of authenticity are emphasi:ted.

As Ulustrated in the above Iisl, developing authentic assessments requires an equal devo­

tion to the design of authentie instruetional activities. These in turn, must he congruent

with learning goals. Essentially, the issue is one ofvalidity. Authentie assessments must

he designed 50eh that higher-order thinking skilIs are in fact heing measured. Care must

he taken to ensure that assessments reOcct students' true eapacities (Hacker & Hathaway,

1991; Stips, 1987).

yalid"!; Dlltmnt Pcugectiycs on Student UlmiDI

Given that authentie tasks generally involve complex problems in whieh various

abilities are required for problem solution, the use ofmultiple forms ofassessments is

crucial. Samples of student work from a variety of sources are required to obtain differ-
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ent views of student learning. Multiple assessments can provide a more complete and de­

tailed profile of student learning as weil as increase validity (Collins et al., 1991; Costa.

1989; Frederiksen & Collins, 1989; Lajoie, 1991; Linn et al., 1991; NcrM, 1993;

Shepard, 1989, 1991; Wiggins, 1990, 1992). Three forms of assessments provide differ­

ent perspectives on learning: (a) paper and pencil tests, (b) video, and (c) computers.

Determining which form to use depends on the type of knowledge to be assessed.

Paper and pencil tests in the form of multiple-choice or shon-answer exams have

traditionally been employed to assess students' declarative knowledge. Although these

tests may be useful for obtaining information in an:as such as history, they an: inadequate

for assessing problem 50lving in statistics. However, the use of paper and pencil tests can

be extended to include journals in which students critique their own work and record their

own evaluations of their performance (Collins et al., 1991). This journal could then be

used by the teacher and student as a forum for discussing how each perceives the progress

the latter is making. In addition, the journal can be used to assess the development of stu­

dents' reasoning and critical thinking skills. Students' assessments can reflect their grow­

ing understanding of various concepts and encourage them to examine their performance

critically.

Video assessment holds promise for evaluating oral presentations, paired

explanations, and joint problem 50lving (Collins et al., 1991). Such activities reflect real­

world endeavors by providing leamers with an opponunity to extemalize their knowledge

through articulation, to clarify and explain their understanding, to listen to others, and to

defend their beliefs on the basis ofavailable evidence. Video assessments can therefore

provide information about high-level discourse. Information about the learning of

individual students and groups of students can al50 be obtained. Such information is

critical for assessing growth more comprehensively and for obtaining a broader view of

leaming (Collins et al., 1991; Frederiksen &: Collins, 1989; Lajoie, 1991; Linn et al.,

1991; Shepanl, 1991; Webb; 1993; Wiggins, 1989, 1992)•
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Computers have value for assessing understanding. Computers can provide

information about transitions in 1eaming by tracking processes as students perform

activities (Collins et al., 1991; Lajoie, 1993; Lajoie, Law1ess. Lavigne, & Munsie. 1993).

Computer assessments thus provide ongoing measures of 1eaming and highlight specifie

aspects of students' understanding. This understanding can be facilitated by designing

computerized instruction that provides 1eamers with dynamic feedback (Lajoie &

Lesgold, 1992). More specifically, hints can be used to assist students in their leaming

when an impasse is reached. Capturing extensive information about leaming through

computer assessments is therefore possible. In short, assessment forma such as com­

puters, paper and pencil forms, and videos provide a much broader view of student leam­

ing than can be obtained with multiple-choice exams a1one. Information collected from

these mediums is rich in detail which can enhance the vaIidity of assessments.

Rellablllty and Cœt

Given that authentic assessment provides open-ended problems and tasks that

measure a wide range ofabilities, scoring such measures is difficult and costly (Brandt,

1992; Hacker & Hathaway, 1991; Moody, 1991; Wiggins, 1990). Difficulties in scoring

authentic assessments has consequences for reliability. According to Wiggins,.multiple

judges are required to ensure inter-rater reliability (Brandt, 1992). Enough information of

performance on similar tasks collected over lime is aIso necessary for adequate

measurement. An estimated six to twenty tasks are required to obtain reliable individual

estimates of performance (Herman, 1992). There is aIso substantiaI variation across

different tasks, each designed te measure the same thing (Herman, 1992; Shavelson,

Baxter, & Pine, 1992). Moreover, designing and scoring authentic measures is costly.

However, the costs are outweighed by the gains in professionaI development and student

learning (Wiggins, 1990). By being complex, integrated, and challenging, authentic tasks

are said te mirror and support good instruction. However, only when authentic assess­

ment is implemented on a larger scale can the true costs and gains of such measures be
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determined. AdditionaI research is needed to carefully examine the benefits and piûalls

of using authentic assessments.

Summary

The emerging research in authentic assessment has reveaIed sorne of the challenges

facing teachers and researchers. While frarneworks for operationalizing authentic assess­

ment have been developed, more research is required to examine their effectiveness. Is­

sues of vaIidity, reliability. and cost are aIso of concern. Suggestions for ensuring validi­

ty and reliability respectively include (a) developing multiple assessments that provide

rich and detailed pictures of learning; i.e., paper and pencil tests, video assessments, and

computer assessments and (b) using multiple judges to evaIuate learning on a minimum

of six similar tasks.

Recommended Mathematlc:al Pedagogy for Statlstlcs Instruction

Theoretically. authentic assessment has potential for addressing NCI'M (1989)

proposais to promote high-level thinking in mathematics classrooms. This framework

represents a shift in the conception ofmathematics from a highly structured to an ill­

structured discipline (Resnick. 1989). Conceiving of mathematics as an ill-structured dis­

cipline opens the doors to forros of instruction and assessment that emphasize the active

nature of learning on compIex problems. As demonstrated previously in this manuscript,

authentic assessment provides such an alternative. Instruction that seems MOSt effective

for promoting student engagement and facilitating thinking skills in mathematics. and

more particularly in statistics. can he developed based on !Wo theoretical frameworks:

the constructivist and situated learning theories. The following sections descrihe the

constructivist and situated learning theories and then discuss how these theories can he

operationalized in the classroom via the cooperative learning and cognitive apprentice­

ship models. This is followed by a discussion of instructional strategies that seem to

address concerns in statistics education•
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CQostructjyiSM

Constructivism refers 10 Ihe aClive involvemenl of students in th, learning process

which allows them 10 become construClors of their knowledge. Knowledge construction

can alse he facilitaled through group interactions which enable sludenls 10 communicale

Iheir knowledge (Vykolsky, 1978). Revision ofknowledge can similarly he fostered in

group discussions where learners request clarification, elaboration, and justification. The

social component to knowledge construction is referred 10 as social constructivism. In­

struction !hat provides learners with opponunities to he active learners can thus foster

thinking skills. Constructivist and social constructivist theories are therefore consistent

with NCTM (1989) proposais in their emphasis on learncrs' construction, verification,

and revision of mathematical models through individual, small-group, or whole

classroom discussions.

Although instructional conditions that engender active involvement in the learning

process are imponant, more is required to promote knowledge construction. Students

need repeated opponunities to engage in-depth problem solving. assessment, and revision

of ideas over extended periods of lime (Blumenfeld et al., 1991). Engaging in such activ­

ities is often difficult when concepts are abstraet and tasks are complex. Meaningful

problems must he developed such that abstraet concepts are made more concrete and un­

derstandable. Instructional methods that mate abstraet concepts more meaningful ground

instruction in real·world contexts. A theoretical frameworlc that provides a basis for

designing such instruction is situated leaming.

Sltu,tcd Lamina

Situated leaming refers to thinking and leaming that is situated in physical and social

contexts (Greeno, 1989). Acconling to this pelSpec;tive, cognition occurs in relation to

objects, individuals, and situations rather than only in one's mind. Instruction is said to

he "situated" or "contextualized" ifclassroom objects which "afford" students with learn­

ing opponunities are utilized to ground the meaning of abstraet symbols through reaI-
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world connections (Resnick, 1989). In this approach, individuals interact directly with

objects and materials in the learning situation rather than manipulate symbols which are

detached from their referents (Greeno, 1989). Providing such materials is one way of

making mathematical concepts more concrete and meaningful for \earners. The social

community of leamers also promotes leaming by providing the "situations and perspec­

tives" whereby students can learn from others. Such an environment can foster the devel·

opment of problem solving and reasoning skills in mathematics. However, frameworks

that provide guidelines for implementing the constructivist and situated leaming theories

in the classroom are needed. Two models that operationalize constructivist and situated

learning theories are cooperative leaming and cognitive apprenticeship.

Coqperatjye 'eamjng Constructivist (Vygotsky, 1978) and situated leaming

theories (Greeno, 1989) emphasize the importance of social interactions for promoting

problem solving skills in the classroom. Environments that promote such interaction are

referred to as cooperative leaming (Blumenfeld et al., 1991; Cohen, 1994; Duren &

Cherrington, 1992). Cooperative leaming is broadly defmed as leaming that arises when

"students work together in groups smail enough that everyone can pnrticipate on a coUee­

tive task that has been clearly assigned" (Cohen, 1994, p. 3). This definition encom­

passes peer collaboration, cooperative leaming, and group work. Evaluating the effee­

tiveness ofcooperative leaming environmcnts depends on instructional objeetives which

define productive leaming (Cohen, 1994). According to NCTM (1989), smail-group

leaming is productive when students engage in high-level discourse on problem-solving

tasb. Given the complexity and ill-defined nature of problem solving tasks, sharing

knowledge with peers can benefit students providing them with a more comprehensive

knowledge base with which to make sense of mathematical concepts. In a sense, c0op­

eration is like solving a puzzle: having several picces to the puzzle rather than a single

one brings you that much closer to solving iL By having students construct and commu­

nicate their knowledge, group problem solving activities ensure thatleamers explain,
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justify, and negotiate mathematical meani:ng. Cooperation can thus foster conceptual

leaming and higher-order thinking (Cohen, 1994; Duren & Cherrington, 1992; Lajoie,

1991; Phe1ps & Damon, 1989).

Despite the relative success of cooperative leaming environments, more research is

needed to examine patterns of students' activity in group leaming situations over extend­

ed periods (Resnick, 1989; Webb, 1993) and to determine the conditions under which

smaU groups promote leaming (Cohen, 1994; Webb, 1991). Although peer collaboration

is more effective for making shifts in perspective, the mere presence of a peer is not suffi­

cient for effective leaming; joint decision-making is necessary (Rogoff, 1991). Group

work can result in a reliance on others which may reduce personal responsibility and in­

dependent thinking (Blumenfeld et al., 1991; Webb, 1993). To ensure that cooperative

leaming situations are productive, ways of posing questions must he carefully engineered

(Resnick, 1989). Questions can he delivered in the guise of prompts to engage students

in high-level discourse and to extend leaming (Rosenshine & Meister, 1992). According

to Webb (1991), such discourse is fostered in mixed-ability groups with a narrower range

of ability (e.g. highs with mediums or mediums with lows) and homogeneous medium­

ability groups. Such groupings facilitate active participation, question asking, and conse­

quently leaming. However, Cohen (1994) and Webb (1991) highlight the importance of

training students ta work coopcratively. These findings demonstrate that cooperative

leaming groups have potential for engaging students in higher-level thinking if the

complexity ofcooperation is considered when implemented in the classroom.

Copltlyc .pprcnt!l:ablp. Cognitive apprenticeship refers to the notion that

skilled leamers can share their knowledge with less skilled leamers ta accomplish cog­

nitive tasks. In a cognitive apprenticeship environment, conceptual and faetual knowl­

edge can he exemplified and situateci in the COIItexts of its use (Collins, Brown, &

Newman, 1989). The cognitive apprenticeship model proposes six methods for designing

an optimallearning environment: (a) modeling, (b) coaching, (c) fading, (d) articulation,
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(e) rel1ection. and (f) exploration. The first three methods refer to knowledge acquired in

a social context where experts (Le. teachers) share their knowledge with novices (Le. stu­

dents) and guide leaming by: (a) modeling their expertise to make their tacit knowledge

explicit. (b) providing assistance through hints (i.e.• dynamic assessment). and (c) gradu­

ally fading the assistance until mastery is attained. As leamers become proficient. they in

turn can model their knowledge. coach. and fade assistance for less skilled leamers. Tt is

at this point that teaching meets leaming (Blumenfeld et al.. 1991). However. optimal

leaming requires the development ofautonomous thought which can he achieved by em­

ploying the remaining three strategies. Articulation and reflection methods are designed

to help leamers gain conscious access to and control of their own leaming. Articulation

methods include activities in which students become their own critics by leaming to sumo

marize. clarüy, and question. Reflection methods enable leamers to compare their pro­

cesses with those of an expert. Exploration is armai method in which leamers establish

autonomy by engaging in expert-like problem solving and in defining or formulating

problems ta he solve<!.

The cognitive apprenticeship framework holds promise for addressing NCTM (1989)

concems about mathematics instruction. However, if this framework is to he applied in

statistics. decisions about the type ofcontent ta he taughl need to made. Al issue is the

content ta he taught given the emphasis on problem solving, reasoning, communication,

and connectedness; keeping in mind thal the content ta he taught is fundamentally

connected with the ways in which il is leamed. Although there is a call for including

statistics in the mathematies eumeulum. there is little discussion of what the specifie

content should he or how it should he taughL The next section reviews the statistical

content that has traditionally been taught and examines how it ean he revised for high

schoal students•
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Statjstjçs Education

Given that Statistics instruction has generally been limited to the university level, little

research or practical experience exists (" guide the implementation of NCI'M (1989)

proposals at the elementary and secondary levels. However, a framework for developing

statistics instruction can be developed based on literature examining statistics education

at the university level. This section will discuss the statistical content currently taught at

this level while identifying concepts that have been found to be problematic for slUdents.

This is followed by a discussion examining instructional conditions that can be

implemented in statistics classrooms at the secondary level.

StalistiGl' Content

The consensus among educators and researchers is that statistics education, in ils

current form is inadequate (ASA, 1991; Mosteller, 1988; NCI'M, 1989; Posten, 1981;

Shaughnessy, 1992). A large proportion of university slUdents fail to understand elemen­

tary Statistics concepts (Garfield & Ahlgren, 1988) even after taking several courses

(Posten, 1981). Three reasons for the inadequacy of statistics education have been identi­

fied: (a) insufficient conceplUal background given to slUdents; (b) abstract nature ofcon­

cepts; and (c) reliance on formaI methods of instruction. Students generally receive

statistics instruction in college or university without having had any prior exposure to

such content (Garfield & Ahlgren, 1988; Posten, 1981). Adult and middle school1earn­

ers consequendy rely on intuitions or opinions which may conflict with reasoning re­

quired to understand concepts such as sampling (Jacobs, 1993; Schwartz, Goldman,

Moore, Zech, Smart, Mayfield-Stewart, Vye, & Barron, 1994; Tversky & Kahneman,

1971) and probability (Kahneman & Tversky,1973, 1982; Tversky & Kahneman, 1973,

1983). The abstraet nature of statlstlca1 content makes understanding the subject matter

difficult, particularly ifconcepts are taught using traditlonal methods. Given that statis­

tics lacks decades ofcurriculum work necessary to build up teaching materials (Posten,

1981), instruction relies on formai methods that emphasize knowledge transmission and
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rote learning. This reliance leads to difficulties in reascning about sampling and proba­

bility and in understanding the mean as a conceptual ramer than computational act

(Pollatsek et al., 1981). Such difficulties make developing statistical content for grades

K-12 problematic, particularly for grades 5-8 where students are expected to leam con­

cepts such as measures of central tendency, measures of variation, population, sampling,

and anomalies (ASA, 1991). Instruction that can make such statistical content more

meaningful and less abstract is discussed in the next section.

Instructjooal Conditions

The move towards more meaningful statistics instruction is at the heart of teaching for

understanding. This goal can he achieved by developing classroom activities that anchor

statistical concepts sc that they are more concrete and meaningful. Providing students

with direct decision-making experiences (Hamm, 1992) that requin: "doing" statistics in a

way that illustrates everyday applications of statistics can facilitate statistical understand·

ing. According to NCl'M (1989) and ASA (1991), "doing" statistics refers to the follow­

ing: (a) systematically collecting, organizing, and describing data; (b) constructing,

reading, and interpreting tables, chans, and graphs; (c) making inferences and arguments

based on data and evaluating arguments based on data analyses; and (d) developing an

appreciation of statistical methods as a powerful tocl for making decisions. Instruction

that provides opportunities te collee!, organize, represent, and summarize their own data

(a) ensures active student involvement (Mosteller, 1980), (b) can improve slUdents' con­

ceptual understanding of the mean, mode, and median (Zawojewsld, 1988), (c) facilitates

understanding by enabling slUdents te do statistics while demonstrating its use in the real

world (Fischbein &; Gazit, 1984; Kapadia, 1982; Pereira-Mendoza &; Swift, 1981;

Shaughnessy, 1982, 1992; Singer &; Willett, 1990; Tanner, 1985; Varga, 1982), and (d)

empowers slUdents by making statistical concepts more meaningful and less ambiguous

(Watts, 1991)•
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Statistics instruction must be designed to provide students with opponuniùes to apply

their knowledge of staùsticaltechniques to real-world and everyday problems as weil as

to (eam concepts formally (Mosteller, 1980). Instrucùon can be funher ameliorated by

considering the frequency and quality of use of statisùcal principles (Nisbett, Krantz,

Jepson, & Kunda, 1983). However, the nature of students' prior knowledge and intuitive

statistical noùons must be understood if statistics instruction is to be fully effective

(Jacobs, 1993; Schwanz, Goldman, Moore, Zech, Smart, Mayfield-Stewan, Vye, &

Barron, 1994). Instruction that builds on students' prior knowledge and allows leamers to

confront their misconceptions directly can foster leaming as weil as interest and motiva­

tion in statistics (Fong, Krantz, & Nisben, 1986; Jacobs, 1993). Collaboration between

researchers who examine the role of knowledge and intuitions on leaming and educators

who teach young leamers is therefore crucial for improving statistics instruction

(Shaughnessy, 1992).

In short, instruction that ensures students' active involvement and application of

knowledge to concrete or real-world problems reflects NCI'M recommendations and is

consistent with the constructivist, situated leaming, and cooperative leaming models.

Opportunities for engaging students in statistical activities rather than passively receiving

instruction of formaI properties must therefore be provided. A strategy that emphasizes

active leaming in an authentic or real-world context that has potential for implementing

reform guidelines is project-based instruction.

Emjec:t·h,ed Inatmc:tlon. A project-based leaming environment places students

in realistlc and contextualized environments that require active engagement over long pc­

riods of lime (Blumenfeld et al., 1991). Constructivist and situated leaming notions are

therefore inherent ta project worlc. Such an environment can also serve as a macrocon­

text (Cognition and Technology Group al Vanderbilt [Cl'GV], 1990, 1992) where a set of

interrelated probJems can Ile used ta provide individual or collaborative in-depth explo­

rations of mathematical concepts and principles. Projects thus provide students with op-
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portuniùes to apply and share their knowledge in order to solve a problem or a set of

problems. In staùstics, for exarnple, designing a mini-experiment allows for investigation

of phenomena, inquiry of variables of interest, collection of data, organization of data,

and analysis of data. Staùsùcal packages and graphing utilities can he used to facilitate

this process as well as to provide opportuniùes for interpretation and reasoning. Sharlng

knowledge with a small group to develop and present a mini-experiment allows students

to develop a language to explain, for exarnple, the relationship hetween measures of

central tendency and a given data set (Zawojewski, 1988). Such communication ensures

that students cooperate to make sense of statistical concepts and promotes conceptua:

understanding.

Social interactions can also provide opportunities for leaming through cognitive

apprenticeships as long as students have good models of expert performance to emulate

(Williams, 1992). Expert performance can he modeled by actual practitioners in the field

(e.g., statisticians and researchers), teachers, and more capable peers. Opportunities to di­

rectly observe practitioners in action, however, are rarely provided. One way to deal with

this problem is to provide examples ofexpert performance in a "library of exemplars"

(Frederiksen & Collins, 1989). This library can include (a) videotapes demonstrating the

types ofquestions posed, activities conducted, and taols used by actual practitioners and

(b) databases illustrating different types of information collected by experts. Examples of

expert performance in designing and conducting an experiment can serve as models mat

provide clear henchmarks of performance to leamers. A library of such exemplars can

thus provide a context of apprenticeship for generating a research question, collecting

data, analyzing data, representing data, and interpreting data.

Description of the Present Study

Many of the proposais for improving instruction and assessment in mathematics

classrooms are still hypothetical. Educational reform is meaningless unless il is anchored

to empirical tindings which serve as a driving force for implementing change in class-
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rooms. The current study examines whether reform proposais, once implemented in a

mathemaùcs classroom, enhance leaming and statisticalthinking. Instructional content

was developed to teach descripùve statisùcs at the eighth grade leveI. Instrucùonal con­

diùons were designed 10 foster thinking skills in acùviùes that (a) required students'

active involvement in learning staùstical concepts and procedures, (b) contextualized

statistical concepts in real-world (i.e., authentic) problems Dnd in macrocontexts such as a

project, (c) fostered small-group intf:raction, and (d) modeled and provided guidance on

the statistical problem solving process. Instruction was integrated with assessment

through computer tools which connected statistical procedures emphasized in the assess­

ment with concepts and computer skills taught and fostered in the instruction. The text

and library of exemplars tools aided students in designing a projec!; a statistics mini­

experiment. Both tools provided explicit assessment criteria in order to facilitate learning

and planning. However, the library of exemplars elaborated on the criteria by providing

clear henchmarks of performance. In order to assess students' wide range of abilities,

multiple assessments such as paper and pencil forms and videos were used.

Researc:b Questions

Five main questions are posed in this research: (a) can Statistics he taught at the

eighth grade level, (b) can instruction and assessment of Statistics he integrated to pro­

mote leaming, (c) does small-group collaboration facilitate the learning of individual stu­

dents, (d) does the extentto which assessment criteria are explicit (i.e., text vs. library of

exemplars approach) make a significant difference in learning, and (e) can authentic

measures reliably assess learning. These questions have guided the development of

instructional and assessment materials which are described in the next chapter.



•

•

26

CHAPTER2: METHODOLOGY

Subjects

The sarnple for this study was largely middle class and ethnically diverse. Subjects

were drawn from an eighth grade mathematics class in an anglophone school in the aren

of Montréal, Québec. Twenty-one students (nine females and twelve males) were divided

into 8 groups, each consisting of two to three students of mixed ability in rnathematics.

Ability groupings were formed randomly by the experimenter based on the teacher's

rating (Le., high=80-100, medium=60-79,low=59-0) of students' avemge performance on

classroom assessments from the beginning of the year.

Design

Groups were randomly assigned to two treatments: (a) a text treatment in which

textual descriptions of the criteria for assessing group projects were presented on the

computer and (b) a library ofexemplars treatment in which the textual descriptions were

supplemented with digitized video clips that demonstrated two levels of performance, av­

erage and above average, on the criteria in question. Various measures were used for as­

sessing the performance of individual students and groups of students. Individual stu­

dents were assessed on (a) a pretest and posttest using a split-plot design and (b) two

homework assignments using a between-groups design. Groups of students were as­

sessed on (a) a group project in which three types of ratings-·experimenters, groups eval·

uating themselves, and groups assessing other groups--were used in a split-plot design to

examine group performance and (b) a structured journal using a between-groups design to

examine planning. Additional feedback regarding students' perceptions of the

effectiveness of the instruction was provided by a course evaluation.

Procedure

Groups of students participating in the study worked together for fifty minutes for ten

days. Each group worked at an Apple® Macintosh™ workstation which was set up in

their regular mathematics classroom. On the fust day, students were administered a
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pretest. This was followed by a brief introductory lesson on statistics in which data and

graphs from local newspapers were used to elicit discussions about statistical concepts.

On the second day, students were shown a video segment of the David Letterman show in

which graphs were utilized to demonstrate the use and misuse of statistics. Students were

subsequently put into mixed-ability groups of two or three and then randomly assigned to

the text or library of exemplars treatrnent. On the third day of the study, groups began

working on a four-day computer tutorial which included a data col1ection activity, a 10­

15 minute lecture, data analysis activiries, and data presentation (Le., graphies) activities.

A homework assignment was given after the second tutorial session. Once the tutorial

was completed, students were shown the text ocr library of exemplars stack to describe the

goals and criteria for assessing a grollp project. A second homework assignment was

then distributed. Groups worked on their project for three days and subsequendy present­

ed their results to the elass using an overhead projector and a Liquid Crystal Display

(LeD). Presentations were assessed by experïmenters and groups who assessed them­

selves as weIl as other groups. The length ofeach presentation varied from lOto 15

minutes. Throughout the study, six trained experïmenters monitored the groups to assist

and expose them to multiple points ofview. Group learning during the ten-day pcriod

was self-documented by groups' entries in sO'Uetured journals. Students were adminis­

tered a posttest on the last day of the study. Group interactions and presentations were

audio taped and videotaped, however, only group presentations were examined in this

study. Similarly, although all computer work was recorded using ScreenReeorder™

(Farallon Computing, 1990), a MediaTracks™ utility, these are not discussed in this

study.

Materials

Igulgment

A total of eight Macintosh™ computers were brought inta the mathematies elassroom:

a Classie D, a MacPlus, IWO SEs, a Powerbook 160, a VX, and IWO ncis. The types of
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compUlers used by students depended on the treatment to which they were assigned since

the speed and amount of storage required to run the information presented in each treat­

ment differed. Lower-end models such as the Classic II, MacPlus. and SEs had 2­

megabytes of RAM (Random Access Memory) and 2-megabytes of storage capacity.

Such speed and storage capacity was sufficient for running software that presented lextual

information in the text treatment. Conversely, higher-end computers such as the

Powerbook 160, VX. and llcis ranged from 4-to-8-megabytes in speed and 25-megabytes

in storage capacity. Such models were necessary for displaying the visual and auditory

information provided in the library of exemplars treatment since at least 4-megabytes of

RAM was required to run the digitized video clips.

The computers. in addition to desks and supplementary chairs. comprbed groups'

workstations which were formed along the walls on the left and right sides of the room to

ensure that changes to the normal classroom setup were minimal and to separate groups

into different treatments. To avoid confounding the experiment, groups in the text treat­

ment were placed on the left side of the ;oom while groups in the library of exemplars

treatment were placed on the right side. Ali workstations were arranged to encourage

group interaction.

Instnadional Açtiyitin

InsO"Uctional activities were designed ta be congruent with (a) leaming goals

recommended by NCTM (1989) and (b) Statistical content for grades S-8 recommended

by ASA (1991). Table 1 illustrates how sorne of these recommendations were imple­

mented in !his study. The insO"Uctional strategies employed in these activities consisted

of three components in a cognitive apprenticeship model of insO"Uction (Collins. Brown,

& Newman, 1989): (a) modeling; (b) coaching; and (d) fading. These strategies were

utilized by the mathematics leacher and six experimenters as weil as embedded in mast of

the insO"Uctional activities. Collaboration belWeen the tcacher Iind researchers made it

possible for the former ta participate as an experimenter in the study and ta initiate his



•
Table 1

Bdrjgnsbjp of' ramin' r.œl' WiIb lmtn'1joepl A zm

•

Leaming 00a1s (NCI'M. 1989; ASA. 1991)

Motlmioul

1. Becomea~ ollbe UIiliI)'ol slIIj-je, iD Ibe

real worJd

2. DeVelcp an lJlJIRCÏlIlÏOII C.. -Mmies

Copitive

1. Use of__l'CaMdIedlRkeil.a tDeIs

• Promole Ibe IDC ol-MjsricaJ aad gDIIIûI:aI

soll~ Cor entaing. anaJyzîDg. aad

JqJrCSCIIling data.

2. DeveJop pro1Ile. soIvi8IlU11

• Understand Ibe probIem

• IdenliCy tey CacloIs in aprobIem

• FonnulaIC questions

• Galber daIa

S.Mjsrical Conl:qJIs cl1'rocedlfts

~"ÎdÏMl:

~.icrirc.

DaIa anaJysis aad Dala JlRS""lMjon

Hypolbesis 1dcnIirJCalÏOD

Hypochcsis GeneraIion

DaIa Colleetioo: populalioo. samplc.

1nsbuc1iœal Aclivities and Toois

Inlroducloly Icsson. randomizalioo

aetivil)'. and library orCJlCIIIplars 1001

lnIroducIoIy Icsson. randomizalioo

aetivil)'. and Iibrary oC CJlCIIIplars 1001

TUlOriaI and 1i1xaJy orcxcmplars I0OI

lnIroducIoIy Icsson and TulOrial

lnIroducIoIy Icsson and TulOrial

TulOrial and lilH2Jy ofc:acmplars 1001

Randomizaûoo aclivily.IUlorial.

Assessmenl

COlIISC cvalualioll

COInC cvaluation

Group projecl and suucrured

group jownaI

PrelCSl/posuesl, homework

assignmenlS. group projccl.

SUUClUred group journal

PrelCSllposuesl, homework

assignmenlS. group projecl &

course evaluation

PrelCSllposuesl, group pmjccl.

struelurcd jc.>umal, ami course

cvaluatiun

PrcreSl/poSIICSI anll grnup 1""JcCI

N
'0



• •
Table 1 roul'd",

Le5ning GoaJs (HerM, 1989; ASA. 1991) Slatisljcal Concepts &. Pmcedun:s Instruclional Aclivities and Tools Assessmcnl

1lIIIdomization. sample rqxescntativeoess, and Iiblary ofexcmplars 1001

and sample size

assignmcol # J. group projccl,

Inlroduetoly tesson. Itllorial. and Prctesl/Posltesl, homcwork

Iiblary ofexcmplars 1001 assignmcm # J. and group projccl

Inlroduetoly tesson,llIlIdomization aclivilY, PrCtesl/Posltesl, group projccl,

1UIOriaI, aod JibraJy orexcmp\aJs 1001 struelUrCd group journal

Inlroduetoly tesson.It1IoriaI, and PrcteSl/poS1\CS1, homcwork

JibraJy orexemplars I0OI assignmcol # J, group projccl.

struelurcd group journal

PrCll:sl/posuesl, homcworkInlroduetoly tesson, tulorial. and

JibraJy ofexemplars I0OI

Data PnsaItatiœ: daIa and outIiu

Data M8IJIÏI: data, ouIIicr, mean,

mediaII, mode, aod mnge

Data M8IJIÏI: data, ouIIicr, mean.

median, mode, aod mnge

olnlelpetdata

3. Develop rrasoaiDI sIIi!!s

o Promote organization and rqnsentation

ordala
o Explore and lKlaIyzc daIa for soun:e aod

lIICIbod orc:oIIcClioo for bias

o Dcsaibing Data

4. lleYeIop cc.•••jcwtj.. 1Iùk

o by discnssÏDI ideas wilb JlCCIlI

o by doinl oral prescntaIions

Jnlroduetoly tesson, tulorial, and

JibraJy of exemplars I0OI

Library ofexemplars tooI

SlnlClurcd group journal

and group projccl

Group prOjccl

struelurcd group journal

5. Make CGIlIIKtioa !ldwft.:

o Sl3listics and olher subject domains

o SlaIislicaJ rollCepts and procedures

Inlroduetoly tesson and tuloriaI

InlroduclOf)' Iesson. tulorial. and

library of cxcmplars 1001

PrClCsl/POSUCSl. homcwork

assignlllcnll#2. group JKojct:(

wo



•

•

31

own lesson within a cognitive apprenticeship framework. Other experimenters, graduate

students with intermediate statistical and computer skills, were given the same instruction

on how to model, coach, and fade assistance. This section provides a detailed description

of how modeling, coaching, and fading was applied in class discussions, a demonstration,

and a computer tutorial. Bach activity was designed to situate learning in wonhwhile

tasks that engaged students in problem solving and cultivated their existing knowledge of

statistics.

ModeliDK

The procedures and reasoning used in descriptive statistics were modeled to students

in three ways: (a) by the teacher in an introductory lesson where statistical concepts, pr0­

cedures, and graphs were discussed; (b) by the researcher in an activity which demon­

strated randomizatiolJ; and (c) in a four-rlay computer tutorial in activities that

demonstrated data collection, data analysis, data interpretation, and data presentation.

Introduc!oU ''''0'1 M rrtatwtieaJ mnc;epts. proc:cdurcs. and sraphs· The

mathematics teacher modeled statistical procedures through graphic representations and

used this contexl to introduce statistical concepts. Graphic representations taken from lo­

cal newspapers and a video segment of a David Letterman show were used to illustrate

the following: (a) the importance of statistics outside the classroom in domains such as

cconomics, poUtics, financial marltets, and spons; (b) the multiple uses of statistics such

as describing information, making predictions, and promoting commercial products; and

(c) the use of graphs for representing data and statistics visually. The misuse of statistics

was demonsttatcd through the comical nature of David Lettennan's graphs which

reinforced the previous Icsson (i.e., newspaper cUppings) and prepared students for the

tutoriaL

S,nd_pli. 'd!yltl. The experimcnter modcled the randomizatiolJ proccss

by randomiy assigning groups to computer workstations. One mcmber ofcach group was

asked to pick a number out a bat; odd numbers corresponding to workstations on the left
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side of the room (Le., text treatment) and even numbers corresponding to workstations on

the right side of the room (Le., library of exemplars treatment). Since the laller

workstations were equipped with colored monitor screens. students tended to converge on

these and shun workstations with black and white screens located on the opposite side of

the room. This demonstration provided a framework for explaining the purpose and

usefulness of randornization.

Tutoriali problem solyjnL! actjyjtjes. The tutoriaI provided students with

opportunities to leam statisticaI concepts in problem solving activities that (a) modeled

the procedures of data collection, data anaIysis. data interpretation, and dala presentation;

(b) fostered the application of newly acquired knowledge: and (c) required the use of data

anaIysis and graphies software to support cognitive load. The concepts taught in the tuto­

rial were primarily in the area ofdescriptive statistics (sec Figure 1 for content). The tu­

torial activities reduced the abstraetness of the concepts by addressing them in a way that

was meaningful to students. Meaningful problems were created based on their saliency

for the cohort of students participating in this study. Such problems included (a) a mini­

experiment where students participated in the collection, analysis, and interpretation of

data and (b) three database activities that demonstrated data analysis, data intetpretation,

and data presentation in three different contexts: schaol grades, weather forceasts, and

world income.

A rnini-experiment involving the collection, analysis, and intetpretation of pulse rate

data (adapted from the ASA Ouidelines for K·12, 1991) provided students with a sel of

intertelatecl problems which were meant to be fun, meaningful, and challenginl!. tnterre­

tated sets ofproblems, often referted ta as macrocontexts (crav, 1990, 19'J11. were de­

signed ta reduce the abstraetness of Statistical concepts by situating instruction in a con­

text that extended learning. Three tasks were developed ta anchor the instruction provid·

ed by the rnini-experiment activity. The first task modeled data collection in the gatber·

ing of students' pulse rates before (i.e., at-rest) and after physical activity (i.e., runners)•
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Once students in each group had collected the "at-rest" data. the tools and procedures of

data analysis were modeled using Mystat™ (Systat, 1988). Mystat was used to enter and

analyze the "at-rest" data in terms of the mean and range. Students then collected the

"runners" data which was analyzed and compared to the "at-rest data." By comparing the

two group means, students could make predictions, test hypotheses, interpret, and revise

hypotheses. A 10-15 minute interactive lecture was given within this context to elaborate

on concepts more formaUy and to inttoduce new concepts. This ensured that students

acquired declarative as weil as procedural knowledge (Mosteller, 1980) and provided

students with opportunities to communicate their knowledge, ideas, and concems to the

teacher, classmates, and experimenters.

The second task in the mini-experiment modeled data analysis by inttoducing the

concepts mode and median in the context of the "at-rest" pulse data collected by each

group. This allowed for a demonstration of the selection of appropriate measures of anal­

ysis. Groups were given an opportunity to examine differences betwccn three measures

ofcentral tendency and to determine which, according to their particular data, was a bet­

ter measure and why. The third task modeled data interpretation by comparing "at-rest"

data of students in the entire class with each group's data. This activity (a) provided stu­

dents with an opportunity to apply their knowledge of the mean and range, (b) extended

the discussion to samp/ing, sample size, population, and (c) provided another context for

discussing randomization.

In addition to the mini-experiment, the tutorial provided three activities based on

topics that sccmed salient to eighth grade students: school grades, weather forecast, and

world income. These database activities (a) demonstrated the analysis, interpretation,

and presentation ofdata and (b) provided new contexts for extending leaming and acquir­

ing knowledge. The school grade activity was thought to motivate student interest given

the time of year (i.e., end of term). Students entered data specified by the tutorial on the

computer. Data analysis techniques were demonstrated through the use ofcomputer soft-
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ware (i.e., Mystat) for entering data and calculating the mean (see Figure 2 for data and

analyses). Data interpretation was illustrated through the examination of data presented

in chans prior to and following analysis. By requiring that students predict the value of

the mean and examine the influence of extreme scores, the school grade activity extended

students' leaming of the concepts of data and mean and provided a context for introduc·

ing the concepts of outiier and sample representativeness.

MYSTRT Data Edltor

....__........_._...L.!!.!!.".!1.~.~..! ..___J....!1.!!.".!1.~.§.~...........!....................................._____....t_.+.___§.Q"'9.9.9J 1~,.!19.!1..L•..•_.........__......

.......____L ..........__.._.~~.:..!!.9.9d__...74.:.9_C!.!1..L.................................
______ 3 L .••_§.~.,.Q.Q.Q ___'?!..,.Q.!1.P_L..•..•.•_......._.__
•..____•.~.._.•L___.?~"'.Q.Q.QJ__!.?"'.!19.Q.I....._......._ ....._......t=I 9a.ooo~.....---- -_.................... ................._.._...........
..._----}-- -_..!.Q.Q",.Q.Q.Q. ......__......_..._....

MYSTRT R Personal uerslon of SYSTRT

TOTAL OBSERVATIONS: 6

GRADES 1 GRAOES2

tI OF CASES 6 ~
MINIMUM ~O.OOO 12.000
MAXIMUM 100.000 92.000
RAtlGE 50.000 ao.ooo
MEAtt ?S. 000 69.000
SUI1 450.000 345.000

Fi&!uc 2, Data and analysis use<! for the schaol grades activity in the tutorial.

The wcathcr forecast and world incomc databasc activities were thought ID motivate

student interest sincc they reflected real-wood conccms. Thesc activities providcd stu­

dents with anomalous data and a large pool of variables which allowcd for funhcr ex­

ploration of concepts and procedures (sec Figure 3 for a specification of the variables),
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The analysis. interpretation, and presentation of data in bath these activities was modeled

through th:: use of a graphical tool called CricketGraphThl (Cricket Software, 1989). This

contrasts v,ith the mini-experiment and school grade activity where data analysis and data

interpretation were modeled through the use of a data analysis tool called Mystat. In the

former case, graphical representations were emphasized while the latter focused on

numerical representations for modeling statistical concepts.

In the weather forecast activity the analysis, interpretation, and presentation of data

were demonstrated through the use of scatterplots. The maximum, mean, and minimum

temperatures of May 1991 were represented by a line which connected the datapoints for

each temperature type. These three lines demonstrated the results and provided a graphi­

cal representation for interpreting the data. The weather data also provided a new context

for exploring extreme scores and the influence of oullier,! on the rnean. A discussion of

sample representativeness ensued. Answering questions such as "is the data for May

1991 representative of May weather every year?" could entail further data collection

leading to an in-depth exploration of sample representativeness, oullier, mean, and range.

The world incorne data was used te model the use of pie chans for examining, inter­

preting, and presenting the relationship between economy type (1ow, medium, high) and

population per country. The data was analyzed and interpreted based on the graphieal

representation and nurnerlcal values (i.e., percentages) which were attached to the levels

of a variable. Other variables within !his database could be explored by students at their

leisure. Two additional databases, National Hockey League (NlR.) statistics and con­

sumer repens (sec Figure 3 for further information on types of variables for each

database) which were designed te motivate individual interest were alse made available

for students to explore at their leisure or for developing group projects.

CoadJlPI

Intrpductgry '==P on ",tlstk:aJ COIICCDtr. procedures. and ....us.
Coaching was provided by the mathematics teacher during his lesson on statistics and
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graphic representations using newspapers. During this lesson. students were encouraged

to identify and interpret graphs presented in newspaper clippings based on knowledge

they had acquired in other courses. The teacher prompted students with questions and

lead-on sentences that cued them for answers. In addition, the teacher tried to closely

connect his lesson with concepts mentioned in the pretest and with what students had

learned in his history class and in other courses, such as geography and science.

RaodomjzatjoQ aetjyjty. The randomization activity provided an ideal context

for questioning students about the consequences of not randomly assigning groups to

workstations since students did not want workstations with the black and white computer

screens. Students were asked to explain why they thought such a procedure was neces­

sary and were coached as responses were made. Students were also prompted lO identify

consequences of not performing randomization and to provide examples.

Iutorjalj problem soJY!ml aetjyjtles. Coaching was provided by the mathemat­

ics teacher, experimenlers, and by prompts which were embedded in the lUtorial. The

teacher and experimenters facilitated students' learning by coaching them while they

worked on instructional activities. By floating from group to group, the teacher and ex­

perimenters provided students with multiple perspectives. Students were able to draw on

the expertise ofeach of these mentors.

Promp!s which were embedded in the tutorial provided students with a form of

coaching (sec Appendix A for sllmmary of the tutorial activities and the prompts associ­

ated with cach activity). Prompts were delivered as questions ta (a) ensure that studl'!(lts

engaged in productive leaming while working in groups (Resnick, 1989), (b) encourage

students ta reasan about data and graphs, (c) facilitate discussion of statistical concepts,

and (d) extend students'leaming beyond the information given (Rosenshine & Meister,

1992). Students were a1so coached 00 how ta perform analyses using computer software

as weil as on how to create and modify graphs for clarity and coherence.
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Fadjm,:

Tutorjal: oroblem so!yjm: actjyjtjes. Given that much of the learning took

place during the tutorial and that this acùvÏly was of a long duration (4 days as opposed to

5-10 minutes in the inooductory lesson and randomizaùon acùvÏly). the strategy offading

was mainly employed during the lUtorial. Experimenters, as the "masters" in this learning

environment, guided learning throughout the lUtoriai and gradually faded their assistance

as slUdent "apprentices" mastered computer skills. attained statisùcal competency, and

took responsibility for their own learning. At this point, group members were able to

guide their own learning and learn from each other, particularly when the more skilled

slUdents within each group took the role of master and guided the less skilled members.

Summgry

A cogniùve apprenticeship model of instrucùon was adopted to teach slUdents

descriptive statistics through modeling, coaching, and fading on three types of instruc­

tional activities: an introductory lesson on statistics, a randomization activity, and a com­

puter lUtOriai. These activities constilUted the knowledge acquisition phase of the slUdy

which was designed te provide slUdents with knowledge of facts and :ools required to do

their own group projects in the performance phase of the slUdy. Projects provided

students with opporlUnities te (a) do statistics by selecting a problem which required the

collection, analysis, interpretation, and representation of data; (b) articulate, elaborate,

and clarify their understanding of concepts and procedures; and (c) extend learning

through the integration of instruction with assessment. The next section describes how

thcse components were implemented in the slUdy.

Instructional and Assessment Tocls

<>:tce the knowledgc acquisition phase of the slUdy was completed, slUdents were re­

quired to apply and demonstrate their knowledge by developing and presenting a group

project that involved conducting a mini-experiment This projet!: provided students with

an oPporlUnity te further develop autonomous thought through articulation, reflection,
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and exploration (Collins et al.• 1989). Exploration was provided by engaging students in

ex;c·,rt-like problem solving through the definition and formulation of their own research

question. Groups could use databases provided in the computer to construCl a question or

collecl their own data. The project also engaged students in dala analysis and graphic

representation. Opportunities for articulation were provided in group discussions and

presentations where interprelations were communicated 10 peers and mentors (i.e.• leach­

er and experimenters). Presenting projects allowed groups to articulale lheir knowledge

to a larger audience whose perspectives might differ from their own. Questions posed by

peers allowed for elaboration and clarification of ideas as well as for re-evaluations of

one's understanding. Such questions thus engaged students in reflection. However. the

following must occur if groups are to perform satisfactorily: (a) the assessment criteria

upon which groups are evaluated must he understood (Frederiksen & Collins. 1989) and

(b) connections helWeen the assessment task (i.e., project) and the instruction must he

made explicit.

The criteria upon which group projects were evaluated were made ttansparent by

explaining the assessment criteria prior to students' commencement of group projects. In

addition, the connection helWeen the instruction and assessment task was made explicit

by describing the assessment criteria in terms of the concepts and procedures that were

taught in the instruction. More specifically, groups were assessed according to (a) the

quality of theirresearch question, (b) the procedures used for data collection (i.e., data,

sample, sample size, sample representativeness), (c) the ways in which the data was pre­

sented to the class (Le., graphie representations), (d) type ofdata analysis and quality of

interpretation (Le., mean, mode, median, range), (e) presentation style, and (0 creativity.

Although presentation style and creativity did not refer te any specific concepts, they

were useful for assessing the groups' abilities to communicate their knowledge. A so­
point system was developed for assessing the criteria.
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Two treatments were deve10ped for administering and making the assessment criteria

clear to students: the text and library of exemplars treatments. Computer software,

HyperCard"" (Claris Corporation, 1991), was used to administer information about the

assessment criteria in each treatment. Details about the software and the degree of trans­

parent information presented in the tex! and library treatments are provided in subsequent

sections.

Texl HyperCard™ Stack

HyperCard is computer software that operates on an Apple® Macintosh"" platform.

This software allows users to organize information hierarchically in much the same way

information is indexed in libraries. For example, a student inquiring about statistical pro­

cedures for conducting experiments would go te the index section in the library and 10­

cate the drawer labeled "s " for statistical procedures. Ail information penaining to the

topic "statistical procedures" is called a "stack" in HyperCard terms. Within this staek are

index "cards" which provide specifie information about subtopics relevant to statistical

procedures. In this study, the "text" stack contained 8 cards which provided specifie in­

formation about the statistical procedures for conducting an experiment in the authentic

statistics project: the table ofcontents, an introduction to the project, and the six criteria.

Textual descriptions of what was meant by each criterion and a specification of the value

of each was outlined te groups in every criterion cardo Such descriptions provided the

explicimess required for understanding the criteria upon which one would be evaluated.

The advantage of providing this information on the computer via HyperCard rather than

on a piece ofpaper is that it (a) makes the information more accessible to students, (b)

fosters interest in learning the criteria by having students interact with the computer, and

(c) allows students to focus on cach criterion one at a time and to retum te any criterion

numerous limes.

The text staek was structured such that students could easily access information

penaining to any of the criteria. After reading the introduction regarding the purpose of
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the stack, students were directed towards the Table of Contents (TOC) where each crite·

rion was specified. To leam about any of the criteria. students merely clicked on the cri­

terion of interest and/or on the arrow keys located on the lower right of the card (see

Figure 4). Once selected, information about the criterion is displayed. In the text stack.

such information was limited to a description of the criteria (see Figure 5). Students in­

teracted with the information by using the arrow keys and/or selecting the TOC option

located next to the arrow keys. This allowed studems to move from criterion to criterion

at their own pace and to focus on each, one at a time. Students were Cree to return to the

stack at any point during their projects. In this sense, leaming was student-controlled.

Since the "text stack" made the criteria explicit through textual representations, ilS effec­

tiveness was compared with that of the library ofexemplars in which the criteria were

made much more transparent through textual. visual. and auditory represenlations.

~œm{àm~

'Il'mIkibllâF CnDflnmlIm 1 Inlraducll.n 1

T.....mmp\I.hllJ"'u........ jllllclJdL.. u. 1

~lor. 5111U11\1 Lâjô!ï 1

•
Fimre 4. Table ofContents for the Text staek.
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You can analyzl the infonnatlon that yeu
havI gatheroc! byobtolnlngstatlstlcs for the
mo.an. medlan. mode. and range. You must
""plaiD the resWls. This demonstrates that
yeu understand thelignillcance of the
results. You must also cOlll1dor how)'Uur
rooa1tswuald chuge IfIbo lladybd
beoll dOllI cliffenllUy (10 peints).

iDr.51111N1O Lïjôlô 1

•

Fj&"Te 5. Example criterion in the Text staek: Data analysis.

Library o[Epmplan HyperCard1M StIck

A HyperCard staek simi1ar to the "text " staek was develolJC'l to drive smdent inter­

actions with the library ofexemplars. Both the text and library of exemplars staeks repre­

sented the assessment criteria textually, however, the library ofexemplars went beyond

the single text representation that described the criteria to include multiple representations

of sound, dynamic movement, and text. Sound and dynamic movement refer te digitized

video clips which served te (a) situate the criteria in concrete examples of average and

above average performance of smdents presenting a simi1ar project one year earlier

(Lajoie et al., 1993) and (b) provide multiple perspectives of the task by smdents of

equivalent background. In addition, textual representations in the library of exemplars

stack went beyond the description of the criteria to include prompts which required sm­

dents to reason about and discuss differences beIWeen the IWO levels of performances
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displayed in the digitized video clips (see Appendix B for details regarding the

development of the library of exemplars hypercard stack).

Groups using the library of exemplars were fll'st required to read the criteria descrip­

tions. then to look at the digitized video clips, and then they were prompted to rea50n and

discuss the information with students in their group (see Figure 6). Close-up pictures of

data presented in the video clips were also included 50 that groups would have all peni­

nent information available to them (see Figure 7). The library of exemplars was intended

to provide students with benchrnarks of performance in addition to the textual descrip­

tions ofeach criteria as a means of making the 1eaming goals and assessment criteria as

clear and as explicit to the leamer as possible (Frederiksen & Collins, 1989). The trans­

parency of the criteria should lead to enhanced performance and to more similar group

assessments among groups of students and experimenters. The prompts (see Appendix

C) were designed to (a) promote students to think beyond the information given

(Rosenshine & Meister, 1992), (b) promote reasoning and communication skills, and (c)

encourage students to plan their projects accordingly.

Assessment Measures

Assessments in this study were authentic2 in that they (a) provided multiple indicators

to obtain a complete picture of leaming and to increase the quality of evaluation, (b) pro­

vided students with realistic and meaningful tasks and problems, (c) covered the course

content comprehensively by inaplementing ASA (1991) content recommendations, (d)

were equitable by providing students with opportunities ta assess peers as well as them­

selves, (e) were an integral part of the classroom by reflecting leaming goals specified by

NCI'M (1989) and by being congruent with instructional activities dUit demonstrated rel·

evant statistical concepts and procedures (sec Table 1), (f) included the development of

both individual and group measures ta assess growth and to ensure that group

2 The measures WCIll deemed aulbenlic based oolhe compiJed frameworIt for operalionalizing aUlhcntic
assessmenl (sec chaplcr 1).
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You can analyze the Information thatycu
have gatheréd byobtalnlng statlstlcs for the
mean. rned1an, mode. and range. You must
ecpIaID the results. ThIs demonstrates that
yeu understand the stgnlflcanat of the
results. Youmusta1sOn 'd-how,...,..
noaIIIIwaaIdchanlD8lf th8l1b1dyhadt-l
....dlffw.ltly(l0polnts).

Alter \ooldng at the videos. dllcua amongst
yeUllll\ver the dlfferenc:.- between the IWo
and why onelsbetter then the other.

•

Figure 6. Example crirerion in the Library ofExemplars staek: Data analysis.

nmL ClaIJlIMTI_: 4

..-.
•1.-

7.llIllI
6.llIllI

•
Figure 7. Example ofclose-pp picture in the Library ofExemplars stack: Data analysis•
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assessments do not overestimate individual performance (Webb. 1993). (g) provided

benchmarks of performance. and (h) were designed to be transparent to the leamer.

The measures provided students with open-ended problems that emphasized the

quality of performance rather than the accuracy of solution. This section describes six

measures which were designed to provide valid and reliable assessments of performance

on (Brandt, 1992; Herman, 1992): a pretest and posnest, homework assignments, oral

presentations of projects, assessments of group projects, and a structured group journal.

In addition, a questionnaire in the form of a course evaluation was used to provide the

experimenter with feedback about students' perceptions of their learning experience.

Pretes( /PosUat

The pretest and posnest were designed to measure students' knowledge of statistical

concepts and procedwes prior to and after instruction. These were completed individual­

lyon the fllSt and last day of the study. Since students knew very litde about statistics

prior to instruction, the posttest was only slightly different from the pretes!. Seven of the

ten items on the pretest and posttest were the same, however, three pretest items were

modified in the posttest (see Appendix 0). Numerical values were replaced on one item

while the scenario was changed on a second item. In both cases, questions in the pretest

and posttest were identical but the descriptive information and values were changed ta

avoid practice effects. A third pretest item was found ta he problematic and was there­

fore replaced by an isomorphic item on the posttest. The order of presentation was

modified in the posttest ta funher avoid practice effects (see Appendix E). Individual

achievement was assessed by examining changes in performance from pretest ta posttest

based on scoring templates that were developed for evaluating the quality of students'

responses (see AppendÎ.'t F).

Domcworle AgilDJDCDtI

Students were given two homeworlt assignments. The fllSt assignment was given on

the second day of the tutarial after students had becn introduced ta relevant statistical
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concepts and procedures. Students were required to answer a set of questions specific to

a scenario presented in the assignment (see Appendix G). The questions provided stu­

dents with an opportunity to explain the data collection process, to make comparisons,

and to illustrate differences with a graph based on infonnation presented in the problem.

The second assignment was administered after the knowledge acquisition phase (i.e.,

tulorial) and prior to the perfonnance phase when the steps involved in conducting an ex­

periment were explained. This assignment was more difficult than the first in that slU­

dents were required to generate their own problem, explain their understanding of statis­

tics in their own words, and make connections between concepts and procedures (sec

Appendix H). Scoring templates were developed for evaluating the qllality of student re­

sponses and the extentto which slUdents integrated their lcnowledge on each assignment

(sec Appendices 1and J).

ASRMmeng of GrQUp Proleets.

Presentations of group projects were scored on a So-point scale based on criteria

which reflect NCTM (1989) standards for "doing" rnathematics and ASA (1991) guide­

lines for developing statistical content. These criteria include (a) the quality of the

group's reseal'ch question (S points), (b) the procedures used for data collection (10

points), (c) the ways in which the data was presented to the class (10 points), (d) type of

data analysis and quality of interpretation (10 points), (e) presentation style (10 points),

and (f) creativity (S points). These criteria were explained ta students before they staned

their group projccts and were used by groups ta assess each presentation, including their

own. Experimenters evaluating group projects were also trained on the six criteria. How­

ever, only four of the six experimenters could be present for group presentations. Thus,

each group received four experimenter ratings, one self rating, and seven group ratings.

Prwntltlgm of Groul PmJec:b
Group presentations involved articulating research goals, results, interpretations, and

conclusions ta peers and mentors. Presentations were followed by question periods
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where the teacher. students, and experimenters asked groups for clarification or elabora­

tion. Such question periods were included to (a) examine the understanding of students

asking the questions as weil as those providing the answers and (b) promote reflection.

Structured Group JOllroals

StruclUred joumals were designed to he ongoing measures of group performance.

Journals were structured in the sense that they required groups to answer specific ques·

tions (Le., pr"lmpts) about concepts, data, graphs, and project ideas. Such questions

prompted slUdents to formulate their knowledge, to reason about data and graphs. to plan

their group projects, and to reflect on their leaming (see Appendix K for prompts that

were embedded within the group journals). The distribution of prompts within the jour­

nal was based on the nature of the activities groups were working on. Definition and ex­

planation prompts (Le., knowledge prompts) were located in the beginning to the middle

of the journal since most of the instruction on concepts was given at this lime. Reasoning

prompts, on the other hand, were located in the middle to the end of the journal since

groups worked mainly on databases and graphs. Planning prompts were found at the end

of the journal since it was at this time that groups began to seriously think about their

group projects. Reflection prompts, however, were evenly distributed throughout the

journal.

Mini.CQune Evaluation

A shon questioMaire, consisting of eight questions, was included at the end of the

posttest and administered on the last day of testing. Students were asked to rate how weil

they Iiked the course on a live-point scale. Open-ended questions allowed slUdents to

comment on the content of the course, to suggest improvements, and to reflect and com·

ment on their group projects (sec Appendix L).
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CHAPTER 3: RESULTS

Two units of analysis were used in this study: individual subjects and groups of

subjects. Quantitative and qualitative analyses were conducted to examine the amount

and extent of individual and group leaming. Quantitative analyses which examined indi­

vidualleaming included the following: (a) an Analysis of Variance (ANOVA) based on

a split-plot design was conducted on pretest and posnest data to investigate whether the

library ofexemplars treatment was more effective in promoting statisticalleaming than

the text treatment; (b) an ANOVA based on a belWeen-factors design was performed on

data from the fll'SI homework assignmentto examine whether any differences existed

prior to the assignment of treatments; and (c) descriptive statistics were used on data from

the second homework assignmentto investigate whether the library ofexemplars treat­

ment was more effective in fostering knowledge integration than the text treatment.

Qualitative analysis of individualleaming consisted of an examinstion of wrinen

responses to pretest and posnest as weil as to bath homework assignments.

Quantitative analyses which examined group leaming included the following: (a)

planned comparisons based on a split-plot design was conducted on project assessments

to examine whether the library ofexemplars treatment resulted in more similar and high­

er ratings of group projects than the text treatment and (b) a planned comparison based on

a belWeen-factors design was conducted on structured group journal data to examine

whether the library ofexemplars treatment was more effective in promoting planning

than the text treatment. Qualitative analysis of group leaming consisted of an examina­

tion of verbal data in presentations and written responses to structured journals as well as

to course evaluations. Inter-rater reliabilities were conducted to examine the effective­

ness of scoring templates on (a) pretest and posttest, (b) homework assignments, and (c)

experimenter and group ratings of projects. This chapter reviews the results of quantiltt­

tive and qualitative analyses for individual slUdent learning fust and then group leaming.
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AssessMent of Individual Student Performance

This section reports results that were obtained using subject as the unit of analysis on

two types of measures: (a) pretest and posnest and (b) homework assignments. The

pretest and posttest measured students' statistical knowledge prior to and following in­

struction while the homework assignments measured students' knowledge during

instruction. The results of quantitative and qualitative analyses are presented next.

Students' Statistiçal Knowledge Before and Aner Instruction

Total pretest and posttest scores served as indicators of students' statistical knowledge

before and &fter instruction. A fifty point scale was used to score the tests. Since all test

items consisted of open-ended questions, students were rewarded for correct explanations

as well as for correct answers. A split-plot design using subjects as the unit of analysis

was performed to eX&nÙne whether or not type of treatrnent (text or Iibrary of exemplars)

&ffected students' test scores (pre and post). Results from the Subject(Treatment

(Library, Text») x Test (Pre, Post) ANOVA demonstrated that there were no significant

differences between the two treatrnents. However, there was a significant effect for test

which indicated change in statistical knowledge for all students (sec Table 2).

As Table 3 demonstrates, students in the text and Iibrary of exemplars treatrnents

acquired a substantial amount of statistical knowledge as a result of the instruction. How­

ever, relative to the maximum test score students' overall performance was not exception­

al. This fmding suggested that although the instruction was effective in promoting stu·

dents' statistical knowledge. it may not have been sufficient for acquiring depth of knowl­

edge of all concepts. Perhaps the instruction was successful at fostering a deep under·

standing ofooly a few statistical concepts or a wide but superficial understanding of

many concepts (i.e., breadth of knowledgej.
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Table 2

SubjectlTreauneOl lLibrary. Text)} X Test <Pre. ?ostl Analysjs of Variance

Source Sum-of-Squares Dt Mean-Square F p

BelWeen

Treattnent 0.347 1 0.347 0.010 0.~)22

Error 566.792 16 35.425

Within

Test 590.130 1 590.130 50.311 0.000·

Treatment X Test 10.797 1 10.797 0.920 0.352

Error 187.675 16 11.730

·p<o.05.

Table 3

MeaD Test Scon;s of Sbldeols in the TeXl and Library of Exemplan Treatmenl

n

Text Treatment Il

Library of Exemp1ars Treatment 7b

Pretest

6.636 (1.123)a

5.714 (1.408)

Posttest

13.818 (1.739)

15.143 (2.180)

•

~. Maximum score =50.

BMean (Standard Deviation)

bnuee subjects were excluded from the analysis due to attrition.

Knowledp 01s_D' c:onc:eptll. In arder to detcrmine whether students'

knowlcdge gains were 1imitcd to a few concepts or inclusive of ail concepts, individual
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ANOVAs based on a split-plot design were performed on test items me'lsuring each of

the following concepts: statistics, data, graph interpretation, oUllier, hypothesis genera·

tion and identification, population, sample representativeness, s'Impie size, randomiza­

tion, sample, median, mean, and range. Since individual ANOVAs were conducted for

each concept, the Bonferroni procedure (Kirk, 1982) was applied to adjust for Type 1

errer in each analysis. The Subject(Treatment (2») x Test (2) ANOVA demonstrated that

there were significant test effects for the following statistical concepts: statistics, graph

interpretation, hypothesis generation and identification, sample representativeness, sam·

pie size, sample, and range (see Table 4). No significant test effects were found for the

concepts of data, outlier, population, randomization, Mean, Median, and mode. These re­

suits indicated that students' knowledge of StatisticaI concepts, panicularly those related

to sampling, increased considerably as a result of instruction. This finding suggested that

students acquired knowledge oflIlllD):.concepts rather than a few.

ln addition to testing the main effect of test on each item, the Subject(Treatment

(Library, Text») x Test (Pre, Post) ANOVAs explored the interaction of treatment by test.

Significance was determined by the Bonferroni procedure for adjusting type 1errer. The

results indicated that there was a significant interaction between test and treatment for

three concepts: sample representativeness (F(l,16)= 8.581, p<O.01), sample size

(F(l,16)=6.862,p<O.0l), and Statistics (F(l,16)= 4.899, p<O.Ol). Figure 8 iIIustrates the

cross-over interaction between test and treatment for sample representativeness. The

graph suggested that students in the Iibrary ofexemplars treatment outperformed students

in the text treatment, particularly at posttest. Figure 9 aIse suggested better improvement

on sample size items for students in the library of exemplars treatment. However, Figure

10 demonstrated that differences between treatments on an item measuring students' un·

derstanding of the purpose of Statistics seemed greatest for students in the text treatment

at pretest.
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Test Performance on 1tems Measurjng Swistica! Concep!s and Procedures

•

Concept or Procedure MaximlDD ScoJe Pretest Mean (SD) Posnest Mean (SD) F p
(pre item #1; post itemlt)

Slatisti<;.. (2; 4) 2 0.500 (0.514) 0.944 (0.236) 12.214 0.003-

Daia (9b; 2b) 2 0.889 (1.023) 1.389 (0.850) 6.701 0.020

Graph Intelplelation (4a; 9a) 2 0.278 (0.575) 0.944 (0.539) 14.473 0.002-

Outlier (8; 6) 2 0.000 (0.000) 0.500 (0.786) 6.862 0.019

Hypothesis Generation and 4 1.556 (1.247) 2.889 (0.963) 14.141 0.002-

Identification (la, 6a; Sa, 7a)

Population (6b; Sb) 3 0.278 (0.575) 0.833 (0.514) 7.566 0.014

Sampling

Sample Representativ2CSS 4 0.:556 (0.922) 1.778 (1.263) 22.712 0.000-

(Id, 4b, 6d, lOb; 7d, 9b, 5d, 8b)

SampleSize 5 0.389 (0.608) 1.333 (0.767) 46.622 0.000-

(le,4b,6d, lOb; 7e, 9b. Sd, 8b)

Randomization (9a; 2a) 2 0.167 (0.383) 0.444 (0.616) 2.372 0.143 VI

'"
Sample (lb. 6c; 7b, Sc) 4 0.833 (0.786) 1.444 (0.511) 12.287 0.003-
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Concept Of Procedure Maximwn Score Pretest Mean (SD) Posllest Mean (SD) F P
~irem#;~iœm#)

Measures ofCentral Tendency

Mode (Sa, 5d; la, Id) 3 0.000 (0.000) 0.000 (0.000)

Median (Sb, 5d, 7; 1b, Id, 10) 5;48 0.000 (0.000) 0.278 (0.752) 1.827 0.195

Mean (Sc, 5d, 7; lc, Id, 10) 4;5 0.389 (0~502) 1.000 (1.188) 3.616 0.075

Measures ofVariation

Range (3, lOa; 3, 8a) 4 0.056 (0.236) 0.833 (0.985) 10.670 0.005·

•

TOlII1 Score: 46b

~ The dash (-) indicatcs dw no analysis was condlJCled for mode due 10 the lack ofvariation in the dependent variable.

Il'Jbe difference in malfimwn pretesl and posltcst scores ( ; ) for the concepts of median and mean were due 10 the different sollJlions for each

(sec Appendix F).

brbe malfimwn score on the p1Uest and posltest is 50. however, the tOlII1 score relating specifically 10 explanatiQlls of the concepts Iisted in this table is

46.

·p<O.Ol based on the Bonfenonni adustrnent for Type 1errOf.
V>
~
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fiiUre 10. Interaction of tTeatment and test for the concept of statistics (purpose of).

Post-hoc analyses were perfonned 10 examine the nature of the intc:raclions for the

concepts of sample representativeness, sample size, and statistics. The Scheff~ S proce­

dure (Kirk. 1982. pp. 121-122) for making comparisons was used given the unequal nOs in

each cell (i.e•• n=ll for text and n=7 for Iibrary ofexemplars). Results indicated that the

difference in performance from pretest to posltest on items of sample representativeness

was significant for the Iibrary ofexemplars treatment (F(l, 16)= 24.22S. p<o.OS) but not

for the text treatment (F(l. 16)= 2.172.p::>O.OS). Moreover, tltis difference was signifi­

cantat posttest (F(l. 16)=6.42S. p<O.OS) but notat pretest (F(l, 16)=2.S8I, p::>O.05\. Re­

sults for sample size iradicated !hat there was a significant pretest and posttest difference

for bath the Iibrary ofexemplars (F(l. 16)=36.413, p<o.OS) and text (F(l, 16).. 11.388.

p<O.OS) treatments. rll\alIy. results for the concept of statistics indicated that there was a

significant difference between the Iibrary ofexemplars and text treatments at pretest (F(l'
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16)= 4.944, p<0.05) but not at posnest (F(l, 16)=0.825, p>o.05) and thatthe difference

from pretest to posllest was significant for the text treatment (F(l, 16)=20.988, p<0.05)

but not for the library ofexemplars treatment (F(l, 16)=O.675,p>0.05).

Although the analyses of test performance on each concept indicated that students

understood most of the concepts, the nature of this knowledge was not revealed by the

analysis. In order to determine the extent of students' prior knowledge and whether, as a

result of instruction, students acquired depth or breadth of knowledge, responses to test

items (pre and post) were analyzed qualitatively.

Qualitative analysis of responses to pretest items indicated that prior to instruction

students had (a) knowledge of statistical concepts such as data and statistics, (b) ex­

perience with column graphs, and (c) experience with problem scenarios or case-based

problems that provided relevant information for answering questions (e.g., Ben Johnson

incident used as a way of inttoducing the problem of steroid use and type of athletics).

Students' everyday understanding of "data" was refleeted in their definition: Data is

"information." Students also seemed to have an idea of the purpose of "statistics" as

demonstrated in the following statements: "If you wanted to inform the public of a prob­

lem... if you wanted 10 find out how the population regarded your business or anytime

you want to find out what the population;s opinion or Status is," "Once 1got all the infor­

mation 1would use the statistics," "1 would use statistics when 1was looking for a certain

amount of something," and " When you would want 10 sec if a player in a span like hock­

ey, is good enough 10 playon a team." These definitions refleet an everyday understand­

lng of statistics which may have been acquired through exposure from the media such as

newspapers.

Students' previous experience with graphs and problem scenarios was similarly

demonstrated ÙI their responses to pretest items. Three of the five pretest items attentpted

by students were those that presented a graph (i.e., popularity of two radio morning

shows) or a problem scenario (i.e., favorite fastfood restaurant and steroid use in athlet-
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ics--the Ben Johnson incident). Students' familiarity with graphs was also demonstrated

in a class discussion initiated by the teacher in which newspaper clippings were used to

prompt students to cornrnunicate their knowledge of graphs. The teacher subsequently

used this information to introduce statistics. The following dialogue is an example of

how the concept of data was introduced based on a discussion of graphs.

Teacher:
Studentl:
Teacher:

Student2:
Teacher:
Student3:
Teacher:
St-.:dent4:
StudentS:

What's another kind of graph or chan?
Line graph
Line! Just using lines.
(to the class). Have you ever used one like that? Have
you ever done any lines?
Yeab.
Where? And where have you used a line?
Science.
In science. To show what?
To show the object of the graph, to show the results.
To show um...(draws an x and y axis with his hand in the
air so everyone can sec).

Teacher:

Student6:
Teacher:

Student3:
Teacher:

Student3:
Teacher:
Student8:

Ali these chans or graphs are based on what though, first of
ail? What do you have, what do you collect?
Answers a cenain question.
Yes, answers cenain questions. And what is it that you
collect. what do you cali that?

Student7: Data
(Other students agree with Student7's response)
Teacher Data? Another word for data is what? What is data, that's

a very simple word for ab...
Information
1nf0000000tion, yeab. Anything else? Data? What are you
ab, tallying up? What do you cali that?
Theresults
In the form of... words... or... letters... or...?
Numbers.

•

The nature of students' responses to posttest items referring to the concept of data

indicated that students' understanding was limited ta their everyday definition. Students'

level of understanding of the concept statistics and ability to interpret graphs was basic

despite an increase in knowledge. For instance. students tended ta limit their descriptions

of statistics ta activities they did in the course-conducting surveys. However. the specif­

ic purpose of surveys (Le.. ta describe or malte predictions) was never mentioned. The

tendency ta describe or define concepts based on individual experience was also evident
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in students' interpretation of graphs. Conclusions about information presented in the

graph were usually based on students' own assumptions and high school experience. For

example, one of the posnest items (see item #9 in Appendix D) used a column graph to

iIIustrate the number of hours grade 8 students studied compared to the number of hours

grade Il students studied. Rather than explaining D they arrived at their conclusion,

learners explained .they thought the result was valid: Grade Il students studied more

than grade 8 students because they had more (a) work to do, (b) difficult tests and home­

work, and (c) pressure because they wanted to graduate. These comments suggested that

learners tried to make sense of the graph through what they already knew of the real

world; i.e., the higher the level ofeducation the more hours of study required. However,

students tended to limit their answers to the general case while neglecting the specifies of

the problem such as the increased number of hours studied each semester. Nonetheless,

the congruence of the information with students' assumptions seemed to have helped

learners' interpret the graph.

Qualitative examination of responses to the remaining pretest items suggested that

students had no prior knowledge ofconcepts and procedures such as mean, median,

mode, outiier, population, randomization, range, and sampling. Students' lack of prior

knowledge ofconcepts such as mean, median, mode, outlier, and randomization was

demonstrated in their inability to answer pretest questions that probed this knowledge.

Posttest responses indicated that despite instruction, students still had difficulty with

items pertaining to measures ofcentral tendency, oulier, and randomization. For in­

stance, on both the pretest and posttesl, students either omitted questions that required

calculating the mode and median or gave inaccurale answers. Students also had difficulty

distinguishing the mean from the median, oftcn defining the median as the "average"

rather than the "middle number," terms which in the instruction, were used exclusively 10

derme the mean and median respectively. In addition, students were unable to construCl a

graph or chan that demonstrated an outiier despite instruction..Studenl difficulties with
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the concept of randomization were not as obvious. Despite anempts to deline randomiza·

tion on the posnest, students were not always explicit in their description of the random·

ization process. For example, most students described randomization as "asking different

people" or "randomly picking a group out of a group." Such responses suggested that

students knew that randomization was related to sampling, however, they had difficulty

expressing exactly what the term mean!. Only a few students were more explicit and ex­

plained for instance, that randomization was "when something is picked in no panicular

order. For example, picking names out of a hat to develop teams... everybody has an

equal chance so its fair." Finally, students' understanding of population was restricted to

an everyday definition such as "a large group."

Although students lacked prior knowledge of the concept range, responses on pesnest

items indicated that they had acquired sufficient understanding of how to calculate the

range. Students' knowledge of sampling prior to instruction was restricted to an under­

standing that a sample was a subset or example of sornething. However, by the end of the

instruction, students seemed te have a good grasp of the sampling process although the

generality of their answers suggested that depth of knowledge had not been acquired. In

general, it seemed that students' knowledge remained at a superficiallevel andthat

breadth rather than depth of knowledge had been acquired.

InOUeDçe Qr ,mgg çoJllbontlon M indlyid".1 perrormanc:e. Although the

role of group collaboration on individual performance was not systematically examined

in this study, an informal analysis was conducted. The question of interest was whether

students' scores were more similar to those of their group members on the pesnest than

they were on the pretes!. Total pretest and posttest scores of students within each group

were compared by eyeballing the data te answer this question. Results indicated that

students' scores within four of the six groups did not dift'er substantially from each other

which suggested that their statistical knowledge prior to instruction was about the same
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(see Table 5)3. This consistency was maintained after instruction in most of the groups

which suggested that students within each group learned at approximately the same rate.

Students of all ability levels demonstrated substantial knowledge gains from pretest to

posttest, however, sorne of the greatest gains were made by high ability students (see

Table 5). These findings suggested that group collaboration may be beneficial for

learning.

Inter.rater religbllity. Inter-rater reliabilities were conducted on the pretest and

posttest. Two graduate students scored both lests using templates that were developed for

each (sec Appendix F). The Pearson Correlation Coefficient indicatl".d a high overa!l cor­

relation (r=O.991) between raters. Inter-rater reliabilities were also strong for the pretest

(r=O.982) and posuest (r=O.987). The strong correlation between raters suggested that

the scoring criteria were clear.

Sb.dcnts' Stltlstlçal KngwJcclp Puriog InstDlçtion

Total homework assignment scores served as indicators of students' knowledge during

instruction. Although severa! other ongoing measures such as computer screen record­

ings (i.e., visual recordings ofstudents' work on the computer using Mediatracks soft­

ware), audiotapes, and videotapes were used as pan of a larger study, the analysis in this

manuscript is limited to data from the homework assignments. A ten-point scale which

rewarded students for correct answers and correct explanations was used to score the twO

assignments. Level ofexplanation on a well-defined problem and knowledge integration

on an ill-deftned problem determined the level of performance on the tirst and second

assignments respectively (sec Appendices 1and 1). The data for both assignments was

analyzed quantitatively and qualitatively.

3 SilllPOUPl_ Ç(JIIIJIIIed Jalher tbInclain because ofattrition during Ihe posaCSl The absence of IWO
SlUdenIlIn apoup of tIu'ee lIId ofone slUdentln agroup of IWO e1imlnated Ihe possibUity of examlnina
widùn group differences.
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Table 5• Within Group Test PerfoDJ)ance

Treatment Group Student's Ability Pretest Posltest Improvemenl
Level Score Score (POSI- Pre)

Tex!
GroupA

Medium 5 12 7
High 13 16 3
Medium 9 16 7

GroupB
Medium 7 14 7
High 10 28 8

Group C
Medium S 10 S
Law 3 11 8
High 14 13 -1

Group 0
High 0 12 12
Medium 4 13 9
Law 3 7 4

Library of Exemp1ars

GroupE

High 9 21 12
Law S 13 8

GroupF
Medium 6 13 7

High 8 16 8
Law 4 lS 9

•
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Assienment 1; Statjstica! knowledee in a well·defined problem. Students'

statistical knowledge at the time the frrst homework assignment was administered was

expected to be somewhat limited. Descriptive statistics which were used to examine

overall results indicated that students' understanding of statistics and of the data collec­

tion process was about avemge (M=5.063. SD=1.652. n=15). Qualitative analysis of writ­

ten responses was conducted to examine the nature of students' understanding. Results

indicated that pupils were able to identify hypotheses and draw graphs to illustmte re­

sults, however, they were unable to go beyond the problem statement to (a) genemte

their own explanation of the data collection process, (h) compute the mean and range as a

basis for making comparisons, and (c) draw clear conclusions. For example, when asked

to explain how a,researcher, Dr. Aloe, gathered his data given that he mndomly assigned

twenty grade 6 mathematics students to a computer and non computer group, students

tended to recite information directly from the problem statement mther than explain the

data collection process in their own words. Students used the term "mndom" without

elabomting on its purpose in Dr. Aloe's study.

Difficulties going beyond the problem statement were a1so illustmted when students

were ~uired to demonstmte how they would compute differences based on data provid­

ed in the problem (i.e., mathematics scores for the computer and non computer groups).

Most students did not seem to know what to do with these scores, either omitting the item

or taking the question literally and subtmeting rows of numbers across variables. Conclu­

sions were consequently vague and ambiguous. Group differences were attributed to the

assignment of groups to two treattnents rather than to differences in performance scores

which would have becn highlighted by the mean and range. The finding that students

were unable to extend beyond the problem statement was not surprising given that assign­

ment one was administered immediately after the introductory lecture when knowledge

had just been acquired.
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An ANOVA with a between-groups design was conducted to determine whether

differences between students existed prior to receiving the text and library of exemplars

treatments. Results indicated that differences between treatments was not significant

(F(l, 14)=0.195, p>O.05).

Assjgnment 2i Integration ofstatjstjcal knowledge in an jII.defined prc'llem.

Analysis of data for the second homework assignment was restricted to the use of

descriptive statistics due to a poor response rate (Le., 38.1%). Overall performance and

treatrnent differences were examined. Analysis of overall performance suggested that

students had difficulty integrating their know1edge of statistical concepts and exper­

imental procedures (M= 4.563, SD=1.700, n=8). Most students listed or defined concepts

without exp1aining how these related to the experimentation process. Sorne students,

however, were able to make this connection, as jIIustrated in the following example:

When doing an experiment, you must tirst have a hypothesis and then find the

population you want ID ask your question to. After doing this, select your

samp1e group and then develop a method of collecting data as in a type of graph.

After doing this, you may analyze it by finding the mean (average), the median (the

middle number), the mode (the most popular number), and the range (difference

between Hs).

Although this excerpt is an example of how one student was able to make sorne

connections between concepts and procedures, most students failed to do so. Difficulties

with assignment two, however, may not be solely attributed to students' inability to inte·

grate their knowledge. The increased level of difficulty from the fllStto the second as·

signment resulted in a dramatic drop in response rate, from 76.2% in assignrnent one to

38.1% in assignment two, and in a slight decrease in performance, from M=S.063 to

M=4.S63 respectively. Since both assignments examined the same concepts and proce·

dures and the second assignment was more ambiguous and ill-defined than the first, the

poor response rate and average performance of students on assignment two may also be
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due to the nature of the task itself and not strictly to an inability to make connections.

The second homework assignment required that students generate a problem and explain

stalistics in their own words rather than finding part of the answer in the problem state­

ment. This requirement made students anxious. As a result. assignment IWO had to be

explained several limes. Yet despite these explanations, the confusion persisted. For

instance, rather than explaining the four steps involved in conducling a study, sorne stu­

dents listed tasks they did as participants in this study (i.e., reading and working with the

tutorial, writing in the structured group journals, etc.). Whether students misunderstood

the task or did not know the answer was difficult to determine given the low response

rate.

Analysis of treatment differences examined the influence of treatment (text or library

ofexemplars) on perfonnance. Since the assignment was given after groups had been

assigned to the two treatments, students receiving the library of exemplars were expected

to outperfonn those receiving the text. However, given that only eight students returned

the assignment, the significance of this hypothesis could not be tested. The analysis was

therefore restricted to the use ofdescriptive statistics. Results suggested that the library

of exemplars approach (M=S.SOO, SD=1.323, n=3) was more effective at helping students

make connections between statistical concepts and procedures than the text approach

(M=4.000, SD=1.768, n=S). The significance of these results, however, is undetermined.

JaUueDGe 01 'muR collaboration pa Individu.' perrormpnc:e. Of interest was

whether group collaboration in solving problems affected the performance of individual

students within each group and whether this influence differed according ta ability levels.

Scores on the first assignment demonstrated various levels of perfonnance within each

group, each in accordance with ability levels: High ability students scored the highest

while low ability students scored the lowesl. These observations suggested that the influ­

ence of group problem solving on the perfonnance of individual students was minimal on

assignment one. Given that students had not previously worked together in groups and
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that this assignment was administered early in the instruction. this result was not surpris­

ing. Stud-::nts had to adjust to working with peers who were not necessarily friends and

learn to solve problems collaboratively. At this point in the instruction. students spent

most of their time adjusting to rather than learning from each other. However, it was

expected that once adjustrnents were made, all students. particularly low ability students

would benefit from group problem solving. Unfortunately. the low response rate did not

allow for the examination of individual differences within any of the groups. As a result.

comparisons could not be made to determine whether group problem solving influenced

the performance of individual students on the homework assignments.

Inter-rater reliability. Inter-rater reliabilities were conducted on both homework

assignments. Two graduate students used templates developed for scoring assignment

one (see Appendix 1) and assignment two (see Appendix J). The Pearson Correlation

Coefficient indicated high correlation between raters on assignment one (1"=0.874) and

assignment two (r=O.946). Closer examination of ratings for assignment one suggested

that the lower correlation was due to the ambiguity ofone of the items.

Assessment of Group Performance

Previous analyses of student performance on the pretest and posltest as well as on the

homework assignments were based on subjects as the unit of analysis. Each student re­

ceived his or her own score for each of these measures. However. other measures, such

as group projects and journal entries, assessed group rather than individual performance.

The next section reports quantitative and qualitative resu1ts for group projects and

journals based on group as the unit of analysis.

A'5fMI'menls 0'Group Pm'eçts

The effectiveness of the library of exemplars approach to assessment was compared

with the text approach based on assessments of group projects. Such assessments provid·

ed quantitative data for measuring group performance. The overaU score on the six pro­

ject assessment criteria (i.e., maximum of 50) was the dependent measure. Three types of
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raters assessed group projeClS: group self.·assessments, group assessments of other

groups, and experimenter assessments of all groups. These raters represented three levels

of the independent variable assessment type. Since each presenting group received one

self-assessment score, 7 group scores, and 4 experimenter scores, ratings for each assess­

ment type were averaged for the purpose of analysis. Planned comparisons were con­

ducted to test the following hypotheses: (a) the library of exemplars approach wO\Jld pro­

vide mare consistency between slUdent and experimenter assessments than the text ap­

proach given the explicitness of the assessment criteria in the fomler treatnlent; and (b)

ratings in the library of exemplars treatnlent would be higher than ratings in the text

treatrnent.

The hypothesis that the library of exemplars approach would provide more consistency

between slUdent and expeJimenter assessments than the text approach was tested using

two one-tailed planned comparisons. The contrast compared experimenter and slUdent

assessments (i.e., self and group assessments) in the text treatnlent with expeJimenter and

student ratings in the library of exemplars treatnlent. Note that group scores in this

analysis were based on ratings that groups in each condition gave other groups rather than

the scores each received since the hypothesis dealt with differences in assessments given

by each type of rater. Results indicated that there were no differences between treatnlents

on ratings given byexperimenters and slUdents (F(l, 6)=S.4OS, p>O.lO). These findings

did not confllDl the hypothesis that the library ofexemplars approach would provide

more consistent rating~ ufprojects than the text approach. However, overall mean scores

of groups assessing themselves (M=4S.2S) and other groups (M=39.SS) indicated that

groups were more stringent when assessing other groups' perforntaOce than they were

assessing their own projects. These val!::::: suggested that groups were motivated by

con;y.:titi.>n.

The hypothesis that ratings in the library ofexemplars treatrnent would he higher than

rau...gs in the text treatment was tested using a one-tailed planned comparison. Contrary
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to the previous analysis. group ratings in this analysis were based on scores received by

each group. Results indicated that treatrnent differences were not signilicant (F( 1. 6)=

0.038. p>O.10). Mean ratings in the text (M=40.03) treatment were similar to those in the

library of exemplars (M=42.04) treatrnent. However. the mean overall score (M=4I.07)

indicated that on the whole. groups perfOtrned well. These results suggested that

students. irrespective of treatrnent. were able to adapt their performance accordingly as

well as to assess their own performance and those of others.

Inter.rater reliability. Pearson product-moment correlations were conducted to

examine inter-rater reliabilities between (a) experimenters' overall ratings, (b)

experimenters' ratings on each criterion, and (c) groups' overall ratings. Missing data in

experimenter ratings of groups in the lext treatrnent (Le.• overall and on each criterion)

were substituted by the mean of ratings in that treatrnent to perform the inler-rater relia­

bilities. Results of the overall inter-rater reliabilities between experimenlers indicated

that experimenters 1 and 2 (r=O.626), 1 and 4, (r=O.657), and 2 and 3 (r=O.586) were

moderately correlated while all other combinations were low (see Table 6).

Table 6

Oyeralllnter-Rater Re1iabiJiûcs D'twcen ExperimcDters

•

Experimenter 1

Experimenter 2

Experimenter 3

Experimenter 4

ExpIer 1

1.000

0.626

0.174

0.586

Expter2

1.000

0.657

0.136

Expter 3

1.000

-0.364

ExpIer 4

1.000
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The correlations presented in Table 6 indicale the consislency of cxperimenters' ratings

of projects across the six criteria, however, they do not specify whether inconsislencies

were due 10 difficulties in rating every criteria or one criterion in particular. In order 10

delermine whether sorne criteria were more problematic for experimenters than others,

inter-rater reliabilities berween experimenter ratings on e:;:h criterion were conducted.

However, given the allocation of points on each m'iterion (5 or 10) and the small sample

size, an analysis based on agreement was deemed more meaningful than one based on

correlations. Agreement was determined based on the assumption that a difference of 1

point berween experimenter ratings on any criterion is not significant. The following rule

for calculating agreement was therefore devised: If the absolute difference berween two

experimenters' rlltings on any criterion is l, then the. \WO experimenters agree but if this

absolute difference exceeds one, then the experimenters disagree. The frequency of

agreement was then used ta determine whether experimenters' ratings on each criterion

were relatively consistent. Table 7 demonstrates the frequency of agreement between

experimenters for each treatment (i.e., Iibrary ofexemplars and text) and across treat­

ments (i.e., total). For example, a frequency value of 3 berween experimenters 1 and 2

rating groups in the text treatment on the quality ofquestion criterion means that the rat­

ings given by these experimenters were the same for 3 of the 4 groups in this treatment

(i.e., difference berween scores did not exceed an absolute value of 1).

The data presented in Table 7 indicated that overall, the agreement berween most

experïmenters was low or moderate (i.e., at least half of the frequency values were 6 or

less) or inconsistent (i.e, large range in values) on the data collection, data analysis, and

presentation style criteria. In contrast, the criteria that seemed the least problematic for

experïmenters ta score were quality ofquestion and creativity. Data presentation on the

other hand, seemed somewhat problematic. The data also suggested that there was high
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CriteriQn Expters Library Qf Exemplars Text TQtal (Overal1

(n=4) (n=4) (n=4) AgreemeDla)

Quality Qf QuestiQn 1&2 4 3 7

1&3 4 4 8

1&4 4 3 7

2&3 4 4 8

2&4 4 2 6

3&4 4 3 7

•

Data CQllectiQn

Data Presentation

1&2

1&3

1&4

2&3

2&4

3&4

1&2

1&3

1&4

2&3

2&4

3&4

4

3

2

3

1

2

3

4

3

3

4

4

2

3

2

3

o
o

3

3

2

4

2

2

6

6

4

6

1

2

6

7

S

7

6

6
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• Table 7 cont'd .. ,

Crilerion Explers Library of Exemplars Texl Total (Overall
(n=4) (n=4) (n=4) Agreemenla)

DaIa Analysis 1&2 3 2 5

1&3 3 3 6

1&4 4 3 7

2&3 1 3 4

2&4 4 3 7

3&4 3 2 5

Presentation Style

Creativity

1&2

1&3

1&4

2&3

2&4

3&4

1&2

1&3

1&4

2&3

2&4

3&4

3

2

2

4

3

3

4

4

4

4

4

4

1

3

2

4

2

2

3

4

3

4

2

3

4

5

4

8

5

5

7

8

7

8

6

7

•
a Overa11 Agreement =Experimenters gave the same score to n of the 8 groups on the

crilcrion in question (i.e.• Library of Excmp1ars + Text).
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agreement between expenmenters when rating groups receiving the library of exemplars

treatment on the following criteria: quality of question, data presentation, data analysis,

and creativity. Consistency in agreement was also strong for experimenters scoring

groups in the library exemplars condition. Conversely, the ratings of the same experi­

menters were in high agret..nent for the quality of question and creativity criterion. Con­

sistency in agreement was not as high as for the library of exemplars treatment. These re­

sults suggested that the low overall inter-rater reliabilities between experimenters was due

to problems in scoring performance on the data collection, data analysis. and presentation

style criteria. In addition, the data suggested that there was less agreement and consisten­

cy in agreement between experimenters scoring groups in the text treatment (i.e., data

collection, data presentation, data analysis, and presentation style) than in the library Jf

exemplars (i.e., data collection and presentation style) on most of the criteria.

Given that groups of students as weil as experimentciS were given instruction on how

to score group projects, inter-rater reliabilities of the groups' ratings were performed in

addition to experimenter assessments. The results of this analysis indicated that correla­

tions between groups in their rating of projects were moderately low, ranging from

r=O.Oll to r={).627 (see Table 8). In addition, the correlations between groups in the

library ofexemplars treatment were general1y higher than between groups in the text

treatment, although the correlations in bath were rather low. An interesting observation

was that most of the strongest correlations were between the fllSt group in the text treat­

ment with each of the fust three groups in the library ofexemplars condition (r={).SSl,

0.568, 0.542 respectively), These findings suggested that consistency of ratings given by

groups were moderately 10\\1 ror bath treatulents.
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Table 8

Imer-RaIeT Relibiljries Between Groups

•

Textl Text2 Text3 Text4 Libraryl Library2 Library3 Library4

".

Texl1 1.000

Text2 -0519 1.000

Text3 0.161 0.011 1.000

Texl4 0.081 0.129 0.222 1.000

Libraryl 0551 0.242 ~.157 ~.248 1.000

Library2 0.568 ~.399 0.144 ~.275 0.254 1.000

Library3 0.541 ~.321 0.129 0.454 0.159 ~.355 1.000

Library4 -0.268 0.027 0.627 0.196 -0587 0.:V.6 -0.506 1.000

...
w
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Presentatjons of Group Projects

Videotape recordings of group presentations provided the data for examining group

performance qualitatively. Of interest were the types of projects groups developed and

students' ability to communicate their knowledge during the presentation and subsequent­

Iy during the question period. Table 9 summarizes the information conveyed in group

presentations by illustrating the types of research questions that were generated by each

group. where the data was collected, the types ofdata collected, and the types of analyses

and graphs that were conducted. Groups' preference for conducting surveys was evident

from their research questions. Most groups chose topics which reflected their interesls.

such as sports and music, while others were more interested in issues which affected them

directly, such as the installment of condom machines in high schools. In trying to answer

their question. groups generally surveyed classmates who were also participating in this

study. The mathematics class provided a pool of subjects that was immediately accessi­

ble. Other groups decided to survey additional people and thus included students who

were not in their mathematics class in their sample. Only one group did not conduct a

survey for their mini-ell:periment. Rather, Group 0 (see Table 9) used hockey data from

the 1989 season already at their disposai and supplemented this with data for subsequem

seasons which they collected from city newspapers.

Given students' group projects, it was not surprising that the type of data collected was

frequency data. However, the nature of such data posed some problems for Group B (see

Table 9) when doing their analyses. Although students in the group were eager to apply

and demonstrate their new knowledge and did sa by identifying outliers and calculating

the mean, mode, median, and range; they neglected to discriminate among these measures

in terms of their appropriateness for the problem. In other words, the group blindly used

all possible measures rather than selecting the mast appropriate one for their data. Other

groups calculated percentages rather than means for analyzing their data. Perhaps this re­

flected an understaoding that the latter measure was not ideal for analyzing frequency
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Table 9

Summary ofGroup Presentations

Groupa Rescarch Question DalaSoun:e Data Type Analyses Graphs

A Favorite school subject between English, Mathematics c1ass Frequencies Percentages Pie chan &Bar
French, math, history, M.RE, &:gym graph

B Prefem:d airline between Air Canada, Delta, Mathematics class Frequencies Mean, median, Bar graph
r ad' Airlines, and American Airlines mode, &: range.an 'an

C Favorite fastfood œsraurant between Harveys, Mathematics c1ass Frequencies Pen:entages Column graph
Pizza Huu, McDonald's, Wendies, &: Lafleur's

0 The Montteal Canadien's m:ord for the Iast 3 years Newspaper &: datafde Hockey Scores - Column graph
E Favorite basketbIJI team betweeo the Chicago BuIIs, Mathematics class &: Frequencies Pen:entages Column graph &

New Yodt NiCD, PonIand Trailblazers, Orlando studenlS froID 2 other Pie chan
Magies, BosIOD Celties, Pbeonix Suns, &: San classes

Antonio Spurs

F Stores people go iDta the most and Mathematics c1ass &: Frequencies - Bargraph &
which stores have the best priees other grade 8 studenlS Frequencies Pen:entages Pie chan

G Whether grade 7 and 8 studeots think LPHS should Grade 7 and grade 8 Frequencies Pen:entages Column graph &
provide condom machines in the washrooms studenlS at high schaol Pie chan

H Favorite music groups between TLC, Kiss, Bon Jovi, Mathematics class &: Frequencies Pen:entages Pie chan
Guns '0 Roses, Eric C1aplOD, Soow, &: Metallica other grade 8 students

.....
lA

aAII groups lisled in Ibis table refer ta the groups Iisted in Table S.
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data, however, responses during the question peri.:xIs seemed 10 suggest that graphs were

deemed sufficient for conveying the results.

Two types of graphs were used by groups to demonstrate their findings: a column or

bar graph for illusttating frequency data and a pie chan for depicting percentages. Stu­

dents in Group C (see Table 9), however, seemed confused about the relationship be­

tween data and graphs. A column graph with frequency data was used to discuss resu1ts

of the group's survey on favorite fastfood restaurants (see Figure II), however, the resu1ts

were discussed in terms of percentages. Classmates watching the presentation became

confused at the incongruency of the information depicted in the graph and what was be­

iog said by the group. The following dialogue between presenters (Cl, C2, and C3),

classmates (Student 1 and Student 2), and teacher illusttated this confusion.

•

Teacher:

Cl:

Studentl:

Teacher:

Cl:

Teacher:

Cl:

Teacher:

Cl:

Teacher:

How did you know there was a cenain percent? Is there a
label on the chan? Um... that (graph) says the numbers along
the bottom are percentages... Is that what it means?
You were saying... 1was trying to follow you... you were saying
percent but 1don't sec percentage signs or labels of percent. 1was
\Vondering uh... were you giving that from memory or reading off
the chan?

Frommemory

So, 1thinlt that what they're trying to say is that the number that
they toolt.•• 1thinIt that the number of students they asked... not a
percent. They divided the whole lIumber of students they asked
and said it was a percent. 1guess they should have used a pie
graph.

Okay. Weil, you said that McDonald's was 40% and Harveys was
howmany?

NoSO%

Yeso weil um... Wendy's

20

Well yeah. you're just reading numbers off there... So you have a
label along the bottom of the graph, a10ng the X-axis... uh... that
says "number" ... does it really represent percent?

Uh...

Because there was a relationship between what you are saying and
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• C2:

the numbers that are at the bonom of each of those bars there.

Um. yeah... Um... Yeah, l guess 50.

HARVEVS 2

MCDONALDS 1

BURGER KING 6

',',',',',',' ~ number
~~~~~~~~~~~~~ 1
""'""""
"""""""', ... ,'""""""""""""""""""""'" 3
~~~~~~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~~~~~~

~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~,~
6'~'~'~'~'~'~'~'~'~'~'='~'~'~':':':':':':';':';';';';';,;,;,;,;,;,;,;...;,;,;,;,;,;,;,

.............................. ,~, ... ',',' ... ',' ',"",',"",',',',',',',',',',',',',',',' ',',','

......... ,'\',', ............ "'" " ...

~~~~~~~~~~~=~~~~~~~~~:~:~~~ 2

,;,;,;,;,;,;,;,;...;,;,;,;,;,;,;,;...;,;,;,;,;,;...;,;,;,;,;,;,;,;,;,;,;,;,

~;~;~;~;~;~;~;~;~;~;~;~;~;~;~;~;~;~;~;~;~;~;~~~~~~~~~~~~~~~~~~~~~~~~~
5

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4

, 1

4

3

5

WENDVS

LAFLEUR

PIZZA HUT

o 2
NUMBER

4 6

Maure Il. Group C's graph.

As the discussion continued, it became clt..r that Group C had calculated the

percentages by hand and that mors had been made in the process.

•
Teacher:
CI:
Teacher:

Cl:
Teacher:

Well then, 4 out of 21 is not 40%
Show mm what you got (ta C2)
If4 people chose McDonald's ... is that what you'\'C showing herc?
Then 4 out of 21 is not 40%
Eh,C2...
The numbers herc can't he percent because (~y don't mue 21, see
what1 mcan?



• Cl:
C3:

Teacher:
C3:
Teacher:
C3:

Student2:
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CL
Weil. what 1have here are the original positions that we have... uh
on our grnph there. Ah... for Burger King there is 19%.
Yeah...
And for Lafleur's 24%
That's not what CI was saying though.
Pizza Hut is 10%... ah... Wendy's is 29%. Harveys is 14 and
McDonald's is 4.
Excuse me C3, Pizza Hut can't be ID, especially when Wendy's is
50%... or whatever you said... 25.

•

None of the students in the group had verified the accuracy of these calculations nor

were they aware of how these had been made as demonstrated in this quote: "C2 is the

one who was doing calculations for percent...not me and Cl didn't do anything!" Group

cohesiveness broke down under pressure and students failed to take responsibility for the

work they had done as a group. ln the end. Group C was unable to fully answer the

teacher's questions or those of their classmates.

Rather than generating one research question and using one or two grnphs ta depict the

results, sorne groups generated IWo questions and created a different grnph for answering

each question. Group F, for example, used a bar graph for illustrating their resuhs on the

types of stores people went to the most while a pie chart was used to demonstrate which

stores were thought to have the best prices. Group G on the other hand. used a column

graph to illustrate their findings on whether grade 7 and 8 students thought condom ma­

chines should be insta1led in high schoal washrooms. However, a pie chan was also used

to demonstrate that 73% of the students surveyed were male while only 27% were fe­

males. This graph was used by the group ta indicate that their "data may have been a

little wrong because more males were surveyed than females."

Generally, groups presented their projects without elaborating on the results, merely

listing frequency values and/or percentages. Given the clear meaning of such data, elab­

oration may not have becn necessary. However, explanations of the sampling procedure

used were lacking in the presentations. Sampling issues such as sample size and repre­

sentativeness were not discussed. However, when prompted by classmates abolJt such
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information, groups were able to respond in a knowledgeable way. It was during these

"question periods" that many of the students demonstrated knowledge that was not evi­

dent during their presentations. For instance, when asked by the teacher whether the

results would differ had another sample been used, students in Group A responded that it

depended on the level of the class: students in the same grade but attending more ad­

vanced classes would probably enjoy English and French classes more than the students

sampled in their survey. Thus, although groups did not readily discuss sampling issues in

their presentation, further prompting during the question periods revealed that this omis­

sion may have been due to oversight rather than to a lack of understanding. It was also

during the question periods that confusion about particular concepts and graphs were

demonstrated (e.g., Group C mentioned previously).

Struclured Group Journals

Wrillen protocols of group journals were analyzed in terms of the frequency and

accuracy of groups' responses to prompts requiring that they: (a) define concepts; (b)

explain the meaning ofconcepts; (c) reason about data and graphs; (d) plan for group

projects; and (e) reflect on their learning. Given that there was a maximum nurnber of

prompts that could be responded to for each prompt type (i.e., category) and that this

number varied across categories, the frequency data was converted lO percentages for the

purpose of analysis. As the response rates in Table 10 demonstrate, groups did not fre­

quently make journal entrles.

Given that ail journal prompts except for planning were presented before groups were

assigned to the two treatments, differences in response between the text and library of

excmpIars treatments were expected for the planning prompt only. A planned compari­

son was conducted lO examine whether the library ofexemplars 1001 was more effective

in helping groups plan than the text approach. Results indicated that there were no signif­

icant differences between the library ofexempIars and text treatments for planning (F( l,

22)= 1.602, p>O.OS)•
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Table 10

Mean Percenta~e of Responses 10 Prompl TXOes jn the Texl jlnd Library of Exemplars

TreallDeD!s

Trealments

Prompt Type Number Library of Exemplars Texl
of Prompls (n=2) (n=4)

Definition 11 0.319 (0.193) 0.364 (0.364)

Explanation 11 0.091 (0.000) 0.455 (0.234,)

Reasoning 30 0.117 (0.023) 0.525 (0.050)

Planning 13 0.347 (0.054) 0.577 (0.263)

Reflection 12 0.OS3 (0.000) 0.125 (O. lOS)

Sttuctured joumals were also examined qualilatively 10 examine group learning

throughout the lUtorial sessions. Responses to prompts requiring Ihat groups define con­

cepts demonsttated that slUdents acquired declarative knowledge of concepls such as pop­

ulation, sarnple, randomization, mean, mode, and median. Groups were also able 10 ex­

plain how to calculate the mean and range as weil as explain why calculating the mean

was important. The necessity of calculating the range, however, was not clear to slu­

dents. The!ink between the mean and the range was not made by groups who ex:,l~;ned

that the range needed to be calculaled in order to "find the difference between Ihe

nurnbers."

Despite the groups' ability ta correctly define concepts, additional questions that

required groups to reason about data based on an understanding of the mean revealed

difficLÙties in distinguishing between the mean aIId the median. For exarnple, when

asked to explain why a particular value was obtained for the mean, sorne groups respond­

ed that it was dlle ta its being the middle number, the average despite thcir previous def-
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initions of the mean as the average and the median as the middle number. This suggestcd

that perhaps the groups' difficulty in distinguishing between the median and mean may

have been due to the choice of words used to explain these lemlS.

Prompts requiring that groups document plans for their group projects and those

requiring they identify strengths and weaknesses were generally ignored. Ideas for group

projects were documented, however, when prompted to document plans for computing

analyses and creating graphs, groups were unresponsive.

Students' Evaluation of Instructional and Assessment Activities

Students evaluated the statistics instruction they received by responding to questions

on the mini-eourse evaluation that examined: (a) the level of interest generated by the

course; (b) the instructional and assessment activities which were identified as being the

most effective for promoting statistical understanding; (c) the role of idea generation and

revision; and (d) recommended changes to the course.

The mini-statistics course seemed to have stimulared much interest among students.

According te overaII ratings (1= liked it alot, 3= it was ok, 5= did not like it at ail), the

two-week mini-course was weliliked by students (M=1.59, SD=O.87). Genl'mlly, the

course was thought te be interesting and fun, "much more fun than rnathelllalics," The

most popular aspect of the mini-eourse was the use ofcomputers. Sixty-five percent of

students stated that they Iiked using computers for learning statistics and particularly for

doing graphs. Students also enjoyed doing the project and working in groups. The least

liked aspects of theco~ \Vere the 10-15 minute lecture and homework assignments.

In addition te providing feedback regarding the level of interest generated by the

course, the mini-evaluation was designed te encourage students to identify activities

which were most effective in helping them understand statistics. Two types of activities

and one kind of resource were identified by students as being invaluable for learning

statistics: group presentations, activities providing hands-on learning experience, and

mentoring. According te students, group presentations were effective in helping them
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gain a better understanding of statistics in that they: (a) depicted multiple ways of pre­

senting dJw. and graphs; (b) illustrated the data collection process; (c) aided in learning

the meaning of terms such as mean, mode, and median; and (d) demonstrated the impor­

tance and value of research questions. Statistics activities which provided students with

hands-on experiences that a1lowed them to learn statistical terms, manipulate and collect

data, and create graphs were a1so deemed invaluable for comprehending statistics. The

most important resource, however, was the experimenters who served as mentors during

the tutorial and project planning.

The role of idea generation and revision was examined in responses to !wo questions

about group projects. One question required that students state whether they kept their

flfSt project idea and if they changed il, to explain why they did so. Forty-seven percent

of students stated that they did not keep their fust idea because it was either too complex

or not unique or interesting enough. The second question exanùned whether peer presen­

tations influenced students' ideas for subsequent projects. Sixty-five percent of students

stated that they would not change their group projects even after having watched other

presentations. The remaining thïrty-five percent of students wanted to change their

projects for different reasons. For example, one student felt his group's project should

have included a research question for making predictions, another would have made the

project more creative, and a third student had new ideas that were stimulated from other

presentations which would have been used to design a completely new study.

Of interest was whether or not there was consensus among individual students within a

group about whether changes should be made to their projects. Students iu three different

groups unanimously agreed that they would not have changed their group projects even

after having seen and critiqued their classmates' presentations. In contrast, students be­

longing to !WO other groups all agreed to change their projects for reasons mentioned

above. However, no consensus was found among individual members of the remaining

three groups. The majority of students in !wo of these non-consensus groups stated that
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they would have kept their project while the majority of students in the third group wCluld

have preferred to modify it.

Finally, recommendations for improving the mini-course varied but the most promi­

nent was ta make the course longer, perhaps spanning over a year. Olher suggestions in­

cluded more instruction to ensure understanding of statisticalterrns such as mode and

median and explanations about projects earlier in the instruction.
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CHAPTER 4: DISCUSSION

Five main question. were posed in the present research: (a) can statistics he taught at

the eighth grade level, (b) can instruction and assessment of statistics he integrated to pro­

mote leaming, (c) can small-group cooperation facilitate the leaming of individual stu­

dents, (d) does the extent to which assessment criteria are made explicit (i.e., text vs. li­

brary of exemplars approach) make a significant difference in leaming, and (e) can au­

thentic measures reliably assess leaming. This chapter addresses these questions, iden­

tifies limitations of the study, and discusses educational implications and future research

directions.

Cao Statistics Be Taught At The Eighth Grade Level?

Th~ present study demonstrates that a cognitive apprenticeship method of instruction

facilitates statistical leaming at the eighth grade level. Such instruction resulted in

substantial knowledge gains from pretest to posttest. In addition, this method produced

adequate performance on group presentations. The increase in knowledge is considerable

given that statistics instruction is currently not in the secondary school curriculum and

that the instruction in this study was only of a four-day duration. Overa\l performance on

projects is also impressive despite the limited time (Le., 3 days) students had to develop

and conduct an experiment. Course evaluations indicated that length of instruction

proved a concem. Although students "liked the mini-course alo!," they felt it should he

extended ta a full year. Students' interest in statistics stemmed from the instruction's

emphasis on interpretation rather than computation. By demonstrating that statistics

involves more than oomber crunching, cognitive apprenticeships foster an awareness of

and appreciation for the utility of statistics. In addition, course evaluatiods indicate that

cognitive apprenticeships facilitate statistical understanding through mentoring.

ln addition ta providing information about students' overa1l knowledge of and interest

in statistics, the present studyexamines students' understanding of (a) measures ofcen-
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traltendency. measures of variation. and anomalies and (b) population and sampling.

This understanding is discussed in the following sections.

Measnres of Centra! Tendency and variatjon

Measures of centra! tendency. Research indicates that when fenna! mcthods of

instruction are employed at the university level. slUdents' understanding of the mean is

limited to the computational formula: Conceptual understanding is not anained

(Pollatsek et al., 1981; Zawojewski, 1988). The present study demonstrates that when a

cognitive apprenticeship method of instruction is utilized at the eighth grade level, stu­

dents' understanding of the mean, median, and mode is not restricted to fonnulas: How­

ever, nor is it conceplUal. SlUdents were able to define the mean and median in tenns of

"average" and "middle numher" without using fonnulas. However, these definitions were

used interchangeably suggesting that the concepts mean and median were not fully un·

derstood. Insufficient understanding was also demonstrated by slUdents' inability to (a)

calculate such measures on test essays despite knowing how ta do so and (b) use

appropriate measures for analyzing project data.

SlUdents' inability ta use formulas ta calculate the mean, median and mode by hand

can he attributed to the insO'Uction's emphasis on interpretation rather than computation.

This emphasis may account for the different results found by Pollatsek et al. (1981).

Contrary to the instruction in Pollatsek et al.'s (1981) slUdy, students in this slUdy were

never given formulas to memorize. Rather, computer software was used as a tool to solve

computational problems in arder to support conceplUal understanding (Lajoie, 1993;

Salomon et al•• 1991). This tool, however. was not provided on test eSl'ays. Students

were consequendy unable to transfer their knowledge of how to calculate the mean on

problems that required they perform such computations by hand. This finding suggests

that students did not fuIIy grasp how ta use the procedures. As Resnick (1989) argues,

students requite sufficient understanding ofcontent in arder to become effective problem

solvers. This study demonstrates that adequate understanding of measures of central
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tendency requi.-es an ablility to compute and interpret data. Perhaps providing

opponunities to discuss and compare results obtained through hand calculations with

those procured using data analysis software can foster such understanding.

Sufficient understanding of measures of central tendency also requires an ability to

select measures based on the nature of the data to be analyzed. This understanding was

not demonstrated in the present slUdy. One group used ail measures (i.e., mean, median,

and mode) regardless of whether these were apt for analyzing frequency data collected on

projects. Most groups used percentages to analyze this type of data. however, it is un­

clear whether this choice was based on an understanding that measures of central tenden­

cy were inappropriate or on an interest in constructing pie graphs which automatically

generated these percentages. Insights are provided by Lavigne, Lajoie. Munsie. and

Wilkie (1994) whose case study of one of these group's discussions during project design

revealed that choice of measures was determined by what was most appealing (e.g•• doing

graphs) rather than what was appropriate. Although Lavigne et aI.'s (1994) fmdings are

not generalizable. they do highlight the importance ofexarnining interactions during

planning. Such an examination in the present slUdy would have shed light on the

selection criteria groups used for their choice of analysis.

The present slUdy highlights the need to milice connections between data computation

and interpretation. The need to instruct slUdents about the relationship between data

organization, data analysls, and graphic representation is similarly accented. InformaI

observations indicated that in many cases, students did not know how to organize data in

a format appropriate for constructing their pie graphs. Students were not attuned to the

types of variables they were working with (e.g•• gender) and consequently entered data by

trial and error. Such problems are attributed lu insufficient instruction on how to

organize data for different problems. This observation supports Hancock. Kaput. and

Go~th's (1992) finding that statistical understanding requires explicit instruction of

data organization and variable characteristics.
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Measures of yariatioD. One measure of variation was taught in the preselll

study: Range. Given tha: the instruction focused on interpretation rather than computa­

tion, Olle would expect students to acquire a conccptual understanding of range. This ex­

pectation was not mel Students did acquire significant knowledge of range, howe\er,

this knowledge was limited to the computational fonnula. As demonstrated by journal

entries. the purpose ofrange was "to find the difference between numbers" rather than to

provide a variability index which reflects the accuracy of a measure such as the mean.

This finding is consistent with Pollatsek et al. (1981) who found that students compre­

hend the mean--in this case the range--in tenns of an abstract fonnula that has no

meaning. It is unclear why students in the present study were unable to extend their

knowledge beyond the computational fonnula.

Anomalies. Instruction of anomalies in the current study focused on the effecl of

outliers on the mean. Students' understanding of the concept. however. was limited de­

spite instruction. Most students were unable to define or illustrale an outlier using a chart

or graph. In addition. the effect ofoutliers was not discussed in any of the presentations.

including by the group that used the Mean to analyze their data, Since survey data was

collected and small samples were used. it may he that students did not discuss oUlliers in

their presentation because none were identified. Informal observalions during group

discussions suggest that groups did not examine their data for oul1iers,

Summaa. The present study demonstrates that students failed la acquire a

conceptual understanding of the mean. median. mode. rang\:. and oUllier despite instruc­

tion. Explanations of measures ofcentralleildency lacked depth and students' under­

standing of the range was limited to the computational formula. One suggestion for fos­

tering procedural know1edge and conceptual understanding of the Mean. Median. and

mode is 10 provide opportunities for computation and interpretation by allowing students

to do manual computations and use data analysis software, Providing opportunities for
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data organization and the selection of appropriate measures is also deemed important to

promote statistical understanding.

Population and SampUn\:

This section discusses students' understanding of population and sarnpling in terms of

(a) population and sarnple, (b) randomization, and (c) sarnple size and representativeness.

l'opulatjoo aod sample. Students had a worlcing knowledge of population and

sample which was demonstrated in everyday definitions such as "a population consists of

a large group of people" and "a sarnple is an example or subset of something." H"Jwever,

students' understanding of population did not go beyond this everyday definition despite

instruction. Students were unable to identify a population from problem scenarios. The

notion of population was not referred to in presentations or on essays that required an

explanation of how to collect data given a particular research question. Students'

understanding of sample, however, was significant as a result of instruction. Samples

were identified from problem scenarios. In addition, the term sample was incorporated

into students' vocabu1ary and used readily to explain data collection. However, despite

this understanding students were unable to make inferences from a sample to a popula­

tion. Although the relationship between sample and population was explained,in the in­

struction, inferences based on this relationship were not explicitly modeled. This neglect

may l'Iso account for the lack of increase in students' understanding of population despite

instruction. Providing instruction for leaming the pan-whole relationship between

sample and population may improve students' understanding of sampling. According to

Schwanz et al. (l994), such L'lstruction can help students encode situations in statistical

terms.

BpndomlptllM!, According to Konold, Lohmeier, Pollatsek, Falk, and Lipson

(1991), the notion ofrandomness is at the hean ofprobabilistic and statistica1 reasoning.

Randomization devices are oftcn utilized to teaeh or examine the learning ofrandomness.

In the present study, however, randomization was modeled by having students participate
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in an activity that involved controlling for bias through random assignment. When im­

mediately asked to explain why such a procedure was imponant. students stated that it

ensured "fairness." However, by the end of the instruction. students were unable to apply

this knowledge to (a) explain randomization in their own words, (b) provide a conceplUul

(e.g., to ensure fairness) railler than proeedural (e.g., to pick at random) definition. and (c)

consider and apply randomization techniques when designing and conducting a mini­

experiment. Although random selection was also discussed in the classroom. students

failed to randomly select subjects from the pool of eighth grade students. Rather, data

was col1ected from an immediate pool of subjects; Le., classmates. Comments by

slUdents suggest that sampling may have been driven by practical considerations, such as

time allotted to plan and conduct a mini-experiment. Students may have simply resoned

to sampling their classmates because it was easier and faster.

Sample siR and reprl!llClltatjyepCllS. The present study demonstrates that eighth

grade students can acquire a good understanding of sampling in terms of the size and

representativeness of a sample. For instance, larger samples were understood to provide

more precise estimates than smaller samples and characteristics of a sample such as

gender, were known to influence results. However, despite this knowledge, students

failed to apply such principles when col1ecting data for their experiment. Practical issues

overshadowed considerations of size and representativeness of a sample. For instance,

when questioned about the size of their samples during presentations, students acknowl­

edged that their samples were small but explained that col1ecting more data would have

been tao time consuming. Similarly, one group recognized the bias in their sampling of

male and female subjects but explained that this was due lO insufficient time in which to

sample more males.

The finding that students' sampling decisions Wllre greatly influenced by practical

considerations emerged as a resuit of "question periods" which fol1owed group presenta­

tions. Question periods provided classmates with an opponunity to ask for clarification,
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elaboration. and justification (Lampert, 1990). It was rluring these sessions that students'

understanding of sampling issues such as size and representativeness of a sample were

made more explicit. Most groups, except for the one mentioned above, did not readily

discuss the issue of sarnple representativeness in oral presentations. However, requests

for clarification and elaboration during question periods revealed that this was due to

omission rather than to a lack of understanding. For instance, when queried about the use

of different sarnples. one group explained that if students str".l:i'~~. to higher-ability

. courses had been sampled, their results of favorite subject matters would have differed

substantially. Another group explained why their results would have differed had they

sampled adults or students from grades 9 to Il rather than from grades 7 and 8. These

findings demonstrate that in addition to communicating knowledge, students must be able

to clarify and elaborate upon request. Such requests can serve as concrete prompts that

scaffold learning (Rosenshine & Meister. 1992). Written and verbal prompts can be used

in such a way. However. findings from the present study suggest that written prompts are

not as effective as verbal prompts. Groups' unresponsiveness to written prompts in the

structured journalleaves doubt as to whether omissions were due to a lack of understand·

ing or to insufficient documentation. More adequate ways of prompting learners to

demonstrate their knowledge on journals may be required. This suggestion reflects

Resnick's (1989) contention that question posing must be carefully engineered to promote

productive discourse in cooperative settings. On the other hand, responses to verbal

prompts such as thase presented in the form of requesls for clarification and elaboration.

revea1 an understanding of sampling issues that were not explicidy demonstrated in pre·

sentations. Direct measures such as verbal protoeols are therefore more effective for as·

sessing learning than are indirect measures such as journals. This finding is consistent

with Jacobs (1993) who found that the richness ofstudents' reasoning skills. although

masked on paper and pencil tests. was revea1ed during verbal interactions. In the case of

the present study. it may be that verbal prompts which require students to do more than
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articulate thcir knowledge encourage students to think critically and to articulatc thcir

knowledge more clearly.

Investigating discussions arising from pertinent questioning can highlight factors Ihat

influence learning. In the current study, prompting revealed the practical considerations

motivating students' decisions about sampling. Other researchers have found that opin­

ions serve as a barrier to adult and rniddle schooi leamers' understanding of statistical

principles such as representative sampling (Ja-:obs, 1993; Schwartz et al., 1994; Tversky

& Kahneman, 1971). The adverse effect of opinions on statistical understanding was not

found in the present study. This can be attribv.ted te the fact that verbal pro1ocols during

prob1em solving activities were not exarnined. Such an exarnination in the present study

would have shed some light on the role of everyday knowledge on statisticallearning.

Everyday know1edge enabled students to solve problems in which the solution was con­

sistent with their real-life experiences. However. verbal and written responses to

problems where the solution is inconsistent with students' everyday knowledge would

provide more detailed information about the IOle of everyday knowledge on studenls' sla­

tistical understanding. As Fong et al. (1986) and Jacobs (1993) contend, such problems

can challenge students' to confront their intuitive notions and assumptions with statistical

evidence.

SlImmaa

As this study dernonstratts, cognitive apprenticeship can be used to teach statistics to

eighth grade students in a way that promotes leaming. Although students understanding

of measures ofcentral tendency was limited. their understanding of sampling was strong.

This is encouraging given the abstraet nature of such concepts. However, the generality

of their responses suggest that depth of understanding had not been acquired. Given the

content coverage and the time in which students were required to leam concepts, it is not

surprising that breadth rather than depth of knowledge was acquired. Yet. leaming in

contemporary statistics classes is characterized by such instruçtion. University students
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lack sufficient background to t'ully master staristical content (Posten, 1981), yetthe

coverage in statistics courses is high in relation to the rime and numher of courses

available to leam content. Providing statistics instruction earlier in the curriculum as

recommended by NCTM (1989) could circumvent the content coverage problem and

allow for in-depth exploration of concepts over a longer lime period. Projects have po­

tential for such exploration. However, allowing three days to complete a project con­

sisting of designing and conducting a mini-experiment may he unrealistic. Practical con­

siderations can limit the extent to which statistical procedures can he applied on such a

task. Opportunties for articulating knowledge as weIl as c1arifying, elaborating, and

justifing ideas during group interactions can highlight other factors which may affect or

contribute to the leaming of statistics.

Can Instruction and Assessment of Statistic:s Be Integrated To Promote Leaming?

Instructionat activities and assessment tasks in the present study were designed to he

consistent with recommendations made by NCTM (1989) and ASA (1991). In this sense,

instruction and assessment were integrated. Further integration can he obtained in dy­

namic assessment where immediate feedback serves as a form of instruction (Lajoie &

Lesgold. 1992). Such integration was reflected in one assessment task of this study: Oral

presentations of group projects. The notion was that sharing ideas with peers through

oral presentations would provide leamers with an opportunity to revise their thinking and

engage in self-assessment (Lampen. 1990). The findings of the present research suppon

this notion to some degree. For example. the tirst group ta present their project expressed

a desiIe to modify and redo their presentation once ail other groups had presented. This

was surprising given that the group had raled their presentation a perfeet score of 50 and

stated that this was an accurate refleetion of their performance. When queried by the

teacher regarding their reasons for requesting a second opponunity to present their

projeet, the group responded that they relt they "had not done a very good job

presenting." Comparisons with other groups may have motivated this group's desiIe to
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redo their presentation. Such comparisons were also evident when other groups sHlted

that they wanted to present la~t because they felt that their presentations were not yel al

the level of other groups' presentations.

As demonstrated above. sorne groups re·evaluated their performance as a result of

watching presentations given by classmales. This self·assessment. however. referred to

the presentations themselves rather than to the projects. Project presentations were iden·

tified by students as one of the most beneficial activities for helping them understand

statistics. However. although motivated to change their presentations. comments on

course evaluations indicate that students would not have changed the actual projects.

These comments suggest that although group projects were beneficial for leaming statis·

tics. the new knowledge acquired during these presentations did not necessarily motivate

students to revise their projects. Self-assessment seemed geared towanls the clarity of the

presentation rather than 10 the qual:ty of the project. Perhaps this finding is due 10 the

fact that group projects were similar in every respect except for the research question ex­

amined. Projects based on similar ideas would be less likely 10 promote revisions than

projects which demonstrate a different perspective.

Projects were considered more beneficial for leaming statistics Ihan were paper and

pencil tests such as homework assignments. This comment reflecls the dynamic nalure of

project assessments and is consistent with Diez and Moon's (1992) view that assessment

criteria are guides to learning rather than the terminal point to leaming. It is also possible

that shared responsibilities incurred by group collaboration in projects reduced anxieties

associated with performing. The fact that assignments had to be completed individually

also may have contributed to students' dislike of the task.

ln conclusion, it scems that projects and oral presentations have much potential for

examining thinking skills such as problem solving, reasoning, communication, and

connectedness. A1though this part of the study focused on communication, the findings
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suggest that project-based learning is large in scope. allowing for the use and integration

of a variety of knowledge and skills.

Can SmaIl·Group Cooperation FaciIitate the Learning of Individual Students?

Although the present study examined both individual and group performance to

obtain a comprehensive and valid picture of learning (NCTM, 1989, 1993; Webb, 1993),

the data allowed for an informal rather than systematic examination of whether srnall­

group cooperation facilitated the learning of individual students. Individuals' test scores

suggest that cooperation in mixed-abiIity groups may be beneficial for all abiIity levels.

Although knowledge gains of students within each group were relatively similar, group

performance on oral presentations of projects suggest that sorne students were more

knowledgeable than others. These students were the ones to respond to inquiries and

elaborate on results. These findings are consistent with Webb (1993) who found that

both group and individual measures are required for valid assessments of learning. Al­

though Webb found that students' learning was overestimated in group assessment, the

present study suggests that such problems can be minimized through oral presentations

which require students in each group to discuss various aspects of their project. Such

discussions can enable teachers to identify the nature of student's understanding within

the group.

Information about leaming in cooperative settings is incomplete unless the nature of

cooperation is examined. The present study demonstrates that interpersonal conflicts

between group memebers can negatively affect leaming. Grouping based on friendship,

however, does not necessarily result in effective learning. Some "friends" in the study

engaged in off-task behavior when working together which limited their leaming. In ad­

dition, contrary 10 Webb (1991) who found that high ability students were more likely 10

help others, the present study suggests that such students do not necessarily have the pa­

tience to provide assistance. One hîgh ability student insulted rather than helped peers

who were slower in understanding sorne of the concepts and procedures. Such behavior
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discouraged lower-ability students from participating in activities and impeded their

leaming of statistics. Since the effect of cooperation in the present study is examined

informally and based on observations of IWO groups, the findings are merely suggestive

and thus not generaiizable. However, the observations suppon Cohen (1994) and Webb's

(1991) recommendation that successfulle:.rning in cooperative environments require that

students be trained to work cooperatively, give explanations to each other, and be

sensitive to students' need for help.

Does The Explicitness of Assessment Criteria Make A Significant Difference ln

Learning?

The present study provided transparent criteria for assessing project work to ensure

that leamers adapted their performance accordingly (Frederkisen & Collins, 1989) and

that expen judgements of performance were made (Diez & Moon, 1992). According to

Frederiksen & Collins (1989), making assessment criteria transparent enables leamers to

assess themselves and others with almost the same reliability as evaluators. Transparency

in the present study was provided in MO treatment tools: the Iibrary of exemplars and

text stacks. Both tools provided explicit standards for performing and assessing group

projects by (a) specifying and defining criteria for designing and conducting an experi­

ment based on NCTM (1989) standards and ASA (1991) guidelines and (b) identifying

the value of performance on each criterion. However, the library of exemplars provided

groups with an added dimension ofexplicitness not provided in the text staek: bench·

marks for success. Such benchrnarks modeled performance and elaborated on the assess­

ment criteria tbrough examples ofaverage and above average performance, Given that

yardsticks of performance were provided in the library of exemplars but not in the text

stack, it was hypothesized that students in the former treatment would (a) be more likely

to plan projects, (b) assess performance in the same way as experts, (c) receive higher

project ratings, and (d) receive higher test scores.
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The hypothesis that students receiving the library of exemplars treatment would be

more likely to plan projects than students receiving the text treatment was not confmned.

Treatment differences were not found in the mean percentage of responses made to plan­

ning prompts in structured joumals. Response rates were low for both treatments. The

limited time delay belWeen the presentation of the lWO tools and the commencement of

pnjects may have affected groups' responsiveness to planning prompts. In addition, the

limited time in which to complete projects may have deterred groups from doing any

planning. Perhaps the stacks should have been made available earlier in the instruction to

a1low for sufficient planning prior to the commencement of projects.

The hypothesis that the library of exemplars approach would provide more similar

ratings belWeen students and experts (Le., experimenters) than the text approach was not

confmned. No significant treatment differences were found belWeen ratings ofexperi­

menters and groups or between ratings of experimenters and self. However, overall mean

ratings for self, group, and experimenters indicate that students' self·assessments were

quite similar to experimenter ratings but that group ratings were lower than both self and

experimenter assessments. These fmdings suggest that making criteria transparent

through examples or text is sufficient for facilitating a closer alignment of students' self·

assessment with evaluators' assessment. The fact that overall group ratings were lower

than other types of ratings suggests that group I:ompetition may have played a role in how

reliably students assessed others. Competition seems likely given previous comparisons

which resulted in students' desire to either redo their presentation or to present last.

The hypothesis thautudents receiving the Iibrary of exemplars treatment would

receive higher project ratings than leamers in the text treatment was not confirmed.

Groups in the Iibrary ofexemplars and text treatments perfonned equaIly weU on presen·

tations. Specifying assessment criteria and providing explanations of what is meant by

such criteria seems sufficient for leamers to adapt their performance to standards set by

instructors. FinaIly, the hypothesis that students receiving the library ofexemplars treat-
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ment would outperfonn those in the text approach on test essays was nOl confinned. SlU­

dents in bath treatrnents perfonned well as demonstrated by significant knowledge gains.

Such significance suggests that the presence of any fonn of elabaration of assessment cri­

teria (Le., text or examples) may he sufficient for facilitating leaming. However. post­

hoc analyses of test perfonnance on items addressing each concept demonstrates that

elaboration of criteria through exemplars is more effective for faciliating understanding

of sample representativeness than through text. This effectiveness was also found in

group presentations where representative sampling was discussed by a group assigned to

the library of exemplars. These findings suggest that learning can he facilitated by pro­

viding multiple representations of realistic perfonnance to make abstract concepts such as

representative sampling more concrete. In addition, although limited by a small sample

size, results from the second homework assignment suggest that providing examples (Le.,

library ofexemplars treatment) of performance where concepts and procedures are inte·

grated may he more effective for promoting connectedness than text (Le., text treatment).

Although the library of exemplars tool was effective at promoting sorne learning, the

reduced effect of the library ofexemplars approach may be attributed to two factors: (a)

low volume level of the sound from digitized video clips in the library of exemplars and

high noise level in the class and (b) insufficient differentiation between exemplars. The

volunae level of the library of exemplars was designed for a moderately noisy environ·

ment. However. the noise level in the classroom increased substantially as groups dis·

cussed potentiaI projects and worlted on computers. Students quickly lost interest as they

had ta repeatedly replay clips in arder to hear the muffied sound emanating from the

video clips. Such noise may have contributed ta the unexpected results. In addition, ex­

emplars in the library may not have been rich enough to clearly differentiate between the

two levels ofperformance. Perhaps the significant effect of the library ofexemplars for

representative sampling was due ta richer exemplars whereas the marginal effect of the

library for other concepts may have been due to insufficient differentiation between
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perfonnance levels. Buiding a richer library of exernplars might provide sorne insights

about the role of such exemplars on learning.

Can Authentic Measures Reliably Assess Learning?

The reliability of authentic measures is of particular concem given that they lack

sufficient psychometric foundations. The subjectivity of scoring perfonnance on authen­

tic measures (Hacker & Hathaway, 1991) can affect the reliability of assessment unless

(a) templates are developed to objectively assess the quality and accuracy of performance

and (b) multiple raters are used to score performance (Brandt, 1992). In the present

slUdy, high inter-rater reliabilities for pretest (r=O.982), posttest (r=O.987), assignment

one (r=O.874), and assignment two (r=O.946) indicate thal authentic measures such as

open-ended paper and pencil tests can be used to reliably assess perfonnance when two

judges are used. Achieving high inter-rater reliability for assessing perfonnance on ill­

defined tasks such as projects. however. is more difficult. Although assessments in this

slUdy were made clear to evaluators (i.e.• experimenters and groups of slUdents) and per­

fonnance was assessed by multiple judges (4 and 7 respectively). separate inter-rater reli­

abilities on experimenters' and groups of slUdents' overall ratings ranged from low ta

moderately low. These results indicate that project assessments were generally inconsis­

tent regardIess of whether the evaluator was an experlmenter or learner.

Given that the assessment criteria were clearly and explicitly defined to bath types of

evaluators. the low inter-rater reliabilities may be due to an onclear correspondcnce be­

tween the type of scoring used ta ttain raters and the type ofrating used ta assess perfor­

mance. The ttaining received by raters was based on average and above average exam­

pies of performance on each criterion yet scaring was based on the allocation of points

(i.e•• 1-5 or 1-10). This ambiguity may have resulted in the low reliability between exper­

imenters and between groups of learners. The difference between a score of 5 and a score

of7 on a criterion with a maximum rating of 10. for example. is considerable yet both

scores fall in the category of average performance. These findings suggest that inter-rater
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reliability requires more than clear assessments and multiple raters. Benchmarks of per­

formance on each criterion should he specified according to the type of scoring that will

he required of evaluators. This correspondence was clearer in templates developed for

scoring responses on authentic paper and pencH measures (Le., tests and assignments).

These templates were consequently more effective in attaining high reliability than were

guidelines for assessing projects.

Overall inter-rater reliabilities, however, are not completely informative when they

are moderately low or moderately high. It may he that sorne criteria are more difficult to

score than others. As demonstrated in this study, experimenters had difficulty scoring

performance on half of the criteria. These criteria included data collection, data analysis.

and presentation style. Given the complex nature of the fust two procedures and the am·

biguity of the last criterion, this finding is not surprising. Sampling and data analysis pro­

cedures must therefore he clearly defmed to reliably assess performance. Multiple exam·

pIes ofdifferent aspects of such procedures may also help anchor their meaning and make

assessments less ambiguous and more reliable. As demonstrated in this study, perfore

mance that explicidy conforms ta the criteria are also easier to score. Experimenters

agreed more when scoring the presentations of groups in the library ofexemplars treat·

ment than the presentations of groups in text treatment which indicates that the former

presentations Were clearer and t.bus more casier to score than the latter.

In conclusion, this study demonstrates that authentic measures can reliably assess

performance, particularly when templates are developed to assess open·ended paper and

pencil tests. In this case, only IWO raters were sufficient for attaining high inter·rater relie

abilities. Reliably assessing performance on more ill-defined taslcs such as projects, how·

ever, is more difficult. The scoring system must he consistent with alileveis of perfore

mance on the criteria in question. Moreover, criteria that refer to abstract concepts and

complex procedures must he clearly defined. Given the difficulties in assessing perfore
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mance on projects. atleast four raters are required to ensure acceptable inter-rater

reliabilities.

Limitations of the Study

One of the major limitations of the present study is the noise and chaos associated

with conducting research in naturalistic settings. The noise level within the classroom

reduced the full impact of the library of exemplars tool by muffling the sound emanating

from the digitized video clips. The benefits of the library of exemplars approach are con­

sequenüy unclear. A second limitation is the duration of the instruction which was insuf­

ficient for providing in-depth instruction of statistical content. A third limitation of the

study is the ineffectiveness of tutorial prompts to promote discussions. Although students

were const:mtly reminded to respond to these prompts as a group. many simply ignored

them. Such omissions had two consequences: (a) impeded the development of students'

reasoning skills and (h) limited conclusions about learning which were based on informa­

tion from structured journals and audiotapes. A fourth limitation is the ineffectiveness of

homework assignments and the structured journal in assessing learning. Law response

rates severely limited the investigation of on-going learning. This problem was com­

pounded by the fact that verbal protocols which generally serve as on-line measures of

learning were not examined. In addition, the full impact of project-based leaming envi­

ronments was limited by the amount of time given to Studenls for completing a project.

A fifth limitation is insufficient collaboration between the teacher and researcher in the

development of assessmcnt mcasures which resulted in ambiguities in the wording of

problems on assignmcnts (e.g.• assignment two) nnd essays. Finally, this study is limited

by the insufficient alignmcnt of performance descriptors with the type of rating expected

ofevaluators which substantially reduced inter-rater reliabilities.

Educatlonallmpllc:ations and Future Directions

The present research has four implications for tcaching statistics and assessing

learning. First, cognitive apprcnticeships can he used ta promole motivation and learn-
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ing. However the nature of the knowledge acquired depends on the amount of content

covered in the instruction. Overwhelming students with too many concepts within a lim­

ited time frame results in the acquisition of breadth rather than depth of knowledge. Per­

haps longitudinal research can determine the content coverage appropriate for promoting

depth of understanding. A frrst step might be to conduct research on the learning of

statistics spanning over a year. Second, engaging students in articulation, clarification,

elaboration, and justification through verbal discussions in oral presentations is critical

for (a) obtaining valid information about student learning and (b) engaging students in

self-assessment. Teachers must therefore be committed to (a) probing students' knowl­

edge in a variety of ways and (b) developing multiple assessments that measure learning

directIy. However, researchers examining the effectiveness of alternative methods for

pl'Obing knowledge must collaborate with teachers if these methods are to be employed in

classrooms. Third, learners can more easily learn abstract concepts such as sample repre­

sentativeness when visual exemplars that demonstrate how ta perform representative

sarnpling concretely are presented. Richer examples of such performwlce might be used

ta furLler develop the library ofexemplars. Finally, cooperative learning in heteroge­

neous groups can be effective if students are given training prior ta instruction on how ta

work cooperatively and on how ta provide assistance ta peers. Providing such training

can minimize the influence of personality factors on the productivity and effectiveness of

cooperative groups. Future research might include a case study which controls for all the

noise encountered in the present study. A small group of students learning statistics as

part of the curriculum could allow for extensive and intensive examination of learning on

measures which might include (a) evaluating and critiquing statistical results presented

in the media, (b) participating in debate sessions, and (c) teaching an instructic.nallesson

on a particular concept. Such research would provide valuable information about the

nature of statisticalleaming on a variety ofdirect measures.
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Appendix A

Summarv of Iutorjal Actjyjtjes and Reasonjne Prompts

An Introduction to Statistic;s

Activity:

Prompts:

Group Pulse Rates: Introduction to Data, Mean, and Range.

The concept data was introduced to students in the context of taking pulse

rates. Iwo levels of the variable pulse rates were examined: pulse rates at

rest and pulse rates after a physical activity (Le., running on the spot for

one minute). Students were required to compute the mean and range for

buth levels and to compare the results.

1. What do the results mean?

2. How do pulse rates "At Rest" differ from "Runners"?

3. Discuss this with your group

Measum of Central Tendeucy

•

Actlvlty:

Prompts:

School Grades: Mean and Extreme Scores

Students were required to enter the following data in the computer: 50,

52,56,94,98, and 100. The objective of this activity was to have students

discuss the Influence ofextreme scores on the mean. Thus, before

analyses were performed students were asked to eyeball the data and to

describe what they saw. Once the mean was computed, students were

prompted to interpret the results.

1. What information dues this data provlde?

2. Why do you think we obtained this mean?

3. Do you think this value reflects everyone's grade accurately?
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Aclivily:

Prompts:

Activity:

112

4. Did anyone get 75% as a grade?

School Grades: Mean and Outliers

Students were given the following data to enter into the computer: 12,74.

78, 89, and 92. This activity builds on the previous one by introducing

other types of data that influence the mean: outIiers. The goal again, was

to emphasize the importance of examining data prior to analyses. As such,

students were asked to predict the value of the mean for this particular

dataset.

1. What do you think the mean will be for this dataset?

2. Do you think the value reflects evetyone's grade?

3. Was the me3ll what you predicted?

4. What does this value tell you about your data?

S. How could the mean be more reflective of the data?

6. Which one of the grades in the dataset is called the outIier?

7. Why do you think it's called that?

Group Pulse Rates: introduction to Mode and Median

Using the same pulse rate data that was collected in an earlier activity,

students were asked ta son the data and to find the mode and median. The

purpose was to make students aware that their choice of Statistics depends

on the type ofdata that they have and that eyeballing the data is therefore

important.

•
Prompts: 1. Docs any number occur more than once?

2. What is the median for this data?
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3. Why do you think it might be imponant to get an accurate

glimpse of what a group of numbers (data) might mean?

Measures of Dispersion

•

Activity:

Prompts:

Sampling

Activity:

Prompt:

School Grades: Range

This activity builds on the previous two schaol grades activities which

examined the influences of extreme scores and outliers on the mean to

introè'lce the concept "range." The same datasets are used as the basis for

discussion in this activity.

1. What is the range of scores for the data?

2. Do you think it's belter to have a small range or a large range of

scores, and why?

Class Pulse Rates: introduction to Sampling

Students are requimlto open their pulse rate datafile and enter the "at

rest" pulse rates of the enlite class, thereby increasing the sample size.

They are then asked to compute the mean and the range for comparisons

with their group's results.

1. Do you think your analysis will he different from your group's data?

Why or why not?
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Graphs Wjth Cricket Graph

Activity: Weather Data: Scatlerplot

Students are provided with a database of min., max., and average

temperatures for May, 1991. The purpose of this activity is twofold: to

provide students with an opportunity to interpret information presented

graphically and to encourage students to make predictions about what the

graph will look lilee based on the available data (there is alot of variability

in the data from subdegrees to high 20s). This activity allows students to

use ail the knowledge they acquired from the previous activities.

Prompts: 1. Do you think these scores are similar or do they vary?

2. What might he wrong with the data?

3. Is this the type of data you would expect for the month of May?

(i.e., is this typical for this month?)

4. Whatifyou average theva\ues for the years 1990, 1991, & 1992?

S. What does the True Mean show us?

Actlvlty: .World Data: Pie Grapb

Students are provided with a Wood Bank database which includes

variables such as population, education, economy type, literacy, etc. This

allowed students to explore a variety of variables and to continue making

predictions based on the data. In particular, students were required to

examine population by economy type.

Prompt: 1. What population are we interested in here?
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Appendix B

Library Qf Exemplars HyperCard"" Stock; Deye!Qpment

Examp1es of average and above average performance illustrated in the library of

exemplars were se1ected from videotapes of group projects that were presented by grade

eight students in a pilot study conducted in the spring of 1992 (Lajoie et al., 1993).

Presentations were time segmented by the experimenter for each of the criteria. Once

completed, the experimenter rank ordered average and above average performance for

each criterion and then selected the best examples of each criterion. One example of each

level of performance was deemed sufficient for the six criteria for the purposes of the

current study. Twelve time segments, consisting of video and sound, were then digitized

using ScreenPlayTM (Supermac Technology, 1991) and VideoSpigot, a MacIntosh

digitizing cardo These lime segments, or "digitized video clips." were compressed using

Adobe Premiere™ (Adobe Systems, 1991). This software also allowed the programmer

to edit the movie (i.e. video) and sound as wished. To play the video clips in the

HyperCard™ stack. it was necessary to flfSt. specify commands that Iinked the digitized

clips with the appropriate criteria in the HyperCard staek and second, to use

QuickTime™ (Apple Computer, 1989) to actually play the video clips. HyperCard was

used in this study because of its flexibility in accommodating various types of software.

This flexibility opened up the possiblity of using multiple representations for presenting

the same information.

Three types of representations were used for the criterion "data analysis" in the Iibrary

ofexemplars stack (see Figure 6 in main text). Text was used ta describe the meaning of

the criterion. A still image of a video clip was presented on the right hand side of the

sereen and beneath it were twO squares (i.e•• "buttons" in HyperCard language) depicting

a video camera, each labeled average and above average. Clicking on either allowed

students to play the digitized video clips. A close-up sereen presenting information more
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c1early than the video ean be accessed by clicking on the close-üp button located near the

still image (see Figure 7 in main text). This feature was necessary for data analysis and

data presentation only. Both close-ups were created by taking a piclUre of the MystatThl

file containing the data or results using Adobe PhotoshopThl (Adobe Systems, 1992).

This software allowed the researcher to take a picture of the computer sereen as one

would take a picture with a camera. This picture was modified using MacPaint® (Claris

Corporation, 1987) to exclude irrelevant information and to make the picture smaller so

that it could be presented in HyperCard.
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Appendix C

Descrjptjons of Assessment Criterja Wjth Assocjated Prompts

in the Library of Exemplors Stock

1. Quality of Question: 5 points

State your research question clearly so the c1ass will know the purpose of your sludy.

What is the difference beIWeen these IWO statements? Do they differ in terms of

clarity or specificity? Discuss this with members of your group. You may replay the

clips if you are unsure.

2. Data Collection: 10 points

In order to answer your question you must decide what data, how much, and where

to colleet il.

Notice from the exanaples that IWO kinds ofdata can be gathered. You can collect

your own data or use information that already exists to do your analyses. Aside from

this difference. what distinguishes the IWo groups? How could they both he

improved?

3. Data Presentation: 10 points

Looking at the data gives you an idea of what to expect hefore you do the analysis.

You can illustrate yourdata cither graphically orin raw form. You must show the

information you have collected. desc:ribe what it is. and explain what it mcans.
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What is missing in the average presentation clip? In what way couId this group have

presented their data better? Notice that the presenter in the above average clip shows

the data graphically and then begins to describe what it is.

4. Data Analysis: 10 points

You can analyze the information that you have gathered by obtaining statistics for

the mean, median, mode, and range. You must explain the results. This

demonstrates that you understand the significance of the results. You must also

consider how your results would change if the study had been done differently.

After looking at the videos, discuss amongst yourselves the differences between the

two and why one is betler than the other.

5. Presentation Style: 10 points

You will he evaluated according to how weil organized you are, how weil the graphs

and statistics are used ta answer your question, and how thorough your

explanations are.

Consider how you might want to present your project to the class given the examples

you have just seen.

6. Creativity: 5 points

Creativity refers ta how original you are in presenting your project. As a group,

decide upon the best method for presenting what you did, how you did it, and what
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you came up with. Creativil/ makes your project stand out from those of other

groups.

Notice that in the above average group the same data was presented differently by

various members of the group whereas the average group present~d only one graph.

Different types of graphs are just one way of demonstrating creativity. The materials

used to present your project may also differ. Can you think of ways to make your

project stand out?
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Appendix D

Pretest/PQslfest

Instructions:

Please answer ail of the questions below. Sorne of the questions will be very difficuit

but you should write whatever you may think the answer is. It is important that you

explain why you got your answer.

1. Suppose you want to find out the favorite fast food restaurant of ail the eighth grade

students in the province of Québec. How would you find out?

Write a paragraph (point form) describing how you would collect this information.

Malee sure to include things you would consider such as:

a) what you would ask each person (state the question you would ask)

b) who you would ask and why

c) how many people you would ask and why

d) how you would make a conclusion

Use the back of this page if necessary.

(adapted from Jacobs, 1993, p. 125)

4 1.B. Suppose you want to find out whether high school students in the province

ofQuebec prefer using mM or Macintosh computers. How would you find out?

Write a paragraph (point form) describing how you would collect this

information.

4 The scenario prcscmcd on pretes! item .1 was rcplaccd by item 'l.B on Ibe POSltCst in arder to avoid
pracûce effeclS.
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Make sure to include things you would consider such as:

a) what you would ask each person (state the question you would ask)

b) who you would ask and why

c) how many people you would ask and why

d) how you would make a conclusion

Use the back of this page if necessary.

2. Explain when you would want to use statistics.

3. Explain what is meant by "range" and why is it used in statistics. Why do we need to

calculale the range at all?

4. Suppose you are interested in finding out whether Terry Demonté's depanure from

Chom FM influenced how much people listened to Chom in the moming. The graph

shows you the frequency of listening to Chom before Terry left the show and what the

ratings are now. Ten people rated the show.



• Frequency of Lislening to Chom FM Before and
After Terry Demonté Left the Station
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Ratings

a) What do you conclude when you compare the two ratings? Explain how you

arrived at your conclusion.

b) Do you think that this pattern reflects how most people feel about the new

morning show? Why or why not?
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54.B. Suppose you were interested in comparing grade II and grade 8 slUdents in terms

ofhow many hours they study a day for the 1990-1991 school year. The

following graph shows this comparison. Four students in each grade were

sampled for the full year.

Number of Hours Grade 8 and Grade 11 Sludenls Sludy Per Day
From First to Fourth Semes1er in 1991

6

r2I # of hours studled per day ln grade 8

• # of hours studied per day in grade 11

5

1;' 4
Q
~

CD
Q.

]1
't:l 3
~
I!!
"0:I:- 20

!
"z

1

1 2

Seme.ler

3 4

•
a) What do you conclude when you compare the two ratings? Explain how you

anived at your conclusion.

S Prerest item 114 was replaced by item 114.8 onlhe pllL'l1lCSt due lO lhe probJemaûc ll8IUIe of lhe original
question.
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b) Do you think that this pattern reflects the amoum of hours grade 8 and grade II

students in Québec study per day? Why or why not?

5. Suppose that we have predicted what the temperature will be like for the fmt 5 days

in May. The following table shows the estimated high and low temperatures from

May Ist to May 5th, 1993.

Temncratures

May 1993

1

2

3

4

5

-1

4

14

18

18

-2

o
9

14

15

•

a) Calculate the "mode" for the high AND 10w temperatures.

b) Calculate the "median" for bath high AND 10w temperatures.

c) Calculate the "mean" for both high AND low lemperatures.

d) Explain the difference between the values obtained in the mean, median. and

mode. Which do you thinlt describes the data more aceurately and why?
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65. B. Suppose that we have predicted what the temperature will he like for the first5

days in April. The following table shows the estimated high and low

temperatures from April1st to April 5th, 1993.

Temperatures

April 1993

1

2

3

4

6

o
2

4

10

20

-6

o
o
8

10

•

a) Calculate the "mode" for the high AND low temperal.ures.

b) CaIculate the "median" for bath high AND low temperatures.

c) Calculate the "mean" for bath high AND low temperatures.

6. Consider the following scenario.

A researcher, having heanl of the recent Ben Johnson scandaI, was interested in

finding out whether there was a relationship between athletics' use of steroids and

type of athletics. Dr. Diaz's resean:h involved Canadian athleles participating in

sports such as traek and field, football, hockey, and swimming. His prediction thal

athletes in traek and field and in football would use sleroids mOre than athleles in

6 NumericaJ values on p1etest item liS _ changee! to those pleSCDlCd on the posttcsl to avoid practice
effects.
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hockey and swimming was confmned. On this basis. Dr. Diaz concluded that only

athletes in track and field and in football use steroids.

a) Identify Dr. Diaz's research question.

b) What is the population in this srudy7

c) Identify Dr. Diaz's sarnple.

d) Do you think that Dr. Diaz's conclusion is legitimate7 Why or why not7

7. In a small town in Québec, the insurance companies kept records of the claims

paid to people because of mistakes that were made by hospitals: darnaged

equipment, wrong conclusions made by doctors, wrong medecines, etc.

The average for these claims was $69, 000. Halfof the claims had a value lower than

$8, 000, which means the median was $8, 000.

Give an explanation for the huge gap between the average and the median

(adapted from de Lange Jm. & Verhage, 1992, p. 20)

8. Conslnlct a table which has an outlier in the data. Identify this outtier and explain

how it affects the data.

9. Define the following le1'D1S:

a) random sample
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b) dala

10. Suppose lhal two different agencies look a survey of Brian Mulroney's popularily in

the West Island. The scale ranged from most (1) to 1east popular (10). Assume 50

people were sarnpled and that the following results were found:

Agency#l

Agency#2

Mean Rarin~ ~

2.5 5.0

8.5 2.0

•

a) Which agency is more reliable? Why?

b) What factors could have influenced the resu1ls?
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Appendix E

arder Of Presentation For PretestfPosttestltems

Pretest Item
Nurnbcr

• 1

2

3

·4

·S

6

7

8

9

10

Correspoodine Item
Numbee 00 Posttest

7

4

3

9

1

S

10

6

2

8

StatjstjcaJ Concepts and
Procedures

Hypothesis Generation & Sampling

(Le., Sample, Sample Size, Sample

Representativeness)

Statistics

Measures of Variation (Le., Range)

Graph Interpretation & Sampling

(i.e., Sample Size &Sample

Representativeness)

Measures of Central Tendency (i.e,.,

Mode, Median, & Mean)

HYPOthesis Generation, Population,

& Sampling (i.e., Sample, Sample

Size, & Sample Represeniativeness)

Mean & Median

Outlier

Randomization & Data

Range & Sampling (i.e., Sample Size

& Sample Representativeness)

•
Note: (.) refers to items that were replaced in the posttest. AlI other items are identical

except for their location on the posttest.
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Appendix F

SCQrj0K remplotes fQr Pre\estIPQsllest

QuestiQn #1 (Pre)
QuestiQn #7 (PQst)

Pretest

8 points HYPQthesis
GeneratiQn.
Sample. Sample Size
& SampIe Repres.

Supose you want to find out the favorite fast food restaurant ofail the eighth grade

students in the province ofQuebec. How would youfind out?

Write a paragraph (pointform) describing how you would collect this information. Make

sure ta include things you would consider such as:

a) hypothesis generation 2 points

b)sample

1point =question is general: "What is your favorite restaurant?"

2 points =question is specifie: "What is your favorite fastfood restaurant

in Quc!bcc between..."

2 points

1 point =grade 8 students in my elass or schoal

2 points =grade 8 students in Quc!bec (evenly disbibuted sample).

c) sample size

1 point =large sample (min.l00)

2 points =elaboration (random sampling)

d) conclusion re/erring to sample representativeness

2 points

2 points

•
1 point ="statement of results" and/or mention of graphs

2 points =mention of generalization of sample ta population
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Posttesl

Supose you want 10 find OUI whelher high school sludents in Ihe province ofQuébec

prefer using IBM or Macinlosh compulers. How would youfind OUI?

Wrile a paragraph (poinlform) describing how you would collecllhis information. Make

sure 10 include Ihings you wou/d consider such as:

a) hYPolhesis generation 2 points

b)sample

1 point = question is general "What type of computer do you prefer?"

2 points = question is specific "What is your favorite type of computer:

IBM or Macintosh?"

2 points

1 point = high school students in my c1ass or school

2 points = high school students in Québec (evenly distributed sample).

c) sample size

1point =large sample (min.1(0)

2 points =elaboration (random sampling)

d) conclusion refe"ing to sample representativeness

2 points

2 points

1point ="statement of results" and/or mention of graphs

2 points =mention of generalization of sample te population

Explain when you wou/d wont to use statistics.

•
Question 12 (pre)
Question 14 (Post)

2 points Statlstlcs



• 1 point =if say that the purpose is to describe OR 10 predict or menticn

calculations

2 points = if they say the purpose it to describe AND predict

Question #3 (Pre)
Question #3 (Post)

2 points Range

Explain what is meant by "range" and why it is used in statistics. Why do we need to

calculate the range at ail?

1 point = definition of range

1 point = to indicate variability -- supplements mean or median or mode

Question #4 (pre)
Question #9 (Post)

S points Graph Interpreta­
tion, SampIe Size, &
Sample Representa­
tiveness

Pretest:

Graph representing the frequency oflistening to Chom FM before and qfter Terry

Demonté left the station.

a) Interpreting the graph: Comparing two ratings. Explanation ofhow conclusion

wasmade. 2 points

1 point =mtings before are higher than mtings after lherefore mtings drop

(qualitative)

1 point = drop is largely accounted by the shift from those in high to the

low mting (elaboration)

b) Sample Size & Sample Representativeness: Statement ofwhether this pattern

reflects how most peoplefeel about the MW morning show and explanation ofwhy

• tms is or is not the case. 3 points
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1 point = No as answer

1 point =explanation- sample size issue (10 is an insufficient #)

1 point =explanation- sample representativeness issue (depends on who

you ask)

Posltest

Graph ofNumber ofHours Grade 8 and Grade Il Students Study Per Day from

First to Fourth Semester in the 1990-1991 School Year .

a) 1nterprcting the graph: Comparing two ratings. Explanation ofhow conclusion

wasmade. 2 points

1 point '= grade Il students study more than grade 8 students

1 point =grade Il students steadily study more as the semester progresses

whereas grade 8 students study habits do not change from

semester to semester (i.e. 2 hours).

b) Sample Size & Sample Representativeness: Statementofwhether this pattern

rejlects the amount of hours grade 8 and grade Il students in Québec study per

day and an explanation of why the conclusion was made. 3 points

1 point = No as an answer

1 point =explanation- sample size (4 is an insufficient #)

1 point = representativeness issues (depends on who you ask and

which school - Le. private versus public school).

Question 115 (pre)
Question Il (post)

10 points Mode, Median, &
Mean

Weather data (high and low temperaturesfor May 1991) is presented in a table.

•
a) Modefor high and low remperatures

1 point for each calculation

2 points



• Answer: High = 18

b) Median for high and low temperatllres

1 point for each calculation

Answer: High = 14

c) Meanfor high and low temperamres

1 point for each calculation

Answer: High = 9.83

Low = none

Low=9

Low=7

2 points

2 points

d) Explanation of differences berween measures ofcentral tendency and selection of

better measure. 4 points

Students can differentiate between measures in lenns of definitions or in tenns of

the data presented in the problem.

1 point = means are affected by extreme scores (May 1SI)

1 point = sorne data do not have a mode (no value for low temp on May

Ist)

2 point~ = median

1 point = say median is better without an explanation

1 point = say median with appropriate explanation (refers 10 how

median is least affected by extremc or low scores)

posnest

Weather data is presented in a table. Calculate measures ofcentral tendency.

Comparison ofthese measures.

•
a) Mode for high and low remperarures

1 point for cach calculation

2 points



• Answer: High = none

b) Median for high and /01-1' lemperalures

1 point for each calculation

Answer: High = 4

c) Meanfor high and /ow lemperalUres

1 point for each calculation

Answer: High = 7.2

Low=O

Low=O

Low =2.4

2 points

2 points

134

d) Exp/anation of differences between measures ofcemra/lendency and selection of

bener measure. 4 points

Students can differentiate between measures in terms of definitions or' in terms of

the data presented in the problem.

1 point =some data do not have a mode (no value for high temperature on

Aprillst)

1 point =median not truly representative given temperature for April 5

(would be ü excluded this value)

2 points =mean

1point = say Mean is better without an explanation

1 point = say Mean with appropriate explanation (despite being

intluenced by extteme score-April 5 high & April 1 low­

it is still Most appropriate. If excluded this value, Median

would be best)

•
Question #6 (Pre)
Question #S (Post)

10 points Hypothesls
Identiflclation,
Popn, Sample,
Sample Slze, &
SampleRep•



• Ben Johnson example -- samples and popularions

a) hyporhesis identificarion 2 points

135

3 points

Answer: whether there is a relationship between athletics' use of steroids

and type of athletics.

b) population

1 point: athletes

2 points: athletes in the world

3 points: athletes in the world panicipating in track & field etc.

c) sample 2 points

1 point = Canadian athletes

1 point = Participating in lTack and field, football, hockey, and swimming

d) sample size & sample representativenss: evaluation ofconclusion presented in

scenario 3 points

1 point =not legitimate

1 point = sample limited to a few sports (did not look at full range)

1 point =sample limited to Canadian athletes, not generalizable to all

athletes, particularly with a sample of 50.

Question #7 (Pre)
Question #10 (post)

2 points Mean & Median

•

Insurance company exomple -- difference between mean and median within this context.

1 point = definition of the mean and/or median

e.g. The mean uses all scores but the median is the number that falls in the

middle•

1 point =explanation of the huge gap in the mean and median values



•
136

e.g. Thus, the highest daims are above the median. Such extreme scores

do not affect the median but do affect the mean.

Question #8 (Pre)
Question #6 (Post)

2 points Outlier

Construct a table showing an outlier. lndicate which is the olltlier and explain how it

influences the data.

1 point = table with out1ier

1 point = explain influence on the mean in particular

Question #9 (Pre)
Question #2 (Post)

4 points Randomization &
Data

2 points

Definition ofconcepts

a) randam sample

1 point =describe what sample means

e.g. pick a portion at random with no example

1 point =spe!:ify randomness through examples or definition

i.e. link population to sample • sample looks like the

population

b)data 2 points

2 points = data is information

Question #10 (pre)
Question #8 (Post)

4 points Range, Sample
Size & Sample Rep.

2 points

•

Brian Mulroney exomple·· role ofrange andfactors qlfecting conclusions

Pretest

a) range: comparison ofagencies

1 point =agency ##2 is more reliable

1 point =reason: the mean is higher and the range smaller for agency ##2

(i.e.• little variability)
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b) .l'ample siz·e & .l'ample representativeness: identification ofextraneolls varialJ/es-

conc/llsions 3 points

1 point = interviewing techniques or type of questions asked may differ

from agency to agency (i.e. may not have been asking exuctly

same thing)

2 points = sampling issues

1 point = sample size

1 point = sample representativeness

Posttest

a) range: ccmparison ofagencies 2 points

1 point =agency 1/2 is more reliable

1 point = reason: the means are the same for bath agencies but the range

smaller for agency 1/2 (i.e., little variability)

b) .l'ample size & .l'ample representativeness: identification ofextraneous variables·

conclusions 2 points

1 point = interviewing techniques or type of questions asked may differ

from agency to agency (i.e. may not have been asking exactly

samething)

2 points =sampling issues

1 point =sample size

1 point =sample representativeness

•
Total Points: 50 points
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Appendix G

Homework Assi2"ment #1

Instructions:

Please read the following paragraph carefully. You will be required to answer a set of

questions about this paragraph once you are finished. This may be difficult for you right

now, but write what you think would be the best answer to these questions and explain

why.

Dr. Aloe, a researcher, is interested in finding out whether students learn mathematics

better with computers than without computers. Twenty grade 6 students attending a

public high school were randomly assigned to two groups: 10 students learned

mathematics using computers, whereas the other 10 students did not use computers. Both

groups learned the same materlal and were given the same test. Comparison beIWeen the

two groups are made on the basis of test scores (maximum score is 50).

The data for the IWO groups is the following:

•

Computers
40
35
42
43
47
41
45
44
40
43

1. What is Dr. Aloe's hypothesis?

2. Explain how Dr. Aloe gathered bis data.

No Computers
35
30
37
40
39
39
42
38
40
36



•

•

3. Are the two groups (Le. computer vs. no computer) different? Why or why nOI?

4. Can you compute some differences? If so, show how you would do this.

5. Could you show results (Le. two groups are different or the sume) in u graph?

Explain how you would do this or draw a graph showing this.

139
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Appendix H

Uomework Assiwment #2

Suppose that after this one-week tUlOrial you become a leading expert in statistics at

Lindsay Place High School. Students going through the same tutorial next year will

therefon: come to you for advice. What examples would you give to help these slUdents

come up with ideas for doing their own slUdy? (Please try to use examples other than

those discussed in class).

Once you have written down sorne examples, please explain in a paragraph or IWO the 4

steps involved in doing an experiment and how these relate to concepts you have leamed

(e.g. data, population, sample, data, mean, median, mode, and range).
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Appendix 1

Scorjng Template For Uomework Assjgnment #1

Question#l

WlJat is Dr. Aloe's lJypotlJesis?

1 point Research
Question

Poplliation. Sample

1 point = To determine whether students leam mathematics beller with

computers than without computers

Question #2 2 points Data Collection

Explain how Dr. Aloe gathered his data Population. Sample.
Randomization

1 point =If students simply reproduce the problem statement found in the

text

i.e., 20 grade 6 students attending a public high school were

randomly assigncd to 2 groups.

2 points =If students mention statistical terros, going beyond the problem

statement

i.e., collccted a sample of 20 grade 6 students from a

population of students.

Question #3 3 points Data Analysls &
Sampllng
Considerations

Are the 2 groups (i.e. computer vs. no computer) different?
Why or why not?

1 point = If students write that the 2 groups are different

Data. Mean. Sample
size & representative­
ness.

•
2 points = If students say the 2 groups are different because of one group

worked with computers and the other didn't



•
142

3 points =If students say that the 2 groups are different based on

descriptive statistics
Le.• "the mean was higher for the computer group therefore

they learned best."

Question #4 2 points Data Ana1ysis

Can you compute sorne dijferences? If so, show how you
wou/d do this.

Mean, Range

1 point = If students compute the average or say how they would do so

2 points =If students compute the average anl1 the range.

With Computers

Without Computers

~

42.0

37.6

Range

12

12

Questlon#5 2 points Data Presentation

Cou/d you show resu/rs (i.e., 2 groups are different or
the same) in a graph? Exp/ain how JOU wou/d do this or
draw a graph showing this.

Data,statistics,
Graphs

1 point = If students explain how 10 draw a graph (or) draw a graph showing_

for each score rather than average (or) if the graph is not clear about the

differences (e.g., axes are labelled inapproprialely)

2 points .. If students draw a graph that illustrates the difference between the 2

gronps in terms of average and not individual scores (i.e., 2 bars in the

column graph rather than 20)

•

Total: 10 Points



•
143

Appendix J

Scorjne Temp1ate For Uomework Assienment #2

Ideas/Examples 1 point Creativity

0.5 point =If the student gives an example presented in class during instruction
or group projects

1 point = If the student gives a novel example

The 4 Steps Involved in
Conducting an Experiment

• Research Question

9 points

2 points

Research Question
Data Collection
Data Analysis
Data Presentation

Population. Sample

1 point =If the student says anything pcrtaining to hypothesis generation

2 points = If the student mentions that hypothescs arc made about populations and
that samples arc uscd ta make infercnces about this population

• Data Collection 3 points Data. Sample. Sample
size. Randomization
cft Representativenss

1 point =If the student mentions the fact that data necds to he collectcd in order
ta try ta answer the rcscarch question

2 points = If the student mentions that the data is gathercd from a sample which

rcprcscnts the population

3 points ... If the studcnt mentions issues of sampling such as sample sizc.

randomization, and sample rcprcscntativeness



• • Data Analysis 3 points
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Mean. Mode. Median .

& Range

1 point = If the student says that data must he analyzed

2 points =If the student says that means, modes, medians, & ranges can he used
to analyze data

3 points =If the student provides a description or explains these terms and/or
comments are made about the influence of outliers or extteme scores
are made

1 point Data. Statistics,

Graphs

1 point = If the student mentions the use of graphs or chans for displaying the
results.

• Data Presentation

Total: 10 points

•
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Appendix K

Know)edlle. Reasonjnll' Plannjnll' and ReOectjon Prompts

in Structured Group JOllrnnls

Knowledlle Prompts

Definition of Concepts

Prompts:

Statistical concepts were taught in a 10-15 minute lecture

anc.i during a statistics tutorial which required that students

work in groups. Group journals were structured to

encourage students to document the meaning of these

concepts during statistical activities. Of interest was the

way in which groups formulated their declarative

knowledge.

1. What is data?

2. What is statistics?

3. What does population refer to?

4. What is a sample?

5. What does randomization refer to?

6. Name three statistics that can be used when analyzing

data. What kind of statistics are these?

7. What is a mean? How is it calculated?

8. What is an outlier?

9. What does mode refer to?

la. What is meant by the term median?

11. What is "range?" How is the range calculated?
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Explanation of Concepts Groups were given the opportunity to elaborate on their

understanding of various statistica1 concepts through

prompts that encouraged explanation. This allowed groups

to develop a conceptual understanding of statistics.

Prompts: 1. What five steps are involved in conducting a statistics

experiment?

2. Give 5 examples of how statistics is used in the media

(e.g., newspaper).

3. What are the two uses of statistics?

4. What are the IWO ways in which data and statistics can

be presented?

5. Give an example of a statistic.

6. Why are means important?

7. What types of scores are problematic for means (2)?

8. What are the pitfal1s of the median and mode?

9. Why do we need to calculate the range?

10. Why are graphs used in statistics?

Il. Does your group think that looking at the data is

important? Why or why not?

BasoniDI PmmDIa

Reasonlnl BBSed on

Data and Graphs ln

Tutorlal

The prompts found in the structured group joumals wcre

identical to those embedded within the statistics tutorial.

8uch prompts encouraged groups to think and reason about

the data and graphs they wcre working with on the tutorial.



Prompts:

Reasoning Based on

Project Data

Prompt:

Plannjne Prompts

Generation of Ideas

Prompts:

I·n

See Appendix A.

Groups of students were rcquired to conducl Iheir own

study and were encouraged 10 write their ideas and their

plans regarding their projecls and presentations in their

journals.

1. Of the graphs that you have tried, which ones does

your group think will be betler?

The purpose of incorporating planning prompts in group

journals was to encourage students 10 genelllte ideas and

to use these as frameworks for learning and applying

their knowledge of statistical concepts and procedures.

Groups were encouraged to begin planning their projects

from the outset and were reminded of their task throughout

the structured joumal. The journal emphasized planning

particularly towards the end of the tutorial when groups

were learning how te construct graphs.

1. Do your group have any ideas for a possible project?

If so, list them here.

2. Does your group think they will use the types of graphs

you learned about in the tulorial for your projeclS?

3. List sorne ideas your members mighl have for your

group's projecl. What was your tirst idea?
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ReOeçtioD Prompts

Evaluation of

Understandlng

Prompts:

1~8

4. Whal is your group's research quesüon?

5. Who are you going 10 ask 10 panicipale in your sludy?

6. How many people does your group need 10 make sure

your sample is represenlative?

7. How is your group going 10 demonstrale Ihe data you

have collecled?

8. What statistics does your group want to do?

9. What analyses has your group tried?

10. What graphs has your group tried?

Il. How are you going to present your project to the class?

12. What statistics has YOur group decided to do? Why?

13. What graphs has your group decided to do? Why?

Groups were encouraged to ask questions and to evaluate

their own understanding through prompts found within the

group journal. At the end of each section, groups were

given the opportunity to document their thoughts and ideas

that were generated as a result of their experience.

1. What questions does your group have?

2. What does your group not understand?

3. What does your group understand?

4. List any thoughts that your group might have about the

day's activities.

S. What IWO types of graphs did your group leam in the

tutorial? (say a litde bit about them).
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6. What future research couId your group do bascd on the

results of your study?

7. What suggesls would your group have for students

panicipaling in lhis study next year?

8. If you could create a problem for next year's students.

what would il he?
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Appendix L

Mini-Course Eyaluation

1. Did you like this mini-course?

(adapted from Jacobs, 1993, p. 157)

1

1liked it
alot

2 3

ItwasOK

4 5

1did not like
il al ail

2. What did you like about this course?

(adapted from Jacobs, 1993, p. 157)

3. What did you dislike about this mini-course?

(adapted from Jacobs, 1993, p. 157)

4. What things during the McGill project helped you understand statisti,;;;; the most?

5. Did the your classmate's presentations help you understand statistics a little bit

better? If 50, name 3 things that you leamed from just watching your friends present

their statistics project.
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6. Did you keep your flrst idea for your group project? If you did nOl, why did you

change it?

7. Would you change your group projects now that everyone has presented? If so, why

would you change it a..ld how would you do it?

8. What suggestions do you have to make this mini·course better?

(adapted from Jacobs, 1993, p. 157)




