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ABSTRACT

The literature on formative evaluation advocates the use of both

subject matter and learner experts to review instruction:!l materials. yet

there has been little resear!:h to support this recommendation. The

present study investigates the distinguishing characteristics of these !wo

expert reviewers, in particular the type and amount of oral feedback they

produced and the cognitive proœsses they engaged in. The think·aloud

method was employed to obtain feedback about a sLx page instructional

unit from eight experts; four subject matter and four learner experts.

Comments from the experts were transcribed, segmented and coded

according to three coding systems. Results indicated that the !wo groups

produced sirnilar data. In addition, the findings showed that both groups

referred to similar domains of knowledge, evoked or constructed similar

plans and identified their task as detecting problems. These findings

contradict the use of both types of experts during formative evaluation.

Sorne practical recommendations for practitioners are offered.
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RESUMÉ

La littérature sur l'évaluation formatif recommande l'utilisation

d'experts des contenu et "learner experts" (les experts qui sont fanùliers avec

les étudiants qui utilisent le matériel educationel) pour le rnatérie!

éducationnel encore, il y a très peu de recherche pour supporte cette

recommandation. La présente étude de recherche examine et caractérisé les

deux experts réviseurs, en particulier le type d'opinion orale il produite et

réfléchit leur engagement. La pensée a haute voix a été utilisée pour obtenir

une évaluation du type d'opinion orale de directives de six pages de huit

experts; quatre experts des contenu et quatre "learner experts". Les

commentaires écrits des experts, segmenter et réglementer selon trois codes

de système. Les résultats des deux groupes inclique des simila."ités. En plus

les résultats des deux groupes utilise le même connaissance et construise des

plans d'organisation et identifier leur tache de trouve les problèmes. Les

résultats ne soutiennent pas l'utilisation des deux types d'experts durant

l'évaluation formatif. Des recommandations d'ordre pratique sont offerte

pour le praticien.
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CHAPTERONE

Review of the Literature

Introduction

Prior to the 1960's, it was common practice for educational

publisbers to put unrevised materials into final production. These fust

drafts were distributed among the scbools, frequently proving to be

ineffective and unable to support classroom instruction. As curriculum

development projeets grew in the sixties, publisbers attempted to improve

instruetional materials by comparing new produets against existing

materials. Like the earlier generation, many of the flaws in these

materials continued to go unnoticed and as a result, a low level of learning

carried on.

As a response to this difficulty, Cronbacb (1963) and Scrïven (1967)

proposed that data identifying potential problems in the material be

colleeted during their development. Following data collection, revisions

sbould be made while the produets were still in rougb draft fonn. This

process was termed formative evaluation and today it is awell establisbed

component of instruetional materials or produet development (Dick &

Carey, 1990; Truett, 1984; Wager, 1983; Stolovitcb, 1982; Andrews &

Goodson, 1980).

Scriven (1967) identified two primary cbaraeteristics of formative

evaluation when used for educational purposes. First, the aim of the
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evaluation is to improve the effectiveness of instrllctional materials.

Second, the feedback received from potential learners and experts form

the basis for revision. An early and continual revision cycle is generally

recommended (Geis, 1987; Weston, 1986; Komoski, 1983), although,

studies have reported an improvement in student performance after ooly

one revision of the prototype (Dick, 1980; Baker & Alkin, 1973).

In recent years there has been substantial support for formative

evaluation. In an eyarnination of the pertinent charaeteristics of 40 models

of instrllctional design, Andrew and Goodson (1980) found that 38 of the

models endorsed formative evaluation. More recent surveys condueted by

Tessmer (1993) and Burt and Geis (1988) provide additional evidence that

formative evaluation is highly recommended.

Research has shown that formative evaluation renders instrllctional

materials more effective and as a result many studies endorse the

recommendation to include formative evaluation as an important

component of instrllctional design (Bordonaro, 1993; Schloss, Smith &

Posluzsny, 1990; Wager, 1983; Ellis & Wulfeck, 1983; Bagbdadi 1980).

There are, however, severa! COmmon approaches to formative evaluation.

These methods are based on the principal source of feedback employed;

either experts, learners or a combination of the two (Weston, 1986).

When an expert or a number of experts are used to critique

instrllctional materials it is referred to as expert review. In this approach,
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learner feedback is not collected and revisions are based solely on expert

opinions.

The use of learners to evaluate educationa! products has been

labelled; developmental testing, field testing or learner verification and

revision. The co=on feature among aIl of these methods is that

potential learners of the materiaIs, either individually or in groups, are the

primary source of feedback for revision.

The Iiterature aIso advocates a tbird approach to formative

evaluation, gathering feedback from multiple sources (Israeloff, 1992;

Weston, 1987; Geis, 1986; Dick & Carey, 1990). This method proposes the

use of a combination of experts and learners, with each group generating

different kinds of information. For example, experts would he consulted in

order to identify problems witbin their area of speciaIization, while

learners would he asked to provide persona! reactions to the materiaIs.

Weston (1987) points out that using multiple sources is advantageous as

experts may reco=end changes that may not be identified as problems by

the learners.

AlI of these approaches have a co=on element, the

reco=endation that instructiona! materiaIs be tried out and revised based

on the feedback obtained. These methods can he seen as one continuous

process consisting of two distinct stages; a data collection and a revision

phase. Weston (1991) suggests there are severa! advantages for making



•

4

such a distinction. For example, this discdmination allows researchers to

investigate a) the nature of different sources of feedback during data

collection, b) the preference of revisors for certain kinds of feedback data,

e) the impact of different types of data sources and d) the revisor's input

on learning outcomes.

The focus of the current study is on the data collection stage of

formative evaluation and one particular method of collecting information;

the expert review process. The remainder of this chapter reviews

contemporary literature regarding formative evaluation and expertise.

Initial sections discuss the use of experts as a source of information and

recent research on expert review. The last two sections examine the

cognitive psychology literature on expertise and the characteristics of

experts relevant to this research. This review concludes with a snmmary

and critique of existing literature, followed by a discussion of the specifie

research questions suggested by the review and examined in this thesis. .

Experts as a Sourœ of Data

Earlier on, it was explained that each of the approaches to

formative evaluation is based on a principal source of feedback; either

experts or learners. In this section experts will be described in more

detail. as they are the focal point of this study. In particular, the types of

experts most often reco=ended and advantages and disadvantages of

using experts will be highlighted.
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For centuries, praetitioners have sought the advice of experts to

evaluate their products. Today, expert review remains popular with

publishers and developers of instrlletional materials as it is generally more

cost-effeetive than the other approaches (Tyson & Woodward, 1989;

Weston, 1986; O'Donnell et al., 1985; Nevo, 1985; Truett, 1984; Kline,

1984). Evidence of this is found in a survey condueted by Truett (1984)

with educational software producers throughout the United States. She

found that close to half of the producers used teacher evaluations to

review programs and nearly 20% used other outside experts. Concerns

about the higher cost of colleeting learner data have led some researchers

to promote the exclusive use of expert reviewers (Montague, Ellis, &

Wulfeck, 1983; Macdonald-Ross, 1978). For example, Macdonald-Ross

(1978) suggested that only experts be used to critique materials since

revision data produced by learners was seldom richer or more meaningful

than expert data.

During expert review, various kinds of experts can be consulted

individuall~ or as part of a team. Geis (1987) generated an extensive list

of differeni types of experts used in formative evaluation and the unique

funetion they perform. His categorization scheme includes: subjeet matter

experts, instrlletional designers, pedagogical experts, learner experts, social

and moral experts, and users of the materials. Weston and McAlpine

(1990) added presentation, language, and cultural experts to the list. Since
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each type of expert represents a specifie area of expertise, they can be

used to serve different purposes during formative evaluation (Stoloviteh,

1982). For example, subjeet matter experts eould review the instruction to

assess its accuracy, comprehensiveness and recency. Pedagogical experts

can judge the suitability of chosen instructional strategies, the ability of

students to learn !rom the instruction or how effectively teachers can work

with the materials. Learner experts, also known as audience speciaIists,

can supply information about the relevance or acceptability of an

instructional system to a particular target population. Instructional

designers could use their skilIs in planning instruction to co=ent on how

weIl the educational produet refieets the principles of good instruction such

as clarity of objectives or alignment of components.

A survey of current instructional design textbooks reveals that

nearly haIf reco=end the use of !wo particular outside specialists during

formative evaluation; subjeet matter and learner experts. It is presumed

that each type of expert offers a unique perspective and therefore, a wider

range of information useful for revision is provided (Tessmer, 1993; FIagg,

1990; Dick & Carey, 1990).

There are severa! advantages to colleeting feedback data from

experts. Nevo (1985) reports four advantages of expert review: 1) experts'

opinion is an inexpensive evaluation taol compared to other procedures of

data collection, 2) obtaining feedhack from experts can he accompIished in
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a minima! amount of time, 3) generally experts' ideas are weil respected

and add credibility to a project and 4) experts' opinion can be used to

evaluate new instruction before the project is implemented. This flexibility

is important as it allows materials to be evaluated early in their

development. In addition, experts may bave an advantage over learners in

detecting erroneous content or potential problems with the materials

(Geis, 1987). Saroyan (1989) also suggests that another advantage is tbat

experts' co=ents are generally more informative than learners, since

experts tend to deteet inaceurate and problematic content and often foilow

this with reco=endations for improving the materials.

Nonetheless, expert review bas been characterized as baving certain

sbortcomings. Nevo (1985) admits that experts' opinions can be subjective

and that experts are often besitant to provide conclusive responses. He

also points out that there are often sbortages of experts in certain areas,

malâng it difficult for developers to secure the appropriate experts for

evaluation. Weston (1987) bigbligbts another potential disadvantage; that

experts cannot be relied upon to prediet aceurately bow learners will

respond to or learn from the materials. A further disadvantage is that

using too many experts may produce idiosyncratic information

(Thiagarajan, 1978).

Nevo (1985) suggests that wben formative evaluation is struetured in

a systematic way many of these sbortcomings can be minimized. He
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presents five requirements developers need to incorporate into the expert

review process. First, offer a detailed project description, then select an

unbiased sample, present specific questions to experts, collect written and

oral responses and lastly synthesize experts' opinions into a compc~ite

~1!mmary. Thiagarajan (1978) underscores the importance of providing

checklists to the experts to focus their attention on specific areas, as weil

as, encouraging them to go beyond simply identifying problems. He

recommends that reviewers suggest and implement solutions, so that

nothing is lost in the translation from feedback to revision. Systematically

incorporating these recommenèations into the expert review process would

overcome any inconveniences and enable developers to benefit from the

significant advantages of this procedure.

The literature on formative evaluation indicates that both learners

and experts produce meaningful data for revision, however, the central

theme of this study is the role of expert reviewers during formative

evaluation. In the upcoming section, research on the behaviors of expert

reviewers will be examined.

Research on Expert Reviewers

There has been little research done on the characteristics of expert

reviewers, however, two studies are relevant to this discussion. One is

Saroyan's (1989) investigation of different types of expert reviewers and

whether they produced distinctive feedback during formative evaluation. A
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second is by Duy (1990), who examined similar expert reviewers to

ascertain whether these experts stayed within their area of expertise and

focused on corresponding problems in the materials.

In Saroyans' (1989) analysis of the expert review process, two

different kinds of experts were seleeted. Microbiologists who taught

introduetory microbiology to health science students and professional

instruetional designers. Each subjeet was to review and revise a self­

instruetional module on microbiology. The results showed that the two

groups differed in their representation of the task, the problems they

focused on and the strategies they employed. Content experts consistently

addressed problems with the inadequacy and irrelevance of the content. In

addition, despite their experience teaching the intended audience, they

refrained from commenting on the pedagogical aspects of the text.

Instruetional designers also focused on concerns with the content, but with

less intensity and concentrated the rest of their attention on design and

pedagogical issues. A second conclusion was that individuals within each

expert group demonstrated a similar concem about gross inaccuracies. At

an in-depth level of analysis, however, dissimilarities were found. Saroyan

concluded that the unique training and work experience of the various

experts led them to interpret their roles differently. The microbiologists,

who routinely funetioned as resource people, aeted as specialists. On the

other hand, the instruetional designers behaved more like generalists.
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InfIuenced by their background in formative evaluation and their

familiarity with the types of opinions usually generated by different expert

reviewers, the designers provided more diverse information. Based on

these findings, Saroyan recommendeà that both types of experts be used to

constitute a formative evaluation team, in order to reduce duplication in

effort and increase efficiency.

Duy (1990) selected instructional designers, similar in tenns of

training and expertise, to investigate the uniformity of revisions made by

each expert. She found that the experts were quite similar in addressing

various instructional design attrtbutes, placing their emphasis on rewriting

the objectives or the need for introductions and improved transitions.

Nonetheless, they were more idiosyncratic with respect to other attrtbutes

of the materials, such as presentation and subject matter. Duy concluded

that the experts predominantly stayed within their area of expertise,

however. distinct backgrounds might have contnbuted to their

concentrating on different minor categories. She proposed that future

studies examine the effeets of focl1sing experts behavior through the use of

a checklist.

These initial studies on expert reviewers suggest that different types

of experts can be distinguished by the data they produce. They stay within

their area of expertise and consistently recognize global problems.

However. the samples used in each of studies was very small and
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generalizations about the role of expert reviewers cannot be made.

While there is limited researcb on the bebavior of expert reviewers

during formative evaluation, the current cognitive science literature

provides additional information on expert bebavior.

Cognitive PsveboloC Literature on Expertise

The current investigation of cognitive science into expertise focuses

on the collective talents of diverse experts and their ability to reason,

understand, solve problems and learn. This section will summarize the

vast literature on expertise by fust discussing the acquisition of expertise

and then descnbing the charaeterlstics of three types of experts germane to

the present study.

Acquisition of Expertise

Throughout the last decade cognitive psychologists have attempted

to comprehend excellence by uncovering the learning processes experts go

through. It has been estimated that 10,000 to 20,000 hours of concentrated

learning and practical experience is needed to acquire a world-class level

of expertise (Glaser, 1991; Chase & Simon, 1973). Looking at this from

another perspective, 20,000 hours are roughly equivalent to spending more

than 10 years of college and university building an expert knowledge base

in a specific domain. According to Pylyshyn (1989), 10 years represents a

ratio between the amount of knowledge and skill demanded by the

external environment and the internai capabilities that influence the rate at
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whieh people are able to learn !bis requisite knowledge and skill. These

two eomponents will be e.yarnined in more detail next.

Effects of Externat Demands on Expertise

The knowledge base acquired by experts is constantly being shaped

by the demands of their external environment. Intelligent problem solving

behavior is adaptive and can take on different forms in different milieus.

Theorists speculate that exposure to distinctive external demands leads to

diverse types of expertise or proficiency in a specifie domain (Glaser, 1991;

Lawrence, 1988). Two of the most profound external demands that

influence expertise are the task environment and on-the-job experiences.

As Lawrence (1988) explains, shared values and outlooks that are barn

from the social structure of the workplace "set certain constructions on

reality for professional and cultural groups" (p.231).

Furthermore, the external environment can also aet as a constraint

on expertise. Typically, task instructions that are inadequately defined and

restriet individuals to focusing on surface details can force experts to resort

to novice-like behaviors (Glaser, 1991; Swanson, O'Connor & Cooney,

1990; VanLehn, 1989). Such ambiguous task instructions often lead to me

construction of an ill-defined problem space, where experts are inhibited

from isolating the specifie principles around which their domain knowledge

is organized. Instead they must retrieve large amounts of information and

rely on inefficient general search heuristics. The outcome of such a vast
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search generally evokes a highly variable set of responses.

In a study done by Voss, Greene, Post and Penner (1983) solutions

elucidated by political science experts were compared with solutions

obtained by physics experts. Political science faculty members and

undergraduate students were presented with a typical ill-struetured political

science problem. Voss and colleagues found that there was considerably

more within group variability in solutions derived from political science

experts, when compared with solutions obtained from the physics experts.

The researchers attnbuted this discrepancy to the ambiguous nature of the

political science task that invariably elicits different translations of the

problem. These varied interpretations in tum generate an array of

corresponding solutions, many of which are unsuitable.

The externaI environment is an important feature in the

development of expertise. It not only influences the style of cognitive

functioning adopted by the expert, but aIso the breadth of their social and

practical problem solving skills.

Etrects of Internai Demands on Expertise

Due to internaI capabilities, experts accumulate knowledge and skill

at different rates. Nevertheless, there are certain common circumstances

that are instrumental to the speed at which experts obtain this knowledge

base. Two of these aspects are practice (Glaser, 1991; Neves & Anderson,

1981) and the development of a rich content knowledge (Chi & Ceci, 1987;
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Carey, 1985).

The importance of practice is demonstrated in a study by Anzai and

Simon (1979) that showed praetice quickly improved subjects' ability tO

unravel a puzzle. The researchers proposed tbat once a subjeet discovers a

correet solution path, it becomes a template for forming new productions

capable of uncovering the solution more efficiently.

Severa! developmental studies illustrate the second aspect, the

relationship between acquisition of prior content knowledge and new

knowledge. One of these studies on cognition in young children,

documents a change similar to the novice to expert shift (Carey, 1985).

Carey based her theory upon her own observations of childrens' thinking.

Younger children organize their knowledge structures around

undifferentiated charaeteristics. As they gain more information about

objects and ideas their knowledge structures change to refleet these new

facts. As the child matures, detailed categories begin to develop around

abstraet principles. The genera! point that Carey makes is that as the

leamer acquires more specifie concepts, their knowledge structures alter

and these new structures facilitate advanced reasoning. Increased content

knowledge, therefore, will in time promote expert thinking.

There are also constraints associated with the inner environment.

Posner (1988) points out that people differ in abilities and interests and

that these capabilities interaet with their accumulation of knowledge. He
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believes that the most important individual difference may be the

willingness to undergo the long, rigorous training necessary for experts to

become masters in their field. If this is the case, then the development of

expertise may rely as much on motivation as on the capacity to learn.

Practice and a rich knowledge base aIl combine to place internal

demands on experts. At the same time, the extemal task environment and

on-the-job experiences influence the style adopted by the experts.

Moreover, ill-struetured tasks, individual abilities and a lack of motivation

cao diminish expert performance. Having examined the influences that

contribute to the acquisition of expertise, the discussion will now tum to a

description of the salient charaeteristics of three types of experts relevant

to this research; domain or subjeet matter experts, literate experts and

pedagogical experts.

Characteristics of Relevant Experts

In everyday life, people are encountered who have unique talents in

particular areas of specialization. This high level of competence has

become an intriguing subjeet for researchers and the list of expert

charaeteristics continues to grow. In the current study, the charaeteristics

of subjeet matter and learner experts as reviewers of written material are

being examined. Presently, it is unknown what kind of expertise learner

experts will bring to the formative evaluation task. A knowledge of

teaching, as weil as reading and writing, seems to be implied. Hence, this
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section will review the universal traits of domain, literate and pedagogical

experts as they are germane to the study of both subject matter and

learner experts.

Domain Experts

Experts in various domains demonstrate superior skills in three

main areas: 1) metacognitive skills, 2) memory and speed of performance

and 3) knowledge structures. Each one of these competencies will be

looked at in more detail.

The literature on expertise reveals that experts display self­

regulatory or metacognitive skills that are absent in less experienced

learners (Glaser, 1991; Swanson et al., 1990; Glaser & Chi, 1988). These

capabilities include awareness of one's level of competence, allocation of

attention to the analysis of problems, management of available resources

and strong solution monitoring skills.

Two other features that distinguish experts is their accelerated

speed of performance and superior memory. Initially experts, due to their

extended analysis of a task, are slower than novices in the first phase of

problem solving, but faster overall (Johnson, 1988; Chase & Ericsson,

1981). Also, experts' recall exceeds the usuallimits of both short-term and

long-term memory. Further investigation has determined that there is a

link between this superior memory and accelerated speed of performance

(Gentner, 1988; Chi et al., 1987; Neves et al., 1981).
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An early investigation by Chase and Simon (1973) using chess

players of varying strength revealed that master chess players exhibited

greater speed and aecurately recalled more positions. They proposed that

experts' speed and increased memory eomes from many hours of practiee.

Such intense rehearsal develops automaticity of skills and frees up

resourees for greater storage in memory. Moreover, they advanced that

experts can arrive at a solution without conducting an extensive memory

search. Building on this theory, Chase and Ericsson (1981) hypothesized

that superior memory in experts is due to retrieval systems that chunk

information together.

The third and perhaps most infJ.uential attribute of expertise is the

possession of a weil organized body of knowledge. This knowledge, which

is the primary difference between experts and novices, is principle-based,

domain-specifie and readily accessed by excellent metacognitive skills.

Experts' knowledge structures differ from novices' in severa! aspects; for

example they are larger than novices, incorporating more core items and

members. Experts also possess more superlinks or overlaps where distinct

categories share common features (Chi et al., 1987). These superlinks

enable experts to perceive large patterns of interrelated information.

Murphy and Wright (1984) examined differences in knowledge

structures between experienced and beginning counsellors and found

support for the daim that richness of categories increased with experience.
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AlI subjeets were asked to describe the charaeteristics of an aggressive

ehiId, a depressive ehiId and a disorganized chiId. It was found that the

skilled counsellors included more features in each category and that the

classifications eontained many items shared by two or more clusters,

whereas novices' categories contained virtually no overlapping attnbutes.

This extended knowledge base is a critical component of expertise

as it aids experts' in their interpretation of problem situations. A good

problem representation is comprehensive and abstraetly depiets problems

in terms of goal statements or "what is to be done", rather than simply

"how to do it". Experts eonfronted with new information examine the data

in this goal-direeted fashion and use their professional knowledge and

other personal frames of reference to guide their search. This more

coherent and principled representation results in a deeper understanding

of the problem. In tum, such a comprehensive understanding leads to the

selection of more appropriate procedures and ultimately, more effective

solutions.

The charaeteristics of exceptional metacognitive skills, superior

memory and intricate knowledge structures are common traits among

experts in a variety of domains More specifie skills attnbuted to literate

experts will he highlighted next.

Ulemle Experts

In the present study the experimental task requires subjeets to read
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through written materials and identify problems for revision. Also, for the

purpose of this researeh, learner experts were ail CEGEP or university

professors. Sinee reading and writing are critical aspects of this profession,

it is fitting to examine the expertise literature in this area; known as

literate expertise.

Both reading and writing are highly goal oriented, intellectual tasks

that include planning, implementation of the plan, and monitoring

progress. The researcb on writing and revision indicates that skilled

editors set themselves a more difficult task, are goal-direeted, engage in

more planning and make more meaningful revisions (Fitzgerald, 1987;

Flower, Hayes, Carey, Scbriver & Stratman, 1986). Skilled readers also set

themselves a more difficult task, are goal direeted and work at a deeper

level of understanding to uncover the meaning behind the words

(Scardamalia & Bereiter, 1991; Hare, 1981; Flower, 1989). Scardamalia

and Bereiter (1991) reviewed the literature on strategie reading and

eompiled information on the reading styles of expert and inexpert readers.

This searcb revealed that task execution was more laborious for skilled

readers. They constantly monitored their comprehension of the materials,

re-cycled to planning to consult their goals when the tex! became difficult,

and integrated new information with prior knowledge. The end result is a

deeper level of comprehension for the reader.

Another study e.Yllmined the role task representation played when
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students were reading for the purpose of writing (Flower, 1989). Flower

found that the students' organizing plan was the dominant feature used to

structure the task representation. She proposed that five organizing plans

guided the process ofreading to write and that skilled reader/writers were

more likely to use two options; synthesizing ideas around a controlling

concept and interpreting ideas for a particular purpose. The synthesizing

plan requires readers to combine their own knowledge with information

from the text and organize this information around a central topie. It is

the mainstay of academie writing and permits reading for meaning not just

details. The interpretation plan expands on the synthesizing plan by

attempting to adapt the authors' knowledge into a format that addresses

the needs of the audience and sets up an issue to make a definite daim.

Although selecting an organizing plan is instrumental to reading and

writing, the process is often carried out with little or no awareness on the

part of the problem solver. Familiar problems are likely to be highly

automated, with little conscious effort required to evoke them.

Research on revision of written materials indicates that experienced

revisors also define the task differently and pursue different strategies

(Flower et al.. 1986). A study comparing novice and experienced editors

found that experts interpreted their task as diagnosing problems and

revising, while the novices viewed the task as detecting problems without

elaboration and rewriting rather than making specifie changes. Additional
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expert charaeteristics identified were the use of well-deveJoped and specific

procedural knowJedge, building compJex probJem representations and

diagnosing more global probJems that considered the audience and

purpose for writing. The researchers did note however, that although most

experts dealt with the same global deficiencies there was little consistency

in specific probJems. An ~terestingfinding was that experts made

surprisingly few revisions. The researchers concluded that although

diagnosis was in the experts' repertoire, experts frequently used the Jess

rime consuming alternative of detection.

OstensibJy then one reason that experts avoid making revisions is an

unwillingness to commit to the extra cognitive cost invoJved. In a review

of literature on revision in writing, Fitzgerald (1987) presents six other

potential roadbJocks to revision. These obstacles include: 1) the Jack of

clear objectives for the task, 2) Jack of knowJedge of what is wrong, 3) Jack

of knowJedge of how to fix the problem, 4) the difficulty of juggling

presentation and content-related goals, 5) the inability to take the readers

perspective and 6) difficulty in managing the process of revision.

In snmmary, literate experts engage in more arduous task execution

by going beyond the surface level of faets to achieve critical literacy;

interpreting faets for different uses. The plans they develop are goal

direeted and highly automated. Due to cognitive costs, experts may simply

deteet problems without making revisions or other obstacles may constrain
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their performance. Next, a survey of pedagogical experts will complete

the review of expert characteristics.

Peciaeogjea! Experts

Learner experts in this study are ail experienced teachers and

consequently bring this specialized knowledge to the formative evaluation

task. Since this background influences their performance, the key features

of pedagogical expertise will be higbJighted.

Master teachers are distinguished from novices by their more

skilful planning, in-depth analysis of problems and goal-directed task

representations. Like experts in other domains, their knowledge structures

are more elaborate and detailed and each category is organized according

to a genera! principle. A further distinction is that skilled teachers have a

large quantity of knowledge about students available to them and they are

able to use this knowledge to predict where difficulties might arise for

students (Borko & Livingston, 1989; Berliner, 1986; Leinhardt & Greeno,

1986; Schulman, 1986; Leinhardt & Smith, 1985).

The skill of teaching rests on two fundamental systems of

knowledge; subject matter and lesson structure (Leinhardt et al., 1986).

The fust is knowledge of the content to be taught. The second is the

knowledge required to construct and conduC! a lesson. This second

category is made up of severa! distinctive components, including:

1) traditionallesson plans, 2) aetivity structures that include generic
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methods of teacbing, as weIl as, specific ways of teaching a particular

content, 3) a repertoire of automatic routines that are associated with

individual activities and 4) information schemata that enable teachers to

make decisions about t!:: :nstructional needs of students and subjeet

matter coverage. Shulman (1986) introduced the term pedagogical content

lœowledge, that is a blending of content and pedagogy similar to Leinhardt

and Smith's specific activity structures. This lœowledge is unique to the

teacbing profession and enables experienced teachers to adapt topies to

the interests and abilities of students (Borko et al., 1989; Berliner, 1986,

Shulman, 1986).

A comparison study of mentor and novice teachers demonstrates

that experts are better at predieting where in a course students are likely

te have problems (Borko et al., 1989). Experts' more developed content

lœowledge, pedagogical content lœowledge and lœowledge of learners

enable them to prediet misconceptions the students may have. The

researchers also found that when experienced teachers plan instruction,

they think about "how" best to co=unicate the content and focus on

explanations, examples, sequencing and students' understanding and

involvement with the content.

The studies of pedagogical experts show that master teachers' more

sophisticated content, lesson and student lœowledge distinguishes them

from novice teachers. This lœowledge influences how the subjeet matter is
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presented and ensures that the instruction is responsive to students' needs.

A summary of the cognitive psychology studies on expertise indicate

that different training and professional experiences can result in diverse

expertise and proficiency. Furthermore, ill-structured tasks and different

leveIs of motivation can constrain an individuals' level of competence. A

common charaeteristic among subjeet matter experts is that they spend

more time in the initial phases of problem solving, analyzing problems and

building goal-direeted representations of the task. They also possess well­

organized and complex knowledge structures. Traits specific to literate

experts are setting for themselves the more demanding tasks of reading for

meaning, and considering the audience and purpose of the task when

writing. Pedagogical experts have a unique knowledge base that includes

content, lesson structures and student charaeteristics. Skilful teachers use

this extended knowledge to communicate the content in a manner that is

relevant to their students' needs.

Summary

Formative evaluation refers to collecting feedback on rough drafts

of educational produets with the intention of improving the instructional

quality of these materials. Since its inception, support for formative

evaluation has increased. Research and experience have provided

evidence that evaluation of instructional materials does improve quality

and increase learning. Expert review is one of the common sources of
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data collection used during formative evaluation. This source of data

collection has severa! advantages that have increased its popularity with

publishers and developers alike, however, there is a lack of research on the

expert review process and the charaeteristics that distinguish each type of

expert. A few studies indicate that subjeet matter experts and instructional

designers are distinctive from one âllother. An additional conclusion is

that individuals within each expert group consistently recognize global

problems, but are more idiosyncratic about specifie imperfections.

A further investigation into the cognitive psychology literature on

expertise produced additional defining charaeteristics of experts. External

and internaI demands place different stresses on experts that constrain

their performance and result in diverse specializations. Universally,

experts are differentiated from novices by their superior metacognitive

skills, goal-direeted plans and well organized and complex body of domain

knowledge. Literate experts, experienced in the revision of written text,

cao be distinguished by the difficulty of the task they set for themselves

and their strategy of revising to malte the text more meaningful to the

audience. Likewise, pedagogical experts are unique due to their

specialized knowledge of subjeet matter, lesson presentation and student

charaeteristics. This combination of content and lesson structure

knowledge guides experienced teachers in their translation of the content

into instruction that is relevant to the reality of the classroom. This review
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of the research sheds light on the charaeteristics of experts, however, it is

insufficient to support the daims that various types of experts produce

distinctive data when evaluating instructional materiaIs. Neither does it

provide empirically based guidelines to help the instructional developers

structure expert review sessions.

Focus of tbis Study

This study was undertaken to address the paucity of research on the

expert review process in formative evaluation. It attempts to identify

distinguishing charaeteristics of two different types of expert reviewers;

subjeet matter and leamer experts. First, it examines the produet

produced by these two expert groups. Second, it investigates how they

represent the task and the plans they construet. This information will aid

instructional developers in their decision whether to use a single expert

reviewer or a team of diverse experts. It will aIso help them to structure

the task so that the experts will generate the data the developers are

seeking.

Research Questions

The general question that guided this research was: What are the

defining charaeteristics of the feedback generated by subjeet matter and

learner expert reviewers during formative evaluation?

(a) What a.-e the sirnilarities and differences in the produet

generated by these experts both between and within the two groups?
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processes employed by the experts both between and within the two

groups?

27
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CHAPTER 'IWO

Methodology

Qveryiew

This study e;:-amines the defining charaeteristics of the oral feedback

produced by two kinds of expert reviewers during formative evaluation.

The types of specialists seleeted for the present study are subjeet matter

and leamer experts. This research a1s0 examines the cognitive processes

of these two expert groups. Specifically, it compares the similarities and

differences that exist in terms of the type and amount of data generated,

as well as the strategies used by both groups.

The materials chosen for the reviewing task was a six page unit on

the topie of diet and cancer. Three types of data were eolleeted. First,

the subjeets eompleted a think-aloud procedure; second, they responded to

specifie questions from the administrators in a retrospective interview and

third, they completed a debriefing questiol1Iiaire. The primary method of

data collection was the think aloud, which required the subjeets to

verbalize ail of their thoughts while reading the unit aloud. Verbal

protocols were obtained by transcnbing verbatim the comments made by

the subjeets. Initially, these protocols were segmented and coded using a

ccding scheme based on the human problem solving model; the inter-rater

reliability of the coding scheme was established. Three additional levels of

analysis were then applied to the coded protocol: 1) Produet Attnbute
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analysis of essential charaeteristics of a well-designed instruetional produet,

2) Planning and Goal analysis of the formative evaluation plan eonstrueted

by the expert and 3) Task Representation analysis. From these analyses

the similarities and differenees between and within expert groups were

eompared. Demographie data was eompiled with the use of a debriefing

questionnaire.

Method of Data Collection

Subjects

Eight experts were seleeted for this study. Four were professional

dieticians and four experts were university or CEGEP professors. AlI

experts had practised their professions for a minimum of five years. This

was judged to be the requisite amount of experience needed to aequire a

basie level of expertise. Nevertheless, most subjeets had significantly more

years of professional experience than this minima) standard.

The experts in the current study were chosen because they

represented two types of experts that are called upon to review

instructional materials. The dieticians were seleeted as subjeet matter

experts, since they were familiar with the issues penaining to diet and

cancer. The professors were designated as learner experts, as they were

acquainted with the intended audience for these materials; undergraduate

university arts and science students. The subjeets were offered a small

stipend for their participation in the study and informed consent was
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ascertained by having each subject sign a consent fonn.

Materlals

Stjmulus mater!als. The stimulus materials used in this research

was a six page self-instructional module entitled The Diet Cancer

Relatjonsbip (Fenster, Harpp, & Schwarcz, 1990) (see Appendix A).

These materiaJs were ",Titten by university chemistry professors, who were

experts in the content of the materials. The materials were created for use

in an introductory leveJ, undergraduate chemistry class that was open to

bath arts and science majors.

To be considered appropriate, the stimulus materials had to meet

three standards. First, the materials had to be in a draft format, in other

words without the benefit of undergoing any type of formative evaluation.

This criterion was established so that the materials used in this study

would have a similar composition to those usually tendered for formative

evaluation. Next, the materials had to be wrltten by content experts, as

these are the most frequent authors of instructional materials in bigber

education. LastJy, the materials had to provide a minimum of 30 minutes

of instruction. This time period was selected since it was long enougb to

be considered a leaming task, yet short enougb to ellcit comments from

subjeets on all aspects of the materials.

Adminjstrative mater!als. Subjeets were provided with a folder

containing the following documents: the stimulus materials, a snmmary of
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activities for the session, a consent form, instructions for their task, a

description of the warm-up exercise, and a hand-out explaining the think­

aloud procedure (see Appendix B for a copy of ail of these documents

except for the stimulus materials, which are presented in Appendix A).

The administrator's folder contained the following information: a

tracking sheet, which consisted of the stimulus materials in a smaller print

with large margins for written co=ents, a script presenting some

background on the research projeet and the purpose of this study, a script

explaining the session's activities, a script explaining the task instructions

(same as subjeets'), a script explaining the warm-up exercise, a list of

phrases used to prompt subjeets to continue thinking-aloud during the

session, a script for concluding the session and, a debriefing questionnaire

(see Appendix C for a copy of administrator's materials except for the task

instructions, which are presented in Appendix B).

Eguipment and Sening. A Sony cassette recorder (model TCM­

SOOOEV) with a separate microphone was used to record the session. As a

precaution, another cassette recorder with a built-in microphone was used

as a back-up. The room was arranged 50 that the tape recorders were

placed on a separate table, with the microphone placed in front of the

subjeet. One administrator sat next to the subjeet, while the other

administrator sat where the tape recorders were located. This arrangement

aIlowed the subjeets to cany out the experimental task with case, while the
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researcher could change cassettes and take notes unobtrusively. The

recorders began running after the warm-up activity and remained on until

the end of the session.

Rationsle for the Thjnk-AJoud Method

The think-aloud is a data collection method for conducting in-depth

analyses of cognitive processes. This research method is closely tied to the

theory of human problem solving and its purpose is to provide insight into

subjeets' underlying thought processes (Ericsson & Simon, 1984). In the

current study, the think-aloud method was used to gather detailed verbal

information about what the experts were thinking while reviewing

instructional materials. The subjeets were to read the materials out loud,

stopping to verbalize their thoughts as they came to mind. AlI thoughts

were to be expressed no matter how trivial in nature they seemed to be.

There are two major assumptions behind this method. The fust

assumption is that during problem solving an individual processes available

knowledge and possible operations into a sequence of intermediate steps

that lead to an eventual solution. The theory also assumes that under

normal circumstances, as intermediate steps come into focus they are

available for verbalization and according to Ericsson & Simon (1984)

articulating these steps does not interfere with the problem solving process.

The result of this operation is a think·aloud protocol that provides a trace

of aU the erroneous sequences of steps, :ilternative operations considered
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and the final selection of a solution (Breuleux, 1991).

A major benefit of using a think-aloud procedure is that it uncovers

a rich data source of ref1ective thinking that is seldom accessible by other

methods (Ericsson & Simon, 1984; McAlpine, 1987). An additional gain is

that this method offers a means to reduce potential distortions and loss of

information that occur when subjeets recount their thoughts retrospectively

(McAlpine, 1987).

The think-aloud method, however, is not without its critics.

Ericsson and Simon (1984) respond to some of these criticisms in an

article outlining the effectiveness of verbal reports as data. One of the

main criticisms is that condueting a think-aloud will alter the subjeets'

performance. A second reproach is that this method produces incomplete

verbal reports and inconsistent results.

Ericsson and Simon counter the first complaint by suggesting that

evidence from concurrent reports contradiets this claim. In addition they

report that even when subjeets performed the more complex task of

reading while verbalizing their thoughts, the subjeets' performance,

comprehension or number of inferences generated were comparable to

subjeets who did not think aloud while reading. Ericsson and Simon

continue to refute think-aloud critics by pointing out that the potential

disadvantages of incomplete and inconsistent data can be diminished by

using clear probes in a retrospective interview that immediately follows the
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last trial. They also emphasize that even though incompleteness of reports

may make some information unavailable, !bis does not inva1idate the

information that is present (P243).

Having weighed the advantages and disadvantages of the tbink­

aloud method and its suitability for the experimentai task, the tbink-aloud

was determined ta be the best method of data collection ta use in !bis

study while the subjeets' worked through the materials. This information

was supplemented with interviews.

Pjlot Testine

Prior ta conducting the study, a pilot test was condueted in arder ta

identify problems with the data collection procedures and ta determine the

clarity of task instructions. The pilot test also provided an opportunity for

the researchers ta practice implementing the experimentai procedures

prior ta the aetual data collection. The methodology of the pilot test was

identical ta the proposed study, but limited ta one subjeet. This subjeet

was a high school, mathematics teacher with over 20 years of teaching

experience. For the past two years, she had been conducting research on

university course evaiuations. During the pilot test no problems were

uncovered, and the data collection methods remained unchangeci.

Procedures

Preliminsry procedures. Prior ta data collection, the administrators

contaeted the potential subjeets by phone. At !bis rime, the nature of the
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research was explained and a short description of the experimental task

was given. The subjeets were also informed that the task would take a

maximum of three hours and that a $100.00 honorarium would be given at

the end of the session. Upon agreeing to participate, dates for data

collection were arranged with each subjeet. The initial phone ca11 was

followed by a reminder noticemailedtoeachsubjer.ts.home.This notice

indicated the nature of the study, the rime commitment required, the

amount of the honorarium, the date and the location of the session. Upon

arriva! for their appointment, the subjeets were greeted by the two

administrators of the session and thanked for their participation. The

subjeet was then seated at a table and provided with a folder containing a

package of reading materials that they would use during the session. The

participant was informed that the adrninistrators would stop for a break

midway through the session, however, a break could be taken any rime the

subjeet deemed necessary.

Procedures durine the sessjon. Each of the eight sessions consisted

of: (a) an ice-breaker, (b) a snrnmary of the activities for the session,

(c) a description of the experts' task, (d) a warm-up exercise for the thînk­

aloud, (e) the reviewing task, (f) a retrospective interview, and (g) the

debriefing questionnaire.

The ice-breaker involved having the subjeets read a script that

thanked them for their participation and outIined the research projeet they
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bad volunteered to take part in. The general nature of the task was

described and it was empbasized that the materials were being evaluated,

not the subjeets' performance. At the end of the script, the subjeets were

encouraged to articulate any concerns they might bave.

For the snmmary of activities, the administrator read a list of

actions that would be executed during the upcoming session. At the same

time, the subjeets read silently along with the administrator using their own

copy of the list. After confirming that the subjeets understood the task,

they were asked to sign the participant consent form.

This was followed by the administrator reading the description of

the task to the subjeets. The script explained that the subjeets were to give

feedback as an expert on their observations about the content of the

materials. They were also asked to comment on bow weil the intended

audience could learn from the unit. The subjeets were advised to highlight

positive, as weil as, negative features of the materials. The task

description briefly outlined the tbink-aloud procedure and the subjeets

were informed that should they forget to tbink out loud, one of the

researchers would prompt them to continue. Written comments were

permitted, as long as the subjeets also verbalized what was being written.

A warm-up exercise was included based on Newell and Simon's

(1972) recommendation to allow subjeets to familiarize themselves with the

tbink-aloud procedure before executing the task. Through practice the
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subjeets become accustomed to verbaIizing aIl of their thoughts, therefore,

they will generate more co=ents during the experimental session. As

with the previous aetivity, the adrninistrator read an explanation of the

warm-up exercise to the subjeets while they read their own copy silently.

The warm-up aetivity required the subjeets to form as many words

as poSSIble from 12 randomly chosen letters of the alphabet. Any of the

letters could be used repeatedly. Three minutes were aIlotted for this task,

and the subjeets were told to verbalize their thoughts throughout the entire

aetivity. While performing the task, if the subjeets remained silent for

more than ten seconds the adrninistrator prompted them to continue

thinking-aloud. After the warm-up aetivity, the subjeets and the

administrators appraised their performance. If the subjeets still had

questions concerning the think-aloud procedure, they were given additional

information in a hand-out. This hand-out consisted of co=on questions

and answers concerning think-aloud protocols, and was "dapted by Saroyan

(1989) from Hayes, Flower, Schriver, Stratman, & Carey (1987).

Prior to co=encing the reviewing task, the definition of the task

was repeated to the subjeets and they were asked if they had any further

questions. The subjeets were reminded that the adrninistrators would be

unable to respond to their queries once the think·aloud procedure began.

During the reviewing task, the subjeets read the stimulus materials

out loud while the adrninistrators sat quietly. One of the administrators



•

•

38

prompted the subjeets to continue tbinJàng out loud and wrote down on

the traeking sheet any comments made by the subjeets that were unclear or

lacking in sufficient details. This was done 50 that further clarification of

these eomments could be sought following the think-aloud session. The

other administrator was responsible for ehanging the cassettes and also

tracked the subjec-oS comments. If subjeets stopped verbalizing for more

than 10 seconds, the first administrator reminded them to think-aloud by

using a list of prompting phrases (see Appendix C). These phrases were in

a predetermined order, and if a subjeet remained silent after the first

prompt was used, the administrator would go down the list of phrases until

the subjeet began to verbalize again. The purpose for using designated

prompting phrases was to increase consistency among subjeets and reduce

potential bias. For aU eight subjeets, the administrator rarely had to

prompt and the first two phrases were the only ones used.

Following the reviewing task, the notes from the tracking' sheets

were used to structure the retrospeetive interview. The objective of the

retrospective interview was to obtain additional feedback from subjeets.

Ericsson and Simon (1984) recommend the use of a retrospective interview

immediately after the think-aloud session, so that the information that is

still stored in short-term memory can be direetly acœssed.

The interview consisted of specifie questions about the feedback

given by the subjeets during the review task. General questions were
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avoided, as they might not have elicited the information that was being

sought (Ericsson & Simon, 1980). ln general. the subjeets were asked to

clarify or elaborate on the comments the admini°trators had noted earlier.

The length of the interview varied across subjeets.

When the retrospective interview concluded, the subjeets were

asked to fill out a debriefing questionnaire (see Appendix C). This

questionnaire consisted of questions on the subjeets' definition of the task,

their plan for reviewing the instructional materials, their domain of

expertise and other background information on the subjeets education and

job experiences. There were also general questions that provided an

opportunity for the subjeets to express their opinion on the study or

mention difficulties they had with the reviewing task. Once the

questionnaire was completed, the subjeets were asked to sign a receipt for

the honorarium offered.

Method or Data AnaJysis

1'ranscribing

The recorded commentaries of the subjeets were transcribed

verbatim using a Sanyo Memo-Scriber TRe 9100 transcnbing machine.

The verbal reports or protocols were typed single space. The transition

from the subjeets' thinking aloud to reading direetly from the text was

designated by a double space. AIl segments representing reading aloud

from the text were enclosed in quotation marks. Pauses in the subjeets'
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speech while thinking aloud were indicated by a comma.

Segmenting

The next step of analysis involved parsing the transcribed protccols

into units or segments. This is known as segmenting and there are a

number of ways to proceed with this operation. One way is to use clausal

analysis, a system developed by Winograd (1983), and based on having a

conjugated verb within each segment. Other possible segmenting

procedures are based on speech bursts, temporal information, or

repetitions (Saroyan, 1989).

The segmenting system chosen for this study was adopted from

Rahilly, Weston, and McAlpine (1991). The premise of this procedure is

that a segment must be broad enough to reveal its meaning, yet narrow

enough to ensure consistency in segmenting (Rahilly, 1991). In essence a

segment is a "meaning unit" or a complete thought. Each unit rnight

include a conjugated verb, a participle, an infinitive or implied verb, and a

bound adjunct. Bound adjuncts are defined as phrases (subjeet with verb

absent) or clauses (subjeet and predicate) that modify or add more

meaning to the unit. These adjunets are connected to the main clause by

a binder such as "if', "bec:<.. se", "and", or "while" (se~ Appendix D for a

sample of a segmented protocol).

Overview or Analyses

Table 1 provides an overview of the four types of analyses
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Overview of Analyses
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performed. As indicated, each type of analysis investigated the data in

different combinations in order to answer specific questions. The first

level of analysis, Problem Solving Analysis, examines the general

characteristics of the oral feedback according to the function it performs.

The second analysis, Product Attribute Analysis, is associated with the

product generated by the experts. For the purpose of this research, the

product is defined as information that would be useful in future revisions

of the instrllctional materials. The last two analyses, Planning and Task

Representation, are process related and explore the cognitive operations

the reviewers engage in.

General Cbaracteristicsi ProbJem SoIying Analysis

Ericsson and Simon (1980) make two recommendations

conceming the analysis of tbink-aloud protocols. First, the coding scheme

should be established in advance and secondly, it should be based on the

terminology of the theoretical constructs that support a particular study.

The coding scheme used for this research was developed by Saroyan

(1989) and based on the theory of human problem solving. The

assumption behind this theory is that the search for a solution to a

problem takes place in a problem space. A problem space is a symbolic

work space made up of all the possible goals the solver might consider, all

poSSIble operations, strategies or moves that might be taken and all the

poSSIble conditions that might constrain the solver's actions (Flower, 1989).
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Within this mental representation of the problem, an individual links, in a

sequence, appropriate actions and their knowledge of the problem. This

procedure is repeated until a path is construeted that moves the problem

solver from the initial state to the goal state. In order to determine an

encoding scheme that represents this process, ail of the components of the

problem space need ta be taken into account and a code derived for each

element (Breuleux, 1991).

Saroyao's coding scheme represents the path an individual takes as

they search through the formative evaluation problem space. According to

Saroyan, this problem solving model is comprised of four elements:

1) identifying a problem, 2) establishing criteria for an acceptable outcome,

3) implementing change, and 4) drawing upon knowledge sources to

achieve the desired goal.

AlthoUgh Saroyao's research investigated revisors rather !han

reviewers, it did examine experts who were formatively evall1ating

instructional materials and therefore, her coding scheme was deemed

appropriate for this study. The faet that other previous studies on

formative evaluation have also modeled their coding schemes on Saroyao's

system (Rahilly, 1991; Duy, 1990), furnished additional support for this

decision.

In total, 18 codes were used to sort the data; ail 13 of Saroyao's

codes, 4 codes adopted from Rahilly, and one new code. Sorne of the
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codes underwent slight changes in definition. This coding scheme was

applied to all think-aloud and retrospective interview segments.

The codes were grouped into six categories, with each category

representing a specifie formative evaluation function. This was done in

order to facilitate analysis of similar codes. These six categories are:

Opinion Related Codes, Knowledge Related Codes, Problem Related

Codes, Goal Related Codes, Task Related Codes and Theoretically

Irrelevant Codes. A description of each category, its codes and its source

will be presented nert Also, an example will be provided for each code.

Opjnjon ReJated Codes. Opinion related codes are used to classify

statements tbat express the subjects' feeJings about the text without

supplying specmc detaUs.

1) Evaluation Statements (ES, ES+, ES-): (saroyan)

These statements represent opinions about the text and are the

result of comparing the present status of the materials to the goal state.

This category represents neutral, positive or negative comments that are

expressions of preference, judgements, internaI feelings or observations.

The difference between a Problem Identification (PI) and an Evaluation

Statement is that these statements do not explicitly state the source of the

problem. The following statements are examples of the three different

types of evaluation statements:

Neutra! Evaluation Statement: "Unusual, now that surprises me."
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Positive Evaluation Statement: 'That looks OK, AH."

Negative Evaluation Statement: "1 would. not take it that easily."

Knowled&e Re!ated Codes. Knowledge related codes are used to

classify comments that reDect the subject's persona! or declarative

knowledge, as well as, knowledge gained throngh the text.

2) Knowledge Statement (KS): (Saroyan, revised by Tremblay)

These statements represent references made to prior personal or

deciarative knowledge of the subjeet matter or intended audience. They

may represent problem identifications when they provide a rationale for

suggesting revisions. An example of a Knowledge Statement is:

" There's a lot of new information coming out in that area of

research."

3) Tm Knowledge (TK): (Saroyan)

These statements represent segments expressing knowledge acquired

from the instructional materials. An example of a Text Knowledge

statement is:

"1 see that the word environmental refers to when you talk about

things that are out of your control."

ProbIern Related Codes. Problem related codes are used to classify

remarks that refer to the identification of specifie problems in the

materials.
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4) Problem Identification (PI): (Saroyan)

These statements represent explicit reference to an observed

problem in the instruetional materials. An example of a Problem

Identification statement is:

"1 don't know what they mean by that."

S) Missing Information (MI): (Rahilly)

These statements represent a distinct type of Problem

Identification (PI), which expresses desire for furtber information or an

observation that information is missing in the text. An example of a

Missing Information statement is:

"1 would like to know who the study was done on."

6) Problem Elaboration (PE): (Rahilly)

These statements represent an expansion of a problem previously

identified. This code is a1ways preceded by a Problem Identification (PI)

or Missing Information (MI) statement. It can be distinguished from a

Knowledge Statement (KS) in that it precisely refers to a problem. The

following are examples of a Problem Elaboration and its preceding

segment:

Preceding Segment: "1 diOO't understaDd that clearly."

Problem Elaboration: "1 had to read it a couple of times before it

made sense."
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7) Problem Reiteration (PR): (Rahilly)

These segments are restatements of a previously discussed Problem

Identification (PI) or Missing Information (MI). The following are

examples of a Problem Reiteration and its preceding segment:

Preceding Segment: "1 didn't understand what they said."

Problem Reiteration: "lt wasn't apparent to me what they meant by

that."

Goal Related Codes. Goal related codes represent the process of

planning in which the subject's are engaged 50 as to carry out the

formative evaluation task. A goal is delined as either the intention to

perform an action, a potential action or a future action.

8) Strategy Statements (ST): (Saroyan)

These statements represent references to a tactic usually used by

the subjeet to review materials. A strategy statement typically includes

words such as "would", "could", "should", "normally" and "usually". This

code is similar to a Task Representation (TR), however, it is a potential

action and is not tied to the current task. An example of a Strategy

Statement is:

"1 would have to go to the study and look it up."

9) Revision Suggestion (RSG): (Saroyan)

These statements represent references to proposed changes to the

instructional materials. This code is future oriented. An example of a
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Revision Suggestion is:

" 1 think the sentence cao be rewritten in a clearer way."

10) Task Representations (TR):(adapted from Task Talk by Saroyan)

These statements represent references to an action or thought that

the subjeet is currently undertaking, or bas already taken (if it occurs in

the retrospective interview). These statements aIso refer to the subjeet's

setting up of a short term goal. This is an intended action. An example of

a Task Representation statement is:

"Ok, consumer groups, 1 bave to focus on that."

Task Relsted Codes. Task related codes group segments that

consider the manner in which the subject becomes ramilïar with the task

environment or accomplishes the reviewing task.

11) Tm Talk (TX): (Saroyan)

These statements represent the subjeets's paraphrases or summaries

of the text. ,Segments that are in verbatim form are coded as (VS)

Verbatim Statements). An example of a Text Talk statement is:

"It seems to imply a mixture of various foods."

12) Verbatim Statements (VS): (Saroyan)

These statements represent anything that the subjeet reads or

repeats verbatim from the instructional materiaIs.

13) Dialogue (D): (Saroyan)

These statements represent any co=ents or questions that are
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addressed to the adrnÎnÎstrator. (If this exchange roncerns the research

task the segments are coded as (TI) Task Talk). The following statements

are examples of a dialogue statement and its preceding segment:

Preceding segment: (Administrator) "Did you find the sentence

difficult?"

Dialogue: "1 don't recall."

14) Problem Location (PL): (Rahilly)

These statements represent references to a problem's location in the

text. An example of a Problem Location statement is:

"It was the sentence before that."

15) Task TaIk (TT): (lsraeloll'jTremblay)

These statements represent comments or questions addressed to the

administrator concerning the research task. An example of a Task Talk

statement is:

"1 can't quite foeus on the materials as weil as 1 would at borne

because 1 have to read it out loud."

Theoretically Irre!eyant Codes. These are segments tbat represent

idiosyncratic speech patterns or verbalizations that are not related to

formative evaIuation.

16) BoundaIy Markers (HM): (Saroyan)

•
These statements represent verbal utterances that sometimes

represent a pause in the subjeet's verbalizations or are a Iink between



•

•

50

segments. An example of a Boundary Marker is:

"Dm, uh, ok, hmm."

17) False Start (FS): (Saroyan)

These statements represent an incomplete thought. An example of

a FaIse Stan is:

" But 1 don't know if its..."

18) Unrelated Talk (UT): (Saroyan)

These statement represent comments made by the subjeet that are

not direetIy conneeted to the experimental task. An example of an

Unrelated Talle statement is:

" 1 met him once at a conference."

Codjng Reljability. Krippendorff (1980) suggests that the accuracy

of the coding scheme be estabIished through inter-rater reliability. For a

coding scheme to be accurate, there must be general agreement on the

definition of different categories. Without this understanding, codes would

not be distinctive or recognizable and the coding system could not be

applied to other related think-aloud protocols. Inter-rater reliability

assesses the quaIity of this shared understanding by having independent

raters attempt to reproduce the coding results.

Inter-rater reliability for this Stlldy was verified by having four

independent raters code 10 percent of all think-aloud segments. These

segments were seleeted randomly and represented equally both group of
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experts. A practice session was provided for the four coders, 50 that they

could familiarize themselves with the coding scheme and the nature of the

verbalizations. The coders were supplied with a package that contained a

copy of the code definitions and the segments they were to code. The

percentage of agreement among all four coders was 75 percent. Irrelevant

codes such as Boundary Markers, False Stans, Unrelated Talk and

Dialogue were not included in the calculations.

Frequencies and Percentaees of ProbJem SoIyjn& Codes. Once the

reliability of the coding scheme was verified, the frequency of segments in

each of the problem solving codes was calculated. Think aloud data and

retrospective data were analyzed separately. Since think aloud data is

believed to be a richer data source, only this data was converted into

percentages while retrospective data was not analyzed funher. Frequencies

from think aloud data were converted into percentages based on the total

number of segments. These percentages were then grouped according to

related problem solv'..ng codes. Comparisons were made between the two

expert groups, as weIl as, contrasting individuals within each group. Those

segments classified as theoretically irrelevant; Boundary Markers, False

Stans and Unrelated Dialogue, were excluded from funher analysis

Product Characteristjcs: Product Attrjbute Analysis

Once the primary problem solving analysis was completed, a more

detailed e"amination was performed on the data most likely to be used
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during future revisioDS. This was done by applying a second categorization

scheme to segments that refiected experts' knowledge and judgements.

Using this secondaI)' coding scheme, segments were sorted according to

the attributes of a well-designed instructional product (McAlpine &

Weston, 1994). This system coDSisted of four checkIists originally designed

to assist expert reviewers with the evaluation of instructional materials.

Each checkIist represented a major atttibute of an educational product and

coDSisted of severa! subcategories (Appendix E). A !,ummary of the four

major attributes and their subcategories are presented helow, aIong with

examples from the think aIoud protocols.

Instructjons) Desjp. Included in this category are pedagogical

attributes that should he evident in a weIl designed instructional produet.

The attnbute category is based on the instructional design model and

contains the following subcategories: (a) Justification of Need, (b) Target

Audience, (c) Entry LeVt"l Prerequisites, (d) Objectives, (e) Motivation

and Context for Learning, (f) Instructional Strategies, (g) Organization

and Structure of Content, (h) Examples, (i) Practice, (j) Feedback,

(k) Evaluation of Learning, (1) internaI Alignment and Integration and

(m) Extemal Alignment. An example of the Motivation subcategory is:

"It needs to he more interë5ting, Ü 1 were a student 1 would find it

a bit boring."

Subject Metter, This checkIist includes attnbutes relating to the
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knowledge structure of a subjeet domain. The issues addressed by the

category are: (a) Value of Content, (b) Content Accuracy,

(c) Comprehensiveness, (d) Coherence, (e) Objective Presentation/Bias,

and (f) Recency. An example of the Comprehensiveness subcategory is:

" The connection between saturated fats in margarine and cancer

should be mentioned here."

Presentation. This check1ist deals with the physical attributes of

instruction materials. Among the charaeteristics found in this category are:

(a) Space, (b) Typeface, (c) Titles, Headings and Sub-Headings,

(d) Use of Numbers, (e) Graphies, lliustrations and Visuals,

(f) Audio/Music, (g) Colour, (h) Page Size and Style, (i) Margins.

(j) Columns, (k) Technical Quality. (1) Highlighting. and (m) Format and

Layout. An example of the Titles, Headings and Sub-headings subcategory

is:

"What do the numbers mean in this table? There are no

headings."

Lanpa~ This category addresses how language is used to express

ideas. Subcategories included are: (a) Choice of Vocabulary,

(b) Complexity of Sentence Structure, (c) Verbs, (d) Redundancy.

(e) Transitions, (f) Consistency. (g) Oarity. (h) Conciseness and

(i) Appropriateness for Audience. An example of the Choice of

Vocabulary subcategory is:
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" These words are toc heavy for fust year students, this could be

simplified".

Freguencies and Percentages of Knowledge Statements accordinl: to

Product Attribute Ana1vsis.The decision to obtain more details about

Knowledge Statements (KS) was based on the faet that lœowledge has a

profound effeet on the judgements made by the experts. The possession of

a weIl organized body of lœowledge has been shown to be the primary

difference between experts and novices. Schemata for recurrent situations

are stored in long term memory and one of their major fonctions is to

constnlet interpretations of cïrcumstances. Experts use and test this

internaI model whenever they try to impute meaning to a problem (Glaser,

1984).

Therefore, in order to get a sense of which lœowledge bases experts

were calling upon, Knowledge Statements in each of the major attribute

categories were converted into percentages. These percentages were based

on the total number of concurrent Knowledge Statements. Comparisons

were made both between and within expert groups.
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Frequencies and fen;entages of .iudgements aeeordjng to ProdjJet

Attribute Analvsis. Segments coded as Positive. and Negative Evaluation

Statements (ES+, ES-), Missing Information (MI), Problem Identification

(PI) and Revision Suggestions (RSG) were considered to be judgements

and were chosen for additional coding as they represented conclusions

about the product being formatively evaluated. This information would be

useful data for revisors. In order to get a sense of what aspects of

materials the che;e to revise, Positive and Negative Evaluation Statements,

Missing Information, Problem Identifications and Revision Suggestions in

each of the attribute categories were converted into pereentages. These

percentages were based on the total number of concurrent judgement

co=ents, excluding theoretically irrelevant codes. Comparisons were

made between the two expert groups, as weIl as, contrasting individuals

withm each group.

Process Cbaracteristiçsi Planning and Goal Analysis

lli-struetured tasks are aetivities that are not fuI1y defined

befCirehand and normally evoke a highly variable set of responses (Glaser,

1991; VanLehn, 1989). These tasks are considered to be complex and

knowledge-rich as they demand sifting through large amounts of problem

related details. Formative evaluation matches this description and

theref(\re, can be viewed as an ill-struetured prob!em.

The standard problem solving approach to analyzing tlùnk-aloud
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protocols is inappropriate for ill-structured tasks, as it focuses on

knowledge structlll"es and fails to examine planning (Lampert & Oark,

1990). With such ambiguous tasks, planning is often the distinguisbing

charaeteristie of expert problem solving, as experts are more Iikely to

generate a working model of the problem prior to implementing a

solution. By using a plan, which is defined as a set of goals, experts avoid

the need to rely on time consuming random verification (Hayes, 1989).

Due to experts' predilection towards planning, simply knowing how they

structure their thinking about a problem provides little information on the

application of this knowledge in practice.

Consequently, it was decided to follow Bracewell and Breuleux's

recommendation (1992) to perform an in-depth anaIysis on goal and

planning related comments evident in the think aloud protocoi. To

anaIyze these strategie operations it is necessary to identify goals, which

are the basic units of a plan. The outcome of this type of goal anaIysis is

that direct identifications can he made of the process of planning in which

the individual is engaged and the aetual plan they constructed.

In order to provide a mechanism for investigating the planning process, aIl

three Goal Related codes were further anaIyzed: Revision Suggestions

(RSG), Strategy Statements (ST) and Task Representations (TR). After

reviewing the goals the experts estubIished, it appeared that they were

operating in three distinctive problem spaces; Text Comprehension,
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Review and Revision. A coding scheme, developed by the researcher to

represent these three problem spaees, can be found in Appendix F. Each

problem space eontains a description of the identified goal and the

strategie operations associated with this goal. This coding scheme was

derived by fust: sorting Goal Related Codes according to their related

problem spaee and second: analyzing in more detai! the various strategies

within c::ach category. A snmmary of the three problem spaces, as weil as

specifie examples, are presented below.

Tm Comprehension Problem Space. The goal of this problem

space is to improve reading comprehension, and incluèes techniques used

by strategie readers (Flood & Lapp, 1990). Goal related codes were

sorted ':~rding to the strategie operations associated with this goal and

include: (a) Define Objective, (b) Scan Text, (e) Build Background,

(d) Concentrate, (e) Prediet, (f) Monitor Comprehension and (h) Oarify.

An example of the Scanning Text subcategory is:

'Tm gcLTlg to get a sense of what this is about by reading the first

and last sentence of e'lery paragraph."

Reyiew ProbJem Space. This problem space and associated

strategies represent the goal of finding positive and negative features of

the instructional materials and passing judgemeIlt on them. Goal related

codes were sorted according to the foll..>wing strategies: (a) Skim Text,

(b) Read Thoroughly, (e) Identify Confusing Information, (d) Check



•

•

58

Original Sources, (e) Check Definitions, (f) Search for Ambiguous

Words, (f) Rely on Prior Knowledge, (g) Challenge Content and the

Quality and (h) Comment. An exarnple of the Checking Original Sources

subcategory is:

·1 wonder about !hat, rd have to go to the study and look up and

see exactly what it says.·

Revision ProbIem Space. This problem space represents the goal of

making changes to the instruetional materials for the purpose of improving

them. It was found that the strategies mentioned by experts related closely

to the produet attnbute they deteeted lacking in the text. For example, if

a reviewer thought the tex! would not motivate the learner to continue

reading, they might suggest some poSSIble techniques for gaining the

readers attention. Therefore, the produet attnbute checklists conceived by

McAlpine and Weston (1994) was adapted for the purpose of analyzing

this problem space. Goal reIated codes were sorted according to the same

four headings: (a) Instruetional Design, (b) Subjeet Matter,

(c) Presentation and (d) Language. An example of a Presentation

strategy is:

" That's what 1 do, l make a chan of these things listing the foods."

Freqgençjes and Pen;entJl&!!s of Goal Related Codes aççording to

Plannlnz and Goa) Analysjs. Revision Suggestions (RSG), Strategy

Statements (ST) and Task Representations (TR) codes, representing goals



•

•

59

and their subsequent plans, were soned into each of the three planning

problem spaces. Frequencies were convened into percentage scores based

on the total number of concurrent goal related comments. Comparisons

were made both between and within expen groups.

Proœss Characteristicsi Task Representatjon Analysjs

The final stage of analysis was to eyamine hOH the subjeets

represented the task for themselves, since task definition begins the

process of problem solving and influences the operating plans developed.

Flower, Carey and Hayes (1985) suggest that revisor's of tex!

representatio:l the task on a continuum from low information to high

information. At the low end of the continuum subjeets depiet the task as

only the simple detection of problems, however, at the high end subjeets

not only identify a problem but describe its symptoms and prescribe a

solution. Thiagarajan (197&) describs expert feedback during formative

evaluation as being on a similar continuum. The low end includes

identifying problems and causes, while the high end; more useful since it

allows for strategie revisions, includes suggesting and implementing

revisions.

The low end, detection of problems, can be equated with the data

collection phase of formative evaluation and the high end, development of

solutions, can be compared with the revision phase of formative evaluation.

To investigate how the experts in the current study represented their task,
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problem solving codes were sorted according to whether they focused on

detection (the data collection: low information).or on sulutions (revision

phase; high information). This examination made it possible to assess

where the subjeets concentrated their efforts.

Figure 1 was developed to illustrate the multiple problem solving

nature of the formative evaluation task. This was done by demonstrating

the relationship of the phases of formative evaluation to the previously

descrihed planning problem spaces. As can he seen, this ill defined task

requires simultaneous attempts to resolve severa! related problem spaces.

Bath the Text Comprehension and the Review problem space occur during

the data collection phase of formative evaluation; where judgements are

made about the educational quality of the materials. In this phase, the

subjeet searches through the materials in order to deteet featu:es they

perceive to he either positive or negative. This is followed by the Revision

problem space that occurs during the revision phase of formative

evaluation; where changes and corrections are made to the materials.

It appears that a subjeet's particular definition of the task influences

whether they move on to the revision phase or remain in the data

collection phase. If a subjeet perceives their task to he deteeting, then

they are likely to remain in the data collection pbase and provide low level

information. On the other band, if a subjeet extends their representation

of the task to include diagI:osis and solution planning for identified
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problems, they are more apt to move along the continuum to revision and

provide high level i!llormation.

Codes were sorted according to the formative evaluation phase to

which they were linked. Three codes, Knowledge Statements, Strategy

Statements and Task Representations, appear in both stages and are

marked either D for detection or S for solution to symboli-re the phase

they are connected toP The following outline presents the !wo formative

evaluation phases and the codes that are related to each phase.

Data Collectj!)D Phase - CES, ESt. ES-. MI. PI. PE. KS/D. TK. IX.

VS. SIro. TR/D), Tnis stage includes all of the codes that pertain to the

data collection phase of formative evaluation. In this stage the reviewers

compare the current materials against their standard for a well-designed

instruetional product and make judgements concerning its educational

attributes. When in the text comprehension problem space, the 50bjeets

rely on their knowledge of strategie reading to establish short-term goals to

develop appropriate solution plans for understanding the tex!. Whereas,

when representing the review problem space they rely on their knowledge

of evaluating educational text to construct their review plans. Hence,

those statements that are linked to comprehending the text or identifying

problems, 50ch as Knowledge Statements (KSfD), Task Representation

(TRfD) and Strategy Statements (STfD), are included in the fust phase.

Another aspect of the text comprehension task is to read the text and
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absorb the information in order to detect problems. Codes such as

Verbatim Statements (VS), Text Talk (TX) and Text Knowledge (TI<)

represent this function. During the review task, when the expert

recognizes either a positive or negative aspect of the materials, they might

comment on this observation by making an Evaluation Statement

(ES,ES+,ES-). On the other hand, they might choose to draw conclusions

and pass judgement on the features they observed. These judgement codes

include Missing Information (MI), Problem Identification (PI) and

Problem Elaboration (PE).

Revision Phase - lKS/S. TRiS. ST/S. RSG). This stage includes

only those codes that represent the revision phase of formative evaluation,

which is typical1y carried out after data is collected. In order to represent

the revision problem space, the reviewer apparently turns first to their

declarative or faetual knowledge to diagnose the type of problem they

encountered and its symptoms. They then search through their knowledge

of procedures to recal1 actions that have been successful previously in

solving simi1ar types of revision problems. If a ready-made solution is not

available, new strategies might be devised and prescribed to correct

problems within the text The codes involved in this phase are Revision

Suggestions (RSG) and those Knowledge Statements Qf:S/S), Task

Representations (TRIS) and Strategy Statements (ST/S) that are linked to

revisions.
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Freguencies and Derçentages accordjng to the Task Representation

analysjs. The frequency of occurrence for all think aloud coded segments

in terms of task representation was determined. Frequencies of these

coded segments were sorted into their corresponding problem solving

phase and converted into percentages. Comparisons were made both

between and within expert groups. Those codes considered to be

redundant or outside of the formative evaluation problem solving model;

Problem Reiteration (PR), Problem Location (PL), Task Talk (TT) and

Dialogue (0) were excluded from this analysis.

Analysjs of DebrjeOng Questjonnajre

Responses on the debriefing questionnaires were summarized

according to the experts' background information and their definition and

planning of the review task. A synopsis of the reviewers' background

information included their domain of expertise, educational credentials,

prior experience with text evaluations and familiarity with the content and

intended audience. This was followed by a further analysis of the experts'

description of the formative evaluation task and the plans they made to

accomplish this task.
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CHAPTER THREE

Results

Introduction

This research is guided by!Wo principal questions: 1) What are the

defining characteristics of the product for revision generated by subject

matter and leamer experts during their review of instructional materials?

2) What are the characteristics of the cognitive prcx:esses that the !wo

groups of reviewers engaged in? The following chapter focuses on the

abcve questions by comparing the similarities and differences of the think

aloud ~:.<j retrospective data produced by the !wo expert groups.

Comparisons have been made at !Wo levels, both be!Ween and within the

!wo groups.

This chapter is divided into four sections. The first section

introduces preliminary results pertaining to the Problem Solving analysis,

specifically the frequency in which each code is utilized and the

percentages of theoretically relevant functional groupings. The second

section provides an examination of those Problem Solving codes that

reflect the produet charaeteristics; Knowledge Statements and Judgement

codes. These!Wo codes, which would be of interest to a revisor of the

instructional materials, are sorteà according to Produet Attribute analysis.

The next section presents results pertaining to the processes employed by

the various experts. Goal Related codes are studied using the Planning
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and Goal analysis, while findings of the Task Representation analysis are

presented in reference to two phases of formative evaluation; Data

Collection and Revision. The final section offers qualitative comparisons

of the subjeets based on information obtained from the debriefing

questionnaire.

General Characteristics: Problem Solvine Analysis

Freqpencies and Perœntaees of Think Aloud and Retrospective Data

The frequency of segments in each Problem Solving code are

presented in Table 2 and Table 3. Table 2 presents think aloud data, and

retrospective interview data is shown in Table 3. Both expert groups

provide more think aloud than retrospective data, except for Dialogue and

Problem Location codes. These are the ooly codes where the subjeets

make more comments during the retrospective interview than during the

think aloud procedure. A major difference between the two group of

experts. is the highly verbal nature of the learner experts. Combined totaIs

of Table 2 and 3 show that these experts are twice as verbal in comparison

ta subjeet matter experts (Ms.œ=1415; MLB=2737).

The remainder of the results section will discuss findings in terms of

percentages ooly. As mentioned earlier. there is a large difference in total

number of segments for bath expert groups. In arder ta allow for

meaningful comparisons between the two type of experts it is preferable ta

convert frequencies into percentage scores. Moreover, further results will
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Table 2

FreQuenxy of Thjnk Aloud Sements in each Problem SolviD~ Code

LEARNER EXPERTS
1 II III IV MeaD

-
ES 1 13 3 23 40 12 - 56 9 77

ES+ 7 31 22 60 120 14 17 35 17 83
ES- 1 1 1 6 9 14 2 45 62 123

SUBJECT MATTER EXPERTS
1 II IIi IV MeaD

OPIliION RELATE!) CODES-

"

KS 31 44 39 156 270 74 77 83 64 298

TK 2 8 2 5 17 11 1 24 6 42

JœOULBDGB RBLATBD CODES-

- .
PI 30 47 12 28 117 90 25 64 85 264

MI 13 3 1 23 40 9 3 10 31 53

PE 10 6 - 17 33 23 2 19 32 76

PR 3 1 - 4 8 11 1 27 6 45

PROBLBM RBLA~ CODES"

.
ST 2 - - 3 5 16 3 11 1 31

RSG 16 18 1 22 57 37 55 24 19 135

TR 13 5 9 8 35 70 5 81 42 49

GOAL RBLATBD CODES·

.
~ 5 - 1 - fi 2 1 49 4 56

TT 2 1 2 16 21 11 1 34 3 49

TX 7 20 15 20 62 30 3 58 85 176

vs 10 7 9 16 42 10 4 13 5 32

PL - - - - 0 - 1 1 - 2

'lUit RBLATBD CODES·

Total.182 305 134 518 1144 487 243 836 661 222,

.
BM 8 96 10 53 167 7 6 135 99 247

FS 11 2 6 4 23 29 20 24 15 88

UT 10 2 1 54 67 17 16 43 76 152. -

IRRBLBYAR'l CODES·

•
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Table 3

FreguenCj' of Retro:jpeçtjve Selmlents jn each P;obJern Solvin~ Code

LEAlUiER EXPERTS
1 II III IV Mean.

ES - - - 4 4 - - la 5 15

ES+ - 1 1 5 7 1 2 2 - 5

ES- - - - 2 2 1 - 3 5 9

SUBJECT ~1ATTER EXPERTS
1 II III IV ~

OPINION ~TED CODES·

46

1

1547

1

37

5
.

PI 6 7 7 9 29 13 7 11 17 48

MI - - - 3 3 - - - 2 2

PE 1 1 - la 12 7 3 7 8 25

PR 1 2 1 1 5 4 1 5 S 15

-
ST - - - 1 1 3 - 4 - 7

RSG 3 2 - - 5 2 4 4 - la
TR 15 4 1 8 28 29 3 27 1 60

GOAL RELATED CODES-

-
D 8 6 5 24 43 2 15 33 12 62

TT 5 - 1 - 6 - - - - a
TX 3 7 4 4 18 11 2 11 7 31

vs 3 - 4 5 12 4 2 3 7 16

PL 1 - 4 - 5 1 1 3 - 5

90 57085 260271 13442 11548Total: 66

-
SM 1 6 1 7 ! 15 - 2 15 7 24J.
FS 7 1 2 3 13 8 la 9 - 27

UT 1 - 2 18 21 - 18 66 2 86
"-

IRRBLEVAHT CODBS-

•
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focus solely on think aloud data as it is belie,,-ed to be 3. richer data source.

As mentioned previously in Chapter Two, using think aloud data reduces

the potential loss or distortion of information that frequently occurs when

individuaIs repon retrospectively.

Problem Soivine Codes Grouped by Function

In Table 4, percentages are calculated by excluding from the total

number of segments those codes that are considered to be theoretically

irrelevant; Boundary Markers, FaIse Stans and Unrelated Talk. Both

within group percentages and between group data are determined. Group

mean data is calculated using the total number of segments across subjects.

Ali subsequent tables, with the exception of Table 12 and 13, will be

organized similarly.

Bet\!een GrouP. An overall comparison between the two expen

groups is depieted in Figure 2. This graph shows that close to haIf of the

comments made by the experts involve either identifying problems

(Problem Related Codes: M..œ=23.0; MUl=25.0) or referring to persona!

and faetual knowledge about the materiaIs or the intended audience

(Knowledge Related Codes: M..œ=305; MUl=215). One difference

between the two groups is that subjeet matter experts have a considerably

higher percentage of segments in the Knowledge Related Category

(M..œ=305; MUl=215). On the other hand, learner experts have a

substantially higher percentage of Goal Related segments
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Table 4

PercentalW of Think Noud Se~entsGrouped ltv Problem Solvin~

Function

OPllfIOIl RBLATSD CODES: (ES. ES+. ES-)
SUBJECT MATTER CPERTS LEARNER EXPERTS

~__I_ II III -o;I.,;,Y__ MaaD 1"""".;;1 I;,;;I...""'T_I;,;I;,;;I...""'T.....I,;,Y__Mean

16.0 122.0 122.0 122.0 118.0 J_9_•.;;0__1.i:9~.o:.5_...I-.:~:;.:I;.;,.,;:.5_119.0 115.0 1

!OIOWLIlDGB RBLATSD COllES: (1tS. TK)
SUBJECT MATTER EXPERTS LEAR.~ER EXPERTS

1""""__1 _ II II 1 __I..Y M,:;::":::IU;:,D_i"""_I...__.;;I,:,I_..,.,:,I,;;;II:.....,__I;,;Y_-;;Me__"D _

122.0 125.5 135.0 139.5 130.5 119.0 138.0 J16.0 114.0 121.5 1

(PI. MI. PE. PR)PROBLBM RBLATSD CODES:
SUBJECT MATTER EXPERTS

1""""__1_ II 1II

136.0 128.0 111.0

IY

118.0

KIlaD

123.0

1

130.5

LEARNER EXPERTS
II III IY Mean

116.0 1-1-9-.0-"'I1~3-3;';.-0-125.0

GOAL RBLATSD COllES: ( ST. RSG. TR)
SUBJECT MATTER EXPERTS

1 II __I;,;;I,.I_T'"_I;,;Y__ Mean

120.5 111.0 19.0 18.0 112.0

1

(28.5

LEARNER EXPERTS
II ..I;,;I;,;;I"'"""I'__I;,;V__Mean

131.5 118.5 113.0 123.0 1

LEARNER EXPERTS
1 II III IY lleaD

1..:;12:;,;,.0::.....111.0:4,;,;:.5~.&..:12~4 .:.::,0_1.:;:20::.;;.5;;...1...~;;,;,5',;:.,5.....1
Mean

116.5

IV

113.0

TASK RBLATSD COllES: (D. TT. Tlt. VS. PL)
SUBJECT MATTER EXPERTS

1 II III

J16.0 114.0 123.0

•
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Figure 2. Between Group Comparision: Percentage of Segments Grouped
by Problem Solving Fonction
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(Ms""=12.0; MU! =23.0). A further dissimilarity is that the comments of

these experts are more dïspersed across categories than those of the

subject matter experts.

Witbin Group. Within group percentages were examined for

consistency among subjeets with the same expertise. Figures 3 and 4

represent individual data by expertise and in general show that subject

matter experts have a more congruous distribution of comments than do

learner experts. One individual, Subject Matter Expert 1, demonstrates a

more unique pattern of comments and this discrepancy accounts for the

wide range of scores found in the evaluation, problem and goal related

classifications. In contrast, the learner experts are more idiosyncratiC; and

there are no coherent within group similarities.

Opinion Related Codes. Included in this category are Evaluation

Statements that represent neutral, positive and negative comments. Group

mean data for these statements are presented in Figure S. Both groups of

experts have the same per ce!1tage of Neutral Evaluation Statements

(il/1sMB=4.0; MUl=4.0), bowever, differences between the two groups are

found with positive or negative evaluation comments. For example, subject

matter experts bave ~'1ree times the percentage of Positive Evaluation

Statements in coml'arïson to learner experts (Ms",,= 13.0; MUl=45), yet

they bave a considerably lower percentage of Negative Evaluation

Statements (Ms.œ=l.O; MUl=6.0)•
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Fi~re 3. Within Group Comparision: Percentage of SME Segments
Grouped by Problem Solving Function

40 -.- --lT

*

"

/

?
"C 20­
Q)

"C
e

~ //
"'" 10 - - -.-'- - - - - - .

-/.-

.e 30
c:
Q)

E
Cl
Q)

CI)

"SME1 +SME2 *SME3 B-SME4
o ._-.__....

Opimon Codes Knowledge Codes Problem Codes Goal Codes

Problem Solving Codes by Group
TaskCodes

Fi~re 4. Within Group Comparision: Percentage of LE Segments
Grouped by Problem Solving Function

•

+

TaskCodes

40

"LE1 +LE2 *LE3 B-LE4

o.--------=-~-- .---=-:-_.
OpinIon Codes lQlowledge Codes Problem Codes Goal Codes

Problem Solving Codes by Group

t+-

e 10 /

"'"

----~-------_._-_._._---

'*;' \

~ 30 - :/ \. -··A~ -- -- /t·
i 1/ l' ~\\/ " ~*
CI) *' \",, ~----'
"C 20 -~' - . - - - . .. _.. _. . .\ -~. ;. - ,----<...., .AI
~ G--..-.;: , __< ---.--*", ;. --o /'-- 1 __ , , ,.

o ' //

13"

•



• fi~re 5, Percentage of Opinion Related Codes

74

.---.--_.- .... _.-._._ .. _---_._.~

SME
LE

-o
Q)

Cl 10,'as.­
c:
Q)
o
CD 5 '
CL.

•

en.­
c:
Q)

E
Cl
Q)

en
"0
Q)

"0
o
(.)

25 "

20 "

15 .'

Opinion Codes



•

•

75

Know1edge Related Codes. This category consists of Knowledge

Statements and Text Knowledge. Figure 6 reveals that subjeet matter

experts have a notably bigber percentage of Knowledge Statements when

compared to learner experts (M..œ=29.0; MlJl=18.5). Beth groups have

approximately the same percentage of segments for Text Knowledge

statements (M..œ= 1.5; MlJl=3.0).

Problem Related Codes. This category includes Missing

Information, Problem Identification, Problem Elaboration and Problem

Reiteration codes. As indicated by Figure 7, there is only a sligbt

clifference in the percentage of comments uttered by both groups of

experts for any of the above codes.

Goal ReJated Codes. Contained in this category are Strategy

Statements, Task Representations and Revision Suggestions. Figure 8

presents the mean data for this category and establisbes that when

compared to subjeet matter experts, learner experts generate

close to three times the percentage of Task Representation comments

(M..œ=4.0; MlJl=l1.5). The percentages of Strategy Smtements (M..œ=l.O;

MlJl=2.0) and Revision Suggestions (M..œ=7.0; MlJl=8.0) are essentially

the same for both groups.

Task Related Codes. Included in this category are Dialogue, Task

Talk, Text Talk, Verbatim Statements and Problem Location. As Figure 9

demonstrates, subjeet matter experts when compared to learner experts,

.'
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have a considerably higher percentage of Verbatim Statements (M.....=S.5;

MLE =I.5). For the other task related codes the percentages are

approximately the same.

Product Chsracteristics: Product Attribute Anslysis

Produet data is information provided by reviewers that is deemed to

be the most useful for revision. The Problem Solving codes discemed as

representative of this data are Knowledge Statements and Judgement

codes. AlI of these codes are sorted according to Produet Attributes.

Produet Attribute Ans!Ysis of Knowledee Ststements

The decision to obtain more details about Knowledge Statements

was based on the faet that available knowledge structures have a profound

effeet on the type and quality of the judgements made by experts.

Furthermore, in the earlier analysis of related problem solving codes (see

Table 4), the expert groups showed a marked difference in the knowledge

statements they uttered. It was found that subjeet matter experts refer to

their persona! and declarative knowledge considerably more than do

leamer experts (Ms.œ=29.0; MLE= 18.5).

Perœntages based on the total number of Knowledge Statements

and sorted into the four main attnbute categories are presented in Table 5

between and within groups.

Between Group. Figure 10 shows that both group of experts have a

substantially higher perœntage of knowledge related comments in the
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Fi~re 9. Percentage of Task Related Codes
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Table 5

Percentaee of Knowledee Statemepts (KS) aÇÇQrdine to Produet Attrjbutes

l - IKS'filUC'fJ:ClIDL IlBIlIGII AftRIBU'fBS:
SllBJECT MATTER EZPERl'S LEARHER EXPERl'S

1 II II1 IV ~Me=II=n:-"l"'"....:I__ II II1

1 16.0 1 30.0 1 2.5 1 12.0 28.0 1 4.0 1 17.0

IV IIBIID

11.5 1 15.0 1

II - 81lBJBC'1' DftBR 1.ftRIBtI'rBIl:
SllBJECT MATTER EZPERl'S

P"""'__I _ 11 III IV IIBIID

1 67.0 1 65.0 1 100.0 1 93.5 1 81.5

LEARHER EXPERTS
1 II ...,:;I;:,I;:,I_"l"'".;:,IV:-__

65.0 1 90.0 1 65.0 83.0 1 76.0 1

3.0 1

III - PRli8BiifA'l'IOIf AftIlIBU'fBS:
SllBJECT MATTER EZPERl'S

~...;.I_ II III IV IIBIID
~ ....._ .....o_

1
LEARHER EXPERl'S

II III

5.0 1 1.0

IV _

__, 2.0 l

•

IV - ~·UGlJAGB Af'l'RIB'O'fIl8:
.;<JB,1ECT MATTER EZPERl'S

1 II III IV

~ 17.0 [5.0 1 4.0

LEARHER EXPERl'S
IIBIID 1 II II1

1__6,.05 ..4_...0 _1 1.0 1 17.0

IV IIBIID

6.0 1 7.0 1
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subject matter category (M..œ=815; Mœ =76.0), with the lowest percentage

of comments in the presentation category (M..œ=O; Mœ =2.0).

The two groups differ in terms of the amount of attention they give

to eacb of the attnbute categories. Leamer experts make fewer references

to their content knowledge than do subject matter experts, and place

slightly more emphasis on the knowledge of instructional design, language

and physical presentation attnbutes of the tex!.

Wjtbjn Group. As Figure 11 demonstrates, all subject matter

experts focus mos! of their attention on content issues and ignore

presentation probletns. Similarly, Figure 12 demonstrates that learner

experts also place more emphasis on content issues than the other

attnbutes.

Product AUrjbute Ana!ysjs of Judgement Codes

Judgements about the materials; Positive and Negative Evaluation

Statements, Problem Identifications, Missing Information and Revision

Suggestions have beeu coded according to product attnbutes. These codes

were chosen for additional analysis since they represent judgements about

the text and provide information helpful to making revisions. Percentages

are based on the total number of think aloud data segments and

subsequently divided into the four attnbute categories: instructional design,

subject matter, presentation and language. Table 6 presents these results

both between and within groups.
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Fi~re 11. Within Group Comparison: Percentage of SME Knowledge
Statements according to Produet Attributes
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Table 6

Percenta2e of Jud2ements Codes $+,ES-.MI.PI.RSm accordin2 to
Pr0duet Attributes

1 - INSIRUCTIOKAL DESIGN ATTRlBUTBS
SUBJECT MATTER EXPERTS LEARNER EXPERTS

1 II III IV !lelm 1 II III IV !lelm

ES- 1.0 .5 - .5 .5 1.0 - 2.0 - 1.0

ES- - - - - 0 - - 2.5 2.0 1.0

MI 1.0 - - - .5 - - - - 0

PI - 11.0 - 2.0 3.0 10,0 1.0 2.0 6.0 5.0

RSG 3.0 2.0 1.0 0 1.5 3.5 2.0 (\ 1.0 2.0
Total 5,0 12.5 1,0 2.5 5.5 14.5 3.0 6.5 9.0 9.0

II - llUBJBCT MATTER ATTRIBUTBS
SUl!:JECT MATTER EXPERTS LEARNER EXPERTS

1 II III IV !lelm 1 II III IV !lelm

ES+ 3,0 14.0 19.0 14.0 12.5 2.0 7.5 3.5 3.5 4.0

ES- 1.0 .5 1.0 1.0 1.0 1.5 2.0 3.0 10.5 4.0

MI 6.5 1.5 1.0 5.0 4.0 2.0 1.5 1.5 6.0 3.0

PI 13.0 9.0 9.0 3.0 8.5 6.0 8.0 3.0 9.0 6.5

RSG 7.0 5.0 1.0 4.5 4.5 3.0 19.0 .5 1.0 5.5
Total 30.5 30,0 31,0 28.5 30.5 14.5 38.0 Il.5 30.0 23.0

III - PRBSBNfATIOIf ATTRIBtlTIl8
SUBJECT MATTER EXPERTS LEARNER EXPERTS

1 II III IV MeaD 1 II III IV _

ES+ - - - - 0 .5 - - - 0

ES- - - - - 0 1.0 - .5 - .5

MI - - - - 0 - - - - 0

PI 3.0 - - - 1.0 3.0 .5 1.0 .5 1.5

RSG 2.5 - - - 0 1.0 4.5 0 0 1.5
Total 5.5 o o o 1.5 5.5 5.0 1.5 .5 3.5

•

IV - LIlHGIJAGE ATTRIBUTBS
SUBJECT MATTER EXPERTS LEARNER EXPERTS

1 II III IV MeaD 1 II III IV MeaD

ES+ - .5 - 1.0 .5 - 2.0 .5 - .5

ES- - - - - 0 .5 - 1.0 - .5

MI .5 - - - 0 - - - .5 0

PI 3.0 2.5 1.0 2.0 2.0 1.5 3.0 2.0 3.0 2.5

RSG 0 0 - .5 0 1.0 3.0 2.0 1.0 2.0
Total 3.5 3.0 1.0 3.5 2.5 3.0 8.0 5.5 4.5 5.5
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Between Group. Figure 13 shows that when judgement codes are

sorted according to produet attributes, the pattern of comments are

paralleJ to the pattern of knowJedge statements made by the experts (see

Figure 10). The overall dismbution of results is the same, but the amount

of attention given to each atmbute differs somewhat. Leamer experts

focus slightly Jess on content and more on other atmbutes, while subjeet

matter experts focus slightly more on content and Jess on other aspects.

Both groups have the highest percentage of segments in the Subjeet Matter

category (Ms.œ=305; MU!=23.0) and the Jowest percentage in the

Presentation Atmbute category (Ms.œ=15; MLE =35).

Within Group. As Figure 14 demonstrates, subjeet matter experts

are very consistent in their concem about content reJated issues. They are,

however, Jess consistent in the amount of attention they pay to the other

For exampJe, Subjeet Matter Expert 1 emphasizes presentation attributes

considerabJy more than the other subjeets, while Subjeet Matter Expert il

is notabJy more attentive to instructional design issues.

In the case of Jeamer experts they show more variability in their

judgement co=ents. As depieted in Figure 15, two subjects focus

primarily on content issues, whereas, the other two subjects present a more

even dismbution of co=ents across categories.

Proc;ess Çbsracteristicsj Cognjtjve Proc;ess Anslysjs

This study has defined the cognitive processes the experts' engaged



• Fi~re 13. Between Group Comparison: Percentage of Judgement
Codes according to Produet Attributes
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Fi~re 14. Within Group Comparision: Percentage of SME Judgement
Codes according to Produet Attributes
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in during formative evaluation as 1) the plans they evoked or built and

2) the task representations they construeted. ExpertS' organizing plans are

examined by classifying Goal Related codes according te furee problem

spaces. Whereas, an analysis of the reviewers' task representations are

analyzed by sorting applicable Problem Solving codes according to the two

phases of formative evaluation (see Figure 1).

Planning and Goal Analysis

Earlier results establish that learner expertS are considerably more

engaged in the process of planning than are subjeet matter experts, as they

spend more time in goal related aetivities (see Figure 2). This finding

supportS the recommendation of Breuleux and Bracewell (1992) to analyze

Goal Related codes in more detail. Using the Problem Space Strategies

checklist (Appendix F), goal statements were sorted into three problem

spaces: Text Comprehension, Review and Revision. After this initial

coding was completed, a subsequent analysis was done of the varions

strategies associated with each category.

Percentages based on the total number of Goal Related codes and

sorted into the three problem spaces are presented in Table 7.

Detween Group. Figure 16 shows that when Goal Related codes are

sorted according to problem spaces, bath group of expertS have a similar

pattern of comments but the intensity is different. Bath groups have a

higher percentage of goal statements pertaining to the development of



• Table 7

&:rcentae;e Qf GQal Related Codes (RSG,ST.TR) acrQSS Problem ~aces

•

1 - TEXT <:om'RBlŒNSION PROBLBK SPACE:
SUBJECT MATTER EXPERTS LEARNER EXPERTS

1 Il III IV Mean 1 II III

.~ 3.0 1 0 1 9.0 122.1) 1 8.5 130.0 1 0 113.5

II - REVIEW PROBLBK SPACE:
SUBJECT MATTER EXPERTS LEARNER EXPERTS

1 II III IV MeaD 1 II III

142.0 121.0 173.0 112.5 137.0 137.0 1 6.5 166.0

III - REVISION PROBLBK SPACE:
SUBJECT MATTER EXPERTS LEARNER EXPERTS

1 II III IV Mean 1 II III

~ 55.0 167.0 1 9.0 165.0 1 ..9.0 129.0 193.5 120.0

IV

139.5

IV

144.0

IV

116.5

121.0 1

Mean

138.5 1

1..0.0 1



• Fi~re 16. Between Group Comparison: Percentage of Goal Related
Codes across Problem Spaces
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revision plans (MSloŒ =49.0; MtB =40.0) and the lowest percentage relatÏng

to text comprehension (M..œ=8.5; MtB =21.0). The percentage of review

planning comments are approximately the same for both type of experts

(M..œ=37.0; Mœ=38.5).

Although the configuration of results is similar, learner and subjeet

matter experts differ in the attention they give to the various problem

spaces. When compared to subjeet matter experts, learner experts make

more than double the percentage of comments in the Text Comprehension

Problem Space, but considerably fewer comments in the Revision Problem

Space.

Within Group. When within group percentages are examined, the

two expert groups demonstrate a contrasting pattern of comments. Figures

17 and 18 illustrate that most subjeet matter experts make more statements

about their revision plans, while in contrast most learner experts are more

verbal about their review plans. In each group, however, there is one

subjeet with an aberrant pattern of comments. Contr;:ry to the other

content experts, Subjeet Matter Expert m utters a higher percentage of

review planning statements. In reverse, Learner Expert n differs from the

others by verbalizing a considerably higher percentage of revision planning

comments. This discrepancy results in an increased variability of results,

especially for learner experts.
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Fj~re 17. Within Group Comparision: Percentage of 5ME Goal
Related Codes across Problem 5paces
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Goal Relate<! Codes; Text Comprehension Strategies. The

percentages of Goal Related codes soned into the various strategies that

comprise the text comprehension problem space are presented in Table 8.

This table reveals that the !Wo expen groups are different in their

verbalization of procedural knowledge penaining to text comprehension.

Overall subjeet matter experts articulate fewer strategies for understanding

the materials, while learner experts utilize more diverse tactics. In

particular, learner experts focus considerably more on monitoring their

comprehension (M"",,=75; M...=l.O) by using their metacogniiÎve

knowledge; personal knowledge about their own cognition. Also,

whencompared to subjeet matter experts, these learner experts evoke a

higher percentage of previewing strategies (Ms..s= 15; M...=35) by

SC3nnjng the text for key information.

When comparing only between group means, bath groups appear to

equa1ly mention the need to define objectives (M"",,=4.0; M...=4.0). In

faet, since the mean for content experts is based on the comments of only

one subjeet; Subjeet Matter Expen IV, it is learner experts who use tbis

strategy most frequently.

Within group analysis shows that individual subjeet matter experts

do not present a steady pattern in their use of text comprehension

strategies. In contrast, learner experts consistently mention the necessity of

clarifying the objectives of the text during reading.



•
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Table 8

Percentage of Goal ReJated Codes across Ten Comprehension Problem
Space

SUBJECT MATTER EXPERTS LEAkNER EXPERTS1 II III IV Ilean 1 II III IV Ilean
DefiDe Objective

1- 1- I- I15.5 14.0 12.5 16.0 12.5 14.0 14.0 1

scan Tu:t

1- 1- 1- 16.0 11.5 ka I- I- la.o 13.5 1

Bulld Background

1- 1- I- I- la 14.0 I- I- 13.0 ka 1
Concentrat..

I- I- 1- l- ia 12.0 1- 14.0 13.0 12.0 1
PraUct

I- I- I- I- la ka I- I- 12.0 11.0 1
~tor C;=Pr8banaion

b·a 1- 1- 1- Il.0 190S 1- 17.0 114.0 h.s 1

Clar1~ 19.0 1- 12.0 12.0 1- 1- 13.0 Il.0 11- -

95
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Goal Related Codes; Review Sttat!!2ies. Table 9 presents the

percentages of comments !!lat can be categorized as possible reviewing

taetics. The major similarity between both groups is that the strategy used

most often is challenging the text by contemplating its quality and

questioning the issues covered (M.".,,"'Zl.O; MU!=9.0). Also, the two type

of experts make approximately equal use of strategies suC'h as thoroughly

reading the text (W....,.=95;MU!=75) and commenting ~o the

administrators about particu1ar aspects of the materials

(M$WE=35;MU!=35).

Both expen groups are dissimilar in the variety of procedures they

proposed. Subject matter experts again restrict themselves to the number

of strategies they use to review the text. In contrast, learner experts

articu1ate severa! poSSlble review taetics. In addition to employing the

same strategies as the subject matter experts, these experts also make

considerable use of approaches such as: searching for confusing

information (M.".,,=O; MLB=65), relying on their prior knowledge to

evaluate the text (M.".,,=l; MU!=45) and returning to the original sources

of information to verify content (M..œ= 1,MLB=4.0).

An ana1ysis of individual group members within each group show

that subject matter experts were not coherent in the taetics they use to

review the materials. Learner experts, however, do consistenùy select the

strategies of thoroughly reading the text and commenting to the
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Table 9

Percenta&e of Goa! Related Codes aCTOss Reyjew Sttateeies

SUBJECT MATTER En'ERTS LEARIŒR En'ERTS
1 II III IV ~ 1 II III IV ~l1li:111 Y&L=:t=-- ..,.._..,.. ..,.. ~

1- 1- 1- 13.0 11.0 1 1.0 1_-_, 2.5 11.0 11.0 l
Jl8ad 'l'baroaghl.,.I_"""'I

16.0 1 8.0 127.5 r;- ! 9.5 1 6.0 1 1.5 115.0 1 7.5 1 7.5 l
Idmlt:1t~:ID1!~t1aD1- - 1- 1- 1 0 8.0 1....;,-_1 9.5 18.5 16.5 l
Cbeck 0r1~ Iloa=a

1 3.0 1- - 1- 11.0 15.0 1_-_1 4.0 16.0 14.0 1
Cbeck llaf1D1t1.....

1- 1- 1- 1- o 1..-__1- 14.0 1_-_1 1.0 l
lIeaJ:ch for "-b1=:~Vo=rdII=r--.,..--I""--I""-""'--_-
J- 1- 1-......l- 1 0 1- 1- 16.0 1- 11.5 1
R811 aD Pr10r KIlow1

C1 3.0 1- 1-; 1 1.0 1 6.0 1- 1 5.0 1 7.5 , 4.51

•

CIIall.:JI:.... - .....-~-_-....,.-~

'29.0».5 145.5 1- 121.0 110.5 1- 113.5 112.5 19.0 1

~c~t I"""--~--.,..._-~

1- '4.0 1- 1 9.5 1 3.5 1 1.0 1 5.0 1 6.0 1 1.0 [ 3.51
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adminisrrators.

Goal Related Codes: Revision Strategies. For both expert groups

most of their planning statements concem revision strategies to improve

the educational materials (Ms.œ=49.0; MU!=40.0). These comments were

sorted according to the four principal strategy classifications of the

Revision Problem Space; Instroctional Design, Subjeet Matter,

Presentation and Language, and their subcategories (see Table 10).

An analysis of the principal strategy classifications, show that the

two groups mainly suggest the use of Subjeet Matter strategies (Ms..a=39.0;

MLE=22.0) with considerably less emphasis on the other three categories.

Both groups propose a similar number of Instroctional Design and

Language tactics, however, learner experts recommend more Presentation

strategies than do subjeet matter experts (Ms.œ=0; MU!=7.0).

A comparison of the subcategories within each main classification,

show that bath groups are similar in their dominant use of the Subjeet

Matter strategy of adding new information (Ms.œ=22.0; MLE= 18.0). Beth

groups also make approximately the same percentage of comments

conceming the instroctional design strategy of resequencing information

(M""",=2.0;MLE=1.5) and the language strategy of explaining terminology

<Ms..œ=2.0;MU!=2.5).

A further comparison between the two groups is the subjeet matter

experts' bias in favour of two other Subjeet Matter strategies; rewriting the



• Table 10

Perœntage Qf Goal ReJated Codes aÇTQss RevisiQn Strate~es
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text to increase the accuracy of the content (MSMIl =6.0; MlJl=.5) and

deleting irrelevant information (MSMIl =8.0; MlJl=.5). They also emphasize

the language strategy of maintaining an appropriate reading level

(MSMIl=5.0;MlJl=2.0). On the other hand, leamer experts suggest more

frequently the need for the presentation strategy of using chans and

cliagrams (~=O; MlJl=3.0).

Again subjeet matter experts do not display a coherent pattern of

revision strategies. Leamer experts are somewhat more consistent as they

all suggest revision techniques such as the need to incorporate new

information and explain terminology.

Task Representation Analysjs

As mentioned previously in the Methodology section, individual

codes of the Problem SolVÏ1lg Coding Scheme were assigned to the two

Phases of Formative Evaluation. In Table Il, perœntages were calculated

by excluding from the total number of segments those codes that were

considered to be redundant or outside of this model; Dialogue, Problem

Location, Problem Reiteration and Task Talk. AlI other segments were

categorized according to either the data collection phase or the revision

phase of formative evaluation.

Bet!yeen GroUP. As shown in Figure 19, there is a strong similarity

between the two group of experts in their definition of the task assigned to

them. Bath groups are predominately involved with the fust data
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Table 11

Percent!l~e of Se~ents aÇÇQrdin~ 10 the Phases of Fonnatjve Evaluation

DeA COLLBC1'IClII' PIWlB:
SUBJECT MATTER EXPERTS
l II III IV MeaD

166.5 168.0 166.0 153.5 163.0

1

171.5

LEARIIER EXPERTS
II III __I..V_,:.""=';;,"..,

131.5 178.0 181.0 165.0 1

•

RB'll:BIOII PIWlB:
SUBJECT MATTER EXPERTS

1 II III IV

133.5 132.0 134.0 146.5

MeaD' 1

137.0 128.5

LEARIIER EXPERTS
II III IV

169.0 122.0 119.0

MeaD

135.0 1
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collection phase (M"'E=63.0; MLE =65.0) and define their task as giving

opinions about the text and identifying problems. Only a third of their

remarks relate to the Revision Phase (M"'E=37.0; MLE =35.0). Therefore,

the experts are more concerned about detection and less concerned with

diagnosing the type and syrnptom of the problems identified or making

specific changes to eradicate these flaws.

Within Group. Subject matter experts have a relatively coherent

pattern of comments, as is demonstrated in Figure 20. AIl subjects

emphasize data collection; Phase l, rather than revision; Phase 2. For

leamer experts, the within group pattern is less consistent (see Figure 21).

Most of this variation is owing to the atypical comments of one subjeet,

Leamer Expert n, who has a considerably higher percentage of segments

in the Phase 2 rather than the Phase 1.

Analysis of Debriefing Questionnaire

Following data collection, all subjeets were asked to complete a

debriefing qu~tionnaire that consisted of nine questions in total. Two

questions were designed to examine the education and job experiences of

each subject and three were devised to gather information on the subjeets'

definition of the task and the plans they constructed.

Background Information

A summary of the responses pertaining to training and relevant job

experiences are presented in Table 12.
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Within Group Comparison: Percentage of SME Segments
according to Phases of Formative Evaluation
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lOS• Table 12

BackiJ"Ound Information on Expert Reyjewers

8IŒ x 8IŒ xx SIŒ xxx SIŒ xv

Domain 01etetics/ 01etet1cs not an expere oietetics
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When subjeet matter experts were asked to define their exper<.ise, most of

them acknowledged that their domain of expertise was dietetics, however,

one subjeet claimed to be a generalist rather than an expert. Subjeet

Matter Expert 1 also claimed to be an expert in pedagogy. Next the experts

were asked to rate their familiarity with the content and the audience. AIl

subjeet matter experts said they were at least somewhat familiar with the

content, however, they added that cancer and diet was not their area of

specialization. On average subjeet matter experts felt they were somewhat

familiar with the audience, although their definition of the audience was

the general public, which was not the population targeted by this research.

In addition, the experts were questioned about any prior experiences they

had evaluating materials. Only one subjeet, Subjeet Matter Expert I, had

previous experience evaluating textbooks.

The second group of experts had very different backgrounds in

comparison to the subjeet matter experts. First, learner experts offered a

wider range of responses to the question of domain expertise that included

empirical research, pedagogy, and content expertise; either psychology or

science. Although ail subjects had experience as teachers, only one expert

mentioned pedagogy as an area of proficiency.

Concerning the content of the materials, in generallearner experts

perceived themselves as informed laymen who were somewhat familiar

with the topic and therefore qualified to evaluate certain aspects. As
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Leamer Expert IV expressed, " In strict terms rm not an expert on the

subject that was presented, but if the subject is scientific presentation and

ideas, then 1 am a content expert". Moreover, Leamer Expert I1's rating

of familiarity with the content was higher than any of the subject matter

experts in this study. For the past fifteen years the subject had been

teaching environmental issues. In addition, learner experts typically rated

themselves as being better acquainted with the intended audience;

undergraduate arts and science students.

In response to the question of previous experience reviewing

instructional materials, all subjeets stated that as teachers they were

occasionally required to evaluate textbooks.

Pennillon and Planning of the Review Task

The various experts were requested to snmmarize the task they had

just completed and the methods they chose to accomplish this task. Table

13 summarizes this information and shows that all experts, from both

groups, described the task as evaluating or commenting on the materials.

More specifically they mentioned that they read the text, analyzed it and

made comments.

The two group of experts, however, were not as cohesive in their

explanation of how they accomplished this task. The majority of subject

matter experts asserted that they "just responded naturaIly" and did not

make a plan other than to read the text. Subject Mattér Expert 1 is the
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only subjeet in this group that articulated a fairly elaborate plan for

evaluation. This subjeet stated that while reading the text, they referred

to both their knowledge of pedagogy and the subjeet matter. Their decision

to terminate the task coincided with the completion of the article.

On the other hand, Learner Expert mwas the only audience expert

who claimed to be without a plan. Most learner experts verbalized a more

detailed plan than subjeet matter experts, which appeared to refleet the

learner experts' expanded domains of expertise. In the plan construeted by

Learner Expert I, two domains of knowledge were referred to while

reading the text; pedagogical and content knowledge. A second subjeet,

Learner Expert n relied on content and literate expertise. While Learner

Expert IV related the text to three knowledge bases; scientific inquiry,

content and pedagogical knowledge. As with all the other subjeets, the

plans began with reading the text and ended with the completion of the

article.
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CHAPTER FOUR

Discussion and Conclusion

The formative evaluation procedure is seen as being divided into

two distinct stages; data collection and revision. The focus of this research

was the data collection phase. Comparisons were made between both the

output (product analysis) and organizing plans (process analysis) of two

types of expert reviewers commonly asked to provide feedback during

formative evaluation. The tbink aloud data generated by subject matter

and learner experts were analyzed in terms of the similarities and

differences in the type and amount of feedback generated.

The resuIts of this study revealed that the produets of these experts

were similar, but the proœsses they engaged in were more distinctive. The

focal point for both groups of experts were content issues, however, eacb

group took a somewhat different approacb in accomplisbing the evaluation

task. In particular, subject matter experts made more references to their

knowledge, while learner experts focused on planning activities. A possible

explanation for this discrepancy is that subject matter experts had more

knowledge of the content available to them. üke domain experts found in

the cognitive literature on expertise, subject matter experts might have

used this well-organized body of knowledge to aid them in their review of

the text. Conversely, learner experts who in general were less familiar

with the subject matter, elaborated more on their plans and potential
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solution strategies. This extended goal-related activity might have

compensated for any deficiencies in content knowiedge that these experts

were experiencing.

Overall, it appears that both group of experts provided similar data,

drew upon the same types of knowiedge and represented the task in the

same manner. This refutes the recommendations in the literature to use

both subject matter and Iearner experts during formative evaluation

(Tessmer, 1993; Dick & Carey, 1990; Flagg, 1990). The remainder of this

chapter will discuss these findings further and present some

recommendations for future research.

Sjmilarjtjes and Dift'erences in Feedbaçk

General Characterjstics

An examination of the think aloud data according to the Problem

Solving codes, found that the information provided by the two groups of

subjeets had a highly similar pattern. For both groups approximately one

quarter of all verbalizations œntred on the identification of problems.

Few revision suggestions were made. It is poSSlbie that these findings

refleet the subjeets' interpretation of their role in formative evaluation. In

this study, task instructions did not offer a definition of the review task,

nor did it specify procedures for conducting such a task. This was done

intentiona1ly, so that the manner in which expert reviewers interpreted

their task could be studied. Apparently these experts perœived their role
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to be evaluators of the tex! and not revisors, which helps us to see and

describe how a reviewer in data collection operates.

In addition, both group of experts made a high percentage of

references to their knowledge base. Again!bis finding could be related to

the subjeets' task definition, since as evaluators the experts wouid use their

declarative knowledge to provide insight into the type and nature of the

problems found.

Produet Charaeteristiçs

One of the principal objectives of formative evaluation is to colleet

data that will aid in revision. To be effective, !bis information should

focus on diverse produet attributes and provide a maximum number of

identified problems. Furthermore, it would he helpful if !bis data included

elaborations of the problem's symptoms and poSSlble revisions. Both

Knowledge Statements and those Problem Solving codes that refieet

judgements about the instructional materials represent !bis information.

This study revealed that for both group of experts over 75% of

Knowledge Statements were related to content issues. It is perplexing that

the learner experts, who were either university or CEGEP teachers,

refrained from referring to their pedagogical knowledge. Although during

the debriefing interview severa! experts claimed to rely on !bis knowledge,

in faet less than 15% of Knowledge Statements involved pedagogy.

Perhaps these experts could not acœss their own knowledge of pedagogy,
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as this information is believed to be specifically linked to content

knowledge (Leinhardt & Greeno, 1986). Since the learner experts in this

study, who were selected due to their knowledge and experience with the

audience, taught chemistry and psychology their pedagogical knowledge

would be associated with these two fields. As most learner experts had

never been called upon to teach nutrition and environmental science; the

subject matter of the text under review, they could not co=ent on its

pedagogy.

A further similarity between the two types of reviewers was found in

the judgements they made on the materials. Once the data was sorted

according to product attnbutes, it became apparent that both groups were

inclined to mainly draw conclusions about the subject matter of the

instructional materials. Oose to 25% of ail judgements fell into the

subject matter categoI)', which was considerably higher than judgements

made in the other attnbutes categories. This finding corroborates

Saroyan's (1989) initial conclusions that experts from diverse backgrounds

report problems related to content, even when subject matter is not their

area of specialization.

Process Cbaracterjstics

Another aim of this study is to eY3min e the cognitive processes that

the expert groups engaged in during formative eva1uation. One aspect of

this process is to assess the goals set by the reviewers. This was done by
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analyzing the plans the experts built or evoked to accomplish the task of

evaluating the text. An eyamination of Goal Related codes found that the

two group of subjeets appeared to be somewhat similar in their planning.

For both groups, nearly half of all goal related co=ents fell within the

Revision Problem Space. Nonetheless, two dissirni1arities were apparent

between the two groups. First, learner experts operated more within the

Text Comprehension Problem Space and second, subject matter experts

made substantially more co=ents within the Revision Problem Space.

A more detailed eY3mination of the planning subcategories revealed

that these differences were due to the learner experts' greater tendency to

monitor their comprehension while reading, and the subject matter experts'

inclination to engage in more types of revision planning. Figure 22

presents an overview of the plans developed by each expert group and

illustrates this fundamental distinction. Knowledge of the content may be

the critica! factor involved in this discrepancy. Since learner experts in

general were less fami1iar with the topic of diet and cancer, they

presumably approached the reading task in a manner typica! of learners.

As they could not depend on their own declarative knowledge to interpret

the content, they had to continually monitor their comprehension while

attempting to determine the text's principal message and major points.

Ostel1Sloly, it was only after the learner experts understood the text that

they were able to turn to the review task. In contras!, subjeet matter
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experts' greater content knowledge evidently enabled them to quickly move

on to reviewing the instructional materials. Moreover, it allowed them to

consider a greater variety of revision strategies, such as rewriting the text

with more accurate facts and deleting irrelevant details.

A final feature of the experts' cognitive processes to be considered

here is how the subjects' represent the task assigned to them. The results

of tbis study show that both expert groups similarly interpreted their task

as simply detecting problems and provided a low level of revision

information, with more than 60% of their comments falling witbin the

Data Collection Phase of the formative evaluation modeL Since designers

have been encouraged to obtain a higher level of information from

reviewers; ineluding identifying the causes of problems and suggesting

solutions (Thiagarajan, 1978), tbis finding provides some insight into why

expert data has sometimes been seen as inconclusive and incomplete.

Possibly, the developer of the materials and the reviewer having different

expeetations for the task, resulting in tbis impasse.

This difference may be due to the organizing plan the experts chose

when strueturing their task. Flower (1989) describes severa! types of

structures for reading and writing that require different levels of task

representation. As Figure 24 demonstrates, both group of experts aeted

more like novice writers by evoking the less demanding organizing plan of

reviewing and commenting. With tbis plan the subjects carry on a dialogue
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with the text, in which they alternated between reviewing, summarizing and

adding their own comments, criticisms or associations. The faet that these

reoviewers represented their task more like inexperienced writers than

expert writers is understandable when the backgrounds of the subjeets are

considered. These subjeets were considered experts in the domains of

dietetics or teaching, not revision and writing.

Other possible reasons for the experts emphasis on the

identification of problems and their J:mited involvement with revision are a

lack of revision procedural knowledge and the cognitive costs involved.

Fitzgerald (1987) noted that one obstacle to revision is a deficiency in the

knowledge of how to rectify problems observed. Reviewers either might

not have acquired this knowledge, or have the requisite knowledge, but

had difficulty recalling and/or representing it. Also, the experts might

have focused on review because the task description gave them the option

to do the easier task of commenting and reviewing, instead of the harder

task of revision. Other studies have shown that even experts designated as

revisors proposed very few text changes (Flower et al, 1985; Nevo, 1985).

Since diagnosing problems and making revisions is costly in terms of

attention and requisite knowledge, the strategy of choice is often the

simpler procedure of detection.

Wjtbjn Group Cbsracteristiçs

Resemblance among individuals group members was observable in
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both the plans they elicited and the judgements they made. Subjeet matter

experts were a highly cohesive group, with all members uttering comments

that were mostly content related and defining their task as deteeting

problems. Also, the majority of individual members sought out a higher

percentage of rev'.sion strategies.

In genera1, learner experts resembled one another as weil. As a

rule, the majority of members commented primarily on content related

issues, probed their procedural knowledge for review and revision

strategies and defined their task as problem identification. It is one

subjeet in particular, l.earner Expert II, who demonstrated a unique profile

and increased the range of variability within the learner expert group.

This noteworthy subjeet will be discussed in more detaillater.

When Goal Related statements were analyzed in more depth,

disparities among individual members were more evident for both expert

groups. Only learner experts showed a slight group likeness in the

strategies they employed.

It is common for experts to not fit a single "expert" profile when a

more specific level of analysis is done (Duy, 1990; Saroyan, 1989; Flower

et al, 1985; Leinhardt & Smith, 1985). One possible explanation for this

variability is that even within specific domains, distinctive backgrounds can

lead to diversity of expertise or proficiency (Glaser, 1991; Duy, 1990;

Saroyan, 1989; Lawrence, 1988). Furthermore, ill-struetured problems like
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formative evaluation, demand sifting through a large amount of problem

related details and will normally evoke a conflicting set of responses (VOSS,

Greene, Post and Penner, 1983).

As mentioned earlier, Learner Expert il presented a unique profile.

In contrast to all the other experts, this reviewer defined the task as

diagnosing the symptoms of problems and proposing solutions, with the

majority of comments falling within the Revision phase of formative

evaluation. This subjeet also provided more data to guide the revision

process, which included a higher percentage of judgement co=ents and

revision suggestions. Although the primary focus was on subjeet matter

attributes, a comparatively higher percentage of language and presentation

co=ents were made as weil. This reviewer's greatest concem was to

ensure that concepts were clarified, so as to facilitate the learners

comprehension of the materials (see Table 9).

The high level of information provided by this subjeet is probably

due to background experience as a CEGEP teacher of this particular

content. For the last fifteen years this expert had been teaching a course

on the environment and acknowledged being very familiar with the subjeet

matter and the intended audience. POSSlb!y this experience fostered the

confidence and knowledge necessary to locate problems and suggest

proposed changes to the material. Thes~ results support the findings of

Borko and Livingston (1989), Berliner (1986) and Sb1l1man (1986). They
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all found that expert teachers who had well-developed and interconneeted

knowledge structures for subjeet matter, pedagogical content and learner

charaeteristics were better predietors of where in a course students were

likely to have problems. These teachers could foresee misconceptions the

students might have and areas of learning these misconceptions were likely

to affect. Nonetheless, this hypothesis is based on only one subjeet and

more research is necessary for validation of these results.

Implications for Practitioners

The literature on formative evaluation suggests that a team

consisting of different types of experts be used to review instructional

materials under development. One specific reco=endation has been to

use a combination of subjeet matter and learner experts. The current

study refutes this advice. Since both subjeet matter and learner experts

generally co=ent on similar aspects of the text, their joint data does not

yield a wider variety of information to guide the revision process.

Furthermore, this study did not validate that learner experts, as reviewers,

are a distinctive group. Although this group was seleeted due to their

proficiency as teachers, they did not fecus more on pedagogical knowledge

or learner issues in the produet attnbutes. Therefore, this research cannot

justify the use of both expert groups during formative evaluation.

The differences in planning between the two expert groups indicates

that reviewers who are unfamiliar with the content of the materials being
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evaluated are at a disadvantage. Since these reviewers must continuously

monitor their comprehension in an attempt to isolate the main idea and

major points of the text, they shouid be allotted extra reading time. In

addition, these experts are likely to compensate for the increased amount

of text comprehension planning required by reducing their planning of

possible revisions.

The finding that reviewers tend to remain in the data collection

phase of formative evaluation implies that when experts are left to define

the review task, they choose the simpler procedure of detection. Even if

the reviewers had wished to go beyond the present task and offer revision

suggestions, for some of them their lack of formative evaluation experience

couid have been a hinderance.

If a high level of information is required certain guidelines couid

eliminate these obstacles. First, where possible select reviewers who are

familiar with the subject matter of the instructional materials. In addition,

use clear and comprehensive task instructions that will turn formative

evaluation into a more well-struetured task, where the desired outcome

wouid be mutually understood by both developer and expen. Finally, a

reviewer whose background is similar to Learner Expert II might be the

better choice. An individual who teaches the subject matter to the

intended audience appears to be an excellent combination of both types of

experts. The ability of this expert to rely on pedagogical content
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knowledge could make for good predictions of the ieamers success and

aIlow foresight of areas where misconceptions might arise. At the same

time, the capacity to assess accuracy of content and recommend recent

material is enhanced. This hypothesis, although it is beyond the scope of

the present study could be an interesting question for future research.

Limitations of Study

Despite the benefits of using the think-aloud procedure, it did

impose an artificial task environment that might have constrained the

subjeets and altered their performance. This was borne out by the

concerns of one subjeet who was distressed by the faet that she would not

normally evaluate materials in this manner.

A second limitation of this procedure is that it can be intimidating

and exhausting, even for highly verbal subjeets (McAlpine, 1987). In faet,

severa! experts mentioned that reading out loud and commenting

simultaneously was a difficult task for them. Some subjeets also

questioned whether they had verbalized ail their thoughts. This

disadvantage may limit the amount of data obtained from experts,

however, using other sources of data to triangulate results will reduce this

liability. In particular, a well-struetured retrospeetive interview is crucial.

One final limitation is that due to the length of time required for

each session it was necessary to keep the sample size small. As a result

the data colleeted may not be completely representative of each expert
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group.

Recommendations for Future Research

This study highlighted the defining charaeteristics of two kinds of

expert reviewers; subjeet matter experts and learner experts. It would be

interesting to extend this research to other types of reviewers such as

instrllctional designers, language experts or cultural experts.

AIso, it would be useful to look at the medium of instruction used

as stimulus materials. For this investigation written materials were tested,

however, other sources of instruction such as film, video or computer

programs coul::! be explored.

Since Learner Expert n generated such interesting results, future

research using reviewers who teach the subjeet matter to the intended

audience seems warranted. This study might focus on not ooly the

charaeteristics of the type of èata generated, but the quality of the produet

produced in terms of its value to revisors.

In relationship to the primaIy coding scheme, future studies might

include codes that represent various classifications of knowledge. For

example, different categorizations could be included such as: persona!,

declarative, procedural, diagnostic, metacognitive; personal knowledge

about one's own cognition and conditional knowledge; when and where

procedures &re applicable.

Finally, future researchers might wish to design aids for reviewers
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that are based on the knowledge schemas of the various experts used in

formative evaluation. These checklists shotild be eomprised of the types of

problems deteeted, symptoms that distinguish these problems and potential

solutions.

Concludjn2 Remarks

This study analyzed the key features of formative evaluation

feedback generated by subjeet matter and learner experts. Results indicate

that the two expert groups produce similar data. In addition, both groups

refer to the same knowledge domains and evoke or construet similar plans.

These findings refute the literature advocating that during formative

evaluation feedback data or expert review, be colleeted from both subjeet

matter and learner experts.

The results also strengthen the notion that formative evaluation is

an ill-defined problem and therefore, the experts and the designer of the

materials might interpret the role of the reviewer differently. In the

present study, the experts identify their task as deteeting problems, rather

than proposing changes to the materials. On the other hand, the designer

might expeet the reviewer to go beyond simply identifying problems by

elaborating more on the nature of the problem, and occasionally providing

solutions. Severa! guidelines are offered to practitioners who might

require a higher level of information from the reviewers. In particular, the

designer is advised to provide specifie task instructions to the experts when
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teaches the subject matter to the intended audience.
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"Sound lIut:i:iOll is 1I0t a panae:::t. (:"lOd food that provie!es a?propria:e proportio"oS of ou:;;:::s
sho::Id 1I0t be rcgare!ed as a poison. a :nedici::e, or a ::iliscan It should be ea'e... 3lId c~joY<:c!." T:is
s:a:ecellt by the Food and Nu:ri:ioo Board of the Natiooal Researeh Council Ïll !.!le U.s • Ïll a 1950
publicalioo called 'Toward HcallhIw Diets" raised COre t.!:2.o a few e)':b:o....'So Reactioo froc
consll:l:er g;oups .....as furiously oegative. 11:cse groups alo::g wi!.!l cany i:ldi\ie!uals objec:ee! :0 :h:
cocc:lusioo thal co specifie die:ary ad,ic:: was appropriaI: for al! ci:i:::1S. 11:: r:cocc::e!atioll af a
bal3llc::d di:: wi:!l codcratioo i:l coos=ptioo did 00: si: well ....i!.!l people .....ho wcre coc\icc:d t!:~: a
gre~l c:my of l!le i!!s of North Acerican soci:ty arc r:latcd to i::lprop:r cu:ritioll. A e!cx:-=:::t
d:lailiag th: cvüs cf food additives, t!le beoefits of vitaci:l su?plec:olatÎoll and the virtucs of "org~c"
foods would uce!oublec!Jy have recei\'cd COre favorablc reac:ioa. Seieac:: !lo.....evcr ca::.~o: deal ..i:h
cmo:ioos. beliers or a:::cdo:cl evidenc::; it cusl be based 0... faets slcmcÏllg frao well colluoUee! and
rCj1roducible exper.::e.~lS. Ucfor:t::alely ill!.!le arca of out:iûoll il is very difiic-.:!IIO dcsign ace! carry
OuI sludics ....,hic!: load 10 cocc:lusive rcswlS. Accorc!i::sJy cany reports of rcsults aro speckl:d ....;th
phrases like "oay cause", ois coosislecl with", 'is asso6:ed witll"; al! of whie!: i::lply ~c:r:ai:lty. 1::e
e!ifficulty of provic!i:lg "proor oce way or acothcr i:l the .:Ir:as of food sèeoc: ane! lIUtritiOll !ea\"CS th:
door op:o 10 a variety of opicioos 1I0t oely acollg th: aI=ists ane! self stylee! authoriûcs bUI =e:g
lIuuitio::a! experts as well.

Icde:d. jusI two ycars 3f::r tll: abovc mectiooee! r:?or: th: Natiooal Rcseare!: Couocil issu:d a c:w
docuc.:cl e::titl:d "Die:, Nutritioll ace! Caccer' ....ith core speè!ie rccocc::::!atiocs re!lectiog :he'
s:ate of bowledge 3l:d icfo=atioll perti:le::l 10 the diel 3lld :!:: i:lcid:oce of =c::r. The guie!::cs
cow recocc:::e!:e! a r:c!uc:ioo of fal i:llaJc: froc aboul .;0% :0 3û% of lotal calories, a reduc:ioo i:l
t~ .cocsucptioo of C'......cd. pickled 3lle! smoi<ed foods 3lld an i:lcr:ase i:l t!l: cocsucplioll of ....·:ole
;;rai:: ccr:aI produets as well as fruits and \'eg::ables, esp:èally :hose rie!: i:l c.::rote::c Vege:ablcs
bc!ac~~g to the cbba;: f=:Jy ....·ere !:ig!:ly recocce:dcd bur ·.i,ocÏll .u~:i::neo:,,:;uu was :0:
o:.è, ..",··1 "T"l... "'ew r ..!"tor' u·,~ : 1. .,- '='lso ~.' -:"'''d ~1>nv ~c· ~,;~· ;, ~l:,.. e 'h~: ~ .. ,.' o"":' ...~ ;" L. , ........ .~ ..~ .1........... "l"'''. ........... _" ._.... • • _. 1 1,,0,;1. _ .... "" ," ".\.'. h~ ". ,..

allaut t!le die:'c!'s::se cocn:COO :0 warra:: spec:!:: s.:ièe!i:o:s i.;,r :be pcpda:lou as a ,,"'!lole :co
fu::h:r::ore :he sUSllcstioo was Clade :hat if :!le guide!i:es were i:::p.operlya?pliee! they coule! leoe!:o
:,:utritional è:f:è::1è::s. In li;!:.t of th: on;oi::; contro\'e:-sy it is 3?propriate te .,.,-i::: the stuéies ~:::i

th: i<ind of data :hat have Iead :0 :!le deba:ce! r:cocc:::e!atiollS. Ac =:r.i:la:ico of :h:s coctroversy
aise se"'cs to undcrlice :he ceed for a basic sèeotifie u::ders:a:e!ing of e!:e::lical a::d llutritic~l

cencej1lS. F=:Jiarity ....iÙ1::rn-OS like 'ci:lerals', "vitamillS", "Cat', "liber", "=otec:' etc. is esse:tiaI for
an objear.e acd critical disc-.:ssio: of Ù1e relatiollShip bel\lo'eco di:t a::d =cer.

Thore appe= to he Iittlc doullt t!lat many =cers arc e::\;ro=e::tally re!a:ec!. Epid:::::olog:=I
studies ha\"C C!e.:lrly s!:ov.-n large c!i!fereo= i:l canCCr ra:cs bel\lo'::O cou:::.-::s. For e=ple, ,br:cst
a::e! cololl == rates i:l C3:lyareas of Ù1e world .:Ir: l:ss t.!:2.o 0::: r:rÙ1 :!:a: i:l :-;ort!l A:lerica. T::
Jap3:lese i:lr= !lave the I:ig!Icst i:lèd:nc:: of sto:nae!: =ccr i:l é: worid. I=ci;ra:,ts froc oéer
cou::::ics to !.!le US. and Ca::ada ho.....C"er ::xpcri:occ tlle 10=1 =CCr rates, Sl:ggesti::g ~
e::\irocmectal ill!lUc:lcc.
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P:r!:aps the bast de::ocst.-aûon of tJ:is e......irc~.c:ctal effee: co=cs rro= a s::::y c3d: public i: 1;~
by:!::l Natia::al C3l:I= Rcs::lte!: I::su:ute of lapa:. Ac c;:i::ciola;:cal stue!y S?'~~::lg 16 )·C:l.-S :!.Od
i:\"oh~g o·'':: 100,000 cc: C!:3r!Y shoVo":d tbt t:: ï:ciê::c: of c.:c:: \lo"~ ç::l::st 2.:c:; t!:osc \0,·:0

scoi<ed. ~:j; :ucoho~ a:e ceo: r:gclarly a::Q did !lot cccs=c v:;::aoles c!a::y. !c:!::d:!:: ab$O:::
0: \'c;::ab!es froc t:: è!:t :l?pc:l:::d to :.:.c:~: c:: r!s.k cf :l v..iè: ••~-i:::y of c.=:::s. T:: ::st:!:s of :::
st::"'o'ey ::: s··--:lri::::è be!ow:
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Smgking Drinki~g Meat Ve~etable5
~

• No No No Yos 1.0

No Yos Yos No 1.1

Yos Yos Yes Yes 1.7

Yos Yes No No 1.8

Yes No Yes No 1.8

Yes Yes Yc:: No 2.5

•

The protee:ive effeas of vegetable COllSumptioc are dra.Îcatic:alIy illustrated br the above data; i:l fact
even in tbe iligb rislc group (sll1okers, clrin.kers and ll1eat c.:1tcrs) the rislc of =cer = be reduc:d by
oce tbird ifvegctables arc regularly eaten. This protee:ive effect eay be eanifested througb the liber,
Vitamin C or carotene coepocents of the vegetables as diseussed below.

Aeeordingly cany canc:r experts now estimaœ that as much as 90% of North Ameriean eanc:rs are
ecvironmentally deter:r.iced and tbat a large fraction of these sbould therefore he avoidablc.
'Envirol1menta!' must cot be confused with 'man made"; in the present coctext the word is used to
differentiate from 'genetic' factors. Cigarette slllokbg and toxic wzstos are enviroCll1ental and
obviously 'man made', but exposure to swilight and tbe consu:nptioc of natu.aUy ~~C·.l \'ir-r ::.-cicoge::s
c:on also be ternled '0"; ~ nll1c:1!a!', In fac:. B:l'r~ Am~. of the :J.ùversity of Calif.:: '. '.: Œ,:kcley) has
concluded alter .: ·.~l-::Y of the scentific Iiterature that eus: cr lbe careinogens 11laL aon·sllloke:s
cneountcr in their daily Iife COCle frolll nalural foods and cooking celhocls. For example e:.:!ery and
parsley coctain a care~~ogen ....·hieb becomes acti\..ted by Iight; r.:usbrooms, beans alld C\'Cc a!fa!fa
sprouts COlltain compou:ds .....iùch lIlay i:lerc.:1Se tbe risk of cane:.:r. Cookïng, especially wbec food is
brOWlled or burced adds carci:ogellS to the clic!. Oll the other banc!. suggcsts Ames, food also appears
to eontain nalural anti· carei:logellS Iike Vitamins C and E, selenium and carotece wilich may dee:case
the risk of the dreaded diseasc. The fact that cancer rates oside froc those related to seokïng have
remaincd aimost eOllStant o\'Cr the ycars appcars to imply that the "natura!" eoeponents of the
enviroCll1ent may be 1l10re Îll1portant!han the "ll1an made" faaors in i:ldueing canc:;r.

In a controversial article in Scene:.:, ~l. 1156 (1983), Ames produc:d summa.riz:d the lIlany nalura!
foods (abc\'C) which colltained \-arious careinogeos. In this same article, he also inclicated that t~:r:

Were many foods wilich "''Cre also anti·careinogeos. The main idca bere was tl:at a minimum of the
qucstiol13ble Coods couplcd ....ith a re:lSocable amount of the "good' "nes (vide infra) would pro\ide as
good a balane: of rislc/becefit as could be achieved in t!lis very coc?!e:: arec. Aces was critiëzed by a
group of 18 aeaclemic:s, unioc ofûcials and ellviroCll1elltalists in a 19~ Ictter to Sciellce for 'tti\'iali":-g'
=ccr risks. Ames rce:.:cùy pubüshed ~ summary of re!ati\'e risk factors for canee: by a C3:eful (but
eontroversial) cxamÏD.atioll of the Iiteraturc. The resulcmg index c:alIcd HERP (HI'~'ll Exposu:c
dose/Rodent PotellCY dose), This index eonsiders [Wo qucstiocs: How euch of the mate:ial cuses
eOllSiderable rates of =écr'in lab animaIs, and how lCuch oCit =igbt an a\'Crage persOll bc c.'Cposcd to
O\'er a'\ifetitcc? The r'-\'i-~ èo Ilot preclia a persOll'S actual chances of de\'Clopi:lg =ccr, but s:ow
eoepa:isocs. If t!l: :cloU','e ra::.kin; of tap wcic: is l,a, thell pea:ut bûtter (2 tablospoons/day) is :;0
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(anatoxin risk) as is comfrey tea (1 cupjday) (sympbytine, a natural pesticide is present). One pack
jday of ciguettes is rated at 12,000 wbile the risk of =cer from PCB: (once used in cIeetrical
transformers) is 0.2. Necdless to say, sucb a det:lÏled list bas ereatcd cnncern and discussion :uld will
stimulate research in tbe future.

Sinc: tbe second World Wu some 50,000 synthetic chemicals have bcen introduccd into lh:
cnvirnnment with about 500 ncw ones coming into use evcry ycar. Many of lhcsc arc mutagenic or
carcinogenic in lab lests yet thc cancer epidemic that many scientists (even Bruce Ames at one time)
havc prediaed has not materializl:d. Accordingly tbere is widesprcad. though certainly not universal,
belief that most cancers ue caused by natural =cinogellS. Many of these =cinogellS are produced by
plants as natural pesticides to ward off inseClS. IronicalIy the cu.-rent practice of breedi.ng ÏIlsect
resistant plants in order to minQize the use of synthetie pestic:id:s may aaually he introducÏllg new
carcinogen.~ into the diet. It is also a faCl of course !hat not everyone gets cancer even tbougb everyone
consumes :!atural =cÏIlogellS.Tl:e explanation for this appare:!t inconsiste:!cy may lie in tbe possïoility ,
that whereas chemieals isolated from food can cause cancer. the wbole food does not. MutagellS and
·anù· C3tcinogellS' are often present in tbe same food. For e=ple tbe potentially barmful effeelS of
the psoralcns in parsley and cele')' may be counteraC1cd by the carotene and vitamin eomponents of
these fcoocls. It appears thcn that attention to a scientificalIy balanced diet mal' be more imPOrt:ult in
W"~rdiog off cancer tban worrying about the trace amoUl1ts of syntheùe carcinogelis in the environment.
The f"llowing summarizes the current state of knowledge in this important area.

The Diçtorv Fat-Gnce! Relation.hip

The above mentioned recomme::dation to reduce tbe fat coote:t of the diet stems mostly from
correlations noted by epidellliolo~ts. A mong eorrel:1ùon exists berween per capita fat btake and
bre~st e'lacer mortality b ·..."::en as weil as berween fat btake :uld mortality from colon cancer. It
',I~:: b~. po,n::d :)u: ~.,\\'. Vv' :bat sueh as:iociatioll$ oie. not "nply cause. For ~.,U'.•ple ...imilor
co..: ::aLion e:ès!> bel';. ccn gr:,>.\ oa.jcnal product and bre:lS: ':a,"::r. .AJ'uou~ l~e 'per .:;lplla"
corrcl:1tion of di:t:l1j' fats with ca.~cer is stroog, there appe3.ls to be no conclusive correlation of
individual fat consumption a.~d cancer. Tb::re may be other variables in tbe relationsbip as "''e1l.
Hormones like estrogcn bave bc::! liclced with cancer. Does the fact tbat woce:! :ll'e ba,i.~g fewer a:ld
latcr prcgnancies influenc:: the a'':rage estrogen levels ? Could it be th: added calories :uld not the f.::t
per sc whieh is instrumental? The buman feedi.ng studies wbieh would be needed to el:lrify tbe
Silu:ltion can never be elbically den:: but studies in animals do sugs::st th:lt high:r levels of fat intake
cause mammary tumors. TheoreticalIy tbe argument can be put forward that fats cause caneer by
undergoing oxidation in ceUs leadbg to tbe production of caneer causing reacti"e speci:s calIed free
rodicals. These free radieals tb:::! d:unage the DNA of the ccli, leadi:g to improper replication. If tbis
mechanism is correa, unsaturatcd fats may pose a grcater risk sÎl:e: tbey are core easily oxidized.
Some studios have bdeed sbown an association berwcen cancer and 'trans' fatt)' acids wbieh arc
produced when vegelable oils ue co:!verted into margarine. Adequate Vit=in E , beta =otene :llld
selenium consumption may prcvent the oxidation of fats.

. ,Dr. Keith Ingold al the National Researeh Couneil in Ottawa bas in fact shown that Vilamin E is lhe
cajor ·free·radic:tl trapping" aati·oxidant in hum:lll blood. Beta carotene can also aa aS an anli·
o:ëdant. cspec:ially at low oxyge:l coccentratiollS sueh as arc found in cclls. lt is notcworthy that lhis
important rcseareh started out as :lll investigation into why ecginc oils brcak do"''11 upon e:<posurc lo
oxygen in the ='s engin:; a nie: èeco:l5tr:ltion of bow import:lllt r::sulls ca:: CO",e from see:lin;ly
'l':::-portant' researeb. Similarly t::e antioxidants BHT and BH..... wbic!l had or:;::a1ly bec: èe'o'eloped

. to preve:lt fats in cereals &0= go::; r:l:lcid {:llld inc:ide:ltally !:.ave bec: cuch c:l!:;::ed) cay t~":1 out
to !:.a·..e an i:aporta:lt rele in :e: c:!y the prev:ntio:: of == but in a:tually sJowù:g dow:: the apg
proe:ss.

Colo:: cancer has also bec:: :lSSo::a:cd ""ith high fat, high c!lolesterol èiets. Oece a;ai:1 t::o~;!:.

epièe=iological stt:dics in indi,ic:~:!!S have iield::d inconsiste::t rest:l:s. A -'-al f:cd::lg st::dios i: t::r:l
bave sbown t!:n: dict:l:"1 fat proce:cs colon =c::r. Furth=ore, pep:l!ac:c:s ...ith high rate: of Q!O:
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calIcer hrie in=d leveIs o! bile aàcls in tlle Ceces: thcsc have DcCli asscc:iated witll == acd arc
IcIlCWl1 to Dc !ormcd in largcr a:lIOunts iIl hish COlt, I:igh cbolesterol c1ieu. !:I sumcwy the eviéellcc
may appear to Dc scmcwhat àrcu:::sta.ctial. but the recocmelldaÛOll to reéucc Cat cOllte::~ by 25% éoes
Ilot reprcs=l a risk as 10llS as a balanccd c1iet is maintained.

De Qv;si"fmb·p;et AMPçi3rjgn

. OIlCC again populaÛOIl stuclies bve sho'.\'U Wt canc:rs oC the stomacb acd esophagus are core
CO=Oll in coW1UÎes sucb as C"..ina, Japac atld Ie::!a::ld "'here the c1iet is I:igh in Cooc!s that arc salt
cured acd smoked. There is 110 doubt that smoke colltaïns canccr :::lusing COCpoWlc!s atld salt has
bcclI repcrted to promote gasuic == in rau. Sodium llÎuitc, a pic:kling agellt atld pr:servaûve \:Sed
in cold cuts, hot dogs, lwc. etc. has DcClI wed with the potellÜa1 Cormaûoll of IlÏtros=ines, IcIlOWl1
caràllogellS, in the body. Based Upoll these observaûollS, licitillg the iIlta.i:e of suc cured cr .coked
Coocls would appear 10 Dc wise. Yct, llVCll this rccocme::c!aÛOIl lw Dcell chaI1cnged. It has DcCll
poillted out that the deatll nte from stomae == has Dcell declillÎllg in North A:enca wè.ile tlle
COllSuepÛOll of proc:ssed meats has Dcell r.sillg. Furtll=orc. llÎtrite adcliûoll is sc suic:ly re;u1ated
1I0W that oll1y 1llÏ:liIlla! 3IllOWlts are usee!: in COlet the =0= o! ciuite 1IO'N added = ocly prevcllt
srowth o! the dosuicliue Botulinue orga.cism if it is used in COlljUllCÜOll with salt. It is also trUc Wt'
mast of the "smokcd" CoocIs presCllÙY lIWl:eted arc smol:ed with Iiquid smol:e. This is made br passillg
smoke woug!: watcr; sincc the carcinogellÎe compoWlcls do Ilot clissolve iIl water !oocIs "smol:ed" by
this process arc safer dw1 "llaturally" smol:ed foccls. Althoug!: crcc!CIlCC c.:m be given to these
c:itiCÏSlllS, it must abo Dc pointed out that Coeds big!: in smol:e flaver atld llÎtrites arc gcacr:ùly high in
Cat atld thus in calories·perhaps ellough of a rC3SOll to millimW: COllSUlDpÛOll.

The Se!;;iul!!..Canser A$'Qci3Iiqq

SelCllÎue is a minera! requircd by I.!:~ body iIl ·trace" =OWlL.'. ,':::-S a role in the acüvily oC the
ell..")'l:le g1utathiooe percl.idase. :lI: e:lZ)'lllc \llbie pr,)tec:s cclls fr~t .• ci'l.':lage by o:àdaÛOll. COllSiste:l~

...ith this aC".ivily is the observaûoll Wt m=mary callcer in rats Ced a big!: polyu:saturated !at c!:et cali
be inhibited by selellÎue. SelellÎum is COUlld iIl tlle soi! atld is absorbed by c:ops. Hig!1 soi! se!ellÏum
areas correlate inversely ",ith == but t!:ese areas are also Icss populated atld cliffer frOlll 10\11 soi!
selellÏue areas in se'ua! respeets. !:Ideed lung =cer rates arc lower in coUlluies where tobacco
colltaïns more sclellÎWll. Mc:àc.:m atld Colombian tobaccos have wee ümes as mucll selellÎum as
A:cric.:m alld British tobaccos. Some correlaûollS betweell blood selellÎUID levels atld callcer have also
DcClllloled atld prelilllinary research lw shown that tlle selCllÎue colltent o! hait atld naiIs mOlY reDea
blood Ieve!s. High int:lke of selCllÎUID CatI Dc to:àc atld the presCllùy available informaûoll does Ilot
warr3llt the reco=Clldaûoll o!supplemenu.

De Oac;;r. Vitynia ç and E CQMeçtjoQ

The cvidcllee Cor this associaÛOll is csse:tWIy atlecdotal aIthoug!1 bot!: o! tllese \'it=Ïl:ls are atlti·
o:àdants and the:efore could be!:ave as a:û· caràlloge:l$. Vit=in E has bec:! reported to rc::ucc
tt1Ut3ÜoCS Î:l sc::IC b:lC:crial "''5t= atld Vit=in C does bloà the c.o:lversion oC llÎtrites to
llÎlrOS"mir=. Fer the latter ='011 Vitamin C is added 10 hot dogs. Simi!ariy sille:: botll tOClatoes and
le::uec ClIl\"';" VlWDi:l C they = collccivably do core tl:3:l just d:-.ss up t!:e appe:1.":lJlC: atld Daver of
a b:lCOll~ IIldeed a BLT may Dc the best way to COllSUttI: bacoll. Th:.-c is however 1I0
cvidc::cc th= eithcr VibIlÙlI E or C c.:m prcvent c.:mecr•

Th'ë C3nç;;·V;xamip A Ç9n~ee!;Qa

Re==bcr t!:: stm:es ;bout catirg ~-roU te sc: better? This ca:, l:e s::::cl.:_; ::te ;:oint, but û::
,it:!c:in A in carrees doc:; pla): :!11 CSSCllti:tJ roi: ie the c!::=istry of vision. Fun~ct::lorc. tl:.: 'i:=i:l
:.-,d ilS p.-:c-.:rsor compound (bcta· crotee) r:lsyaIso pret:a t!:c bcdy ::;,:·'t =C:::. T:::: r::t:o::sle
for t!::' b:!i,,:i lies i:: tl:: C:let t!:at \itamill A pl3ys an ic:po~ roi: il! th: c:::t.ol of ::!! Bf::.:::t:::tio:l
3:è b ù::.: bcth viuë!: A a:é c:spc:è~ny ~.:3-c::ct::::are cfiicic:t SQ\'=:'~rs cI c:::==:ot :i;::é,=
cIl:: t:::: r:.d.ic::ù.!.. S!:1c.c 10:3 oC =!l a!r::e:ti.!:ion i.s a ba.s:c r~tl:r: orc==:c~ c:!l:-:..~d si:.:: r::=



•

•

142

radic::l!s are ~ublc, bighly re:;ctive chemic::l!s wbich <:an ,damage our gc::etie m3tcrials (D:-IA and
RNA) there IS goocl reaso:: to suspect that thcse two nUlnents lIlay have a proteeti"e effeet ~:ùllst

==.

Vit~ A itscl! ca.e be obtained froc 3.:l.Ü::lal produets such 3S liver, eggs and ceat or it = by
sy::tll=d by the body from. beta carotenc. Many grec:! vegetables producc !bis bright or:l:l~e
cOlllpoll:ld but the ric:!lest sources arc pucpkïns, spinach and cf course carrOl$. ..

In 1975 a lIlajor epide::iological study shcwed that Norwegi.a.c men consuming more th:l:l the a',:rage
amcunt of vit3mÏl1 A had less than h3lf the rate of hmg =ccr 3S colllpared with Ille:: baving below
average COnsumptiCll of the vitamin. Sicilar fmdings were also reported in the foUoWÏllg 5 years from
scie::lÎsts in Japan, SÏllgapore and the United States.

A further study (Nov. 1981) published in the British lIledical jour!13l Lanc:t supported the hypothesis
that the pro-vitamin A (heu carotC:le) :l:ld oot the vitacin itsel! was the belleficial factor. The study
showed that there was an inverse relationsbip between intake of dietary beU·carotene and lung =ccr
in J..954 middle aged lIlale smokers over a period of 19 years. Intake of preforced vitaroin A did not
show a sigoifi=t e!feet.

UoIortuoately, studics on vitacin A are ofte:! limited due to its toxicil)'. HigIl leveIs of vitamin A Icad
to liVet damage, headac:!lcs, lad: of appetite, hait loss, lIlenstrual proble:ns and retarded gro....ù in
cbildren - problelllS soceticcs sec:: amocg vitamin and he3lth food faddisl$. 0:: the other b:ll:ld,
optical invcstigative approac:!lcs are possible ....ith beta carotene sincc there arc 110 moWll serious side
effeas, CVCll with doscs so hi;h as to cause :l:ld obvious orange ~ eoloratioll. In re=t ~"cars

sY"thetie analogs- of ,it'-::: A have bec:: preparc:d in an effort to reduc: its toxicil)'. Thcse saCer
eOlllpounds are 1l0W bei::g tcsted ....ith bi;!> risk groups to dete=ine if otber fortllS of cancer ca:! be
prevellteel. Olle suc:!l ~oup consists oi albino cbildrell in Africa wb ;,~ve a 100% risk of devc:.·~ing

skin =cer. III adèitioll. at tl:~ pre'cct tice the U.S. l':atiolla! Ir.s:i:ut~ or Health h:1s invited aU ::laie
pbysicians betweell the ages of .;Q :l:ld 85 to participate 3S subjects in a plac:bo-colltroUed gc:eral
study of beta- carot:::e ud ca.ecer.

A cajor reil0rt 011 tI:is issue publisbed in tbe New England JOUtllal of ~{edicine, March 1984 (by the
H=d School of Public Healtll) aplai:ed that a1though the protective eITect agaÎnst lung =c:r of
beta-carotene is strongly supported by IIl:l:lY studics, there are indications that these effeets May not
apply to other types of =ecr.

III eOllclusioll, il should be lloted that the cain cause of Iu:g ca.ec:r, smoking. also increases Olle's roSk
of severa! other serious diseascs, includÏllg atherosclerosis - a pricaty cause of dcath in l'orth
America. However, there is 110 evidellcc that either ,itacin A or beta carote::e afl"eets tI:is co::dition in
anyway.

The Caneer..fjber CoMt!ÇftPR

Roughage? Ut::lppetizing, tzsteless, completely indigestible but... it fi;!>ts ca.ec:r! "

It aU started witb Or. Oe::llis Burkitt's 2Q·year obsetV:ltio:: of diets :l:ld i:cide:!ce of co!orectal =c:r
in rural Africa. The British surgeoll lloted that a1though == of the 10w-oSt five to six feet of :!:e
intestine is very preval:::t i:I the ""csterll .....orId it is aIcost 1l01lc,ùste:lt aco:lg people in Artica
eO!1S=ing a bigh liber diet. III C:l.tlacla, about 100,000 people sct COIOIl =r.er cvery year, half of
....hom die ....itJ:.in the =e ~·e:lt. Tce s'-e bigh fr:que:lCY of this m~lig:::u:r.ï l:zs bee:l fOll:ld i:l the
US~ Sectlalld, O::=ar:: aeu espe::i:illy l':ew "aI.1..,d, cou:uics whi:.; ccnsu:::e lbe !I,;hc:;t a::ol::::S af
ceat :!!Id anic:l! f~t arc~d th: worIel.

The in::ide::c: oi this t>7e af cim:::r appears to he 100 limes t:lorc prCY:Iler.t in the Iu,,"::t 1% of the
~~m,,11 i:llc.~I::lC. 'nL~ Ic:lds ~cie:ll:,t tu belie-•.,; th~t crcir.ag= ue nat ~W'dllo'~"cd....ith tl~r ftY.:-d bt:t :lre

l'rtll!::C:ù i:l the cul:):! im<:l ::::I\c~i~I in the fer.::."\. It h:l.' beCll su:s:.~teù lhat bile aci:b (hioCloi,ect::c.,
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narurally rcIcased into the gut in rcspoase to the present:; oC fat in the diet) arc chcmic::illy alte::d by
baeteria te produc: CI1'einogens. High cololl =cer areas have beell Cound to be much mOre abtl:lc!.J:t
in colorecW caI1cer patiel1tS than in colltrol groups. In a r=t study collduaed by Dr. Tracy Wllli:s,
a mierobIo1ogist al the V"lI'ginia Polytechllie Institute in Blacksburg, a chemical cUU;e:>, r--ed
faec:lpentaCllC, was isoIa.ted from the Cces oC about :zo pcr c.ellt oC the white rcsiderts oC Job.macsbt:.-g.
The same cç.mpound was detcacd in less than 2 pc: CClIt oC the n:ral popuIatioll. The diet oC the l::ba.:>
communitY is very simiIar to ours (bigh in refined carbobydratcs a.:>d Cat), wbereas that oC the r.:ra.!
popuiatiOll is low in ceat and Cat and bigh in fruits and vegetables. A1thcugh most careincg= are
cut.agellS not all mutagens are careincgens, and therefore the presenc.e cC faecapentaene does Ilot
nec.essarily Mean that It is the cause oC ==. Dr. David Kingston, a c!lemist at the V"lI'è=üa
l'olytechllie Institute, !las synthcsized this compound and its =cer-eausing potential will IIc';;' be
investigatcd in Iaboratory allimal •

These Sndings certainly sUPp.Jrt the theory that liber, whic!l inc:ea.ses the rate of Cec.es elimiration,
should lower cne's c!lanc.es cf de-.elopin; can= cf the cololl. • However, thcre are Sl:)ce
i::consistcnc:ies in the rmdïn;s r.-.Iated to the effeets cf liber. For instanc:, in a Canadian study
published in lSISO bigher COnsumptiOIl cC dietary liber was shOWll not ro have =.y siglIilicant cffee Cil

cancer wbcreas in Puertc Rico bigh COnsumptiOIl was assoàatcd o;o.itb bigher incidCllc.e cC colcn =c::.
Sueb.disaepancics cay be related to the =ecely hetercgenccus natu:c oC dietary liber. Oietary fibe:
is a mi:nurc oC indigcstible chemiQ1s: c:llulcse, hemic:llulose, I;;:ün and pcetin.. PreJimillary studies
have shOWD that wheat br:m and liber from citrus fruits proteet Iaboratory animais against chcmic::illy­
i::duc.ecl colon cancer. Sinee citrus Cruits are also an exc:llent sourc.e oC vitamin C (a scavengc: oC
CI1'einogenie Erce radic3ls) an or:mge a day, or even the traditional apple a day, cay not be suc!l a bad
iclea.

GyrnELINES FOR A.... ANTrC-\.~ÇER MEW
-èec:ease consumpùCln oC Cats. tlitrite-eured ceats. smoked or c!larcoal·broiled mrats and larg:
amounts oC alcohoL

-Ùl=e consumption oC Cooès ric!l Ùl dietary fibc:,. beu carot:re, vitamins A. E :md C and the
cincral selenium (m:gadoscs oC dictary supplements arc pr=tIy Ilot recommerded).

-consume onen, cruèCerous vegetables such as cabbage, broa:cli, Brussels sprouts and caulillowcr.

BECENTREYTEW

A re= summary which gÏ\'CS a balanced report is froc Scientifie Ac::ican, l"o\'ecber, lSI87, p. 42.
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Summary of Activities

1. l'Il ask you to read a page of instructions, then check
that you understand the task.

2. The technique you'll be using is called a Think-A1oud.
l'Il give you some information on that next, and give
you time to read it.

3. l'Il give you a short warm-up task to allow you to
practice thinking aloud.

4. l'Il give you the module, ask you to work through it
and tape record your comments as you think aloud.

5. Finally, l'Il ask you fo: some brief demographic
information an we'll discuss the materials more
generally•
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CONSENT FORM

This is to state that l agree to participate in a programme
of research conducted by Alanna Israeloff and Diana Tremblay
under the superv~sion of Dr. Cynthia Weston of the
dep3rtment of Educational Psychology at McGill University.

l understand that the purpose of the research is to evaluate
educational materials and that my performance or ability is
not being judged.

l understand that my participation in the study is totally
anonymous and confidential.

l understand that l can have a full description of the
results of the study after its completion.

l understand and give my consent to have the session
audiotaped.

l understand that the data from this study may be published.

l understand that l will be paid one hundred dollars ($100)
for my participation upon completion of the session.

l HAVE CAREFULLY STUDIED AND UNDERSTOOD THIS AGREEMENT AND
THEREFORE ! FREELY CONSENT AND AGREE TO PARTICIPATE IN THE
STUDY.

NAME:

SIGNATURE:

DATE:
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Description of your task

PLEASE TAXE SeME TIME Te REAn THIS CAREFULLY
This unit, "The diet-Cancer Relationship", is being

dsveloped for use in a first-year chemistry course for both
Arts and Science students who are not majoring in chemistry.
Please give me your comments and feedback as an expert on
anything you observe with regard to the content of the
material and how well learners could use this unit. Feel
free to highlight anything that is positive, as well as
negative, about the materials.

While you are reviewing, we want you to speak your
thoughts out loud 50 that we can record what you are saying.
This technique is called Think-aloud, which means saying out
loud all the thoughts, questions, comments and strategies
that go through your mind while you are performing a task.
This does not mean that you should analyze what you are
doing. Just report yo~r th9ughts. Since the Think-aloud
process is unfamiliar to mOist people, we shall be having a
short practice session in a few moments. You may wish to
write comments directly on to the materials while you are
thinking out loud, but please remember to say what you are
writing. Every comment you make is valuable to this
research.

At times you may forget to think out loud, 50 my role
will be to prompt you to continue. While you are speaking,
l shall also be keeping track of your comments. In the
Think-aloud procedure, l can't answer any questions that you
may ask, but there'll be a chance to do 50 at the end of the
session. Please take your time on the task. l shall
suggest times for taking breaks, but whenever you feel you
want a break, please do not hesitate to say so.

Is there anything unclear about these instructions?
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Warm Up Exercise

The following task is a warm up exercise to help you to
becorne farniliar with the Think-Aloud procedure. You will be
provided with 12 letters and your task will be to combine
these letters to form as rnany words as possible. You rnay
use any of these letters as many times as you wish.

While performing this task, it is important that you
verbalize all your thoughts as they occur to you. Do not be
concerned about speaking correctly. What is more important
is that you continue to think aloud during the entire
exercise. If at any time l feel you are not talking often
enough, l will prompt you to continue verbalizing your
thoughts. You will have three minutes to complete this
exercise •
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QUESTIONS SUBJECTS FREQUENTLY ASK ABOUT TALK-ALOUD
PROTOCOLS OF THE WRITING AND REVISION PROCESS

WHAT IS A TALK-ALOUD PROTOCOL?

A protocol is a sequential recording of a person's
attempt to perform a task. Developed early this century,
protocol analysls ls a powerful tool in educational
research. In particular, the information captured in "talk
aloud" protocols enables the educational researcher to
construct detailed models of human thinklng processes, and
construct detailed models of human thinking processes, and
in some cases to stimulate these processes in a computer
program. In short, protocols give the researcher a "window"
through which to look at otherwise invisible mental
processes that occur from momen~ to moment. We are
concerned in this short explanatlon with talking-aloud
protocols of wrlters revising a text. Listed Delow are some
more questions that sUDjects of protocol experiments ask.

HOW IS A TALKING-ALOUD PROTOCOL MADE?

The procedure is really very simple. The researcher
will ask you to talk-aloud while you are revising or
rewriting a particu:l.a:o: document. You are to say '::lut loud
what you are thinking. You are not to worry about speaking
correctly, stopping in the middle of thoughts or sentences,
etc., Dut you should try to verDalize as continually as you
can during the entire time you are at work. Pauses in your
talk will naT~rally occur, Dut try to avoid them. If the·
researcher feels you are not talking often enough, he/she
may prompt you.

SHOULD l TRY TO EXPLAIN HOW MY WRITING PROCESSES WOU, OR
HOW l WOULD USUALLY DO THIS TASK?

SUDjects who ask this question are usually trying to do
the researcher's work themselves, at the same time they are
revising or rewriting. You are not to descriDe what you
"would" do, butt#.."\ly what you are actually thinking about at
the time you are working. In fact, you are not expected to
"analyze" your writing habits or creative processes at al!.
You are not Deing asked to "introspective", or to give an
explanation or Interpretation of your writing. You need
only say what is on your mind at the moment. Concentrate on
the task you have Deen given, and simp~y say aloud whatever
occurs to you •
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HOW CAN A PROTOCOL CAPTURE MY THINKING PROCESSES IF A CAN'T
SAY ALOUD EVERYTHING l AM THINKING?

Of course, you will not be able to say everything you
are thinking when yeu are cempleting even a simple writing
or revision task. A portion of your thinking is lost and
falls between the cracks. But almost everything you do say
is valuable to the researcher. The amount of information
retrieved from the talk-aloud method probably exceeds the
amount to be g=gained by any other research method currently
employed for the study of how people write and revise.
Moreover, your transcribed protocol is also studied by the
researcher; your finished or revised text is also studied,
and compared with the talk-aloud transcript. By itself,
your finished text tells the researcher very little about
the processes you used to create the text. However, when
your finished text is "matched" with the protocol
transcript, the researcher has a much more detailed picture
of how your writing and revising unfolded. Again:
concentrate on the task and on whatever you are conscious of
as you work. Say aloud everything that cornes to mind.

DOESN'T TALKING-ALOUD INTERFERE WITH MY THINKING, SO THAT l
AM NOT THINKING AND WORKING AS l NOR.v.LLY WOULD?

This question is often asked, and rightfully so. It's
a very important question for researchers to deal with. At
the present time, no one knows for certain if talking-aloud
does Interfere with your thinking during problem-solving. A
lot of rese~rch is presently being conducted to find out.
So far, researchers have been unable to find any strong
evidence that talking Interferes with thinking. Some
research has even shown that, with very little practice, you
can solve the same problem in the same amount of time
whether you are talking aloud or not. Talking loud can also
improve decision-making, and many people talk to themselves
when they write anyway. The first few minutes of a protocol
may feel awkward, but with a little practice this feeling
will disappear and you will feel more comfortable.

SHOULD l WRlTE AND TALK AT THE SAME TlME, OR ONLY BEFORE OR
AFTER l WRlTE SOMETHING OOWN?

YOU should talk as continuously as possible, whether
you are writing or not. Sometimes you will find yourself
only able to say exactly what you are writing on paper.
This is perfectly fine, 50 long as you don't pause too long
between words. If you do, the exper1menter will prompt you •
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SHOULD l TALK-ALOUD EVEN IF l AM JUST RE-READING WHAT l 'VE
WRITTEN?

Yes, you should. Avoid the temptation to mumble if,
and when, you re-read your text. Even if you are skimming
rapidly, and not re-reading sentences in their entirety,
talk-aloud and make sure your voice is audible and clear.
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Script for Ice-Breaker

Thank you for your participation in this study. l'd
like to start by explaining what we're going to be doing
today, and if you have any questions, feel free to interrupt
me.

A bit of background on our research: This study is
part of an ongoing research project concerned with the
improvement of instructional materials. We get feedback
about instructional materials from learners and experts,
then investigate how to use this information to revise and
improve the materials.

We'd like to get your feedback about a module from an
introductory chemistry course for non-chemistry university
students from both Arts and Science. We tell experts and
learners alike that we're evaluating the materials, not youl

The procedure for the session is outlined for you on
this sheet:

(Hand out Summary of Activities sheet)
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Script for Summary of Activities

1. l'll ask you to read a page of instructions, then check
that you understand the task.

2. The technique you'll be using is called a Think-Aloud.
l'll give you some information on that next, and give
you time to read it.

3. l'll give you a short warm-up task to allow you to
practice thinking aloud.

4. l'll give you the module, ask yeu to work through it
and tape record your comments as you think aloud.

5. Finally, l'll ask you for some brief demographic
information an we'll discuss the materials more
generally.

Is that short description of the procedure clear?

Beforp beginning, l have a consent form which l'd like
you to read and sign, if you agree with what it saysi

(Give consent form)

If you agree to the statements, would you please sign
at the bottom of the form?
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Script for Warm Up Exercise

The following task is a warmup exercise to help you to
become familiar with the Think-Aloud procedure. You will be
provided with 12 letters and your task will be to combine
these letters to form as many words as possible. You may
use any of these letters as many times as you wish.

While performing this task, it is important that you
verbalize all your thoughts as they occur to you. Do not be
concerned about speaking correct~.y. What i5 more important
is that you continue to think aloud during the entire
exercise. If at any time l feel you are not talking often
enough, l will prompt you to continu9 verbalizing your
thoughts. You will have three minutes to complete thig
exercise.

(subject performs warm-up exercise)

ARE Y~U CLEAR ABOUT HOW TO DO A THINK-ALOUD??
YES - move on
NO - think-aloud handout to read

BEFORE WE BEGIN REVIEWING THE STIMULUS MATERIALS, l WOULD
LUCE TO REMIND YOU THAT YOUR TASK IS TO COMMENT AND GlVE
FEEDBACK AS AN EXPERT ON ANYTHING YOU OBSERVE WITH REGARD TO
COt."'TENT OF THE MATERIAL AS WELL AS, HOW WELL LEARt."ERS COULD
USE THIS UNIT. HIGHLIGHT ANYTHING THAT IS POSITIVE AS WELL
AS NEGATIVE ABOUT THESE MATERIALS •
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Possible prompting words during Think-Aloud

1. Keep thinking aloud please

2. Keep talking please

3. Tell me what you're thinking please

4. What are you thinking please?

s. Please remember to keep talking

6. Tell me more about it

7. Is there something you want to say about that?

S. Tell me more

Last resort:

9. Is something wrong?

157
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script for Questionnaire for Retrospective Interview

(Tape recorder should be runningl

Thank you for taking part in this study. As you were working
through the materials, l took some notes. l wasn't permitted to
ask or answer any questions then, but l' d l ike to check some
specifies now, then ask a few more general questions.

1. (Ask questions generated by tracking sheetl

Thank you for clarifying these points. Now l have some more
general questions to ask.

2. Aside from the think aloud, how would you describe the task
we asked you to do?

IF HEEDED: al Describe what you did while you were working
with the materials.

3. You just described the task as (use subiects definition of
task from question #2) • How did you go about accomplishing
this task?

IF HEEDED: al Did you make any kind of plan?



• 4. How did you decide that you had completed your task?
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5. When you were reviewing these materials, how much attention
did you give to the following areas?

a)SUBJECT MATTER: Examples of subject matter are the value
of the content, how related items are
grouped together, if the content is
unbiased, and if the content represents
current trends

1 2 3__-:-4
very little a lot

•

b)PRESENTATION:

c)LANGUAGE:

d)INSTRUCTIONAL
DESIGN

Examples of presentation are spacing,
typeface, headings, visuals, highlighting,
format, and layout

1. 2. 3 4

Examples of language are the choice of
vocabulary, sentence structure,
redundancy, clarity, ccnciseness, and
coherence of ideas

1. 2 3, 4

Examples of instructional design are
concerns about the target audience,
objectives, motivational elements,
instructional strategies and coherence of
instruction.

1. 2. 3. 4
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6. How would you define your area of expertise?

XF NEEDED: a) We asked you here today because we considered
you to be an expert. What kind of expert would you consider
yourself to be ?

b) Would you be a content or audience expert?

•

7. a) Did you experience any problems with this reviewing task
(i.e., the time involved, having to verbalize all your
thoughts etc.)?

b) Do you have any other comments you would like to make?

8. Are there any questions that l could answer for you?

9. Now l'm going to ask you a few questions on your background:

a) Would you qive me a full list of your professional
qualifications (i.e., degrees, professional affiliations
etc.)?

b) Have you any prior experience with (use subjects
definitioD of the task tram question #2)?
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c) XP YES: Is this how would you normally go about it?

d) How many years of experience do you have in your field?

e) How do you rate your familiarity with the content of "The
Diet Cancer Relationship"?

1=;:-:-_.2. 3 4
completely very
unfamiliar familiar

d) How would you rate your familiarity with undergraduate
arts and science students for whom these materials are
intended.

1=;:-:-_.2. 3_--::,:=~4

completely very
unfamiliar familiar'
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Goodbyes

That's all!

l feel we have a lot of very useful data here, and l
appreciate the effort that you put into it. l know that doing a
Think-aloud is a demanding process and l hope it hasn't been toc
tiring for you.

Once again, thank you for taking the time to help us with this
research. Please accept this as a token of our thanks. l'll need
one more signature from you to acknowledge receipt of the cheque.

If later on you should have questions you wish to ask us, we
can be reached through the Centre for University Teaching and
Learning at McGill University (398-8063).

(S should be escored from room or give directions for way out.
Offer of results should he ~ade in a follow-up thank you letter.)
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2
3

4
5

6
7

8

10

TEXT:

52: E5+/5M1

TEXT:

52: SM
E5+/ID

TEXT:

52: E5/5M5
SM

TEXT:

52: PI/L
SM

TEXT:

52: PI/5M5

TEXT:

52: E5+/5M2

TEXT:

52: PI/5M2

164

"The diet cancer relationship"

50unds like an interesting topic./

"Sound nutrition is not a panacea."

Um, /
that certainly sounds like a good um
introduction./

"Good food that provides appropriate
proportions of nutrients should not be
regarded as a poison, a medicine"

Oh, sounds pretty negative there/
um/

"Or" a talisman"

l don't know what they mean by that sol
um/

"It should be eaten and enjoyed."

Right there it almost sounds like it's
presented as a medicine, a little bit
preaching./

"This statement by the food and nutrition
board of the national research council in the
U.5. in a 1980 publication called toward
healthful diets raised more than a few
eyebrows."

Va, 1 can understand why./

"Reaction from consumer groups was furiously
negative. These groups along with many
individuals objected to the conclusion that
no specifie dietary advice was appropriate
for all citizens."

Well, 1 1 don't know if l'd uh necessarily go
along with um their reasons for being'uh
furious with that./
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REVIEW CHECKLIST: INSTRUCTIONAL DESIGN ATTRIBUTES

Included are pedagogical attributes that should be evident
in a well designed instructional product. Questions under
each attribute are not inclusive, but are only
representative examples. This checklist might best be used
by an instructional designer.

1. Justification of need:
• Do the materials meet a definite need?

2. Target Audience:
• Is the audience described?
• Is there evidence that ability level, readiness,

attitudes culture of the target audience have been
considered?

• Have individual differences been taken into
consideration, if appropriate?

3. Entry level prerequisites:
• Have prerequisites for students (e.g., necessary

skills) and teachers (e.g., qualifications) been
specifically stated?

4. Objectives:
• Are objectives explicitly or implicitly evident?
• Are objectives attainable and suitable?

5. Motivation and context for learning:
• Are student experiences considered in the way mate

rials are presented?
• Are there attention gaining techniques within the

instructional content that require students to
link new learning to prior learning?

Instructiona1 strategies:
• Are instructional methods and media appropr!ate

for objectives, audience and subject matter?

.~

7. Organization and st~'cture of content:
• Have important ideas been repeated and emphasized

to draw attention and enhance learning?
• Have structural features such as outlines,

overviews, advance organizers, transitions, review
sand summaries been used where appropriate?

• Has information been chunked and sequenced
appropriately?

• Has a clearly explained verbal or visual cueinq
system been used to emphasize important concepts
and maintain loqical presentation? (N.B.
differentiated from -Format and Layout' in
Presentation Checkllst whlch focuses on vlsual



•

•

167

consistency as opposed to conceptual or logical
function implied here)

8. Examples:
• Have appropriate examples and non-examples been

provided where necessary?

9. Practice:
• Has the opportunity been provided for the learner

to practice the desired learning outcomes(s)
(e.g., discussion, exercises, labs, tutorials,
case studies, questions)?

10. Feedback:
• Is prompt and appropriate feedback provided where

necessary?

11. Evaluation of learning:
• Are desired learning outcomes assessed by means of

valid and reliable measures?
• Can evaluation measures be used to diagnose

difficulties?

12. Interna1 a1ignment and Integration:
• Has a match been maintained between various

instructional components such as goals,
objectivés, co~tent: practice, feedback, and
evaluation measuresi

• Is there a complete description of the product
including purpose and all relevant components?

• Are all relevant components of instruction
included as appropriate (e.g., table of contents,
glossary, answer key, index, teacher manual,
supplementary material)?

• Is there information on the instructional
environment (e.g., required facilities,
student/teacher ratio, recommended methodology,
group size, and allotted time)?

13. External Alignment:
• Do the materials have educational value?
• Is instructior. coherent with audience, curricu~um,

needs and environment?
• Is there any information on the reliability of

materials and their effectiveness with
representative learners?

• Is the purpose and rational for instruction
evident?
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REVIEW CiŒCKLIST: SUBJECT MATTER ATTRIBUTES

1. Value of content:
• Ascertain that content is relevant, important,

appropriate, and necessary.

2. Content Accuracy:
• Ascertain that content is accurate and that

integrity of the subject matter is maintained.
• Verify the source of the subject matter
• Specify whether the content is documented and

research
based, and whether it has been reviewed by
scholars in the field.

• Use credible authors who are known in t~g field.
• Do not include misleading content or

misir.format.ion.

3. Comprehensiveness:
• Ensure t~at instructional content is comprehensive

in terms of both quality and quantity.
• Ensure that the rationale/philosophy are in

harmony with the educational goals of that
particular area of education.

4. Coherence:
• Ascertain that c~ntent elements are properly

integrated.
• Group related items together.

5. Objective presentation 1 bias:
• Remain objective and unbiased in the present~tion

of content.
• Do not use stereotypes.

6. Recency:
• Present content which is 'state of the art', that

represents current trends in the area •



s.

•

•

169

REVIEW CHECKLIST: PRESENTATION ~TTRIBUTES

This checklist deals with the physical attributes of
instructional materials. It might best be used by a
specialist in the particular medium of presentation (e.g.,
text, video).

1. Space:
• Prov!de ample space where written answers are

elicit~d.

• Use a consistent method for allocating space
between headings, sub-headings, paragraphs, words
and lines.

2. Typeface:
• Use legible typeface (e.g., use simple serif or

sans serif type styles).
• Maintain consistency in typeface.
• Avoid crowding the text or the screen in order to

make
reading easier.

• Use upper case type for initial letters and proper
nouns; otherwise use lower case which facilitates
reading.

• Avoid extensive use of italics as they reduce
reading speed.

• Avoid using a string of capital letters, in
particular whole paragraphs.

• Use bold or extra bold typeface only where
emphasis is needed.

3. Tltles, headlngs, and sub-headlngs:
• Us~ to clarify and guide
• Make them as short as possible.
• Print in the same fashlon throughout the text.

4. Use of numbers:
• The use of numbers is encouraged for a sequence of

steps or in lieu of sub-headings, and for
-~isplaying nested content.

.rhe use of the number symbol rather than prose is
preferable in instructional text in particular
when presenting a series of items.

Graphies, illustrations, visuals:
• Are they appropriately used?
• Are they supportive of content and accomplish

something that the narrative cannot?
• Are they closely integrated with the meaning of

the narrative?
• Illustrations should be appropriate for the

intended audience.
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• 5implicity or complexity matches needs of content.
• Make tables as comprehensive as possible,

displaying patterns and trends clearly.
• Use flowcharts when complex information has to be

sorted or choices have to be made.
• Provide the reader with ample information on using

flowcharts.
Audio/Music:
• Are they appropriately used?
• Are they supportive of content and accomplish

something that visuals/text alone cannot?
• Music is integrated.

7. Colour:
• Use colour sparingly and with a purpose which is

clearly explained.
• Use colour to enhance or highlight a display and

to promote discrimination between elements.

visuals, audio, text
exposure, no

11.

8. Page size and style:
• Use standard page size.
• Maintain a consistent structure, especially in

page length and visual balance to make
presentation aesthetically pleasing.

• Avoid using dark coloured paper.

9. Margins:
• Use unjustified right margins. Right

justification impairs reading and causes awkward
word spacing and hyphenation.

10. Columns:
• Use a two column structure instead of a one or

t~.ree column structure for straightforward prose
text.

• Use a single column text for content which is
interrupted by charts and tables.

Technical Quality:
• Ensure technical quality of

(e.g., clarity of graphics,
typographic errors).

•

12. High1ighting:
• Use various techniques to emphasize important

concepts (e.g., colour, typeface, typestyle,
graphic conventions such as boxes).

o Prompts, visuals, narrative displays, colour, and
sound are used to support instructional plan
(e.g., a new term is identified by a visual cue
such as underlining, a different typeface, or
bold) •.
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13. Format and layout:
• Maintain a consistent format.
• Use various aids such as- numbering systems,

headings, indentation, and spacing to promote a
consistent presentation•
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REVIEW CHECKLIST: LANGUAGE ATTRIBUTES

Included are attributes that deal with how language is used
to express ideas. This checklist might best be used by a
language arts specialist who is familiar with the target
audience.

1. Choice of vocabulary:
• Avoid jargon, acronyms, abbreviations, technical

or complex terms.
• Use appropriate words for reading level of

population.
• Define new terms.
• Use prose (e.g., half ol the group) instead of

numbers (e.g., 50' or 16 out of 32) te facilitate
retention of general concepts.

2. Complexity of sentence structure:
• Limit the number of clauses contained in a

sentence.
• Avoid noun strings.

3. Verbs:
• Use active voice rather than passive.
• Avoid using negative except when a particular

emphasis is to be made.

4. Redundancy:
• Provide references for reader to link subjects

within and between sentences.
• Use relative pronouns and other -function words'

to promote comprehension.

5. Transitions:
• Indicate relationship between sentences (e.g.,

therefore, however, in contrast).

6. Consistency:
• Use parallelism when appropriate (e.g., consistent

use of infinitive form in a list).
• Use standard English conventions.

7. Clarity:
• Use elaboration, example, restatement.

8. Conciseness:
• Be brief, to the point.

• 9 • Coherence of ideas:
• Ideas are closely tied.
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10. Appropriateness for audience:
• Maintain a balance between novel and familiar

content. Novel content adds to complexity.
• Use familiar terms especially when relationships

are described.
• Rewrite abstractions into concrete ideas so that

readers can perceive them with ease.
• Provide comparisons and contrasts when introducing

new concepts •
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TEXT COMPREHENSION PROBLEt1 SPACE

Included in this problem space are techniques used by strategie
readers (Flood & Lapp, 1990) to improve their comprehension of
the materials. At the initial stage of the plan, the major
concern is to prepare for the upcoming critical reading episode
by specifying the purpose for reading the text and then
determining the appropriate reading method. The next step is to
identify the principal message and major points of the texte The
last step requires effective, analytical reading in order to
comprehend what the author is attempting to communicate.

1. Defin. ObJ.c~i~1
Set purpose for reading by asking what is to be
achieved during the reading episode.
Choose a reading method that is suitable for the
purpose that has been specified.

2. Scan ~.X~I

Preview text by scanning title, pictures, headings,
summary, references, study questions and highlighted
information.
Assess the credibility of the author.

3. Build backgroundl
Activate prior knowledge through self-questioning about
the topic, vocabulary and stylistic form of texte

4. Conc~~rat.1

Focus attention.
Pause to reflect.

s. Pr~ic~1

By using context clues predict what will come next.

6. ~i~or cOllPrllh~.ionl

Use metacognitive knowledge to monitor comprehension.

7. ClarifYI
Re-read text to clarify the main points•
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REVIEW PROBLEtt SPACE

lncluded in this problem space are strategies the reviewers in
this study used to identifying problem areas or positive aspects
of the instructional materials.

1. Ski. text:
5kim through materials to quickly identify positive and
negative aspects.

2. Read the text thoroughlYI
Fully read the text to isolate positive and negative
areas.
R~-read to distinguish positive and negative aspects.

3. Idlll'ltify eonfusing infor_tion:
Mark confusing details.

4. Ch.c:k original source:
Assess credibility of author or publisher.
Recheck data.

5. Check definitions:
Define unknown terminology to judge whether these terms
have been used appropriately.

6. Seareh for ARbiguous wards:
Look for imprecise terminology that requires
clari ficat ion.

7. Rely on prior knowledge:
Use expert knowledge domain to evaluate the materials.

8. Ch&lllll'lge eontlll'lt and th. quality:
Question issues covered in the materials.
Contemplate the quality of the materials.

'3. Co....nt:
Criticize or comment on aspects of the materials•
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REVISION PR08L.Et'I SPACE

This problem space incorporates strategies suggested by the
reviewers in this study to improve the instructiona1 materials.
This category is based on the product attribute checklists
conceived by Weston and McAlpine (1990) and the strategies
involved fall under the same four major categories, which are:
Ca) Instruct ional Design, Cb) Subject Matter, Cc) Presentat ion
and Cd) Language.

1 - INSTRUCTICNAL DESIl3N STRATEGIES

1• Introduc. conClIPt••
Present an overview of a concept to introduce the
learner to this new idea.

2.
•

.tt.,tion g.ining t.chniqu_.
Use attention gaining techniques to
learner to continue and to help the
learning with prior knowledge.

motiv..te the
learner link new

3. Eaph••iz. i~ortant id••••
• Emphasize and repeat important ideas in order to draw

attention and enhance learning.

4. RIIM1q~c. infor_tion.
Chunk and sequence information in a logical manner that
will enhance learning.

5. Us4t concr.t••xlIlIIPl_.
• Use appropriate examples and non-examples that the

learner can relate to.

6. Align with ch..i.try curric~lu..

Make instruction coherent with the requirements of the
curriculum.

II SlIB.JECT l'tATTER STRATEGIES

1. Includ. n_ infor_tion.
• Include certain inform.tion that will ensure the

content is more compreh~nsive in terms or quantity and
quality.

2. R_it. wi'th .ccur.t. infor_tion.
Rewrite text to include more accurate information.

•
3. Cite sourc_.

• Include appropriate references•



• 4.

s.
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Identify resm&rch design fIAWB'
When citing empirical studies identify the obvious
research design in order to train learners to critique
scientific work.

Delete irrelevant inforaation.
Delete certain information that is irrelevant or
unimportant.

6. Include current infor.Ation.
Rewrite text to include more recent information.

III - Pl<ESENTATIlJN STRATEGIES

1. "-ke tabl_ .-ore co.prRh.....iv••
Make tables comprehensive by displaying patterns and
trends clearly.

2. Integrate table with t.xt.
Table should be situated so that it is closely
integrated with the meaning of the narrative.

3. Kake chart••
Where information is complex use a chart to summarize
quickly.

•

4.

s.

IV

1

AIlIbI. spacing.
Use double space and amble margins to make materials
easier to read.

Use illustration••
Include illustrations to make text more interesting •

LANGUAGE STRATEGIES

Explain t.r.inology.
Define all new terms.

•

2. Keep language .illlPI••
Avoid jargon, technical or complex terms •
Reading level should be appropriate for learners.

3. eon.ist....t i:erminology:
Use the same terms throughout the materials.

4. Concisen....
Keep information brief and to the point.

S. Punctutation.
Correct punctuation errors •




