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ABSTRACT

This study explores and describes the processes of
formative evaluation as carried out by content experts and
instructional designers. It assumes that formative
evaluation is an ill-defined, complex, problem solving task.
Six experts (three Content Experts and three Instructional
Designers), participated in this descriptive study. Subjects
reviewed and revised a unit from a draft version of a
self-instructional module on microbiology, while thinking
aloud. Two coding schemes were developed and applied to the
think-aloud protocols. Overall inter-coder reliability

exceeded 89%. Qualitative data were used to describe the

processes of formative evaluation, convergence patterns, and
the degree of specificity of comments across subjects.
Results suggect that there were between group differences in
task representation, in the employed strategies, and in
features of the text which were commented upon more
frequently. Within group similarities in the outcome of
formative evaluation were salient on a superficial level.
Within group differences were more apparent when comments

were compared qualitatively.
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RESUME

La presente recherche explore et décrit les processus
employés par des experts de contenu et des concepteurs de materiel
pédagogique. lorsqu'ils effectuent des évaluations formatives.
Elle se base sur la presupposition que 1l'évaluation formative
peut étre considéree comme une tdche de resolution de problemes
complere et definie de fagon imprécise.

Six sujets-experts (trois experts de contenu et trois
concepteurs de materiel pedagogiqu=2) ont participe a cette etude
descriptive. Les sujets ont revu et revise une section d'une
version brouillon d'un module en microbiologie, tout en pensant a
voix haute. Deux systémes de codification ont eté développes et
utilises pour l'analyse des protocoles. Le pourcentage de
fiabilité entre codeurs indépendants dépasse 89%. Des donnees de
nature qualitative furent utilisées pour décrire les processus
employes lors de l'évaluation formative, les patrons de
convergence et le degre de spécificite des commentaires faits par
les différents sujets. Les résultats obtenus suggerent des
différences entre les groupes quant a 1'interpretation de la
nature de la tdche, guant a l'utilisation des stratégies
d'évaluation formative et quant aux aspects du texte sur lesquels
le plus de commentaires ont été fait. Pour chacun des groupes,
des similarités évidentes furent revélées par l'analyse

superficielle des donnees obtenues lors de l'évaluation

formative. Des analyses plus détaillées de ces donnees

montrérent toutfois des différences au niveau qualitatif.
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CHAPTER I

Introduction

Formative evaluation is a component of the systems
approach model for the design, development, implementation,
and evaluation of educational products. It mandates that
prototype instructional materials undergo an iterative
process of testing (or review), and revision until they
arrive at a level of quality deemed satisfactory for use
(Abedor, 1971; Baker, 1970; Dick & Carey, 1985; Gagne &
Briggs, 1979; Markle, 1967). In contrast to summative
evaluation which is conducted after a product has been
finalized, formative evaluation is intended to be carried
out when the product is still in fluid form.

Severzl aspects of formative evaluation, in particular
the sources which can provide feedback for this purpose,
have been explored empirically. For instance, it has been
found that draft instructional materials can be tested with
a sample representing the potential users, or reviewed by
various types of experts. Either source can produce a
considerable amount of input or data useful for revision.
The data, once translated into revision, will render the
mater.als more effective (Abedor, 1971; Bamberg, 1978;
Beach, 1979; Faigley, 1984; Rosen, 1968; Dupont &

Stolovitch, 1983).




Empirical research in formative 2»valuation has been
product oriented, with a general focus on the learner as the
source of feedback for revision. For example, studies have
explored the nature of quantitative and, to a lesser extent,
qualitative data generated by various numbers of learners
(Baghdadi, 1980; Burt, 1989). Studies have also compared the
impact of roles (e.g., active or passive) assumed by the
experimenter in soliciting feedback from the learner
(Abedor, 1971; Carroll, 1988; Dick, 1968; Geis, 1988).
Investigations which have included experts
(e.g., instructional designers) in their design, have
compared the outcome of formative evaluation by controlling
for variables such as the use of a revision model or editing
guidelines, and the skill and intuition of the instructional
designer (Dupont & Stolovitch, 1983; Golas, 1982, Martelli,
1979) .

While numerous kinds of experts can perform formative
evaluation (Stolovitch, 1983), two types which are more
frequently involved in this activity are content experts
(who also teach the subject), and instructional designers.
It has generally been assumed that for the instructional
designer, formative evaluation includes diagnosing
deficiencies in the design, presentation and organization of
content. This may occur even though an instructional
designer may lack specific knowledge about the subject
matter. It has also been assumed that for the content

expert, formative evaluation is limited to ascertaining




content accuracy or the appropriateness of the material for
the target audience. Previous research, however, has not
verified these assumptions, neither has it explored the
processes of formative evaluation as carried out by content
experts and instructional designers. The paucity of
observational data on the processes cf formative evaluation,
and the absence of a theoretical framework based on which
these processes could be defined is indicative that this
area has not received adequate attention by researchers.
This study was conducted to address these gaps in the
literature. Specifically, i1t attempted to identify the
processes which comprise reviewing during rormative
evaluation, and the strategies employed by content experts
and instructional designers during this process. These
features were explored during an experimental task in which
three experts of each type were asked to evaluate
formatively a prototype unit from a self-instructional

module on microbiclogy.

The Research Questions

The general question which this study addressed was as
follow=: What are the processes which content experts and
instructional designer engage in during formative
evaluation, and how are these processes similar and
different between and within tlre two groups?

From the perspective of this research, the question




addressed several issues:

1- What are the processes present in formative
evaluation?

2- How do the processes of formative evaluation compare
quantitatively and qualitatively between and within content
expert and instructional designer groups?

3~ What is the degree of convergence on relevant
processes of formative evaluation between and within content
expert and instructional designer groups?

4- What strategies are employed by content experts and

instructional designers to carry out formative evaluation?

In order to answer these questions, the think-aloud
method (Ericsson and Simon, 1984) was utilized to capture
the process of formative evaluation by each subject. Data
were coded eccording to a coding scheme which was developed
for this study and which drew upon the terminology of Human
Problem Solving (Newell and Simon, 1972). Quantitative and
qualitative comparisons of coded categories were then

carried out between and within groups of experts.

Contributions to Knowledge

The benefits of this study can be summarized under four

headings: theoretical, methodological, empirical, and

practical.



Theoretical

Linking the performance of instructional design and
content experts to a powerful model such as Problem Solving
provides a novel framework for describing and predicting the
performance of these two types of experts during formative
evaluation. Until now, the revision behavior of
instructional designers has been explained in terms of the
revised product, and the individual skill, knowledge, and
discretion of the expert reviewer. The use of an
appropriate theoretical framework is a more reliable means
by which a blueprint of a new model of the processes of
formative evaluation could be built.

Methodological

The methodology generally associated with research on
formative evaluation has been aimed at assessing the
effectiveness of the materials by comparing pre- and post
test scores of students on original and revised materials.
At times, the data have been complemented with qualitative
data from attitude questionnaires and debriefing interviews.

The application of the think-aloud method of data
collection in the investigation oy the processes of
formative evaluation is an original :ndeavor. By placing
formative evaluation in a problem solving context, it has
become feasible to utilize a method which has generally been
associated with the study of cognitive processes of
individuals during a problem solving task. These two

innovative applications have extended research on formative




evaluation from an analysis and comparison of outcome or
preduct to an investigation of processes. These initial
steps in qualitative research on formative evaluation may
prove timely as the trend in research in the social sciences
moves towards the integration of quantitative and
qualitative methods.
Empirical

Scientific research is conducted to test models and
hypotheses, or to build and advance theories and models. The
present study contributes to both of these aspects. Detailed
examination of content experts' and instructional designers'
performance during formative evaluation provide the
foundation for building a process model of formative
evaluation. Data generated from the present study also
allow identified processes in formataive evaluation to be
compared with the revision processes of expert writers'
(Hayes, Flower, Schriver, Stratman, & Carey, 1987). Although
the present study does not attempt to test the Process Model
of Revision (Hayves et al., 1987) for fit, it does contribute
to the pool of data on the review and revision processes
from two novel sources. In doing this, it also integrates
research from an applied area such as instructional design
with relevant research in the area of cognitive psychology.

Practical

The immediate application of theoretical research is

often not apparent to the practitioner. However, a study

such as the current one can make a major contribution to the
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decision making process of the practitioner. The detailed
qualitative data of this study can shed light on many
questionable assumptions which practitioners have been
forced to make. For instance, as a result of this study, it
is clearer as to what actually happens during formative
evaluation. Furthermore, the study reveals that although on
a superficial level there is consistency within content
expert and instructional designer groups, on a deeper level,
similarities diminish, and idiosyncratic practices become
more prevalent. Yinimally, these findings offer the
practitioner a clearer set of criteria for the selection and
inclusion of one or both types of experts in a formative
evaluation project. Ideally, they emphasize the value of
content and instructional design experts in formative

evaluation.

Limitations of Scope and Key Assumptions

As described earlier, the main purpose of this
investigation was to delineate the processes of formative
evaluation as depicted by content experts and instructional
designer2 during the revision of an instructional text. The
scope of this study can further be delimited as follows:

1) The study focussed on the qualitative aspect of
formative evaluation as performed by two types of experts.

Due to the limited number of subjects in each group,




gquantitative analysis was restricted to descriptive
statistics only. Nonetheless, high inter-coder reliability,
and consistent trends among group members allowed for
certain generalizations.

2) The issue of whether the revision of one type of
expert is superior to the other was beyond the scope of this
study; nn attempt was made to measure or compare the
effectiveness of the revised outcome by the two different
experts.

3) Similarly, no attempt was made to establish the
superiority of feedback from experts over those from
learners.

4) The stimulus text used for the experimental task was
a self-instructional module in printed text. Findings,
necessarily, are limited to this medium of instruction.

5) Finally, this research was based on two theoretical
assumptions: a) that formative evaluaticn is an
"ill-defined" problem solving task (problem solving as
defined by Newell & Simon, 1972); and b) that writing is a
cognitive activity (Bracewell, 1980), and so is its

sub-process, revision.
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CHAPTER 1II

REVIEW OF THE LITERATURE

overview

The central core of this research tcpic is formative
evaluation, one of the two kinds of evaluation in
instructional development models. The importance of this
concept is very clear. A significant amount of students'
learning time is spent interacting with some type of
instructional material. Reports suggest tnat in elementary
and junior high school, this amounts to anywhere between
90%-95% of instructional time (Komoski & Woodward, 1985;
Tulley, 198%). First draft materials do not generally
assure mastery of content in a learner (Baker, 1970), and
very few instructional materials are subjected to evaluation
and revision involving a variety of sources such as
learners, users, and experts, prior to their publication or
use. Pflieger, Chomienne, Bordeleau, & Stolovitch (1978),
conducted a survey to see what percentage of instructional
materials used in K through junior high classes underwent
formative evaluation in the Province of Quebec, .anada.
Their findings approximate those of Komoski (1971) who
conducted a similar survey in the United States: a mere one
percent c¢f instructional materials in use had undergone

formative evaluation. In many of the smaller publishing




houses, it is the publishing executives who make decisians
about the production, revision and marketing of
instructional materials and many of their suggestions are
based on economic rather than educational factors (Bowler,
1978).

The review of literature on formative evaluation
provides a basic background for the study of revision
carried out by instructional designers and content experts,
and will therefore be presented first. As will be discussed
in this review, instructional development models are
heuristic systems which do not yield perfectly predictable
outcomes, an attribute commonly associated with a theory.
Rather than being a blueprint for the prediction of
outcemes, instructional development models are procedural
guidelines which are of direct and immediate assistance in a
given situation. Consequently, their use in scientific
research needs to be supplemented by a more rigorous
theoretical framework. The general problem solving model
(Newell & Simon, 1972) and the Cognitive Process Model of
Revision (Hayes et al., 1987) seem promising in providing
such a framework. These two models will be discussed in the
latter part of this chapter with particular emphasis on the

processes present in expert revisers' behavior.

The Systems Approach to the Development of
Instructional Materials

Historically, instructional materials have been developed




o

based on various frameworks (Saettler, 1968). Friesen (1973),
for instance, suggested the intuition and expertise of the
master teacher and developer as one source of inspiration.
Briggs (1977) made reference to the author's theoretical
perspective as well as the tradition of the domain as guiding
factors in materials development. Logan (1982) included 'on
the spot' develcpment in his list which implied preparing the
environment and supporting the learner in whichever direction
he/she chose to go. All three, however, also suggested
instructional design as a systematic and reliable vehicle for
developing materials.

Instructional design models (Briggs, 1977), also known as
educational technology models (Henderson & Nathenson, 1977;
Lumsdaine, 1966) have generally been successful in terms of
defining an educational goal and designing steps to accomplish
that goal. The efficiency of these models has been clearly
demonstrated, for example, by their extensive application in
developing training materials for the United States Army
(Branson, 1973).

Recently, a number of attempts have been made to
associate instructional develcpment with a general theory of
instructional design (Reigeluth, 1983:; Reigeluth & Merrill,
1979; Richey, 1986). These models, however, rather than being
theoretical constructs enjoy a more solid footing as heuristic
systems which adhere to the principles of the systems approach
in the aesign, implementation, and evaluation of educational

materials.
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A systems approach implies a well-integrated plan of

operation where the output of one component is the input for
the next. The approach necessitates that all parts of the
system be interrelated, and aim at one common goal (Briggs,
1977; Dick & Carey, 1985). The strength of instructional
development models lie in a built-in, ongoing evaluation which
measures the success of each step along the way. This process
1s iterative, that is, it can occur at several points during
the development of instructional materials, from the time of
conception until the time materials appear in final form.

The nature of systematic design and development might
imply c¢hat the revision activity is a redundant component since
it is the function of systematic design to produce a perfect
product. Nonetheless, it has been suggested that systematic
design is not always a completely successful endeavor. Dick
(1977) has associated the sometimes imperfect outcome of these
models with inadequate underlying theories. "If the theories
are weak, the product will be less than perfectly effective (p.
312)". Gropper (1975), on the other hand, has related it to
imperfect execution.

To evaluate the robustness of this framework, Cowan
(1980) applied the systems approach to the design of a course
which did not have a syllabus or outline. He found that the
model lends itself well to the refinement stage, but poorly to
the development stage of course production. As Dodd, Lehunte, &
Sheppard (1975) have pointed out, there are at least fifty

decisions incorporated in an instructional development task,

-12~
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each of which could jeopardize an otherwise perfect production.
Of particular significance are those factors which are
subjective in nature because they are governed by budget, time,
and the specific needs of the target audience. These factors,
as Gropper (1975) has alsoc asserted, prevent the developer from
a strict adherence to the model. As a result, the outcome is
generally a less than perfect product. Needless to say that
given these shortcomings, formative evaluation necessarily
becomes a viable means by which an educational product can be

further improved.

Formative Evaluation

Although there are numerous instructional development
models, the components of the majority are similar to those
which Dick and Carey (1985) and Gagne & Briggs (1979) have
described in their widely used publications. These steps
include, identifying instructional goals, conducting needs
assessment, identifying entry behavior, developing performance
objectives and criterion referenced tests, developing and/or
selecting instructional strategies, developing and/or selecting
media, conducting formative evaluation, revising instruction,
and performing summative evaluation (Dick & Carey, 1985, pp. 2
& 3).

Two extensive reviews (Andrews & Goodson, 1980;

Stolovitch, 1982) which have compared the components of a total
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of fifty-two commonly used instructional development models
demonstrate that revision, as a means of improving the product
before publication, is strongly recommended (more than 98% of
the time) across models. Some of the phrases used to define
this recommendation include, "adjustment, revision and further
evaluation" (Gagnel& Briggs, 1974, p. 213):; "... revision of
courseware based on diagnosis" (Andrews & Goodson, 1980, p. 5);
and 'product verification' (Merrill & Boutwell, 1973, p. 95).

The practice of evaluating and revising materials while
they are still in draft form also seems to enjoy deep rooted
precedence in the history of materials development. According
to Cambre (1981), as early as 1921 a film developed for the
military was evaluated so that it could be adapted for public
viewing. 1In the late thirties and early forties, the
definition of evaluation began to lend itself directly to
revision for the purpose of improving materials. "Evaluation
and revision" began to assume the meaning of the process of
judging the value of a product and correcting its flaws at
various stages of development (Cambre, 1981, p. 4).

Although a strongly recommended activity, evaluation data
have not always been used to improve instructional materials.
Gooler (1980) survey~d 225 evaluation studies of instructional
technoleogy which were included in Educational Resources
Information Center (ERIC) ketween 1970 and 1978, inclusively.
Only 21 of these studies stated that the primary puvrpose of
evaluation was to compile data for revision and thus,

ultimately, improve the instructional materials. Although the




author did not specify the purpose of the remaining 90% of the
surveyed studies, one can assume that they were conducted in
order to accept or reject a product or program.

Instructional materials have generally been subjected to
evaluation for two reasons: to improve them and to decide
whether or not to use them. 1In 1941-42, Tyler, followed by
Cronbach (1963), and Scriven (1963) began tc make this
distinction by separating evaluation conducted during the
development stage of a product and that following its
completion. It is Scriven's (1967) two terms "formative" and
"summative" evaluation, which have been widely used in the
literature to define this distinction.

Of the two types of evaluation, summative evaluation is
generally implemented after the development process is
completed and is normally undertaken by an agent other than the
original author/developer. It is most useful when materials
are being considered for adoption or when their effectiveness
in fulfilling their purpose, namely to instruct, is taken into
consideration. For instance many of the incorporated revisions
in new editions of textbooks have been prompted by summative
evaluation.

Formative evaluation, on the other hand, is conducted
expressly as a procedure "... to identify aspects of the course
where revision is desirable... not in the homestretch when the
developer is naturally reluctant to tear open a supposedly

finished body of materials...[but] while it is still fluid"

(Cronbach, 1963, p. 675).
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From Scriven's (1967) publication, several
characteristics of formative evaluation can be discerned.
First, it is conducted after an initial first draft but before
the materials are finalized and published. Second, its purpose
is to improte the effectiveness of instructional content.
Third, it is based on feedback received from potential users as
well as experts. Fourth, it may or may not be implemented by
the instructional writer / developer.

Alkin and Fitz-Gibbon (1975) have defined formative
evaluation as comprising two distinct activities. One
activity, labelled implementation evaluation, ascertains
whether or not the product has been developed in accordance
with the pre-stated purpose and intent. Another activity,
progress evaluation, measures the adequacy of the prepared
program by the performance and achievement of the user on
criterion referenced test items, These two activities suggest
that in order to carry out a formative evaluation thoroughly,
it is necessary that materials be reviewed by experts as well
as learners (Geis, 1987). Experts can comment on the quality
and validity of the materials. Learners, by their performance,
can testify whether the assumptions made about their abilities
are accurate. Nonetheless, in practice, instances where both
sources are used in formative evaluation are quite rare. In
the next section, some reasons for the inclusion of experts in

the process of formative evaluation will be presented.
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Sources of Revision Data

The instructional design literature clearly recommends
that materials ought to undergo evaluation both by experts
(instructional designers as well as others) and potential
learners. Nevertheless, in practice, formative evaluation has
turned out to mean the empirical validation of materials with
learners alone. This is evident in the alternating use of the
term formative evaluation indiscriminately (Markle, 1976;
Stakenas & Mayer, 1983) with Learner Verification and Revision
(Komoski, 1983; Komoski & Woodward, 1985), and developmental
testing (Geis, Burt, & Weston, 1984; Nathenson & Henderson,
1977; 1980). Both of these latter forms of evaluation
exclusively use learners as the source of revision data.

The empirical research on formative evaluation has
produced abundant information regarding the student as a source
of data. For instance, some studies have attempted to
substantiate the advantages of a revised version over an
original version by using learners as the scurce of revision
data (Abedor, 1971; Robeck, 1965). Others have compared the
amount of feedback received from various number of students
(e.g., one, small group, field testing) (Burt, 1989). Relying
on student feedback alone is a praccice which is neither
recommnended nor effective. As Geis (1988) has cautioned, when
using students as a source for feedback, often they are given
the dual role of test taker (for which they have had practice),

and commentator (for which they are generally unprepared).
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Yet other studies have used both learners and experts as
sources of data for revision and have compared student
performance con original and revised versions of the material.
For instance, Rosen (1968) compared two sets of revised text.
one based on performance data, that is pre- and post test
scores of students, and the other based on the revision skill
and intuition of the instructional designers. The original
materials and the two sets of revised materials were given to
students randomly assigned to three groups. The results of
performance on a subsequent cr.terion-referenced test indicated
that both revised versions were superior to the original and
that revision based on empirical data was more effective than
the one revised based on intuition.

While such findings may suggest that a revised version is
superior to an original version, drawing generalizable
conclusions regarding the superiority of the learner over the
expert as a source of data, warrants careful consideration. As
MacDonald-Ross (1978) has pointed out, "the equation of quality
(of instructicnal materials] with attainment of objectives is
unsound ... because it is grossly instrumental" (p. 231).
Furthermore, achievement of the objectives cannot sufficiently
vouch for the validity and pedagogical value of the material.
As well, in the absence of a detailed account of how identified
preoblems are translated into actual revisions, reliability
between revisers remains a major issue. Studies which have
investigated the effectiveness of various data gachering

techniques, and sources of feedback, suffer from a similar
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contaminating factor: inadequate control of the use of data in
revision. As Kandaswamy (1980) has cautioned, it is highly
possible that radically different modifications can be made by
different revisers based on the same student performance data.

The notion of neutralizing the variability which
individual revisers introduce to formative evaluation may have
prompted experts, in particular instructional designers to
publish revision guidelines, which in effect represent their
own behavior. (See Saroyan and Geis, 1988 for a review of 48
such guidelines.) Some of these guidelines have been used in
comparative studies which have substituted for the expert the
use of expert generated revision guidelines. For instance,
Golas (1982) investigated the cost effectiveness as well as the
instructional advantages of text revised by two groups of
randomly assigned instructional designers: one wnich revised
the materials on the basis of student data, and the other based
on editing guidelines. Her results indicated that in terms of
learner outcome, both revisions produced identical results.
However, the set which was revised using guidelines, proved to
be significantly more cost effective.

There are investigators who have argued against the
unequivocal preference of empirically-based tryouts and
revigsions over expert review or revision based on empirically
proven attributes of effective instruction. MacDonald-Ross
(1978), for instance, posits that revision data produced by
students is seldom richer or more meaningful than changes

suggested by expert revisers. Merrill, Reigeluth, & Faust
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(1979) developed an instrument for the evaluation of
instructional text in order to eliminate the costly process of
empirical validation. However, they recommended that after
revision, materials be validated with the students in order to
ascertain the strength of the instrument.

One might acknowledge the fact that the expert is a cost
and time effective source of feedback for revision,
particularly when the alternative is using salaried trainees
(Foshay, 1984). Besides the practical aspect, experts have an
advantage over students in detecting erroneous or potentially
problematic content, and are more likely to be capable of in
the remediation of identified problems.

This however, does not suggest that the potential of
students for flagging down problem areas should be
underestimated. Only the learner can verify or negate the
assumptions that the author/developer has made about the
intended audience (Geis, 1986). Whereas expert comments are
generally followed by recommendations intended to improve
content, pedagogical value and presentation, the learners can
successfully convey their feeling of discontent towards the
material.

While there may be a lack of empirical or theoretical
research in the area of formative evaluation to support
assumptions about the role of experts and the processes
undertaken in reviewing materials for formative evaluation, the
current cognitive science literature has much to offer on this

topic. Of particular relevance are investigations which have
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been carried out on the topic of written composition. This
body of literature has much potential to contribute towards
the advancement of knowledge on formative evaluation, and the
ultimate goal of rendering instructional text more effective.

These possibilities will be discussed in the next csection.

A Review of Related Research

Research on Writing and Revigion

The relevance of research on written composition to
formative evalaution is that writing is the only context within
which the cognitive processes of revision have been studied in
any detail. These studies represent both revision of one's cwn
production, as well as those of cthers. Nonetheless, aspects of
this body of literature which reveal some of the
characteristics of expert revisers are relevant to formative
evaluation, and will be reviewed in this section.

Converging data from various areas of research on writing
suggest that composing consists of a task environment, the
writer's long term memory, and the writing process (Flower &
Hayes, 198la). The latter includes planning, translating and
revising. The first two components entail goal setting and the
selection of production procedures, and prose generation.
Revision involves the evaluation of the generated text and all
subseguent activities which lead to change in that prose.

More recently, investigations have been directed toward
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the detailed analysis of each of the sub-processes. For
instance, Breuleux (1987a), Flower & Hayes (1981b); Hayes
(1988), and Matsuhashi (1981) have looked at planning and goal
setting procedures. Others (Beach, 19279%; Bartlett & Scribner,
1982; Faigley & Witte, 1981; Flower, Carey, & Hayes, 1985;
Flower, Hayes, Carey, Schriver, & Stratman, 1986; NAEP, 1977;
Nold, 1980; Sommers, 1980; Smith, 1982; Perl, 1979) have
studied revision exclusively.

One major outcome of these studies has been the rejection
of the linear meodel of writing which was in vogue in the
sixties (Rohman, 1965; Rohman & Wlecke, 1964). The current
view holds that the writing sub~processes do not occur in
sequence but are interactive as well as iterative. Another
outcome has been the delineation of a dual function for
revision. Murray (1978) has referred to it as 'internal' and
'external' revision. The former includes all of the activities
which aid in the discovery of thought and are undertaken by the
author to reduce discrepancy between written discourse and
intent. The latter refers to all changes made in order to
adhere to standard conventions of grammar and form or .O
improve the suitability of written text for the intended
audience.

A relevant outcome of research in this area to the
present study is a model of revision the processes,
conceptualized on the basis of observing expert writers while
they perform a revision task (Flower et al., 1985; Hayes

et al., 1987). This model is based on the assumption that
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writing is a problem solving activity (Hayes & Flower, 1980;
Flower & Hayes, 1977), as are all of its components, including
revision. Thus, regardless of whether revision is considered a
phase of formative evaluation (Dick, 1980; Henderson &
Nathenson, 1976b), thought discovery (Lowenthal, 1980; Murray,
1978), or editing (NAEP, 1977; Perl, 1979), it is based on the
information processing theory of problem solving as defined by
Newell & Simon (1972).

Information processing theories describe behavior as an
interaction between an information processing system, the
problem solver, and a task environment, the latter representing
the task as described by the experimenter. In approaching the
task, the problem solver represents the situation in terms of a

problem space which is his/her way of viewing the task

environment. These three components -information processing
system (IPS), task environment, and problem space-establish the
framework for the problem solving behavior (For a more detailed
description, the reader is referred to Newell & Simon, 1972,
Chapter 14).

The application of problem solving models to ill-defined
tasks where the criteria for successful solution is not very
clear, such as writing, has been challenged in the literature.
However, there is evidence that even ill-structured problems
such as composing a fugue (Reitman, 1965), or building a house
(Simon. 1973), are composed of many sub-processes, each ot
which generally contains a well-defined goal. Conversely,

studies which have investigated well-structured problems such
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as theorem solving or chess (Chase & Simon, 1973; de Groot,
1966; Newell & Simon, 1972), report that the intermediate goals
of well-structured problems are generally ambiguous.

As Ericsson & Simon (1984) have stated, in order to
follow a subject's behavior in a problem solving task, it is
essential to describe it in terms of a processing model. Such
a mcdel has been conceptualized by Hayes et al. (1987) and is
based on expert writers' performance. This model may facilitate
the interpretation of the formative evaluation and revision
processes of instructional design and content experts. Figure

1 depicts this model.

PROCESSES KNOWLEDGE
B Task Derlntion

Goals, Critena
snd Constreints
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FIGURE 1. Process Model of Revision
From "Cognitive Processes in Revision" by J. R. Hayes, L.
Flower, K. A. Schriver, J. F. Stratman, and L. Carey, 1987,

Advances in Aypplied Psycholinquistics: Vol. 2, p. 185.
Copyright by (ambridge University Press.
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The model is composed of a set of sub-processes
(presented in the left column), and knowledge states
(presented in the right column) which either initiate the
processes or are an cutcome of them.

The first sub-process, task definition, describes a)
the way in wnich the reviser perceives his task, b) the
goals that he sets or perceives as being set for him, c) the
strategies that are in his repertoire and which he will
employ to achieve his goal, and d) the areas of the text on
which he wi1ill focus. Task definition is dynamic and may be
modified during the revision task. It is also variant
across individuals, depending on set or imposed goals,
criteria, and constraints.

On the same level, there are the three knowledge states
of goals, criteria, and constraints. These may be
self-imposed by the reviser at the outset, or may be
generated and modified during the course of revision. Simon
(1978) has described the same notion as a problem space.
"The structure of problem space constrains behavior in a
variety of ways. First it defines the legal moves. Second,
it defines the goal and usually, though implicitly, the
direction of the movement toward or away from the goal.
Third, it interacts with the limits on short term memory to
make some solution paths easier to find than others" (p.
275).

The'éecond process, evaluation, is closely regulated by

the underlying purpose of the evaluation. In other words,
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depending on whether one reads the text for comprehension,
evaluation or to define a problem, one may set different
goals, criteria, or constraints on the task. The most
significant outcome of evaluation is a problem
representation which may range anywhere from a vague or
ill-defined problem identification to a well-defined
diagnosis of the problem. In the latter case, a
recommendation for revision may also be present.

The third sub-process is strategy selection. Based on
the problem representation, the reviser has one of two
options: to pursue strategies which relate to the text or
those which relate to the task. In the former instance, the
reviser may choose to rewrite the entire text or to revise
only those portions which appear to be flawed. In the
latter case, the reviser may chcose to ignore the task, to
delay it pending the fulfillment of other conditions, or to
search for additional information in order to build a
clearer task definition.

The sub-processes of revision, as identified by Hayes
et al. (1987) are very much in accordance with the general
problem solving behavior of experts in other domains.
Studies in well~defined areas such as games (e.g., de Groot,
1966), and physics (Larkin, 1983; Simon & Simon, 1978) as
well as those in ill-d:fined areas (music composition,
architecture) , suggest that experts differ from novices in
three general areas. These are: a) problem representation;

b) pattern recognition and organization of information; and
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c) selection and use of solution strategies (Anderson, 1982;
de Groot, 1966; Glaser, 1985; Greeno & Simon, 1984; Larkin,
1983).

In the following section, some of the empirical
research which has lent support to these theoretical

assumptions about experts will be reviewed.

Research on Expert Characteristics

Glaser (1985) has posited that "relations between the
structure of a knowledge base and the problem solving
process are mediated through the quality of representation
of the problem'". More importantly, "this problem
representation is constructad by the solver on the basis of
domain-related knowledge and the organization of knowledge.
The nature of this organization determines the quality,
completeness, and coherence of the initial representation,
which in turn determines the efficiency of further
thinking". (p. 4).

Over the course of decades, there have been numerous
attempts to classify knowledge in a given domain. For
instance, Polanyi (1962) used the terms 'tacit' and
'explicit', while Anderson (1976) used 'declarative' and
'procedural' knowledge to make a distinction between
knowledge of facts and the application of that knowledge in

performance situations. Chiesi, Spilich, & Voss (1979)
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defined knowledge of domain as "an understanding of the base
concepts, [definition and relation and usage] as well as its
goals, rules, and/or principles" (p. 257). Glaser (1985
proposed that experts not only possess knowledge but
demonstrate rapid access to and efficient use of this body
of knowledge.

some of tnese theoretical pcstulates have been
supported by empirical research. For instance, Hull's
(1983) investigation of the editing processes of experts and
novices indicates that experts know more rules and
conventions and are better at problem solving and
experimenting with text.

Other studies report that non-expert revisers, that is,
students, direct their comments or revisions towards the
lexical and syntactic levels of text. Experts, on the other
hand, attend to semantic shortcomings, thus making changes
which are more global and substantive in nature (Faigley &
Witte, 1981; Nold, 1980: Perl, 1979).

In an assessment of the revision skills of nine,
thirteen, and seventeen year old students, The National
Assessment of Educational Progress (1977), reported that
student revisers made stylistic, informational, mechanical,
cosmetic, grammatical, continuational, transitional,
organizational, and helistic changes with the majority of
the changes clustering around the first three categories.
With age, however, there was a pronounced increase in the

changes made in style and the amount of informational
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content.

Bridwell's (1980) results also indicate that the
revisions of 12th graders are mostly mechanical corrections
which are made in order to conform tc the conventions of the
English language. Correctionsg included spelling,
punctuation and word selection comments.

The differences between student and expert groups may
be partly due to the fact that in teaching writing to
students, a great emphasis is placed on grammar and usage
and students are expected to closely adhere to a socially
acceptable style (Flower & Hayes, 1977). "Within the
classroom 'writing' appears to be a set of rules and models
for the correct arrangement of pre-existent ideas. 1In
contrast ... in professions..., writing is a highly goal
oriented, intellectual performance. It is both a strategic
action and a thinking problem" (p. 229).

Metacognitive knowledge (Bracewell, 1983; Flavell,
1963) or 'intenticn' (Flower et al., 1986), which refers to
the actual use of knowledge that one is assumed to possess,
is also a prominent attribute of experts. This attribute
influences both the formation of a problem representation
and strategy selection. "Intention enters the process in two
places: in the form of an initial problem representation -
the reviser's image of the task itself- and in the form of
the goals and criteria she brings to bear during evaluation"
(p. 20).

The current literature suggests that experts and
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non-experts define the revision task differently, each group
pursuing different strategies to detect problems and make
subsequent revisions. For instance, Sommers (1980) conducted
a series of studies in which she compared the revision
processes of experienced writers and student writers. One
of her conclusions was that the students interpreted their
revision task as "scratching out and doing over again',
"reviewing", "marking out", and "slashing and throwing out".
They considered revision as a rewording exercise, a means of
curing lexical redundancy and "cleaning up speech" (p. 331).
Similarly, Beacn (1979), concluded that his group of
inexperienced revisers defined their task as "polishing up',
more in line with copy-editing corrections rather than
introducing substantive changes in content and organization.

Sommers (1980) also found that the experienced writers
used words such as rewriting and revising to describe the
process cof revision where the primary objective was to "find
form or shape of their argument (p. 384). "The writers ask:
what does my essay as a whole need for form, balance, rhythm
and communication... This sense, however, is constantly in
flux as ideas are developed and modified; it is constantly
"re-viewed" in relation to the parts (p. 386).

In studying children's revision strategies, Calkins
(1980) found that they not only had difficulty in
maintaining a plan of revision but had a haphazard process
of detecting problems. Beach and Eaton (1984) reported that

even college students had difficulty in articulating their
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goals and intentions.

Similarly, Stallard (1974) compared the writing
behaviour of good student writers with another group of
randomly selected students. Some of the characteristics of
the good writers which were not observed in the random group
included an awareness of the task and an ongoing
self~evaluaticn while performing the task. Both grocups,
however, demonstrated concern for spelling and mechanical
flaws. Stallard (1974) also found that even his extensive
student writers, like the randomly selected group, failed to
show a concern about the structure of paragraphs or the
essay as a 'whole'.

In making revision recommendations, another
characteristic which appears to be prominent in the expert
reviser is an awareness of audience needs. The underlying
assumption of audience awareness lies in Piaget's concept of
egocentrism which suggests that the "cognizer sees the world
from a single point of view- only his own-but without the
knowledge of the existence of the other viewpoints or
perspectives and without the awareness that he is the
prisoner of his own (Flavell, 1963, p. 60). After a series
of experiments, Piaget (1926) concluded that six-year old
children were very poor in adapting a message tc the needs
of someone other than themselves.

Ccoper & Flavell (1975) have pointed out that only
around grade six do children begin to develop an awareness

of audience needs. However, even then, this skill has not
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been ingrained deeply enough to be part of the unskilled
revisers schema to be constantly present during revision.
Flavell (1977), and Markman (1977) have posited that the
sub-processes of planning and reviewing are late developing
abilities.

A lack of concern for audience needs is not restricted
to the young writer alone but appears to be a characteristic
of the unskilled writer/reviser as well. Studies wirich have
used more mature students as subjects (Crowhurst, 1978;
Stallard, 1974) indicate that even college age students do
not evaluate text with a continuous consideration for their
reader's needs.

While the studies cited in this section generally focus
on the improvement of writing and not instructional text per
se, they are relevant to formative evaluation in at least
two aspects:

a) The characteristics and attributes of expert
revisers described above suggest that expert review is, as
suggested in the literature, a significant source for
formative evaluation. Learner comments is equally important
although one must be aware of the fact that in most
instances learners' comments are subjective preferences
(Bell & Sullivan, 1981; Duchastel & Whitehead, 1980; Frase,
1981; Hartley & Trueman, 1981; Hartley, Trueman, & Burnhill,
1980) .

b) They provide a theoretical framework with which the

performance of content experts and instructional designers
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can be compared.

Revision Techniques in Formative Evaluation

Providing feedback on the instructional text is only
one aspect of formative evaluation. The other is the
translation of the identified problems into actual
revisions. It is usually the expert who undertakes this
activity. In this section, some of the suggested techniques
for revision will be reviewed.

One of the comprehensive procedural model for
translating raw data into revision has been developed by
Gropper (1975). Gropper's system is considered to be both a
diagnostic tool which pinpoints learning and program design
failures, as well as a remediation instrument which provides
revision suggestions for faulty design.

This system focuses on three separate levels for
incorporating revisions. These levels include individual
tasks, transitions between tasks, and cumulative learning
experiences. For example, if an individual task fails, the
range of options available to the reviser includes the
modification of the behaviour control techniques, alteration
of content, and/or adjustment of language to facilitate
compreheasion. Likewise, if a transition proves to be too
difficult to achieve or not difficult enough, the reviser is

given several options: a) make adjustments in both the
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quality and quantity of the content:; b) alter the sequence
of task types; and c) prolong exposure to the stimulus
materials. Finally, if a program fails to promote
cumulative learning experience, the reviser may review the
needs of the target population, rearrange the sequencing of
the sections, and/or check for omissions and commissions.
Despite its comprehensiveness, as Dupont and Stolovitch
(1983) have pointed out, Gropper's system has not been
tested for reliability. Further empirical studies need to be
undertaken before it can be claimed as a successful revision
tool. Dupont & Stolovitch (1983) have proceeded to adapt
Gropper's discussed system, and have empirically tested it
in a subsequent study. This adaptation, like its
predecessor, necessitates the presence of learner data in
order to be functional. For instance, to judge the adequacy
of content, questions such as the degree of attainment of
pre-stated objectives, the amount of congruence between
content and learner prior knowledge, scope of learner
interaction with materials, and the amount of transfer and
recall of knowledge are posed. In their experiment, Dupont
& Stolovitch (1983) used their model to revise a set of
instructions on the use of a single lens reflex camera. Two
groups of instructional designers revised the content: one,
using the model and learner data, and the other relying on
personal experience and intuition. Results demonstrated
that the use of learner test scores and the model yielded

more reliable revision comments than revision based on
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intuition.

The limitation of both of these models remains however,
in the fact that in the absence of a learner sample, one
cannot use them to evaluate and revise the text on its own.

Several revision techniques have been recommended in
the literature which can be carried out by experts
independent of the presence of any students. These include
the use of readability formulae (Klare, 1963; 1976), expert
generated guidelines (Duchastel, 1983a; 1983b; Hartley,
1981 ; Hartley & Trueman, 1981; Merrill & Bunderson, 1981;
Wright, 1977), linguistic and qualitative content analyses,
and subject matter verification (Mac-Donald Ross, 1978).

One must, however, consider these options in light of some
of the criticisms they have received. For instance, in the
case of readability formulae, it has been contended by some
that despite improving readability, the reader's
comprehension, and retention may not alter (Klare, 1963, p.
14). Other criticisms addressed to the use of these
formulae are that they are not suitable for units larger
than the sentence, and are inadequate in providing
guidelines to writers on important features of writing, such
as organization, emphasis or paragraph construction (Flower
et al., 1980; Kniffin, 1978; Redish, 1980). In summary,
although readability formulae are easy to use, and offer an
objective, quantitative measure based on which revisions can
be maae, they fail to be effective in making structural

revisions which according to some researchers (Kern, Sticht,

-35~




Welty & Hawke, 1976:; Wright, 1978) are the most significant
characteristic of written information.

Aside from readability formulae, content analysis, and !
content verification, there are other technigues which have
been developed for evaluating materials by instructional
designers/material developers without using student data.
One such model has been promoted by the United States Army
primarily for analyzing the quality of instruction but it
has also been used as a tool for identifying flaws in an
instructional product. This model has appeared under a
variety of labels including the Instructional Quality
Profile (IQP), (Merrill, Reigeluth, & Faust, 1979), the
Instructional Strategy Diagnostic Profile (ISDP) (Merrill,
Richards, Schmidt, & Wood, 1977), and the Instructional

Quality Inventory (IQI) (Ellis & Wulfeck, 1978). Its

function is based on the consistency among, and adequacy
within its four linear components, namely, purpose,
objectives, test, and the presentation of instruction. In
other words, the quality of instruction is determined by
checking a) the consistency between the purpose and
objectives, b) the adequacy of the objectives, c) the
consistency between the objectives and tests, d) the
adequacy of the tests, e) the consistency between the tests

and presentation, and f) the adequacy of the presentation.

(For a more detailed overview of the Profile, the reader is

referred to Choi, Merrill, cCallahan, Hawkins, & Norton,

( 1979).
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There are at least two studies which have attempted to
empirically validate the ISDP. Burkholder (1981-82) used it
to revise a set of self instructicnal materials which taught
abstract concepts. The study investigated the differences
that five dependent measures: learner performance,
confidence, attitude, study and test time, made in three
groups of comparable learners. One group of learners used an
ISDP revised version cf a text improved only for
consistency; a second group used an ISDP revised version of
text improved for both consistency and adequacy; and a third
group used the original version of the materials. The
results indicated a significant difference between the
original and revised versions, and in particular the version
revised for both consistency and adedquacy on all of the
dependent measures with the exception of study time.

Perhaps one limitation of this study is that the validity of
the ISDP has been assumed by the investigator. Given the
fact that any type of revision will make the text more
effective than the original version, (Abedor, 1971; Baker,
1970; Kandaswamy, Stolovitch, & Thiagarajan, 1976), one does
not know how an intuitively revised version would compare
with the ISDP revised version.

In another evaluative study, Choi et al. (1979) used
the ISDP to rate two different organic chemistry textbooks
to determine which was more appropriate for a course from an
"instructional science" perspective. Their findings suggest

that the textbook which received higher ratings on the ISDP,
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gr also produced higher post-test scores on national exans.
While these investigators recommend the ISDP as a more
appropriate instrument for summative rather than formative
evaluation, particularly for textbook selection, they also
point out that it is more functional within contexts where
there is a one-to-one correspondence between the text itself
and test items. The emphasis of the application of these
instruments is clearly on the identification of weaknesses
in instructional text rather than on an explicit account of
the process of translating deficiencies into revision. This
aspect of formative evaluation, that is the heuristics based
on which evaluation takes place, has not received much

attention in the literature.

The following section will contain a review of what is
known about the revision behavior of these content and

instructional design experts.

Formative Evaluation by Content
Experts and Instructional Designers

Many types of experts may partake in the process of
instructional text development. This team work of "text
assembling" (Ally, 1985; Nevo, 1977:; O'Donnell, 1985;
Wright, 1985) includes the following steps: the preparation

of a first draft by the author and/or instructional

designer; revision of this draft by a host of experts (17 in
f one account, Bowler, 1978) such as subject matter

{T specialists, pedagogues, document designers, and government
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and public interest groups; and the incorporation of the
revision(s) into the text by the original developer or an
external body such as an editor. Most often, this latter
activity is based on the skill, knowledge and discretion of
the reviser. Flower et al. (1980) investigated the
strategies of expert writer revisers and reader revisers in
the revision of functional documents. One of their
conclusions was that in the absence of a set of principles
to direct the revision process, documents are bound to be
exposed to numerous revision styles, "each ... mak([ing] ...
revision on his or her own independent criteria for
'improving' the writing".

The available literature on the prescribed or
self-perceived roles of instructional design and content
experts during formative evaluation, is minimal. For
instance, from the instructional design literature, one can
only infer that instructional designers have assumed roles
ranging from a generalist implementor of the instructional
design model to a coordinator and reviser of content (Faust,
1980; Nichols, 1981: Roberts, 1979). In this capacity, they

have commented on design and presentation as well as on

content and language issues. A survey of revision
guidelines generaced by instructional designers demonstrated
this trend (Saroyan & Geis, 1988). When the compiled items
(1009 items from 48 lists) were sorted, 445 itesus pertained
to instructional design, 373 pertained to presentation, and

191 to content.
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Details about the revision process of these experts

during formative evaluation is non-existent. A decade ago,
Wright (1978) suggested that by analyzing qualitative data
of expert solutions, we may begin to understand the as yet
undefined principles that underlie successful performance.
The considerable amount of current research on the processes
of revision carried out by writing experts, i.e., writing
teachers (pedagogues), and professional writers and editors
(content experts) can serve as an excellent model for
studying the process of formative evaluation by

instructional designers and content experts.

Conclusion

From the review of the literature, it can be concluded
that the expert contingent in formative evaluation has not
received as much attention from researchers in the area of
instructional design as have learners. This paucity of
research has created a vague notion about the processes of
formative evaluation and the way in which identified
problems are converted into revisions. While assumptions
can be made regarding the outcome of formative evaluation by
content experts and instructional designers, it is not
evident whether the same processes and strategies are
utilized by these two expert groups. On the other hand, the

cognitive psychology literature, particularly studies on
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written composition and expert-novice differerces in
revision, has described certain expert behavior patterns.
These include differences in problem representation and
solution strategy selection. With this information, a
qualitative study of instructional designer and content
expert's behavior in formative evaluation is timely. This
line of research appears to be especially promising with the
novel application of a general problem solving modzl as a
theoretical framework and the use of a nzthodology which has
proven to be effective in studying ill-defined, complex

tasks.
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CHAPTER III

METHEODOLOGY

Overview

This research describes thes differences in the outcome
and the process of formative evaluation as carried out by
content experts and instructional designers.

The think-aloud method of data collection was used to

capture the verbal utterances of subjects during the
performance of a formative evalaation task. The data were
transcribed verbatim, and codec, according to a scheme which
was developed on the basis of Human Information Processing
Model and terminology. Inter-coder reliability was
ascertained by using two independent judges. Comparison
between groups was based on means and standard deviations,
as well as qualitative characteristics of the coding
categories. Several minor coding schemes wera also applied,
in order to reveal more detailed information for within

group comparisons.

Methodological Rationale

Much of the research in the area of formative

evaluation has been conducted using experimental or

quasi-experimental research designs. Typically the
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effectiveness of a revised version of an instructional text
has been assessed based on the performance scores of
students on criterion referenced tests, or by total time on
task (Golas, 1982; Rosen, 1968). Comparisons have also been
made between revisions based on comments from learners or
those from experts (Frase, de Gracie, & Poston, 1974; Golas,
1983). Statistical techniques, such as analysis of variance
and non-parametric tests, have been used to analyze data
from these studies and to draw inferences.

Quantitative methods are appropriate when the purpose
of an investigation is to demonztrate the effectiveness of
formative evaluation or to compare the quality and quantity
of input from various conditions, and to draw generalizable
conclusions about the superiority of one source over
another. However, these methods and the corresponding use of
large samples do not provide the level of detail which is
necessary to identify the actual processes and activities
which take place during the course cof formative evaluation.
Furthermore, the few studies which have examined the effect
of formative evaluation have failed to give proper weight to
the actual revision process as a variable. The process of
translating the data gathered in formative evaluation into
actual revisions has been the focus of a limited number of
studies (cf. Dupont & Stolovitch, 1983; Gropper, 1975). The
heuristics of instructional design generally suggest that
after gathering formative data, the materials be revised

"accordingly" without further defining "accordingly". Hence,
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a given problem could conceivably be 'fixed' in as many ways
as there are revisers. As a result, it is seldom
established whether the improvement of the materials was due
to the process of formative evaluation and subsequent
revision, or due to the skill of a particular reviser. As
Kuipers and Kassirer (1984) have pointed out, "individual
variation is such a striking feature of human cognition that
any attempt to average data across population is certain to
mask the true structure of the knowledge" (p. 365).

To study the processes involved in the performance of a
task, it has been suggested that detailed descriptive
records of the thinking processes of subjects be collected

and analyzed (Ericsson & Simon, 1984; Hayes & Flower, 1983).

A qualitative approach may be timely in the early stages of
research in an applied area when the purpose 1is to provide a
descriptive basis for identifying and defining variables.
These variables, in turn, could become the object of
manipulation in future, quantitative studies.

As the current study was designed to be an exploratory
study, and the task was characterized as ill-defined, it was
decided that a detailed record of the performance of three
expert subjects in each expert group would yield sufficient
raw data to gain insight into the formative evaluation
process. This decision was made with the awareness that the
criteria which qualify an individual as an expert would have
to be defined a priori, and that the selection of subjects

would be based upon it.
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Selection of Experts

In order to establish the criteria for selecting expert
participants, theoretical and empirical frames of reference
were sought. Anderson's (1982) theory of skill acquisition
describes the stages of skill acquisition which eventually
lead to expert status. This theory postulates two phases of
knowledge acquisition: an initial declarative phase in which
factual knowledge is gained and which is represented in a
propositional network of facts:; and a procedural phase,
where the acquired knowledge is applied in performance.

A review of the empirical literature suggests that the
nurber of years of experience and professional practice in a
given domain is the most overt and objective defining
characteristic of an 'expert'. For instance, in a study
designed to compare procedural differences between expert
and novice map readers, Thorndyke and Stasz (1980) included
in their expert group a retired officer who had an entire
career of map-reading experience, an Air Force pilot who
relied on his map-reading skills on a daily basis, and a
scientist who was also an amateur cartographer. In
addition, all three subjects were teachir~ =21 -reading to
new recruits at the time the experiment took place.
Similarly, Egan & Schwartz (1979) used skilled electronics
technicians with over twenty five years of experience
working with various types of electronic circuits in their

exploration of memory for symbolic circuit drawings. Others,
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such as Simon and Simon (1978), and Larkin, McDermott,
Simon, and Simon (1980), used expert subjects with strong
mathematical backgrounds and wide problem solving experience
in their respective studies on the physics problem solving
skills of experts and novices.

Expert participants in investigations on writing and
revision have also been selected from among professionals.
For instance, in a study on the role of revisicn in the
writing processes of skilled and unskilled writers, Sommers
(1980) included experienced professional writers such as
journalists, editors, and academics. Breuleux (1987h) used
professional journalists in his investigation of the
planning processes of expert writers. Similarly, Faigley &
Witte (1981) utilized the data produced by writers wiil
journalistic and publishing experience in developing their
taxonomy for analyzing revision. Beach (1976), and Hayes
et al., (1987) used professional editors with teaching
experience as Jjudges to rate revised drafts, and experienced
writing teachers who had also performed editing tasks, in
their endeavor to develop a new model of the revision
process in written composition.

Following the precedence set by the cited studies, the
criterion established for participation in the current study
was that subjects have a minimum of at least eight years of
teaching and/ or professional experience in the particular
domain (i.e., microbiology or instructional design). Based

on this requirement, and after an initial contact to assess
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availability, two lists of eight experts in each,
Microbiology and Instructional Design, were developed.
These lists consisted of eight microbiologists who were
teaching Beginning Microbiology to students in the Health
Sciences, and professional Instructional Designers whose
specialization was the development of instructional
materials for various training programs. Three names were
randonmly selected from each list and designated as the

participants of this study.

Method of Data Collection

To investigate performance in a problem solving
situation, Newell & Simon (1972) and Faigley, Cherry,
Jolliffe, & Skinner (1985) have suggested several data
collection techniques. These include concurrent
think~alouds, retrospective and introspective interviews,
and stimulated cueing.

While all of these technigques can produce rich
qualitative data, concurrent verbalizations, or
think-alouds, and subsequent analysis of protocols are
thought to be particularly appropriate for describing
complex problem solving tasks such as revision (Flower &
Hayes, '977; Swarts, Flower, & Hayes, 1984, p.65). As a
component process of writing, revision is a complex task

because the successful completion of the task cannot be
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gauged at the start of the task, nor can it be broken down
into well-defined hierarchical steps. Since the evaluation
task in this study was aimed at soliciting revision comments
from the subjects, it was decided that the think-aloud
method would be a suitable means of data collection. In
addition to think-alouds, it was decided that retrospective
interviews would immediately follow the think-aloud
sessions. The purpose of the retrospective interview was to
provide subjects with a second chance to elaborate on issues
which they felt had not received adequate atteantion during
the think-aloud session. The volume of the data depended
upon the quality of comments forwarded by the experts during
the formative evaluation task. These data were used only to
ease the process of coding the segmented protocols.

In a think-aloud session, subjects are required to
verbalize everything that passes through their mind during
the performance of a task. (See Appendix IITX.) The choice
of the think aloud method was made with an awareness of some
of the criticisms extended toward protocol analysis in
general, and think-alouds in particular. For example, Black,
Galambos, & Reiser (1984) have asserted that this method
interferes with the writing process, resulting in
compositions which are inferior in guality and less
extensive than if they were written in silence. Similarly,
Cooper & Holtzman (1985) have contended that the verbal
reports of subjects fail to reveal any of the writing

processes which are, by nature, quite complex.
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These criticisms, however, seem to be minor considering
the intent of this particular study. Based on comparative
studies of subjects performing a task in think-aloud versus
silent conditions, Ericsson & Simon (1980 and 1984; Haves &
Simon, 1974 ) concluded that although verbalization may
impede the speed of performance, it does not change the
structure or course of the cognitive process.

Regarding the strength of this technique in bringing
thoughts to the surface, Ericsson & Simon (1980 and 1984)
have asserted that a subject's verbalization may not be a
completely open window to the internal mental processes, but
it can display some of the overall processes, which are
utilized at the time of performing a task. This access is
expedited by the degree of expertise. An expert can have
almost immediate access to domain information that 1is
relevant to the particular task at hand. Ericsson & Simon
(1984) have suggested that acquiring expertise involves
developing a very systematic way of sorting and storing
information. As a result of this unique filing system, when
specific knowledge is required to either solve a problem or
to answer a question, the relevant information is quickly
retrieved.

Having considered these advantages and disadvantages,
and given the fact that the experimental task did not
require generating new text, nor revising one's own writing,
the thinlii-aloud method of data collection was selected for

the current study.
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Pilot Testing

In order to discover and overcome any potential
logistical obstacles and to ensure a smooth data collection
procedure, a pilot test was planned and carried out. This
pilot study was identical to the projected study in all
aspects of the methodelogy with the exception that the
participating subjects were limited to one expert per group.
Both subjects had over eight years of professional
experience in their respective fields. Data from the pilot
study were used to develop the coding scheme for the present
study, and were not included in the actual study. This
coding scheme is described in the ''.ethod of Analysis'

section.

Procedure

Experimental Task

The experimental task required that subjects rely on
their expertise to revise a unit of instructional text on
microbiology. Subjects were directed to revise the text to
the point where they felt the materials were suitable and
ready for publication and use. It was stated that any
changes made to the text would be acceptable as revision
with the exception of the entire rewriting of the text.

Subjects were asked to write their comments on the text
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itself, or on an attached blank sheet of paper.

While evaluating the text, subjects were also required
to think aloud, verbalizing everything that passed through
their minds. All verbal utterances produced during this
period were recorded. While the actual performance was not
timed, it was noted that the activity took anywhere between

one hour and one and one half hour for each individual.

Development of Task Degcription

The task description was prepared in several stages. It
was initially written by the experimenter and revised based
on comments from three fellow doctoral students who had had
extensive writing and editorial experience with
instructional materials. The revised version was then given
to two university professors, and two undergraduate students
for comment. Subsequent modifications were based on
the elicited comments. These included stating explicitly
what was meant by 'revision' and elaborating on the think

aloud task. (See Appendix I for the Task Description).

Material
The stimulus text used for the experiment was extracted
frem the draft version of a self-instructional module on
Microbiology which had been developed for first year dental
hygiene students, '"to help prepare the student to become a
highiy qualified entry-level practitioner" (D.A.E. Project,

1978, pp. xv). The team responsible for the development of
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the material comprised content experts, instructional
designers, and evaluators. Of six units, only the third

titled The Relationship of Microorganisms to Environmental

Condijitions, Disease and Immunity was used for the study (see

Appendix II). (The first two units comprised a Preface and
an Introduction, and were not sufficiently specialized to
make the content remote for the Instructional Designers.)

The unit was twelve pages long. It consisted of eight
pages of instructional text on environmental conditions and
the role of microorganisms in produacing disease. The text
was prefaced with a set of objectives and was followed by a
self-test of fourteen 'multiple choice' and
'fill-in-the~-blank' questions. Also included was an answer
key for the self-test.

The materials were deemed suitable for this experiment
for two reasons. First, the specialized content made it
feasible to ascertain that experts from either group did not
possess knowledge of the each others' domain. Second, the
text was 1n draft form and suffered from numerous
shortcomings such as typographical errors, poor spacing and
layout, and inconsistency in format. These shortcomings

made the reviewer task a realistic one.

Subjects

Six experts were used as subjects in this study. Three
were professional instructional designers and three were

microbiologists. All six subjects had advanced degrees in

52—




-

A

their respective areas. Four of the subjects, two in each
of the groups had doctoral degrees, while the remaining two
had masters degrees. Aside from academic qualifications,
all participants had considerable professional and/or
teaching experience in their field: Of the three
micrcbiologists, one was a university professor at the
Pathology Department of a Canadian University, who had
authored more than sixteen textbooks on this topic. The two
others taught beginning microbiology to college students,
including dental hygiene students. Each subject's
experience 1n this capacity exceeded the preset criterion of
eight years.

0f the three instructional designers, one was currently
a university professor, and specialized in developing
self-instructional materials for distance education. The
second participant had been a university professor prior to
forming a consulting company which specialized in the design
and development of training materials and programs for
business and industry. The third instructional designer had
over ten years of experience in developing and evaluating
training materials for the private sector.

None of the subjects within either group had specific
knowledge about the other group's area of expertise. Each
group was composed of two females and one male. Subjects

were compensated for their perticipation in this study.

[y
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Experimental Procedures

Preliminary Procedures: Prior to inviting the subjects to

participate in the study, the experimenter had conducted a
telephone interview in which each potential participant was
informed about the topic and purpose of the research, and
was given a description of the experimental task. Based on
the pilot study, potential participants were also told that
the task would require a maximum of two hours.

Upon agreeing to participate, dates were arranged with
each participant to carry out the study. At the appointed
time, the experimenter met the subject at his/her office.
After introductions, the experimenter proceeded by
refreshing the participant's memory about the topic and
purpose of the research.

Equipment: In order to record the verbalization of subjects
during the course of the task, a Sony cassette recording
device egquipped with a separate microphone was used. The
microphone was placed on the subject's desk. The
experimenter seated herself outside the subject's immediate
viewing range and placed the tape recorder close to herself,
where she could monitor the ongoing recording and change the

tapes as unobtrusively as possible.

Procedures: Experimental sessions consisted of; a) an

orientation to the think-aloud method, b) several
think-aloud warm up exercises, c) the formative evaluation
of the experimental materials , and d) a retrospective

interview. The initial orientation to thinking aloud was
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planned because it had been previously established that
verbalizing thoughts during a task was a novel activity for
all of the subjects. Hayes et al. (1987) have compiled a
number of questions that have been brought up by subjects
while performing think-alouds. They have provided answers
and examples for these questions and have used this text as
a set of training materials for thinking aloud. Parts of
this document were adapted and given to the subjects to read
in preraration for the task. (These instructions can be
found in Appendix III.) Following that, a short, recorded
think-aloud performance tape, an example of a session, was
played for the subject.

Newell and Simon (1972) have also recommended that
subjects be acquainted with the procedure of think aloud by
practising with several warm-up exercises. One advantage of
this activity, among others, is that it allows the subj:ct
to become used to talking while thinking. (For a detailed
explanation of the merits and logic behind the suggested
exercises, the reader is referred to Newell and Simon, 1972,
pp. 240-241).

Two such exercises were included in this phase of the
study. These involved two questions: one was to name twenty
animals, and the other was to report the number of windows
in the subject's residence. These exercises provided an
opportunity for subjects to become acquainted with the
think-aloud method and to hear themselves perform a mental

search process.
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Upon completion of these two exercises, the subject was
given the Task Description sheet and was asked to read it.
When finished, the subject was given another chance to ask
any questions that remained unresolved regarding the
procedures of the task.

At this time, the experimenter reminded the subject
that in the event of a pause exceeding ten seconds, she (the
experimenter) would prompt the subject to think aloud. It
was also reiterated that performance was not being timed,
nor was the self-test included in the materials, to be used
as a means of evaluating the subject's performance.

The experimenter remained seated out of the immediate

view of the subject and followed the subject's progress on
her own copy of the stimulus text. Where comments were
elaborated inadequately or were postponed pending further
reading, the experimenter made a notation on her copy. These
nctations formed the content of the follow-up retrospective
interview. The formative evaluation task was carried out
smoothly and was interrupted only 1f the subject addressed a
question to the experimenter. These interruptions, however,
were few. Upon completion of the task, the subject's copy
of the text and other used sheets of paper were collected.
The retrospective interviews were not pre-structured.
As mentioned above, their course was directed by the types
of comments which each subject had made during the actual
evaluation of the text. Thus their length varied. For

instance, if during the task the subject said, "there's a
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problem here, but let's see what they do about it later on",
and then carried on without returning to the noted problen,
during the folilowing retrospective interview, the
experimenter probed the subject for further comments. Data
from these interviews were only used as corroborative
material. The completion of the interview marked the end of
the data collection procedure.

At the end, the subject was requested to sign a
Participant's Consent Form (see Appendix IV) and was

compensated for the time spent on the task.

Methods of Analysis

Transcription and Parsing of Protocols

The recorded verbalizations were transcribed verbatim,
using a Sony Transcriber. Sections which were read from the
text and the comments which were written, were inccrporated
into the verbatim transcription (hereafter referred to as &
protocel) . Transcripts were typed double-spaced, in a
continuous format. Pauses were marked by a hyphen (-), and
secti.ns which were read verbatim from the module were
placed in parentheses, while comments written by the subject
were underlined. (See Appendix VI for a sample section from
rach participant's protocol.)

Typically, transcribed protocols are parsed into

segments or units which are then coded for subsequent
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analysis. Various methods have been recommended for parsing
or segmentation. Speech bursts, temporal information,
repetitions, and clauses are some of the suggested ways to
segment protecols (Ericsson & Simon, 1980, p. 5, Flower et
al., 1980).

Transcripts of protocols from this study were segmented
into clausal units since a clause contains sufficient
information for making subsequent encoding decisions. The
segmentation procedure used in this study was adopted from
Winograd's (1972, 1983) system of clausal analysis which is
in turn based on Halliday's (1967a; 1967b; 1968) systemic
grammar. In this procedure, a tensed verb generally
identifies & clausal un:t. However, there are some
exceptions to this general rule. For instance, a secondary
clause can also be considered a separate segment if it is a
bound adjunct, that is, if it modifies another clausc and is
connected to that clause by a binder such as "if",
"because", "while", etc. (For a detailed description, the
reader is referred to Dillinger, 1987). Each segment was

numbered and placed on a separate line.

Protocol Coding

To code parsed protocols, it is essential that a
scheme, established a priori, be utilized. This scheme has
to be based on the terminology of the theory or model
adopted in a given study (Ericsson & Simon, 1980; Swarts et

al., 1984). As was discussed ea-lier, one original aspect
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of this investigation was studying formative evaluation
within the framework of Human Problem Solving Theory. Of the
four major assumptions of this theory, the first suggests
that "subject's behaviour [in a problem solving situation)
can be viewed as a search through a problem space,
accumulating knowledge about the problem situation®
(Ericsson & Simon, 1980, p. 263). The elements comprising a
problem space include, a) an awareness of a problem

element, b) a distinction between the current state of the
problem and the goal state, c) a knowledge of how the
current state may be transformed to the goal state, and 4d)
knowledge of the scope of this operation. (Hayes and Simon,
1974, p. 167)

In formative evaluation terms, then, the elements which
comprise a proklem space include a) identifying a problen,
b) establishing criteria for an acceptable outcome (i.e.,
revised product), c) implementing change, and d4d) drawing
upon knowledge sources to achieve the set goal. 1In
translating these elements into coding categories, it was
"essential to adhere to elements of the adopted theoretical
model (Krippendorff, 1980, p. 75).

The components of the coding scheme which have evolved
from the elements of the problem space as well as behavioral
and cognitive task analysis of formative evaluation
(Johnson, 1988; Ohlsson & Langley, 1985), were initially
applied to the pilot data. Subsequent to this application,

expansions and refinements were made. This schenme is
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presented in the next section.

Major Coding Scheme

The major coding scheme of this study was applied to
all the parsed segments. The entire system consists of 13
categories which are first descxibed and then followed by

exanmples from subjects' protocols.

Text Related Categories

1) Evaluation Statements:
The outcome of a comparison between the currently
observed state and the goal state, that is what the reviser

thought the text ought to be, was coded as an Evaluation

Statement (ES). By virtue of this definition, this category
represented positive and negative comments (which did not
explicitly state the source of the problem), expressions of
preference, judgement, internal feelings and observations,
all expressed in the context of the subject's task
representation.

- I don't particularly like it/
- you've got a lot of white space here which is fine/

2) Problem Identification:

As a specific case of Evaluation Statements, Problem
Identifications (PI) contained explicit references to an
ohserved problem.

- again, I find the heading's really not well done/

- and right justified margin makes the question
difficult to read/
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3) Revision Statements:
Explicit text related changes intended to transform the

current state to the goal state were coded as Revision

Statements (RS).

~ there should be a comma after 'disinfection'/
- 'cross infection' should be hyphenated/

4) Knowledge Statements:
Expressions of personal knowledge, including both

declarative and procedural knowledge, were coded as

Knowledge Statements (KS). These statements were often

provided in addition to, or in lieu of, a Problem

Identification, or as a reason for suggesting a particular

chanage.

I don't particularly like it/ (ES)

- most microorganisms especially those that cause
disease don't require light at all/

- and the orthotropes which do require light are not

important in medical microbiology/

-~ that's true only to a certain extent/ (ES)

- but more importantly would be the virulence
of the micro-organism, how severe, how
effective is it In causing disease/

- so it is more important to consider the property
rather than the number of micro-organisms/

5) Text Knowledge:

Comments representing Knowledge directly acquired from

the stimulus text were coded as Text Knowledge (TK).

- um, so I can assume that cross-infection is not from
your body/

- that's one type of chemical, but that's already in
the stomach/
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6) Verbatim Statements:

Sections which were read aloud from the text were coded

as Verbatim Statements (VS).

7) Text Talk:
Segments which referred to various parts of the text,
but not in verbatim format, were coded as Text Talk (TX).

- so there's a self test to test these objectives/
- so its gonna go into talking about those three/

Task Related Categories

8) Task Talk:
Reference to an activity which was currently being

undertaken or to the set up of a short term goal was coded

as Task Talk (TT).

- I'm reading the introduction/
~ let's see if they discuss this in the next section/

9) Strategy Talk:

Reference to a course of action which was
representative of actions normally undertaken by the subject
in similar situations, but were not tied to the current task

were coded as Strategy Talk (ST).

- I usually check to see if the objectives match the
text/

- I like to get a sense of the material first, so I'll
just skim through/

Four categories captured the remaining segments. These

included Dialogue (D) which encompassed questions addressed
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to the experimenter, and the experimenter's subsequent

response; Boundary Markers (BM) (e.g., ok; um; uh); False

Starts (FS); and Unrelated Talk (UT). The above mentioned

thirteen categories allowed all segments of the protocols to
receive mutually exclusive coding as has been recommended by
Krippendorff (1980). However, the last four (D, BM, FS, BM)
were neither theoretically significant nor did they provide
interesting information. Thus, they were excluded from the
analysis.
The application of this system o the verbal data

rendered a manageable database that could be submitted to

more detailed levels of analysis.

Cnding Reliability

In qualitative research, the reliability of a system
which is used to code, translate and interpret data must ke
ascertained before one can proceed to a meaningful
discussion of results. The two types of reliability,
reproducibility and stability, which have been identified as
relevant to content analysis (Krippendorff, 1980; Weber,

1985), were adhered to in this study. Reproducibility or

inter-coder reliability was established by assigning two

independent judges, one of whom was the experimenter, to
perform the coding of all segmented protocols. The coders
used a coding sheet (see Appendix VI) which described
categories in the scheme and provided a range of typical

examples. To acquaint the second coder with the system, data
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from the pilot study (which were not included in the
analvses) were used as practice material. One protoccol was
coded by the second judge with the assistance of the
experimenter. During this practice period, ambiguities
regarding definitions were clarified and questions were
answered. The second coder was then assigned the task of
independently coding the protocols of the six subijects,
relying only on the coding sheet. It was suggested that
segments be double coded only if their exclusivity to one

category could not be firmly established. The coder was

compensated for performing the task.

Protoccls coded by the two judges were then compared.
Overall inter-rater reliability was 89%. Reliability on
Problem Identification, Evaluation, and Revision Statements
was 88%, 94%, and 95%, respectively. Segments which
received double coding amounted to less than 2%, and did not
include Evaluation, Problem Identification, or Revision
Statements.

The second type of reliability, stability, that is the
invariance in cnding the text over time was established by
the experimenter who coded all protocols three times with
one week and one month time lapses for each recoding,
respectively. This procedure was carried out with 89%

reliability the second time, and 87% the third time.
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Frequencies, Percentage Scores, and Descriptive Statistics
After ascertaining reliability in coding, a database
was created by tabulating the frequency of occurrence of
each category per expert. Frequencies were then converted
into percentage scores, based on the total number of
segments per protocol. A second set of percentage scores
were calculated, excluding theoretically irrelevant
categories, and repetitions. The irrelevant categories were
comprised of Boundary Markers (BM), False Starts (FS),
Unrelated Talk (UT), and Dialogue (D). The first and last
segments 1n the example below represents a repetition. In
this case both were coded as one Revision Statement as they

implied the same revision:

I would eh definitely rewrite this/

- eh/

- its a bit confusing/

- it doesn't say enough/

- its too much and not enough at the same time/
- so I would expand it/

I would rewrite/

However, when a statement referred to an independent
aspect of change, it was tab.alated separately. In the above
example, the two last segments svggest two types of
revisions: One is the addition of content, and the other is
a change in wording. These two were coded as two separate
Revision Statements.

Descriptive statistics was applied to this database to

compare between groups means.
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Minor Coding Schemes

Clagsification of Evaluation, Problem Identification,
and Knowledge Statements.

While quantifying data did provide information
regarding amounts, delineating the type of comments that
were being prompted by the experts' particular expertise,
depended upon a detailed content analysis of protocols. A
secondary coding scheme was applied to the four major
text-related categories of Evaluation, Problem
Identification, Revision, and Knowledge Statements. Within
each of these four categories, comments were classified as
being related to Content, Design, Presentation, and
Pedagogy. This implied that comments which made reference to
the subject matter, were classified as Content, chose which
referred to instructional design heuristics were coded as
Design, those which dealt with the physical appearance of
the text were categorized as Presentation, and those
evaluating the text in light of a potential learner were
considered to be Pedagogical. These areas reflected the
range of expertise of the participants.

Since the reliability of this coding scheme had been
established in a previous study (Saroyan and Geis, 1988), it
was not deemed necessary to duplicate the effort.

Descriptive statistics were applied to the data in

order to create a basis for between group comparisons.

-6~




Clasuification of Problem Identification and Revision
Statements.

In order to derive information on Problem
Identification and Revision Statements on a deeper level,
these statements were analyzed according to a) the degree of
specificity, and b) convergence and divergence.

A: Degree of Specificity: The purpose of this analysis

was to delineate the specific features of text which drew
comments from the subjects. It further allowed highlighting
comments which were made more frequently, and those which
were rare and idiosyncratic. Two comprehensive listings of
all comments generated by each subject regarding Problem
Identification and Revision were created. Percentage
frequencies of these comments were then tabulated in order
to perform within group comparisons.

B: Convergence and Divergence: The purpose of this

analysis was to determine the degree of convergence and
divergence between and within groups on Problem
Identification and Revision. A database was created by
transferring onto a master copy of the stimulus text Problem
Identification and Revision Statements of the six subjects.
(This text was segmented into naturally occurring sentences.
See Appendix II.) The outcome indicated a) segments which
had received mutual Problem Identification and/or Revision
Statements; b) segments which had received mutual Problem
Identification but different Revision recommendation, and c)

segments which had received different Problem Identification

comments, but similar Revision recommendation.
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Clagsification of Revision Statements.

Revision Statements were categorized according to two
additional systems: a) by type and level of change, and b)
by their components parts.

A: Type and Level of Change: To establish a profile of

the type of change, and to discern whether the revision
suggestions were made on a local level, like novices, or a
global level, like experts, an existing classification
system was utilized. This system, which is often referred
to 1n the writing literature, is used to classify revision
changes of expert and novice revisers (Bridwell, 1980:
Faigley and Witte, 1981; Sommers, 1980) by addition,
deletion, substitution, and rearrangement, and by the level
at which change occurs.

B: Revision Component: To determine the degree of

elaboration of suggested changes, Revision Statements were
analyzed in terms of their constituent parts. Richard's
(1986) proposed framework on "Knowledge of Action", was used
as model for designating the components of a Revision
Statement.

The components of a Revision Statement were identified
as an action, a result, and a rationale. To operationalize
this analysis, the following definitions were developed:
Revision Action is marked by a non-specific revision
operator such as 'change', 'improve', or 'clarify'. This
statement suggests a change, but does not specify any

details about implementing the change. Hence, in order to
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arrive at the desired goal state, it is conceivable that
several acceptable courses of action may be taken. For
instance to implement a change one coculd add, delete,
substitute or reorder content, or presentation. Revision
Result, on the other hand, is marked by a gpecific revision
operator which limits the means of implementing the change
to one particular method. This includes those revision
suggestions which have been conveyed in writing as well
those which have actually been spelled out or recommended
verbally. For instance, "this should really be in Fahrenheit
rather than Centigrade%/ conveys a specific change.
Revision Rationale refers to the reason for suggesting the
change. This reason, in turn suggests whether the motive for
change is individual, that is based on personal like or
dislike, or conventional and based on a particular medel or
heuristic.

In the example below, the last segment is the

rationale:

- this would not destroy endospores/
- and that should be emphasized here/
- without it, it is incomplete/

Percentage scores across subjects were calculated for
both sets of analyses, and comprised the database for

between and within group comparisons.
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Summary

The most significant aspect of the methodology of the
current study was the development of a theoretically
grounded coding scheme which could be effectively applied to
verbal data generated during formative evaluation.
Subsequent quantitative and qualitative analysis of the
coded protocols provided a basis for between and within

groups comparisons.
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CHAPTER IV

RESULTS AND DISCUSSION

overview

In a descriptive, exploratory study, general guestions
are posed at the ocutset to guide the research. Howaver,
data often produce results which are quite beyond the scope
of the posed research questions. The significance of such
findings, in turn, is that they contribute to future theory
building and hypothesis generating and testing.

The purpose of this study was to delineate the
processes which content experts and instructional designers
engage in during formative evaluation. Four direction
giving research questions were posed at the outset of this
study. These questions required a detailed recording of the
performance of content and instructional design experts in
formative evaluation of an instructional text, and the
subsequent comparison between and within group members.
Specifically, it necessitated that a) the elements
comprising the problem space such as evaluation, problem
identification, revision, and the processes and strategies
used in formative evaluation be quantified and described,
and b) based on the above data, comparisons be made between
and within the expert groups.

This chapter comprises results pertaining to the
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i; research questions followed by the ensuing discussion. The

section concludes with a general discussion of the findings.

Between and Within Groups Results
and Preliminary Discussion
The results presented in this section include frequency
data on the categories, between groups mean data, within
group percentages, and proportions of distribution of

comments on Content, Design, Presentation, and Pedagogy.

Mean Frequencies of Coded Cateqories

As a first step, a database of frequencies of coded
segments per subject protocol was created, and converted
into percentage scores. (See Tables 1 and 2 in Appendix
VII-A and VII-B.) A second set of percentage scores was
tabulated by excluding repetitive statements and the
categories which were theoretically irrelevant. (The
irrelevant categories included Boundary Markers, False
| Starts, Unrelated Talk, and Dialogue.) Percentage of
frequencies is displayed in Table 3).

The nine categories presented in this table, were
either text or task related. Of the text related
statements, Evaluation, Problem Identification, Revision,
and Knowledge Statements were of primary importance because
they comprised phenomena within the problem space which

signified the outcome of formative evaluation. The

Ry
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remaining three, Verbatim Statements, Text Talk and Text
Knowledge were of secondary importance statistically, but
significant gqualitatively since they depicted the way in
which the text was used by each subject. Task related
statements included Task Talx, and Strategy Talk, and
represented the particular strategic processes of each

subject.

Table 3

Percentage of Significant Categories by Expert

Content Expert Instructional Designer

I IT ITI I 11 11T
Evaluation 25.4 11.9 20.4 18.0 17.7 29.5
Problem Id4. 5.9 9.3 7.6 11.5 17.7 12.3
Revision 12.5 11.3 10.4 6.4 9.5 12.0
Knowledge 12,2 31.0 12.4 2.3 11.3 4.0
Text Know. 2.0 0.0 1.7 7.8 6.3 2.1
Verbatim 29.0 27.4 21.1 38.8 18.6 9.3
Text Talk 5.9 2.5 7.6 8.3 9.3 5.5
Task Talk 4.4 2.5 5.8 3.7 5.0 14.9
Strategy Talk 0.0 0.5 0.0 1.8 2.2 1.7
TOTAL 334 193 458 216 439 794

(# of segments)

Figures 2 and 3 display the percentage of the frequency

of occurrence of these nine categories by expert group.
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The remainder of this section is organized around
between groups means, and within groups percentage scores by
the categories in the initial coding scheme. The first table
presented for each category depicts between groups mean
data. In the upper half of each table, mean group
frequencies, and percentages, (and standard deviations) are
presented. In the bottom half of the table, where relevant,
the distribution of Statements among the four subcategories;
content, design, presentation, and pedagogy, 1s shown as
group mean percentages. Where relevant, more detailed data

on idiosyncratic behavior of each subject are provided.

Text Related Statements

Evaluation.

All expressions of internal feelings, including

judgement, opinion, and observations about the stimulus text

conveyed within the context of the formative evaluation
task, were coded as Evaluation Statements. Group results

are displayed in Table 4.

Table 4

Between Groups Mean Data on Evaluation Statements

Cont.ent Experts Instructional Designers
g Frequency 76.6 117.3
X Percentage (S5.D.) 19.2 (6.8) 21.7 (6.7)
X % Content 97.1 30.4
X % Design 0.3 39.2
X % Presentation 0.0 14.0
X % Pedagoqgy 2.4 16.2
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The mean percentages of the two groups indicate that
Evaluation Statements comprised about one fifth of the
protocols. Between group disparity was more prominent in
the proportions of evaluations statements representing the
four categories of Content, Design, Presentation, and
Pedagogy. The interesting finding was that nearly all
Content Experts evaluated only Content (i.e., the factual
information in the text), while the designers also evaluated
other aspects including design, presentation, and pedagogy.

More significant than the quantitative differences were
the gualitative differences in the statements of the two
groups. While the Content Experts' Evaluation Statements
represented either approval or disapproval of the factual
information provided in the text, or an observation of an
existing situation (Figure 4), the Instructional Designers'
also represented the degree to which the text adhered to

certain design criteria.
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The criteria or heuristics referred to in the
evaluation of all three Instructional Designer included:
1. Alignment between various parts of the text:
a. objectives with text
b. objectives with test items
c. test items with text
2. Validity and quality of objectives.
3. Logical sequencing of text.
4. Job-relatedness of content and examples.
5. Matching level of content with entry behaviour.
6. Adherence to presentation principles such as:
a. use of visuals
b. use of headings
7. Pedagogical value of:
a. content
b. test items

c. the curriculum in general

Additionally, the Instructional Designers partially
based their evaluation on the success of the text in
preparing the naive learner, in this case the subject, for

the subsequent self-test.

Within group patterns appeared to be fairly consistent

among subjects. Tables 5 and 6 depict the individual data

by expertise.
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Table 5

Percentage of Type of Evaluation Statement by Content
Expert

Content Experts

I IT IIIT
Content 98.8 100.0 92.6
Design 1.1 0.0 0.0
Presentation 0.0 0.0 0.0
Pedagogy 0.0 0.0 7.3
Table 6

Percentage of Type of Evaluation Statement by Ingtructional
Designer

Instructional Designers

I IT III
Content 7.6 56.4 27.2
Design 46.1 24.3 47 .2
Presentation 17.9 6.4 17.8
Pedagogy 28.2 12.8 7.6

The contrast between the two groups and the
similarities within group members is apparent from the
results presented in the above two tables. The evaluative
comments of all the Content Experts were overwhelmingly
Content related, while all the Designers referred to the
four aspects of the text. Design issues appeared to be

strongly favoured, in particular by Instructional Designer
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(I) and (II1).

It is important to elaborate on the evaluaticns which
were based on conventional criteria, because it suggests
that contrary to some assertions (Baker, 1970; Deisler &
McNeil, 1960; Gropper, Lumsdaine, & Shipman, 1961; McEntie &
Rivers, 1971), formative evaluation is not entirely based on
intuition. The examples which are provided below, have been
extracted from the instructional designers' protocols, and
they reflect tae strong presenze of several heuristics in

each subject's frame of reference.

Heuristics referred to by Instructional Designer (I)
included:

1) Alignment between objectives and the text.

- first section must have to do with the second
objective/

- we're still on the same section that scems to
subscribe to objective three/

2) Alignment between test ‘tems and objectives.

~ there's a self test to test the objectives/

- questions are within keeping of the kinds of things
that objectives call for/

3) Alignment between test items and text.

- gquestions are in the same order as the text/

- I assume this question could be answered when

- reading 'Oxygen and Light'/

4) Pedagogical value of the text.

- people are not being asked to manipulate ideas but
simply recall/

- 1f someone asked me tomorrow, I think I would only
remember a few things/
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i~ 5) Arrangement and Presentation.

- everything is of equal importance supposedly,
visually, by inference/

Heuristics referred to by the Instructional Designer
(IT) included:

1) The quality of objectives (both unit objectives and

the objectives of entire module).

- I'd say people would have difficulty getting from here to
there/

- the objectives listed here are relatively ok/

2) Alignment between objectives and text.

~ diagram of Immunity system which relates back to the
objective/

3) Alignment between objectives and self-test.

- I guess the thing is that you've got objectives here
and you have a post-test that does seem to be
getting at objectives/

4) Significance of visuals.

- they (the students] may need prompts, cues, whatever
you put into it to make it more instructional/

-~ we haven't at all talked about audio-visuals/

5) Match between content and the entry behaviour.

- I'm not sure if given students' entry behavior, their
capabilities and things like that, that they'd be able

to do that/
- I guess they are assuming some basic knowledge here/

6) Job—-relatedness of content and examples.

- what we have here is content but not necessarily
related to specifics/

%( 7) Pedagogical value.
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- I wouldn't know if they'd know this stuff by
e looking at the exam/
- I understand what they're talking about but just
provide ease of access to the learner/

Heuristics referred to by Instructional Designer (III)
included:

1) Stating objectives in behavioural terms by
using action verbs.

- I like the way the objectives have action verbs/

2) Gradual progression of objectives from simple to complex,
and from cognitive to applied.

- ok, the objectives seem to move from sort of simple
to complex in their sequence/

~ they seem to go from more cognitive things to more
application orientations/

3) Alignment of objectives with the text.

~ 50 here is where it [resident microorganisms] comes
up/ ' , .

~ SO0 going back to my list, cross infection was
covered/

4) Alignment of objectives with test items.

~ they are really not beiny asked to define it/

- they're being asked to recognize a definition of/
~ I'm looking for its construction as related to the

objectives/

5) Job-relatedness of content.

I'm thinking, gee, how does this relate to my world/

I should be concerned about instruments that may have

touched one patient and may be touching another/

~ I should be concerned with checking the temperature
on my sterilization equipment/

L - but what do I care about bugs/
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6) Consistency in format.

~ now this format again/

- come on, let's be consistent here/

7) Pedagogical value of the material.

- I'm suspecting that if this is for a new dental

student, this may be a little bhit threatening for
them/

As mentioned earlier, assuming a 'naive learner's '
position and considering performance on the test as a
measure of effectiveness of the material was another
distinct quality displayed by all three group members. Some

examples from the protocols are presented below.

- and T'm in a panic cause I don't know whether I have
learned this information/

- so now I know the difference between resident and
transient microorganisms/

- I understand what they are talking about/

- I have no idea what it would mean/

- so I find that I was able to complete this exam with
only 1 out of 14 without reading the text/

In summary, while the quantitative procfile of the two
groups regarding Evaluation Statements resemble one another,
the qualitative attributes were strikingly different. The
Evaluations of the Instructional Designers' extended beyond
the limited scope of the Content Experts' in that they were
more global, were prompted by a set of design heuristics,

and were partially formed by approaching the text as a naive
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- learner. Within group results suggested consistency among

"

both group members.

Problem Identification Statements.

Statements which explicitly described an inadequate or
unacceptable feature of the text were coded as Problem
ITdentification Statements.

Group data on the Problem Identification category are

displayed in Table 7.

Table 7
Between Groups Mean Data on Problem Identification
Statements
content Experts Instructional Designers
X Frequency 24.3 67.0
X Percentage (S.D.) 7.6 (1.7) 13.8 (3.3)
X % Content 96.2 32,0
X % Design 0.0 27.9
X % Presentation 1.8 23.9
X % Pedagogy 1.9 15.8

Two important results on group differences are revealed
in Table 7. First, the mean percentage of Problenm

Identification Statements was higher for Instructional

Designers than the Content Experts (X=13.8% > X=7.6%) .
Second, the concentration of comments by the Content Experts

was on Content issues, while those of the Instructional
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Designers related to all of the four possible categories. A
particularly interesting finding in this area was the
minimal number of pedagogical comments by the Content
Experts. Such a finding is significant in l1ight of the fact
that each member of the Content Expert group had extensive
experience in teaching the subject and was highly qualified
to comment on the pedagogical aspect of the material.
Interestingly, it was the Instructional Designers who
generated comments which were more demonstrative of a
concern for the potential user. (§= 15.8% wvarsus R=l.9).
The qualitative difference observed in the Problem
Identification Statements suggests that each type of expert
may have assigned different meaning to their role as a
reviewer. The two Task Description shrets given to each
group differed in one aspect only, which indeed may have

been crucial in the role interpretation. One group was

addressed as "Content Specialist ... knowledgeable about
dental hygiene students", and the other as "Instructional
Designer(s]" . It appear that the Content experts viewed

their role as a 'specialist’, and the Instructional
Designers as a 'generalist'.

Within group variability on Problem Identification
appeared to be greater among the Instructional Designers
than the Content Experts (§=7.6%, S.D. 1.7 versus §=13.8%,
S.D. 3.3). Tables 8 and 9 Jisplay the proportion of types of
problems identified Ly each of the members of the two

groups.
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Table 8

Percentage of Type of Problem Identification by Content
Expert

Content Experts

I II IIT

Content 10
Design
Presentation
Pedagogy

[eNeNoNeo
O00O0
Lo w
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Table 9

Percentage of Type of Problem Identification by
Instructional Designer

Instructional Designers

I II IIT
Content 4.0 56.3 35.7
Design 28.0 29.2 26.5
Presentation 40.0 2.4 29.5
Pedagogy 28.0 11.4 8.1
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Of interest was the repetition of a definite pattern of
concentration on Content matters by all the Content Experts
(Min.=88.7, Max.=100.0), while the percentage of comments of
the designers indicated a distribution among all four areas.
Nonetheless, only comments regarding Design were within
close range (Min.=29.2, Max. 26.5).

The difference among subjects in both groups kecame
more acute when Problem Identification ccmments within each
category were analyzed and compared on a more detailed
level. Table 10 depicts the breakdown of Problem
Identification Statements by category and by specific

comments.
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The advantage of this type of detailed analysis is that
it depicts the specific features of text which the subjects
render opinion on. As the results indicate, amcng the
Content Experts only three topics (i.e., spelling,
inadequacy of content, and redundancy) were periodically
referred to by all three group members. Five aspects were
mentioned by two, while the remaining problems were pointed
out by only one subject.

Among the Instructional Designers, only five problems
including adequacy of content, alignment of parts,
formatting, and the instructional validity of the material,
were raised by all three subjects. Eleven 1ssues were
referred to by two, and another eleven by only one of the
subjects. It must be reiterated that the identified
problems did not necessarily refer to the same source. They
merely represented the type of issues which were raised by
these two types of experts.

In summary, there was a greater degree of similarity

within the experts groups than between the groups (Figure
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The Content Expertis appeared to associate problems with
the content, in particular its adequacy, accuracy, clarity
of expression, amount of detail, and correct spelling. The
Instructional Designers, on the other hand, appeared to find
problems with not only the design, but also the content,
presentation, and the pedagogical value of the text.
Consistency in performance patterns of both groups
diminished when Problem Identification was compared at a
deeper level. Figures 6 and 7 display the distinction both

between and within groups.
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Revision Statements.

A Revision Statement constituted a preferable
alternative to a particular aspect of the current text.
Overall group data on Revision Statements and percentage

distribution by category are presented in Table 11.

Table 11

Between Groups Mean Data on Revision Statements

Content Experts Instructional Designers
X Frequency 37.3 52.6
X Percentage (S.D.) 11.4 r1.0) 9.3 (2.8)
X % Content 92.8 28.7
X % Design 0.0 50.0
X % Presentation 7.0 20.7

As in the previous two categories, the mean percentage
of Revision Statements was nigher for the Content Experts
than the Designers (-}E=11.4>)—(=9.3). Distribution of
recommendations among the four categories resembled Problem
Identification in that the majority of suggestions by the
Content Experts related to Content, while the
recommendations of the Designers applied to Content as well
as Design and Presentation. Recommendation on pedagogical
improvements were absent from both group members' protocols.
This pattern was fairly consistent with the Problem
Identification statements of the Content Experts. The

absence of such recommendations in the Instructional
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Designers' protocols may have been due to the fact that
these experts simply did not know how to remedy some of the
problems which had been identified by them. The duplication
of the 'specialist' and 'generalist' role lends further
support to the assertion that the reviewer role was
interpretad differently by the members of each group.

Within group variability on Revision Statements was
greater among the Designers than the Content Experts.
(§=11.4, S.D.=1.0 versus §=9.3, 5.D.=2.8). Tables 12 and 13
display information regarding the individual proportions of

comments by the two expert groups.

Table 12

Percentage of Type of Revision by Content Expert

Content Experts

I II III
Content 95.2 100.0 83.3
Design 0.0 0.0 0.0
Presentation 4.7 0.0 16.5
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Table 13

Percentage of Type of Revision by Instructional Designer

Instructional Designers

I II IIT
Content 0.0 59.2 26.9
Design 85.6 21.4 43.1
Presentation 14.2 19.0 28.9

These results indicate that the majority of
recommendations of all three Content Experts were in the
Content area, although two out of three subjects also had a
small percentage of comments on Presentation. The
recommendations of the Instructional Designers, referred to
all three aspects, except Instructional Designer (I) whose
recommendations were not related to Content at all. The
range was smallest on Presentation (Min. 14.2, Max. 28.9),
and greatest on Design (Min. 21.4, Max. 85.6). Nonetheless,
the rean percent of Revision comments was greatest on Design
matters (§=50.3 versus X=28.7 and X=10.7 for Content and
Presentation, respectively.)

When the Revision Statements of the subjects were
compared on a deeper level in order to identify those

( recommendations which appeared to be favoured by each
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subject, there was less consistency and more idiosyncratic
tendencies across all the subjects. These data are
presented in Table 14.

Results indicate that only two specific
recommendations, sp:lling, and the adequacy of content were
shared by all three Content Experts. Six were mentioned by
two of the three subjects, and five, by only one subject.
Consistency among the instructional designers was equally
minimal. Only two recommendations were shared by all three
Designers (i.e., adding 2 meaningful structure, and a

summary), while eleven were made by two, and twelve by oily

one subject.
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Table 14

Percentage of Specific Revisions by Expert

Content Expert

Instructional Designer

I II ITI I II III
CONTENT
.spelling 2.3 27.2 2.0 0.0 0.0 5.2
.punctuation 0.0 13.6 2.0 0.0 0.0 1.0
.tense 0.0 4.5 0.0 0.0 0.0 0.0
.adequacy 40.4 13.6 9.5 0.0 11.9 13.5
.relevance 28.5 36.3 0.0 0.0 28.5 0.0
.redundancy 0.0 4.5 4.1 0.9 0.0 0.0
.clarity 7.1 0.0 4.5 0.0 14.2 4.1
.sequencing 14.2 0.0 2.0 0.0 2.3 3.1
.quality of 2.3 0.0 8.7 0.0 2.3 0.0
examples
DESIGN
.objectives 0.0 0.0 0.0 0.0 0.0 7.2
.alignment 0.0 0.0 0.0 7.1 0.0 5.2
.addition of 0.0 0.0 0.0 0.0 7.1 11.4
self test/practice
.addition of 0.0 0.0 0.0 14.2 4.7 1.0
summary/overview
.addition of 0.0 0.0 0.0 0.0 0.0 4.1
examples
.logical dev.,. 0.0 0.0 0.0 21.4 4.7 0.0
.hierarchical 0.0 0.0 0.0 14.2 0.0 4.1
organization
.proximity of 0.0 0.0 0.0 14.2 0.0 2.0
text with diagrams
.meaningful 0.0 0.0 0.0 14.2 2.3 4.1
structure
bite-size 0.0 0.0 0.0 0.0 2.3 0.0
presentation
.rationale 0.0 0.0 0.0 0.0 0.0 2.0
.consistency 0.0 0.0 0.0 0.0 0.0 1.0
.job-related 0.0 0.0 0.0 0.0 0.0 1.0
PRESENTATION
.visuals 0.0 0.0 4.1 0.0 11.1 0.0
.headings 0.0 0.0 0.0 7.1 0.0 2.0
.format/layout 0.0 0.0 0.0 0.0 2.3 6.2
.space 0.0 0.0 0.4 7.1 0.0 3.1
.highlighting 4.7 0.0 0.0 0.0 4.7 14.5
.print density 0.0 0.0 2.0 0.0 0.0 3.1
TOTAL 42 22 48 14 42 96
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In summary, results on Revision Statements suggest that
the Content Experts and the Instructional Designers made
different types of recommendations for change. Revisions
were mostly limited to Content for the former group and more

general for the Instructionai Designers {(Figure 8).
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A repeated pattern of results among the subjects in
each group, lend further support to the 'specialist' role of
the Content Expert, and the 'generalist' role of the
Designers. Consistency was greatly reduced when specific
change recommendations were compared across subjects. This

information is summarized in Figures 9 and 10.
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Knowledge Statements.

Knowledge Statements represented procedural or
declarative knowledge of the expert reviewer. More often
than not, Knowledge Statements appeared either in
conjunction with or in lieu of Problem Identification
statements in crder to substantiate a detected weakness in
the text. Alternatively, they functioned as a Rationale for
the proposed revision. Table 15 displays the between groups

mean data on Xnowledge Statements.

Table 15

Between Groups Mean Datz on Knowledge Statements

Content Experts Instructional Designers
X Freguency 50. 3 29.3
X Percent (S.D.) 18.5 (10.7) 5.8 (4.7)
X % Content 96.4 38.1
X % Design 0.0 15.3
X % Presentation 0.0 5.6
X % Pedagogy 3.5 40.7

As the results indicate, the mean percentage of
Knowledge Statements is considerably higher for the Content
Experts (¥=18.5 versus X=5.8). The pattern of distribution
among the subcategories observed in Froblem Identification
and Revision Statements, was also present in Knowledge
Statements. While it was expected that the Content Experts

would refer to declarative knowledge in order to
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substantiate their comments, it was an unexpected finding

that the Instructional Designers would also resort to

Content and Pedagogical Knowledge for the same reason.
Within group data on this category are presented in

Tables 16 and 17.

Table 16

Percentage of Type of Knowledge Statement by Content Expert

Content Experts

I II IIT
Content 100.0 100.0 89.4
Design 0.0 0.0 0.0
Presentation 0.0 0.0 0.0
Pedagogy 0.0 0.0 10.6
Table 17

Percentage of Type of Knowledge Statement by Instructional
Designer

Instructional Designers

I II III
Content 20.0 58.0 36.3
Design 2C.0 8.0 18.1
Presentaticn ¢.0 8.0 9.0
Pedagogy 60.0 26.0 36.3
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As is apparent, Knowledge Statements of all the Ccntent
Experts were overwhelmingly subject matter related, while
those of the Instructional Desighers were drawn from other
domains, namely content, design, presentation, pedagogy. Of
particular interest is the fact that none of the
Instructional Designers hesitated to refer to domain
knowledge in order to support their peint of view.

In summary, the profile of the category based on which
goals and criteria were set, change implemented, and scope
of the operation monitored, suggested the following: the
body of knowledge for the Zontent Expert was domain related,
while for the Instructicnal Designer, it was mainly the
Instructional Development Model. Figure 11 summarizes the

proportion of type of knowledge across subjects.

10016 b O
31 22 B 2N ///é
NN NN
,\’\,\ ,\l\/\ \,\,\/
80 = g Py e
NN B NG .
3] AYRNAN SONN nNoNS
D 7 7 7 vy S 7 N
2 YA I AYAYAY B LYY
= 60 =t o s B
4 JAYEI I AANAN B SN
j<5) I AR I AR B ALY
g JAVASAL I AASEVAY I A YAN Ed PEDAGOGY
= ER "
R | A NN B NN PRESENT.
iy 5
) :\j\:\. £35S \:\’\f DESIG
. . SIGN
PR | VIR ANANES B NNl F1 CONTENT
LYY I IEENEN B SN
AR N N
1 1 SASRNEN [N B LS
4l Ay s 7 A
AR S NN NN
0 ’k'\’ /‘f ’ f"/ %
CE(l) CEJII} CE{UI) ID(Y) DY) ID(II)

Percentage of Knowledge Statement by Expert

-101-




AR T TR

A

Text Knowledge.
Segments which represented knowledge acquired from the
text, were coded as Text Knowledge. Group data on this

category are presented in Table 18.

Table 18

Between Groups Mean Data on Text Knowledge

Content Experts Instructional Designers
X Freguency 5 20.6
X Percent (S.D.) 1.2 (1..0) 5.4 (2.9)

Results indicate that the proportion of Text Knowledge
was higher for the Instructional Designers than the Content
Experts. This finding was expected as Text Knowledge
represented knowledge acquired from the stimulus text, and
it was the designer group that was not familiar with the

subject matter.

Table 19 depicts within group results on this catagory.

Table 19

Percentage cf Text Rnowledgs by Expert

(X} (11) {IIX)
Content Expert 2.0 0.0 1.7
Instructional Designer 7.8 6.3 2.1
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Despite a higher variability smcng the Instructional
Designers (Min. 2.1, Max. 7.8), the presence of this
category in all three subjects' protccols, coupled with
points of occurrence of these statements in the protocels
suggest thac the interaction of the designers with the text
also comprised a learning component. In other words, Text
Knowledge Statements appeared when the subject actempted to
answer the self-test questions by referring teo informatiocn
acquired from the text. Performance cn the test, which
suggested the amount learned, indirectly provided a gauge

for evaluating the material.

Verbatim Statements.

This category represented those parts of the stimulus
text which were reproduced verbatim, and it comprised large
portions of almost all subjects' protocol. Group data on

this category are presented in Table 20.

Table 20

e, e e P e P e 2 e e

Content Experts Ingtructional Designers
g Frequency 82.3 8.0
X Percent (S.D.) 25.8 (4.1) 22.2 (15.0)
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Although mean percentages among the two groups did not
differ greatly, the standarqd deviation of the Instructional
Designers was considerabiy higher than their counterparts.

Within group results are presented in Table 21.

Table 21

Percentage of Verbatim Statement by Expert

{1) (1I) (IIT)
Content Expert 29.0 27.4 21.1
Instructional Designer 38.8 18.6 9.3

Results confirm that there was a closer range 1in the
percentage scores across Content Experts than Instructional
Designers (Min. 21.1, Max. 29.0 versus Min. 9.3, Max. 38.8).

An interesting finding was that Verbatim Statements had
different functions for each group. This was evident from
the sequence of occurrence of these statements throughout
the protocols. For the Content Experts, Verbatim statements
served as dava input. In other words, all comments,
including Evaluation, Problem Identification, and Revision
Statements were always preceded by a Verbatim Statement.
Hence, a secticn was read, and comments were made in
reference to that section. Verhatim Statements for the
designers had a seccndary function. They represented a
strategy of comparison. This implied that the text was not

necessarily read in sequence, but rather, sections from
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various parts were read subseguent tc cone another in order
to ascertain that the given information was consistent
throughout, and sufficient enough to achieve the obkjectives,
and perform we1ll on the self-test.

Indeed, a greater variability in the Verbatim
Statements or the Instructional Designers confirms that
dependence c¢n input from the text varied among this group

members.

Text Talk.
The category of Text Talk represented either a
paraphrase, or reference to a specific section of the text.

Data on this category are presented in Table 22.

Table 22

Between Groups Mean Data on Text Talk

Content Experts Instructional Designers
z Frequency 20.0 4.3
X Percent (5.D.) 5.3 (2.5) 7.7 (1.9)

The results indicate that Text Talk comprised a higher
percentage of the Instructional Designers’ protocols. This
outcome suggests that the Content Experts, being familiar
with the topic, did not perceive it necessary to paraphrase

the text for better comprehension.
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Within group results for this category is presented in

Table 23.

Table 23

Percentage of Text Talk by Expert

(I) (IT) (XXI1)
Content Expert 5.9 2.5 7.6
Instructional Designer 3.3 9.3 5.5

The summary of results pertaining to Text Talk,

Verbatim Statements, and Text Knowledge are presented in

Figure 12.
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Task Related Categories

Task Taik.

Segments referring to action or performance were coded
as Task " ‘1k. Specifically, they included: a) the
verbalization of the activity that was being carried out; b)
a statement regquesting a short term goal marked by a 'let's
see 1f...' phrase; c) metacognitive or self-directed
question, intended to give direction to the subject's
subsequent action (e.q., 'where was I?). Group data on this

category are presented in Table 24.

Table 24

Between Groups Mean Datz on Tasik Talk

Content Experts Instructional Designers
g Frequency 15.6 49.6
X Percent (S.D.} 4,2 (1.6) 7.8 (56.1)

Results indicated a larger mean percentage representing
Task Talk for the Instructional Designers (X=7.8>X=4.2).

Within group results are presented in Table 25.

Table 25

Percentage of Task Talk by Expert

(L) (IT) (III)
Content Expert 4.4 2.5 5.8
Instructional Designer 3.7 5.0 14.9
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The information conveyed by Task Talk Statements also
suggested that the performance of each group was based on a
distinctly different frame of reference: one, the domain,
and the other, instructional design heuristics.
Specifically, tasks verbalized by the Content. Experts
included a search for definitions or elaborations of
concepts. The designers' Task Talk made reference to
alignment between parts, consistency in presentation, the
presence of adequate number of examples, self-test

questions, and summaries.

Strateqy Talk.

Performance related statements which referxed to a
routine course of acticn, as opposed to an activity which
was specific to this task environment, were coded as
Strategy Talk. These segments represented some of the
activities which the subjects undertook regularly as expert

reviewers. Between group data are presented in Table 26.

Table 26

Between Groups Mean Data on Strateqy Talk

Content Experts Instructional Deszigners

X Frequency 0.3 9.3
¥ Percent (S.D.) 0.1 (0.2) 1.9 (0.2)

Table 27 contains within group resuits.




Table 27

Percentage of Strateqgy Talk by Expert

(I) (II) (XIIX)
Content Expert 0.0 0.5 0.0
Instructional Desigiier 1.8 2.2 1.7

While overall, Strategy Talk did not represent a larga
proportion of any of the protocols, the number was even
smaller for the Content Experts. This, perhaps was due to
the fact that the performance of *the members of this group
was directly tied in with the text rather than governed by
a particular set ~f "euristics. In contrast, the larger
number of Strategy Talk comments by the Instructional
Designers explicitly referred to evaluation strategies
prescribed by the Instructional Design nodel. This finding
suggests that among designers, there is a degree of
consistency on using the Instructional Design Model as a
basis for formative evaluation. The summary of results on

Task Talk and Strategy Talk are presented in Figure 13.
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Convergence and Divergence on Problem Identification
and Revision 8tatements

In this section, results on convergence of Probler
Identification, and Pevision Statements across subjects will
be presented, and will be follcowed by a discussion. These
data which are presented in Table 28, demcnstrates the
frequency with which a) the same problem is identified, b)
different problems are identified for the same segment, c)
similar revision irecommendaticns are made for the same
problem, and d) different revision recommendations are made
for the same problen.

The numbers in the first column of Table 28 correspond
to those segments of the stimulus text (Appendix T1I) on
which two or more subjects have commented. Problem
Identification and Revision Statements are depicted by white
and black shapes, respectively. Repetition of identical

shapes and colours in a row indicate convergence.

Results relating to the Proulem Identification of the
subjects are presented in Table 29. 'Ratio' represents the
number of subjects which made a comment (left hand numbers
refer to Content Experts and right hand ones to Instructional

Designers} .
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Table 28

Convergence in Problem Identification and Revigsion by Expert
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Table 29

Between Groups Convergence and Divergence on Problem
Identification

Total Ratio
/1 1/2 2/1 3/1

Convergence
Divergence

Gl O
[
[
o

Points of convergence betwsen the two groups on Problem
Identification were on 1inadequate content, typographical
errors, insufficient or redundant information, and poor
spacing and formatting. Divergence was brought forth by the
Content Experts' concentration on content matters and the
designers' on overall inadequacies.

Within group convetrgence was overall higher among the
Content Experts (8>5) (see Table 28). Interestinaly, in
both groups. only one problem was referred to by all three
subjects. Among the Content Experts, twc concurred on
problems regarding erroneous and inadeguate content,
typographical errors, wordiness, and improper use of terms,
while two of theixr counterparts agreed on inconsistencies
between the text and cbjectives, erronecus or unclear
content, and poor formatting.

Divergence was slignhtly lower among the Content Experts
(3<4) . Disagreement was mainly due to the degree cof
specificity of the identified problem. For instance where

one subject designated poor hezdings as a problem, the other
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highlighted overall inconsistency in structure and

presentation.

Convergence and Divergence on Revision Statements
Between group results regarding convergence on Revision

Statements are presented in Table 30.

Table 30

Between Groups Convergence and Divergence on Revision

Total Ratio
1/1 1/2 2/1 3/1 2/1/1

Convergence 10 8 0 1 1 o
Divergence 12 7 3 0 1 1l

Aspects on which there was convergence across groups
included rearrangement, correction of typographical errors,
addition of content, substitution of the format, and
adherence to one format. Disagreement arose from tendencies
on the part of the Content Experts to focus on local
revision suggestions and for the Instructional Designers to
make global revision suggestions.

Within group convergence was higher among the Content
Experts ({6>3), although convergence among all three
Designers was more frequent (3>2). Points of agreement for
the Content Expert group included correction of
typographical errors, addition of content, and substitution

of terms. For the Instructional Designers, they included
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substitution and addition of content and self-tests.

Within grcup divergence was also higher among the
Content Experts (5>2). When either Problem Identification or
Revision wvas considered as an index for assessing
convergence, there was a slight increase in the total number
of times where either groups or individuals converged.

These data are presented in Table 31.

Table 31

Between and Within Groups Convergence on Problem
Identification ana Revision

Total Subjects
4 3 2
Between Groups 13 3 5 5
Within Content Experts 12 - 5 7
Within Group Instructional 7 - 1 6

Designers

These results reiterated the point that each expert
group focussed on different features of the text. Even
within groups, the number of times which group members
agread on a particular instance, was infrequent when it was
compared with the frequency data on Problem Identification

and Revision (see Tables 1 and 2, Appendix VII).

Ravision Statements

Type and lLevel of Revision.

In order to classify Revision Statements by the type
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and level of change, the classification system utilized by
Chorsky in group transformations, and which is typically
referred to in writing/revision research, (e.g., Faigley &
Witte, 1981; Sommers, 1980), was selected. This systen
categorizes revisions according to the type of change
(addition, deletion, sthstitution, and rearrangement), and
the level of change {local and glcbal). Locai, aiso called
"surface" change (Faigley & Witte, 1981) is comprised cf
most copy-editing conventions and other changes which leave
meaning intact. They are generally contained within the
word ov sentence level. Global or '"text-bhase'" changes may
have either minor or major overall consequences for the
text, and may range from adding new examples, to giving the
text an entirely new direction. When revisions of subjects
were classified with this system, the following results
emerged (Table 32).

The results suggest that the Content Experts
concentrated on one secticn of the stimulus text at a time.
Their comments, were mostly related to the factual
information conveyed by the instructional text. The
Designers, on the contrary, made global recommendations.
This suggests that their scope of action extended beyond the
section they were addressing at any given time. The most
coemmon change recommendation appeared to be the addition of
various components to the text in order to facilitate

learning.
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Table 32

Between Groups Percentage ox Type of Revision Change

Content Expert

Instructional Designer

LOCAL CHANGES

X % Addition 45.1
X % Deletion 9.0
X % Substitution 34.8
X % Rearrangement 9.3
GLOBAIL CHANGES
X % Addition 1.3
X % Deletion 0.0
X % Substitution 0.0
X % Rearrangement 0.0

Within group results are presented in Table 33.

Table 33

Within Groups Percentages of Type of Change

Content Expert

Instructional Designer

I IT IIT I II IIT

LOCAL CHANGES
Addition 42.8 13.6 79.1 0.0 47.6 33.3
Deletion 14.2 4.5 8.3 0.0 0.0 3.1
Substitution 16.6 81.8 6.2 0.0 7.1 4.1
Rearrangement 26.1 0.0 2.0 0.0 4.7 8.3

GLOBAL CHANGES
Addition 0.0 0.0 4.1 28.5 21.4 33.3
Deletion 0.0 0.0 0.0 7.1 0.0 1.0
Substitution 0.0 0.0 0.0 14.2 9.5 11.5
Rearrangement 0.0 0.0 0.0 50.0 9.5 5.2
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These results confirm that group data represented
individual data fairly. The Content Experts nearly always
focussed on local changes while the Instructional Designers

commented both on tha local and global levels.

Revision Statement Components.
In order to assess the degree of specificity of the
revision recommendation, these statements were categorized

as having a Revision Action, and Revision Result, and a

Revision Rationale. Group means representing Revision

Statements which ranged from unspecified change to change
which was explicit and included a rationale, are presented

in Table 34.

Table 34

Between Groups Mean Data on Percentage of Revision
Comporents

Content Expert Instructional Designer
Action 7.9 9.4
Action/ 11.0 4.7
Result
Action/ 6.1 34.7
Rationale
Action/ 74.8 50.8
Result/
Rationale
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Results suggest that the Revision Statements which were
most complete, were made more frequently than those which
were not explicit and/or did not contain a rationale. The
inadecuate elaboraticn on the remaining Revision Statements
could have been due to the nature of the experimental task

which required the subjects to think aloud.

Within group results are presented in Table 35.

Tabkle 35

Within Groups Percentage of Revision Statement Components

Content Expert Instructional Designer

I II II1 I II ITT
Action 23.8 0.0 0.0 14.2 14.2 0.0
Action/ 28.5 4.5 0.0 14.2 0.0 0.0
Result
Action/ 14.2 0.0 4.1 42.8 42.8 18.7
Rationale
Action/ 23.3 95.4 95.8 28.5 42.8 81.2
Result/
Rationale

As evident, the same trend persisted across subkjects.
With one exception (Instructional Designer II), the majority
of the statements included a Revision Result, or a Revision
Rationale. This pattern was particularly prominent among the
Content Lkxperts. This outcome could have been brought forth

by the tendency to make revision recommendations on the




pis,

local level, and for a specific problem. On the contrary,
because the Instructional Designers tended to make global
recomnmendations, necessarily their statements were less

specific.

Sequence of Coded Categories

The sequence of cocded segments charted the processes of
formative evaluation. (Three sections from each protocol
are presented in Appendix V. This selection represents the
beginning, the middle and the final portions of each
protocol.)

The observed processes are summarized below:

CONTENT EXPERTS

1. Begin by reading the first section:; suspend
reading; evaluate the read section.

2. Use the text as a source of information on which
they comment.

3. Restrict the range of Evaluation, Problem
Identification, and Revision Statements to the
preceding Verbatim Statement, thus functioning
on a local level.

4., Maintain a consistent pattern thrcughout. Pattern
consists of a Verbatim Statement, followed
Evaluation, Problem Identification and/or Revision
Statement.

5. Refer to domain knowladge for setting up goals and
criteria for formative evaluation.
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INSTRUCTIONAL DESIGNERS

1. Begin by reading or skimming the entire text before
making any evaluative comment.

2. Use the text as data input as well as for comparing
content.

3. Extend Evaluation, Problem Identification, and
Revision Statements to the entire text, thus
functioning also on a global level.

4. Begin by an overall evaluation of text, and end by
summerizing all the recommendations deemed
necessary.

5. Refer to design and pedagogical knowledge for
setting up goals and criteria.

General Discussion

The results of the current ztudy suggest that there are
differences between and on a general level, similarities
within group membears. Disparities which were observed in
both the outcome, that is the product, and the processes of

formative evaluaticn, will be discussed in this section.

Between Group Differences

The outcome of formative evaluation was depicted by
four categories: Evaluation, Problem Identification,
Revision, and Knowledge Statements. Two findings were
derived from the guantitative attributes of the data on
these categories. One of the findings was that each expert
group fo.med distinct task representations, and interpreted

their role in fermative evaluation in a unique way. The
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Content Experts functioned as 'specialists', while the
Instructional Designers behaved more like 'generalists'.

The most apparent reason for this tendency might be
that formative evaluation is a familiar task for an
experienced instructional designer whereas it may be novel
activity for a content expert. Instructicnal designers
routinely engage in formative evaluaticn, sometimes
independently and sometimes as coordinator and implementor
of revision recommendations which are in turn collected from
a team of experts (Bowler, 1978; Nevo, 1977; O'Donnell,
1985) . This routine, necessarily, familiarizes them with
the types of comments which specialists, including supject
matter experts, teachers/trainers, and graphic artists
render. In fact, numerous checklists published as job-aids
for formative evaluators provide guidelines for addressing
aspects of materials which extend beyond design expertise.
(See Saroyan & Geis, 1988 for a list of 1009 items compiled
from 48 such checklists.)

Content experts, on the other hand, are typically
called upon as resource persons and are generally expected
to comment on domain rather than design or pedagogical
issues. Hence, in interpreting their task, they rely
heavily on that aspect of their expertise for which they are
usually consulted.

It should be pointed out, however, that this
'generalist® role is not necessarily superior to that of a

'specialist'. Results from this study indicate that comments
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made by the Instructional Designers on content issues arose
only when these subjects found the described concepts
unclear or inadequate. Other significant inadequacies, such
as erroneous coptent were often missed. An example of this
disparity was observed in the comments made on one segment
by Content and Design Experts. Where all three Content
Experts found fault with the usage of Fahrenheit instead of
Celsius in an example within a Yscientific text", and
recommended the conversion of the unit, the instructional
designer tound the example very ‘crisp' and effective. Such
evidence lends support to the assertion that ins+ructional
designers do not necessarily identify the same inadequacies
in the text as content euperts. They are particularly
ill-equipped to identify erroneous content, and are
therefore, unable to make appropriate revisions.

This finding has significant practical implications. A
limited task representation on the part of the Content
Expert may inhibit this type of expert from fulfilling
requirements of a successful formative evaluatcr.
Conversely, instructional designers as 'generalists', may
and will attempt to present facts and concepts in a
systematic and consistent fashion, and may be able to make
the text more appealing to the learner by rearranging the
format, headings, and visuals. They may further be able to
identify complications in the narrative. Yet they fall short

in specifying content errors and, moreover, are unable to

fix them.
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The stimulus text used in this study is a good example
of a text which was initially developed by instructional
designers with some initial input from subject matter
experts. This product clearly demonstrates that when facts
are manipulated and presented as a discourse by
instructional designers who do not necessarily possess a
knowledge of the subject matter, they may get distorted and
become unacceptable to the content expert revisers in a
second round review. In forming a team of formative
evaluators and projecting a budget for this process, the
limitations of using only one kind of expert should be
considered. Moreover, since the results of this study
indicate that members of either group tend to interpret
their task in the same way and on a general level comment on
similar issues, it may be more beneficial to have, for
instance; one of each group instead of two members of one
group in a formative evaluation tean.

Other evidence on greoup differences was observed in the
qualitative aspect of comments generated by the members of
each group. Disparity was witnessed in Evaluation
Statements, Problem Identification, and in the type of
Revision Statements. For instance, almost all of the
Revision Statements of the Content Experts were local and on
the word or sentence level, while those of the Instructional
Decsigners were also for the overall improvement of the text.

The particular finding regarding Revision Statements is

interesting in that, in a way, it resembles other studies
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which have compared revisions of expert and novice writers
(Bartlett & Scribner, 1981; Flower & Hayes, 1977; Markman,
1977;: NAEP, 1977 ; Sommers, 1980; Stallard, 1974). They have
concluded that when making changes, skilled revisers first
revise globally and then locally, while the unskilled,
novice revisers attend to the word level.

Results of the current study indicate that the revision
of the Content Experts is similar to novices, while the
Instructional Designers perform in a manner which closely
resembles the expert reviser. As suggested earlier, it is
possible that this difference is closely tied to the degree
of experience in formative evaluation, i.e., review and
revision.

The data also pointed to the distinction between the
two groups in the strategiess they adopted to perform the
formative evaluation task. Three sets of strategies were
identified as being representative of one of the two groups:

a) content versus heuristic driven strategy:

b) sequential versus comparative strategy:;

c) 'expert' versus 'naive learner' strategy.

A: Content versus Heuristic Driven Strateqy

The results of several sets of data suggested that each
of the expert groups depended upon a distinctly different
heuristic in guiding them through the task. While the
Content Experts based their evaluation on heuristics

dictated by the domain, the Instructional Designers used the
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Instructional Development (ID) model and the heuristics
recomnended by it to evaluate the text. Evaluation, Problem
Identification, and Revision Statements suggested that
Instructional Designers carry out their evaluation by
assessing the degree of adherence of the text to the
prescriptions of the ID model. One major criterion in this
evaluation appeared to be the alignment of various parts of
the text. Another was the validity of both the ccurse and
lesson cbjectives in terms of accomplishing the set goals.
These standards concur with recommendations which have
appeared in the instructional design literature regarding
the development of sound instructional material. For
instance, Burkholder, (1981-82), Choi et al., (1979),
Merrill et al., (1979) have cited 'consistency' and
'adequacy' as two of the most important attvibutes. Other
recommended criteria include: a) adhering to wresentation
principles in order to enhance learning such as effective
highlighting, b) maintaining consistency in typeface, <)
avoiding right justification, and d) placing visuals within
a close proximity to the text (Felker, Redish, & Peterson,
1985; Hartley, 1978, 1981; Smillie, 1985; Wright, 1985).
This finding is significant in that it suggests that
Instructional Designers function more on the basis of a
system rather than intuition. Nonetheless, it also points
to a disadvantage. Basing evaluation on consistency and
adequacy presumes that the content is accurate and relevant.

While it is interesting that despite the lack of domain




knowledge, all three Instructional Designers commented on
this issue, it emphasizes shortcomings when it comes to
detecting erroneous or irrelevant content. Data on Task Talk
and Strateqgy Talk also confirmed that the ID model had a
direction giving function for the Designers. The short term
goals coded as Task Talk confirmed that Content Experts
searched for definitions or elaborations of concepts. The
designers looked for such things as alignment between parts,
consistency in presentation, and the presence of adequate
number of examples, self-test questions, summaries and
overviews.

The near absence of Strategy Talk from the protocols of
the Content Experts, and the verbalized strategies by the
Instructional Designers clearly indicated that the latter
group functicned on the basis of a system rather than
reacting spontaneously to the stimulus text.

Additionally, a sequence or chain of Revision
Statements in the Instructional Lesigners' protocols
confirms that this group carried out their task on the basis

of a plan, and not intuition.

B: Sequential versus Comparative Strategy

Closely tied with the strategies discussed above is the
way in which the stimulus text was used by each group. Data
on Verkatim Statements suggest that the Content Experts
interacted with the text sequentially, thus using it as the

source of data for fcrmative evaluation. The Instructional
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Designers, on the other hand, used the text comparatively.
This implied that the text was not necessarily read in
sequence, kut rather, sections from various parts were read
subsequent to one ancother in order to ascertain that the
given information was consistent throughout, and sufficient

enough to achieve the objectives.

As discussed in the previous gection, the Content
Experts assumed a 'specialist' role as compared with the
‘generalist’' role of the Instructional Designers. In
addition, the latter group members assumed a secondary role
as a naive learner, and attempted to study che content as a
potential user would. In doing this, they strived to
identify and anticipate the difficulties which a naive
learner was bound to encounter.

Several sets of the data lend support to this view. For
instance, data on Text Knowledge which represents
information gained from the text suggest that there is a
higher percentage of Text Knowledge Statements for
Instructional Designers than for Content Experts.
Furthermore, as a response to the test questions, Text
Knowledge Statements appear only in the protocols of the
Instructional Designers. The Content Experts, on the other
hand, evaluated questions at their face value rather than
using them as an additional scale for assessing the

effectiveness of the text. Finally, a number of the
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Evaluation Statements of the Instructional Designers
represent an evaluation of personal performance on the test.
This is also perceived as an indication that a successful
performance on the test translates inteo a favourable,

although indirect, evaluation for instructional designers.

A Process Model cf ¥Yormative Evaluation

The processes observed in the fcrmative evaluation of
Content Experts and Instructional Designers are quite
similar to the revision processes of expert writers which
was described in the Literature Review section. The Process
Model of Revision, conceptualized by Hayes et al. (1987),
(see page 24), can be slightly modified in corder to describe
the behavicur of the experts of the present study.
Primarily, where Read is branched out intc Comprehend,
Evaluate, and D:fine Problems, the processes could be
meodified to Comprehend , Compare and / or Evaluate to
accommodate the strategy which typically the Instructional
Designers applied. Secondly, although Evaluation (as
defined in this study, and more specifically Problem
Identification are processes which necessarily take place
before a modification is made, their verbalization may occur
after the revision itself. For instance, after reading a
text which contains a typographical error, the subject may
say: I'm going to change ‘and' to 'an'/ the 'd' is extra/.
In such a case, the sequence of the processes presented in

the model does not adequately represent the cbserved
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processes. A more suitable sequence for the Processes is

suggested in Figure 14,

TASK DEFINITION

PROCESSES KNOWLEDGE

Read to: —)

Comprehend

*Compare and/or Evaluate

b

¥ 3
Evaluation Revision
.positive .action
.negative <=-=-> Problem <==> .result

Identification .rationale

FIGURE 14. Processes of formative evaluation

This sequence suggests that the verbalization of any of
the three types of comments could be made immediately after
interacting with the stimulus text. These comments are not
bound in their sequence, nor are they mutually inclusive. In
other words, Evaluation, Problem Identification, and
Revisicn Statements may be made any time, and may appear
alone or in conjunction with either or both of the other two

comments. The Knowledge component of the model adequately
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represents the influence of the particular domain knowledge
in setting goals and the criteria for an acceptable

formative evaluation.

Within Group Similarities and Differences

Resemblance among group members was observable in the
strategies employed rather than the outcome of formative
evaluation. In the latter instance, resemblance was confined
to a superficial level. For instance, as a rule, the comments
of the Content Experts were mostly Content related while the
Instructicnal Designers commented on various aspects of the
text.

On a deeper level, the disparity among group members became
more apparent. As the data indicated, there was generally a
higher range of variability within the Instructional Designer
than the Content Expert group. The Evaluation data suggest
that the degree of dependency on various aspects of ID model,
which by itself, was one common factor among the designers,
varied among the three subjects, with about equal amount of
concurrence between any two of the three experts. This was
apparent from the different weighting on Problem Identification
and Revision Statements. The variety in the specific comments
in each of these two categories suggests strong idiesyncratic
tendencies in addressing particular features of the text.

Convergence data on Preblem Identification and Revision
sugges~ that nearly always the same erroneous or inadequate

content was detected by the Content Experts. Similarly,
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inconsistencies between the objectives and text or test items
were peointed out by the Instructional Designers. However,
other types of problems were less frequently detected
unanimously.

In sum, the results have helped define the processes of
formative evaluation and have suggested that Content and
Instructional Experts use different strategies to carry out
this task. Furthermore, on a superficial level, there are
similarities in the types of comments within expert groups.
However, comments become less similar when analyzed on a
deeper level.

The conclusions drawn from the results and the
implicaticns of the findings will be presented in the next

chapter.
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CHAPTER V

CONCLUSION AND RESEARCH AND YPRACTICAL IMPLICATIONS

Several conclusions are drawn from this study regarding
the process as well as the product of formative evaluation.
On the basis of the qualitative data, the process of
formative evaluation, as carried out by Content and
Instructional Design Experts, can be described using the
following terminology: Evaluation, Problem Identification,
Revision, Knowledge Statements, Text Talk, Verbatim
Statements, Text Kinowledge, Task Talk, and Strategy .alk.
Future data from studies which include other types of experts
can ascertain whether or not this terminology is indeed the
most comprehensive and parsimonious definition of the
processes of formative evaluation.

Previous research has purported that much of the
outcome of formative evaluation is dependent upon the skill
and intuition of the expert instructional designer. The
results of this study indicate that this statement is partly
true. Specifically, it is argued that the Instructional
Designers® performance is undeniably linked to, and driven by
the heuristics of the instructional design model.
Fuxrthermore, the performance of the Content Experts appears
to be governed by domain knowledge. Both sources of
knowledge,. in particular the design heuristics, provide a

point of reference to evaluate the stimulus text, and to
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identify existing weaknesses. This results in greater
consistency within group members in evaluation and problem
identification. However, in making subsequent revision
recommendations, the instructional design model does not
provide revision heuristics. Thus, when evaluations and
problem identifications are translated intc actual revision,
within group differences are likely to be more salient among
instructional designers than among content experts. The
strong reliance on respective areas of expertise also seems
to influence the selection of similar strategies to carry out
formative evaluation by memkers of each group.

It has been argued that there are further qualitative
differences between Content Experts and Instructional
Designers. Differences are more apparent in the Evaluation,
Problem Identification, Revision, and Knowledge Statements.
More specifically, it is contended that:

1- Content ExXperts generally comment on content-related
issues while Instructional Designers comment on other
aspects, including the design, content, presentation, and
pedagogical value of the text. This "specialist" versus
"generalist" role confirms previous assumptions which have
been made in the literature.

2- Content Experts may, despite their pedagogical
experience and familiarity with the target audience, refrain
from commenting on the pedagogical aspect of the text.
Conversely, it appears that Instructional Designers place

emphasis on pedagogical issues and the needs of the potential
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user. In fact, as observed in this study, instructional
designers may assume the role of a 'naive learner', and may
use this technique to evaluate the effectiveness of the text.

3~ Content Experts appear to direct their revision
recommendations to sections which they are currently
evaluating; in other words, they revise locally.
Instructional Designers, in contrast, do not seem to be bound
to a specific section. They tend to render recommendations
for revision which are global in nature and have overall
implications.

4- text features which seem to consistently draw the
attention of Content Experts are: typography, redundancy,
inadaquacy, ambiguity of concepts and terms, and the
appropriateness of examples. Instructional Designers, on the
other hand, tend to notice weaknesses in the design,
formatting, organization, consistency, instructional quality,
and the appropriateness of the objectives and exercises
within the text.

5- the degree of convergence on any Problem
Identification and Revision comments, between two or more
experts more (Content and Instructional Design) is less than
25% of the time.

6= as a group, Content Experts seem to converge more
with their colleagues than the Instructional Designers do
with theirs. While the former group is more likely to concur
on comments regarding the inaccuracy or inadequacy of

content, the Instructional Designers converge on issues such
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as inconsistencies between various parts of the text, and
poor formatting.

Given the importance of formative evaluation and its
potential effect on the improvement of instructional text,
the findings of this study have broad implications for future
research as well as practice.

The vast majority of the empirical studies cn formative
evaluation have been product -or outcome-oriented. In order
to understand a phencmenon such as formative evaluation
completely, it becomes evident from results of this study
that in addition to the product, the processes of this
activity also need to be characterized. The study of
formative evaluation in a problem-solving context has also
provided a model for future, theory based research in this
area. The innovative application of the think-aloud method
of data collectiorn, and the development of a comprehensive,
reliable coding scheme, have possibly provided the necessary
tools to pursue this line of research. Future replications
of this study could add further credibility to this
methodology. Other investigations may introduce variations
in terms of types of experts or the medium of instruction
used as the stimulus text.

In the present study, an initial attempt was made to
conceptualize a process model of formative evaluation.
However, this model could be further tested and advanced with
data from cther experts sources as they perform formative

evaluation.
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The detailed qualitative analysis of the data and the
conclusions drawn herein, have potential implications for the
practitioner who conducts formative evaluation. It has been
concluded that content experts and instructional designers
comment on different aspects ot the text. Furthermore, the
exact nature of these comments have been explicated. This
information allows the practitioner to gain insight regarding
the ccope and linitations of comments gesnerated by content
and instructional designers in a formative evaluation
project. It has further been contended that the inclusion of
both types of experts as a team 1is more likely to yield
results superior to the separate involvement of each type of
expert in the same project. This knowledge can reduce
duplication in effort, can increase afficiency, and can yield
an optimal product which is mutually acceptable.

This study also has concluded that on a more
microscopic level, the comments within groups will not be
necessarily similar. This finding may raise this question
for the practitioner: What is a viable number of experts from
each group in order to elicit the most comprehensive set ot
comments regarding problem identification and revision? It is
important to remember that while comments vary greatly when
examined on a very detailed level, either set of experts,
consistently comment on specific issues. 1In practical terms,
several instructional designers or content experts will most
likely concur on gross inadequacies in the text determined by

their frame of reference. Thus, in case of hudget and/or
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time restrictions, it would seem preferable to select
evaluators representing different fields of expertise rather
than several from one group.

Finally, the rotion that content experts with
considerable teaching expertise will not necessarily comment
on the pedagogical value of the text is a sobering finding
which has far reaching educational and practical
implications. 1In past ¢nd present practice, many textbooks
have been written and reviewed by subject mnatter experts
alone. It has been argued that in order to ascertain the
pedagogical value of instructional materials, it is eminently
impertant to consult with other sources of expertise which
are more sensitive towards the needs of the students, before

the product is published.

In sum, this study has descriped the processes of
formative evaluation as observed in the performance of a
review task by content and instructional design experts.
Furthermore, it has emphasized the qualitative differences
which exist between the two types of experts, and nas
identified and described levels on which experts are likely

to converge and diverge in their comments.
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APPENDIX I-A

DESCRIPTION OF YOUR TASK

During the course of instructional materials
development, it is suggested that materials be reviewed by
various experts and potential learners to enhance the
effectiveness of the final product.

As a Content Expert who teaches microbiology and is
knowledgeable about dental hygiene students, you are given
the task of revising a section of the accompanying module
which has been drafted for first year dental hygiene
students in the United States. This section is the second
unit and is called The Relationship of Microorganisms to
Environmental Conditions, Disease and Immunity.

Revising is broadly defined as any of the changes you
make excluding the total replacement of the text. For
example you may want to alter the vocabulary, add or take out
examples, change some of the content or presentation.
Anything is acceptable.

While you are revising, you are also asked to speak your
thoughts out loud so that your thought processes could be
recorded. This technique is called think aloud and as you
now Know, it means verbalizing out loud all the thoughts,
guestions, comments, strategies that go through your mind
while you are performing a task. This does not mean
analyzing what you are doing; just amplifying your thoughts.
Make sure you write in the changes you think are necessary
and verbalize what you write.

It is very important that all the revisions be clearly
legible. If you happen to change your mind once you have
already revised a portion, simply cross it out with a single
line and write in your new comments. Every comment you make
is valuable to this research. Your revised text will
represent a product that is considered a final draft by you.

Thank you again for participating in this study and
REMEMBER TO:

WRITE IN AND VERBALIZE ALIL YOUR REVISIONS
THINK ALOUD ASB YOU REVISE
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APPENDIX I-B

DESCRIPTION OF YOUR TASK

During the course of instructional materials
development, it is suggested that materials be reviewed by
various experts and potential learners to enhance the
effectiveness of the final product.

As an Instructional Designer, you are given the task of
revising a section of the accompanying module which has been
drafted for first year dental hygiene students in the United
States. This section is the second unit and is called The
Relationship of Microorganisms to Environmental Conditions,
Disease and Immunity.

Revising is broadly defined as any of the changes you
make excluding the total replacement of the text. For
example you may want to alter the vocabulary, add or take
cut examples, change some of the content or presentation.
Anything is acceptable.

While you are revising, you are also asked to speak
your thoughts out lcud so that your thought processes could
be recorded. This technique is called think aloud and as
you now know, it means verbalizing out loud all the
thoughts, questions, comments, strategies that go through
your mind while you are performing a task. Thi=s does not
mean analyzing what you are doing; just amplify .j your
thoughts. Make sure you write in the changes you think are
necessary and verbalize what you write.

It is very important that all the revisions be clearly
legible. If you happen to change your mind once you have
already revised a portion, simply cross it out with a sirgle
line and write in your new comments. Every comment you make
is valuable to this research. Your revised text will
represent a product that is considered a final draft by you.

Thank you again for participating in this study and
REMEMBER TO:

WRITE IN AND VERBALIZE ALL YOUR REVISIONS
THINK ALOUD A8 YOU REVISE
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MICROBICLOGY RELATED TO STERLIZATION AND DISINFECTION Fage 12
ENVIRONMENTAL CONDITIONS, DISEASE AND IMMUNITY C)

INTRODUCTION Certain conditions in the environment
promote growth of microorganisms while other
conditions sctually slow growth or kill
MiICTOOTgan1sms @ Depending upon these
conditians., the microorganisms can produce
disease 1n humans or they can be rejected by
barriers proouced 4y the bodg@

OBJECTIVES 1 Define and spell terminologuy @

a aercbic @ g cross 1nfection %
b anaerobic h virulent
C Tesident > 1 immunity—-—natural,
mlcroorgarusm arti1ficial, active—e
d infection @D passive
autagenic | J phagocgt051s®
infection k portal of entrg@
f envnonment@ 1 immunity——natural ®
2 List at least four types of environmental
factors which affect microorganisms
3 DescrTibe the Tole microorganisms play in the
process af 1nfectian &)
4 List and explain the barrier the body has tao
infection QE>
o) List the different types of 1mmunity and
give and example of each @
& List the pointg (portals) of entry af
micTOoOTganisms @
7 Describe and give an example of each method
of disease transmission G@)

ENVIRONMENTAL The envitonmental conditions which atffect
CONDITIONS the graoawth and multiplication of
microorganisms 1nc1ude:@

1 type of Pood available, @
2 moisture 23

3 temperature

4 oxygen requirements @

S amount of light present‘@

It 15 1mportant to realize that different
MiCroQrganisms Tequire varying environmental

conditions for optimal growth. These
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conditions become expecially 1mportant in
relation to sterilization and disinfection.

RELATIONSHIP TO
STERILIZATION
AND DISINFECTION

[t 15 essential to know which of %these en—
viroenmental conditions can be controlled to
destroy harmful microorganisms and attain
sterilization é} For example. 1¥ we know a
certain microorganism requires a temperature
of 98 +to 100 degrees Fahrenheit to live,
then rtaising the %emperature several degreas
above that level may ki1ll 1t This 1s
essentially what 1s dane duraing the
sterilization process é@

A pragrom tao control harmful microorganisms
1n the dental office environment consists af
those sterilization methods which kill the
most resistant and harmful m1croorganzsms(:>

FOOD, MOISTURE,
AND TEMPERATURE

Microorganisms each have their own specilfic
requitTements for these three environmental
conditions @é} Much research has been
conducted to determine the combinations of
these conditions necessary tao maintain the
life af harmful microoTrganisms
Steri1li1zation often changes oaone or all of
these conditions to kill the microorganism
and thus make 1t harmless

OXYGEN AND
LIGHT

Cxygen (H{Og

MicToorganisms also differ 1n their neea for
oxygen Aderanic micToorganisms Tequlre
axygen 1n their environment 1n order to grouw
andg multiply @ Anaerchic MICTOOTQg&EN1SMS
require an absence of oxygen _1n their

envirgnment 1in oraer to grow.GEQIn other
words, 1f any oxygen 15 present in the
environment, the anaerobic microorganisms
will die

Microorganisms also differ i1in the amount of
light they require to grow and multiply
Some require a great deal of light while
others actually require darkness to pramote
growth EE;

D)

Gs)
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(’” VIRUEES

Viruses have varying requirements for
enviranmental conditions i1n which to grow
and multlplg.@Spec1Fic viruses require

specific conditions @One thing that 13
essential to the growth of any virus 1s the
presence of some living tissue. @
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ROLE OF MICROCRGANISMS IN PRODUCING DISEASE

MICROORGANISMS
IN THE BODY

Some microcrganisms are helpful to man and
sNme are harmful(Z)It 15 possible that in
some quantities some microorganisms have nao
effect on the body, but i1n larger quantities
may produce disease (Ghe body varies in 1ts
response to the precence of microorganisms

RESIDENT
MICROORGANIEMS

Some microorTganisms are normally present
within the body QiEThese are known as
resident m1croorqan15ms(§§The oral cavity s
a gnod example of a part of the body where
resident microorganisms may be Found(&@lt 1s
important to understand that the resident

M1ICTOOTGgaNIsmMs normally found in one
persaon’‘s mouth may be different from those
MmlicrooTrganisms found 1T someone elese’s

mouth (SYThe resident microorganisms found 1in
the mouth may not be‘normallg present 1n
other parts of the body (53)

TRANSIENT
MICROCRGANISMS

Tramslent microarganisms are not normally
present 1n the bodgggaTheg are transient, or
present temporariliy, in  the body (eo)These

frilcroorganisms may be present 1n the
environmentyg oT be the resident
microorganisms from someone els&’s bodg\EDIr
addition, microorganisms which are resident

to one area of the body may be transient to
another area of the body %L

For example. certa@in Mi1C€TOOTQgAaN1SMS are
normally found on the finger or are resident
theve GESIF you Tub your eye with your
finger, some of the resident microerganisms
may be transferred to the eye, where they
are not normally Found(EDTheg would then be
callad transient microorganismsg_and 1n some
instances could cause dlseaseCEQ

TYPES OF
INFECTION

Infection When a microorganism enters the
body, multiplies, arnd causes a reaction,
this process 15 known as an 1infection.

Autogenous infection An infection 1S known
as an autogenous i1nfection when 1t 1s caused
by a resident mzcroorganlsnu@aIt 1s usually
the recsult uf Tresident micTOOTgaNi1sms
peretrating 1nto an &rea where they do not
normally res;defZ§ For example, 1f resident
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microorganisms 1n the mouth penetrate the
oral tissues during an ingection of local
anesthesia and cause an 1nfection, this
would be known as an autogenous i1nfection. @ED

Cross infection An infection 1s known as a
CTOSS infection when 1t 1s caused by
microovganisms transferred from one persaon
to another GEQFbr erample, if you di1d not
wash your hands properly (or wesr gloves)
and a microorganism from your hand entered a
patient’s mouth and caused an ainfection, it
would be known as a cross 1nfect1nn(§b

Carrier of infection’ A "carriert 15 3
person whe carries or has present 1in the
body a disease—producing microorganism:, but
does not exhibit ovbservable symptoms of the
dxsease\éQHowever, the carrier can transmit
the disease—producing microorTganism and the
disease to any other 1ndividual who may be_ _
suseptible to the particular microorganism @3
Faor example, an 1individual may carry ¢the
microorganism that causes hepatitic and yet
never exhibit the symptoms of the disease or
every have hepatitis. Whern the carrier
comes 1nto contact with others (s)he can
transmit the_  actual disease to the other
individuals

FACTORS NECE
SARY FOR THE
DEVELOPMENT
INFECTION

—
—
-—

QF

m

Several factors are necessary for the devel-—
opment of an infection Jo

The microorganism must enter the body in
sufficient numbers (Ea

The microarganism must be virvulent EE@Thxs
means that 1t must be capable of overcoming
the body’s defenses and capable of
destroying healthy txssue.ﬁf@

The body must be suseptible to the d1sease.&§9
In other wards, 1f the body has developed
immunity to the diseasa, 1t will not be
affected by the microorganism (!

The microorganism mus t te transmitted
through _ the proper Troute, or portal of
entry @
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- PCRTALS OF EN%R{
€4
1
2.
3
4
S.
&
7
8.

For infection to occuvr, it 1s necessary for
the microorganism__ to enter the bady wvia an
appropriste route These poants, o7 portals
of entry, 1nclude Y

the skin, usvally at the site of a cut or
scrape:. @

the respiratory tract:@&)

the oral cav1tg;ﬁ§9

the nasal passages,

the wigestive tract. 39

the genitourinary sgstem:@ED

the placenta,\gb

any site where trauma occurs@ﬁ)

A microorganism at one site may not cause a
problem, but may cause an i1nfection when 1t
enters at the appropriate portal of entry K3
For example, & microorganism which causes a
respiratory 1nfection must enter through the
mouth or nose to produce arn i1nfection in the

lungséfb

FUNCTION OF
BARRIERS TO
INFECTION

In order to produce a disease orT 1nfection,
the microorganism must overcocme vaT1ious
barriers an the body’s surface or at the
portals of entry 9 The function of the
barriers, thern, 18 to prewvent the
microorganisms from entering the body and
therefore prevent disease

CATEGORIES OF

BARRIERS

The body has a number of different barTiers
which preyent microorganisms from producing
dlsease 91 These barriers may be categorized

1) mechanical, 2) chemical, and

3) physiologic {]9)

MECHANICAL
BARRIERS

The human body 15 designed 1n such a way
that 1t antively and mechanically prevents a
great nuraber of microorganisms from entering
1t<b1ﬁe skin 15 a goecd example of such a
mechanizal barrier {Qos) The <ceils 1n the top
layer of skin are "fough" and prevent
MICTSYTga3N1SMS from entering the btody, much
like the skinm of an orange protects the
frust 1ns1de(EE The body also has various
reflexes which provide mechanical barriers
to mxcroorganlsms\LJ)Exampxes ¢f protective
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reflexes are the btlink of an eye or a
sneeze (6»Both of these reflexes help to
prevent microorganisms from entering <the
bedy @9

CHEMICAL BARRIERS

The second category of barriers are chemical
in  nature QEQVar1ous body fluids contain
thgredients which destroy microorganisms.
An example of this type of barrier 1s the
fluid known as gastric juice, found 1n the
stomachiEBThe gastric juices contain certain
chemicals wnich help to destroy
micToorganisms and thus resist i1nfection.dok

PHYSIOLAGIC
BARRIERS

Physiology 1is the science that deals with
the function of various parts and organs of
living organisms Q§§

Physioiogic barriers, the largest categoTy
of barriers to 1nfectlon, are the natural
barriers produced by normal bady function
These body functions resist the i1nvasian af
MICTOOTgaNn1sms (EQ Threae examples of
physiclogic barriers are phagocytosis,
temperature increase; and i1mmunity <ED

PHYSIOLOGIC
BARRIERS
PHAGCCYTASIS

Phagocytosis 1s a natural defense mechanism
In this pgrocess, certain white blood cells
seek gut disease—producing MLICTOGTGAanN1sms,
surraound them, and actually cdestroy them (EQ

[

®

PHYSIOLIGIC
BARRIERS
TEMPERATURE
INCREASE

The body also teacts to microorganisms by an
INcTease 1n temperatureﬂ@Tme proper temper-
ature 1s needed by microorganisms 1in order
to grow and multiply d} When the body’s
temperature rises, micCTAC.ganlsms are na
longer able to grow and are ssuvally

destroyed (Eg

PHYSIOLOGIC
BARRIERS
IMMUNLITY

The body’'s most complex bharrigr o micro-
organisms 1s known a3 immunity Y Immunity 1s
a complex veaction that resists i1nvasion and
disease production ability of
m1croorgan15ms(§Immun1tq may be broken down
into the following categories. (4
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I. WNatural or inherent 1immunity Natural
- immunity gccurs n certain races an
. —
individuals (29
A. Race Some Taces of people are
rasistant to certain diseases and the
miCcTooTganisms that produyce those
diseases (o}
B. Individual Some individuals have
something 1n their genetic structure

that makes the 1ndividual naturally
resi1stant to certain diseases Qiﬁ)

immunity Immunity acquited after

A

Natural
/\
7/ \
/ \
Race Individual

concepfion can
nature QE?

be natural or artificial 1in

Natural

L. Active This i1mmunity 1s acguired
by the attack o a disease QEE

2. Passive This immunity 1s
transferred from mother to child
thraugh the placenta during
pregnancy {g@

Artificial

1 Active Vaccination produces this

introducing specific
microorganisms 1nto the bady (in
small amounts) the body’s 1mmune
system 15 activated @33

Passive By 1njyecting a specific
substance 1nto the body, 1mmunity 1s
produced for a short period of time 123

X

immunity (ao) By

n

AcquaTed
/\
/' \
/ \
Matural Artificial
/\ /\
7/ \ / N\
/ \ / \
Active Passive Active

Diagram of Immunity Systems (24
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INTRODUCTION Microorganisms can be transmitted in three
different ways: \ED)
*direct contact (34
*indirect contact
*insect carrier )3y
OBJECTIVES After reading this section and completing

the related self-test, you will be able to
describe _the methods of disease trans-
mlsSJon.Qgg

DIRECT CONTACT

Direct contact is an immediate transfer of
microorganisms to appropriate portal of
entry into the body(@?An example of direct
method of transmissjiqn would be touching a
contaminated person.3¥ "Contaminated”, in
this context, means that the person has the
harmzful m1croo:gan15nuj§§0ther examples of
direct transmission are kissing, sneezing

cougning, talking, and sexual lncercourse.qga

INDIRECT CONTACT

Indirect methods of transmission 1nclude

vehicle~-borne, vector-borne, and airborne4j@

*Yehicle-borne. The mlcroorganism 1is
transmitted via contaminated materials
or objects (vehicles) such as toys,
handkercniefs, soiled clothing, bed-
ding, surgical i1nstruments, water,
food, etc.

*Yactor-porne. This refers %to simple
mecnanical carriers of disease sucn as
crawling or flving insects. (M

*Airborne. This involves aerosols
(minute partilcles) that are suspended
in the air.¥These aerosols are
transferred to a suitable portal of
entzy througn tne air. (T4

S/

INSECT CARRIERS

Insect carriers provide a third method of

transmission of mlcroorganlsms&EQ A good
example of an insect carrier is a certain
species of mosquito that is responsible for
carrying tie MmM1Croorganisam that causes

malac1a.<§§

DIFFERENCE
BETWEEN INSECT
VECTORS AND

INSECT CARRIERS
43q

Insects may classified as either vectors
or carriers{MM3 Insect carriers ars those in-
sects that ~<arry speci1fic microorganisms
responsiple for specific diseases, while
1nsect vectors may carry a numper of
different kinas of organisms due to the
unclean environment in which tnev live.'@i@
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SELF-TEST 2

1.
A.
B.
C.
D.
E.

2.

3.

4

5.

Name at least three of the five environmental
conditions which affect the growth of

microorganlsms.ﬂq@

®

Microorganisms which Ttequire oxygen 1n thesr
environment are called

&)

What special environmental conditions do viTuses
require that other microorganisms do not require?

Microorganisms normally present in the body are
known as

microorganisms, while those which are temporTary
are known as

MICTOOTgAN1SMS, 193

When a microorganism enters the body, multiplies
and causes & reaction, the process 1s known as

a(n) CE%D
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RELATED TO STERLIZATION AND CISINFe.lION Page 22

An 1nfection causgd by resident microorganisms is
known as a(n) \IS9)

cross 1nfection WSY
autogenous i1nfection ST

transient 1nfection S
carrier 1nfection 1S%
What “our factors are necessary far the

development of infection® q;;

D)

Name at least five of the cight portals of entrmy
discussed 1n the module. QEB

E.

The skan 15 an example of ain)

barrier to
1nFect10n.€§b
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SELF-TEST 2
10. Which of the fullowing 1s not considered to be a
physiologic barrier? 1S
a gastric jJuice QEQ
b pagocytnsis 163
o immunity T
d baody temperature |q
11, Individuals who have s rtesistance to disease
because of thesr agenetic structure have what type
of 1mmunity”
12 Vaccinations sivve .onsidered to be what tupe of
xmmun1tg”<f®
13 Three metnods of disease transmission 1nclude
insect carrier, )
14 AiTborne transmission of microorganisms would be
an example Gf the
method of disease

transmission
\E%B
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ANSWERS TO SELF-TEST 2

food
moisture
temperature
oxygen
light

See page [g-[3

moow>

2 aerobic, see page l;i

3 presence of living tissue, see page LJL
4 resldent, transient, see page J@i

3 infection, see page léi

& b, see page 15:

sufficient numbers of microorganisms
vitrulent microganisms

susceptible percscn

proper portal of entry of microorganisms

See page Jgi

o0OodD

digest:ve tract
genitourinary system
placenta

site of trauma

skin

regpiratory tract
oral cavity

nasal passages

See page /7

oowP
;G)Tlm

4 mechanical, see page [7
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ANSWERS TO SELF-TEST 2

10.

11.

12.

13.

14,

a; see page ZZ
/9
rratural er 1nherent; see page
acquired, artaificial. active; see page /z
ditect contact, indirect contact: see page <O

indirect contact, see page JO
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APPENDIX III

QUESTIONS SUBJECTS FREQUENTLY ASK ABCUT TALK-ALOUD
PROTOCOLS OF THE WRITING AND REVISION PROCESS*

WHAT IS5 A TALR-ALOUD PROTOCOL?

A protocol is a sequential recording of a person‘s
attempt to perform a task. Developed early this century,
protocol analysis 1s a powerful tool in educational
research. In particular, the information captured in
'talk-aloud' protocols enables the educatiecnal resaarcher to
construct detailed models of human thinking preocesses, and
in some cases to stimulate these processes in a computer
program. In short, protocols give the researcher a 'window'
through which to look et ctherwise invisible mental
processes tnat occur from moment to moment. We are
concerned in this short explanation with talking-aloud
protocols of writers revising a text. Listed below are some
more questions that subjects of protocol experiments ask.

HOW IS A TALEKINWNG-ALOUD PROTOCOL MADE?

The procedure is really very simple. The researcher
will ask you to talk-aloud while you are revising or
rewriting a particular document, You are to say out loud
what ycu are thinking, You are not to worry about speaking
correctly, stcpping in the middle of thoughts or sentences,
etc,, but you should try to verbalize as continually as you
can during the entire time ycu are at work. Pauses in your
talk will naturally occur, but try to avoid them. If the
researcher feels you are not talking often enough, he/she
may prompt you.

SHOULD I TRY TO EXPLAIN HOW MY WRITING PROCESSES WORK, OR
HOW I WOULD USUALLY DO THIS TAS8K?

Subjects who ask this question are usually trying to do
the researcher's work themselves, at the same time they are
revising or rewriting. VYou are not to describe what you
“would' do, but only what you are actually thinking about at
the time you are working. 1In fact, you are not expected to
'analyze' your writing habits or creative processes at all.
You are not being asked to 'introspect', or to give an
explanation or interpretaticn of your writing. You need
only say what is on your mind at the moment. Concentrate on

the task you have been given, and simply say aloud whatever
occurs to you..
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HOW CAN A PROTOCOL CAPTURE MY THINKING PROCESSES IF I CAN'T
8AY ALOUD EVERYTHING I AM THINKING?

Of course, you will not be able to say evervching yocu
are thinking when you are completing even a simple writing
or revision task. A pertion of your thinking is lost and
falls between the cracks. But almost everything you do_say
is valuakle to the researcher. The amount of infcrmation
retrieved from the talk-aloud method probably exceeds the
amount to be gained by any other research method currencly
employed for the study of how people write and revise,
Moreover, your transcribed protocol is 2also studied by the
researcher; ycur finished or revised text is also studied,
and compared with the talk-aloud cranscript. By itself,
vour finished text tells ths researcher very little apout
the processes you used to create the text. However, when
your finished text 1s 'matched' with the protocol
transcript, the researcher has a much wmore Jdetailed picture
of how your writing and revising unfolded. Again:
cancentrate on the task and on whatever you are conscigus of
as you work. Say aloud everything that comes to mind.

DOESN'T TALKING-ALOUD INTERFEREZ WITH MY THINKING, SO THAT I
AM NOT THINKING AND WORKING A8 I NORMALLY WOULD?

This questicn is often asked, and rightfully so. It's a
very important question for researchers tc deal with. At
the present time, no one knows for certain 1f talking-aioud
does interfere with your thinking during problem-solving. A
lot of research is presently being conducted to find out,

So far, rvesearchers have been unable to find any strong
evidence that talking-aloud 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 cr not. Talking loud can also
improve decision-making, and many people talk to themselves
when they write anyway. The first few minutes of a protoccol
may feel awkward, but with a little practice this feeling
will disappear and you will feel more comfortable.

SHOULD I WRITE AND TALK AT THE SAME TIME, OR ONLY BEFORE OR
AFTER I WRITE SOMETHING DOWN?

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, so long as you don't pause too long between
words. If vou do, the experimenter will prompt you.
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SHOULD I TALK-ALOUD EVEN IF I AM JUST RE~READING WHAT I'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.

* The above text is duplicated from:

Hayes, J. R., Flower, L., Schriver, K., Stratman, J., and
Carey, L. (1985). Cognitive progesses in_revision. (Tech.
Rep. No. 12, Appendix B, pp. 1-3). Pittsburgh:
Carnegie-Mellon University, Communications Design Center.

*#%# Erjicsson and Simon (1984) have made a dismtinction

between talk-alouds and think-alouds. They dafine the former
as verbalization of thoughts which are encoded in verbal form
in memory. If, however, the encoding is in a different form,
such as visual, they use the latter term to descrike the
procedure. In situations when it is not clear which term
describes the verbalizations better, they have used the term
think-aloud. To circumvent ambiguities, in the present
study, all verbalizaticns are referred tec with the more
general term, think-~aloud.
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APPENDIX IV

PARTTICIPANT CONSENT FORM

I AGREE TO PARTICIPATE IN THE STUDY RELATED TO THE

REVISION OF INSTRUCTIONAL MATERIALS. I UNDERSTAND THAT THE

DATA WILL BE KEPT ANONYMOUS, EXCEPT WHEN I REQUEST
INFORMATION FOR PERSOMAL FEEDBACK. I UNDERSTAND THAT THE
DATA WILL BE ONLY USED FOR THE PURPOSE OF RESEARCH ON

IMPROVING AND REVISING INSTRUCYSTONAL MATERIALS.

NAME :

PARTICIPANT

DATE :
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APPENDIZX V
CODING SCHEME

Evaluation Statements:

The outcome of a comparisecn between the currently observed
state and the goal state, that is what the reviser thinks
the text ought to be, is coded as an Evaluation Statement
(ES). By virtue of this definition, this category
represents positive and negative comments {(which do not
explicitly state the source of the proklem), expressions of
preference, judgement, internal feelings and observations,
all expressed in the context of the subject's task
representation.

— I don't particularly like it/
- you've got a lot of white space here which is fine/

Problem Identification:

As a specific case of Evaluation Statem=nts, Problem
Identifications (PI) contains explicit reference to an
observed probien.

— again, I find that the heading's really not well
done/

- and right justified margin makes the question
difficult to read/

Revision Statements:

Explicit text related changes intended to transform the
current state to the goal state are coded as Revision
Statements (RS).

— there should be a comma after 'disinfection'/
— !'cross infection' should be hyphenated/

Knowledge Statements:

Expressions of personal knowledge, including both
declarative and preccedural knowledge, are coded as Knowledge
Statements (¥X5). These statements are often provided in
additicn to, or in lieu of, a Problem Identification, or as
a reason for suggesting a particular change.

-175a~-



. o

I don't particulariy like it/ (ES)

- most microorganisms especially those that cause
disease don't require light at all/

- and the orthotropes which do require light are -not

important in medical microbioclogy/

- that's true only to a certain extent/ (ES)

- but more importantly would be the virulence
of the micro-organism, how severe, how
effective is it in causing disease/

- so it is more important to consider the property
rather than thke number of micro-organisn/

Text Knowledge:

Comments represcnting Knowledge d.irectly acquired from the
stimulus text are coded as Text Xnowleddge (TK).

- um, so I can assume that cross—infection is not from
your body/

- thatis one type of chemical, but that's already in
the stomach/

Verbatim Statements:

Sections which are read aloud from the text are coded as

e e e

Text Talk:

Segments which refer to various parts of the text, but not
in verbatim format, are coded as Text Talk (TX).

- sc there's a self test to test these objectives/
- so its gonna go into talking about those three/

Task Talk:

Reference to an activity which is currently being
undertaken or suggests the setting up of a short term goal
are coded as Task Talk (TT).

- I'm reading the introduction/
- let's see if they discuss this in the next section/
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Strategy Talk:

Reference to a course of action which is representative of
actions normally undertaken by the subject in similar
situations, but 1s not tied to the current task are coded as
Strategy Talk (ST).

= I usually check to see if the objectives match the
text/

- I like to get a sense of the material first, so I'll
just skim through/

Dialogue:
Questions addressed to the experimenter, and the

experimenter's subsequent responses are coded as Dialogue
(D).

Boundary Markers:
An interjection which marks either a pause or a break in a

thought sequence (e.g., ok, um, eh, etc.) is coded as
Boundary Marker (BM).

False starts:

Clauses which do not represent a completed thought are coded
as False Starts (FS).

Unrelated Talk:

Comments which are neither related to the text nor the task
are coded as Unrelated Talk (UT).
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EXCERPTS FROM PROTOCOLS




P,

EXCERPTS FROM CONENT EXPERT (I)*

A: -ok/BM _
-I'm reading the definition of my task /77
-I'm ready to read the instructions /77

and verbalize

-I don't like the word verbalize /&S

-Ok // BM
-(introduction ......body) /VS
-uh  /BM

-1 would not put /FS

-unless this is a very broad introduction to the entire eh-
eh-this entire thing, I would not put immunity and the
environment in the same spot /RS

-ok /BM

-now / TX

-(objectives ... autogenous)/w'

-yes, /gs . 1

~that's fine/¢Z §

~(ve..) /VS

~-that ssems quite an appropriate terminology although I
don't use autogenic /ZS

-oh yes, I could use it /¢S

-0k /BM

-(list at least four types.....) /VJ'

-I am not gquite suve what is meant /&S

-but I suppose /FS

-I don't see what they mean, /£§

~oh I see /£S

~-ok /5M

-(moisture, temperature) /v§

-fine [{§

-ok / BM

~{describe the role ... infection) (second readi:ag: role in
the -process of infection)

-(role....)

-that /FS

-uh - /BM

-fine, /BAM

-I don't sort of like the word 'role! /&5

-but I I would accept it /£¢)

-its ok /{5 J

-I think I don't know what is meant by role /&f

-(list and explain....) /Vv§

-fine /(¢
-(List ....)/VS
~-fine /(¢

~(ve oo y /v

-fine | (¢ ,
-I would list first that /AS
-and then speak about immunity /ﬂ(‘

*# Dots indicate sections read from the text
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A

<—-one could remove it /£f
>

B: ~-(skin....., the placenta) /v

~-why is placenta included? /AL

-1 suppose the - after the,~ its very specific

-its one of the very specific things included in this list
of very general things /£€

.-.,ok

-alright, that's eh Y 2y

-one might leave it /¢

-(any site where.. ) /W
~-becausie there could also be other specific things that
could be included if one were to include placenta

-0k //BM

-(aM .... cause an injection .. portal of entry) /v
~-fine /&€

—-it wvas already stated before /¢S

- (for example ... lungs ) /v¢§

-that's fine as an example /¢€
- (function of barriers ... infection ) /W
-I wonder vhy barriers are always,are barrier JES

ok £f

- (in'order to produce a disease .. surface) /S
-where am I? /77

-ok /BM

- (the function of barriers )/v{

—uhum / £§

- (categycries mechanical, .. physiological) /W

-I I would skip be.. being socrt of impatient /7T

-and just continue down /77T y

- (mechanical barriers ) (skin) /4 )

-mucus surface should be in there somewhere /ﬁf

-(.. tough and prevent M from .. orange ... to M) /wW
-and I don't guite understand this sentence /¢S

- (examples of ... both of these reflexes help ... body)/VJ'
-well alright //7,

~fine JEs J

-I would put Ff

-however I would include mucus surface with mechanical
(barrier /ﬁS‘

w—yeah I would

C: -and I have a test
-Ok/(number 1.......) /‘/S
-fine /¢S
-They Jjust have to read what they were provided with and
they should have no difficulty. /{(
- (Number 2....) /V{
-that's fine /(¢
~ (number three... )/vx
s
A

-a good question /

- (number four ..) ,

-ok they call them residents ,/Vd \
()W |
~-ok [/ §{< ‘
“(eean) sH |
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ok /&S

-cross infection. /VS

~-they presented it this way so I suppose they could ask the

question this way /£

-but cross infection and carrier infection is very much the

same thing /*I

-so0 I wouldn't use that /fY

“(.0) AL

~-so they have listed four /4

-ok /BM

-there are all sorts of portals of entry /K¢
-there's the skin etc. /ki¢

“(...) pv<

-ok  /gm

-I suppose they mean the temperature /&$

-no I don't like that question //JS

-(physiologic barrier) /v{

-its temperature /i<

-its, they listed "gastric juices, phagosytosis and
immunity" /7K

«T guezs body temperature probably interferes /KJ
-ok /&M

-although that 1s also physiological /&<

-THE BODY TEMPERATURE

= (.. VS

-they are speaking here about racial immunity and such /7X

“(e-n.) VS

-ok /BM

-they went the artificial and active /K

-(three methods of disease..) /S

-oh /BM B
-they want exactly the three which they listed /KJ
-alright /{¢

-{reading twice) A

-that is the droplet transmission /K¢

-I suppose the aerosols /¢

-no its / FI

-I don't like that /&L

EXCERPTS FROM CONTENT EXPERT (IT)

A:

-We'll begin with this module here /TT

-the spelling of sterilization is wrong /PTL

-there is and 'i' missing after the 'r' /PI

-and there should be a comma after 'disinfection' /&
-so the title should read (MICROORGANISMS RELATED TO
STERILIZATION AND DISINFECTION) with an 'i' /A7
-comma /£J

environmental conditions, disease and J'.mjumni‘c:y)/VJ
~the word rejected is not a good choice /T

-it could probably be modified by another word like
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inhibited /K¢ ,x

-the section on objectives/(define and spell terminology)//?ff
-I don't understand why they have used verbs instead of
nouns /£S5

-I think that it's a bad kind of heading for this group of
words /AT

-they should probably be or it should probably be
definitions and spelling terminology, nouns instead of
verbs /Kf

~and those words there /7X

-tcross infection' may be hyphenated/F<

~and I don't know why there is a redundancy between 'i!

and 'l' /AL ,

- (immunity.....natural) //4

~-there should not a repetition because '1' is already
included in the item 'i' /£&r

-(reading 4 2, 3, and 4) /vS

-it is probably to PREVENT infection /A<

-(reading # 5) /v RS

-the (and) should read AN/~-(reading # 6, 7) /‘/J ,
-now is this for the microorcqganism or is it for the host? /cf
~-I suppose this 1is the type of food available to the
microorganism rather than to the host /K<

-(reading # 2,3,4 and 5) /v¢

-vhy is light important? ,AC

-I don't know of any microorganism that is affected by
light /kd

-(it is ...growth) /vs

-now amount of light is probably not important Vi
-(expecially) should be ESPECIALLY /RS

B:

-(food, moisture...... ) RAS

-and that is a lot of nonsense because sterilization
doesn't need to take into account any of these things /f’f
-sterilization should probably consider the type of
microorganism present /<«

-the volume of material to sterilize /K

~pbut not really the conditions of growth of these
organisms“/~sterilization is not based on moisture and
temperature for the growth of the microorganisms /K'Y
-it is a drastic and absolute process that kills them /K¥
-(oxygen and light.... multiply) //J

-that's true /{€

-(aerobic..... to grow) /v{

-that's true and yet /¢S

~in other words if any oxygen spreads in the environment
of anaerobic microorganisms, some of them might survive
without growing and stay put /kY¥

-they are tolerant of anaerobic condition, of aerobic
conditions rather /«¥

-and light, we said, that is not an important factor for
pathogenic microorganisms /K<

-there are no microorganisms that are infective that
require light to grow /K¢
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-(viruses.......multiply) /'/J

-and that is like describing viruses as if they were extra
cellular/-gthat is not true /PT

-all viruses require would be the presence of a living
cell /ks

-and this living cell has to be receptive to invasion by
the viruses /&¥

-that is the only requirement /K<

C: -let's go through it and see /!/

- (microorganisms...... y /&

—-its a different subject /&

-this has nothing to do with disease transmission JPT

- (MiCroorganisSm.. . ..... carrier) / W ,
-ok,/these are different methods of transmission /7Tx
-(objective.....cc e such as toys) /W

—-and so forth /rx
—-one word that people would prefer to use would be
formite-borne/-BY MEANS OF F~O-R-M-I-T-E ,&f

~(vector.......... )/-now, this is not /AL
-well, I'll come back to that in a minute - 77
—-(airborne.. .air) . /{

-0k, that's quite correct /ff

-I'11l go to vector-borne there because the next secticn we
talk about insect carriers / 77

~(insect carriers........ microorganisms....... malaria) /v
-now this xind of insect transmission is different from
that ocher fly because here the micro. goes through a
sexual cycle or develops within the insect while in the
vector-borne i: is strictly a mechanical carrier/*that is
it is not a biological carrier /K

- (difference between) /v(

-oh, here ve are/U(insect vectors ..... live) , /<

—that's one way of putting it /&< '

-yeah, we prefer to, at least I prefer to see the insect
carriers defined as those in which a specific micro. grows
within the insect tissue rather than carrying a specific
kind of micro./fiso that's about it. /JT

EXCERPTS FROM CONTENT EXPERT (III)

Az

—(reading title) /Vﬁ

-I'm going to read the introduction out loud /77

- (reading introduction) ’'/J '

ok /pM T

—-I've read the introduction/-and it seems to be very
self-explanatory and very simply stated /éJ

—=I think first year students will be able to understand
that /¢

-I don't think I'd change anything for now /¢
-objectives of this /[
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-I'm going to read them out loud now /77

-(reading first objective) //4

-so those, that's the first set of objectives /7x

-that's quite a lot for this section /#Z

-I hope that they're going to remember all those things JPT
-that's ten, twelve gdifferent very new eh terms in this
sect, section here/ffﬁh, not having heard any,, a lot of
these words before, I'm not sure that these students will
be able to understand it all /AT

-now, second objective is: / Tx

-(reading # 2} Vv

-ok //{-(

-four types of environmental factors is not that many JEL
-that sounds ok ,'#4J4

~(reading # 3 /v

-that's pretty straightforward //f

-eh there are many different roles that microorganisms can
play in the process of infection /K

~and so I'm assuming that they are going to talk about one
general type of role that could sort of overlap into all
the different microorganisms ./ £5

—

B:

- (portals of entry....... BVARYS

-there's esight different sites there /7x
-ok /5/"7

-(micro........v.... lungs) /W

-ok /8m

-eh, it says here about (may cause and infection when it
enters at the appropriate portal of entry) /7X

-and I guess I was thinking it'd be appropriate for the
micro., but inappropriate for the human body /A7

-so, maybe changing that word to something else would be
less confusing , »f

-like appropriate usually means beneficial /KXY

-and its not beneficial to the human body for these micro.
to be entering into them /AL

~and I'm taking the fpoint of view from the human side not
the micro. side K

-ok [/ BM

-so I might chance that word, , A

-or piut in commas after the word ,/AY

-{function of barriers to infection....... . .disease) /'/J
-ok /M .,
-that's quite simply stated - 29

- think I understand all that /¢Y

-and even just the title makes sense /&Y

-I like that idea /§<

-(categories of barrier...} /V<

-right /BM T

-I'm just thinking for myself/ mechanical, the eyelashes,
the skin, nails and so on and so forth /<Y

-chemical against the different, when we have tears, the
chemical reaction of destroying the bacteria that might
enter in our eyes /KJ
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-and the physiological that'd be blood cells and
antibodies that are being produced /€and chemical too,
that's be the acid in our stomach that would destroy a lot
of bacteria that we eat with the food JRd

C:

~(reading question # 8) V< £

~ok, that's a good thinking question too /and strictly
memory recall / K<

-lots of good questions /{€

~number nine you give away one of them by giving this
question ;/ /T

-(the skin... barrier to infection) /y<

-oK, so that's a good question too ;.

-most of these questions are recall memory type of
questions /K<

~-(reading # 10)//V!

-good, that's a good question cause one needs to know what
all these, how all these different things react to and
know whether or not it is a physioleogical barrier or is it
a chemical barrier or what / /¢

-ok ,BM ) -

-I like that question /¢S 7

-that's a good question /(5 o~

-you ﬁgve to think about that Dne/-(reading # 11) //J
-ok ,

-gooé question /{j

-(reading # 12) / ¥

-right, what it makes me think of is what I was having a
hard time with before ,¢{

-(reading # 13) , A

ok ;b "

-that's a good question /¢

-(reading 14) ;/J ,

-that's a good question too /¢

-maybe there's a way of not making so long sp, such a long
space between "an example of the" /K( \

-so I'm putting a line between those words /& ,¢; ¢!

-so that it would work out a little bit easier/fo: -and
here's all the correct answers / X !

EXCERPTS FROM INSTRUCTICANAL DESIGNER (I)

A:

-0k BN

~-(M related...disinfection...immunity..introduction)/ W

-I see its organized by headings, objectives and then
content headings/ 7X

-ok/ BM

-and this is a module/ TX

-(introduction ...body), (objectives..define and spell)/¥
-vocabulary words that are supposed to be used in the module
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I assume to be able to define and spell/ &Y

-(foar types of env.ironmental facteors which affect M- the
role of M -the barrier the body has to infection- natural
barrier-list the different types of immunity and give
examples -list the poincs of entry ~describe and give an
example of each method of disease transmission)/ A

-so there's a self test to test these objectives/ TXx

-self test two (checking)/ ¢S

~-combination of short answer, multiple choice and their
answers /{<

-ok/ AM

- (environmental condition which affect the growth of..
multiplication of M includes)/v!

-which is objective two/ (!

-(type of fcood available, moisture temperature-oxygen
requirements-amount of light)/ /!

-ok/ BM

~as far as reading, I find the right column justification
difficult because of the spaces it creates between the
words,/ PL

—oK/ ZM

-the headings don't seem to correlate specifically with the
objectives,/ PL

-so I assume that first section must have to do with the
second objective/ ¢S

-lel's see/ 717

-(relationship to sterilization ...disinfection ..
Microorganism/ v{

-ok/ BM

-so these are ranged in order of the five environmental
conditions/ £

-I would find it more helpful if the (oxygen) headings of
the , of the content sections were the same as the headings
in the list of five under environmental conditions /RS
~-seems like they're not even the same. /PT

-page fifteen starts the third objective /&S

-(M........ disease..The Body varies in its response to the
presence of M, Resident M, transient M, types of infection,
factors necessary for the development of infection, portals
of entry, functions of barriers)/V{

-1 think some kind of structural overview would be helpful
for this section /£f

-It's hard to know how these headings relate to each cthegA”Z
-and how the information is to be given /AT

B:

-and let's see - if the objectives match the requirements/ 7’
-{list, describe, list and explain) /V<

-list and explain goes beyond rote recall, I would say /K<
-(list the different types of immunity, list the points,
describe and give an example) /V~

~so the questions are I guess within keeping of the kinds of
things thac the objectives call for except the possible
exception of objective four /¢

-I don't see any questions that ask for the explanation of
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anything/ Pf_

-ok /6M

-I find this organization much too open to /pI

—and given the nature of the questions that they're all rote

would be very easy to simply match questions as you go along /tﬁf

-and if I'm correct, seems that the questions are also in
fairly close, similar order to the objectives which are the
same order as the text //( )

-yeah /¢S

~I think so /&S

-sS0 it really lends itself to that approach for the person
going through the module which again is not an aid to any
sort of long term retention sense /r=

-people are not being asked to manipulate any ideas but
simply to recall rotely /Azr

-that I'm not sure as a result of this module that the
retention would be good /AL

~-Alright /M

- (Name at least three of the ..M) /W

-ok /EM

-(type of food available, maoisture, temperature, oxygen
requirements) / A

~ok /B

-they want three of the five but five spaces are given /CJ
-(of light present) /#(

-so that's a problem , A4

-if three of the five are asked for, there should only be
three spaces , £

-(M.. called) Va'Zt

-big space between are /fZ

-and again right justified margin makes this question
difficult to read Ar

C:

-so I find that I was able to complete this exam with only
one out of fourteen wrong {(which is a good mark)} without
reading the text 7/

-and I dare say if somebody asked me this information
tomorrow, I would have, I think I would remember that there
are different kinds of infection /7K

-there are different kinds of immunity /7<

-that there are different kinds o7 bodies that carry
infection ; "<

-eh /AM

-I think that's about all I can remember /¢J

-so if it were up to me to revise this unit, I would first
of all look at what kind of information I wanted to be
rotely remembered / £

+and why and how it linked to information that needed to be}
retained at a higher level

-and I would create some kind of meaningrul structure for
the person going through this module / £

~so they could see how the informations presented relates tc&
itself

eh
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~I would ask people to do some sort of prediction structure
at the beginning to bring out the information they already
know and therefore have some link /0

~I find that the thing that's difficult about this
information especially {may not be for somebody who's more
familiar with content but for myselZ} is the fact that I was/ g /7
-,

~nothing was established so that I ¢ould link the newer
information.

-I'm learnming to do it /77

~I find the quiz wholly inadequate because its its too easy
gto take /AT

-~and as I said before by just going “hrough the material
without reading it )

-I think that I would /AL

-everything is of equal importance supposedly, visually by
inference to the overall content . 77

-and in fact some of these categories break down /<r

-s0 that some of these categories can be under each other /£r
-I find that difficult. B -~

EXCERPTS FROM INBSTRUCTICNAL DESIGNER (II)

A:

-Okay, well we might as well just take it from the top /77
-In normal situation would be to familiarize myself with the
material, sp I would skim the material briefly first / JS7

- (reading)y"Okay, then /3

-luckily this has objectives listed, already so we have

some, , £{ -

-uh first one define and spell terminologyﬁ///\/

-uh , AM

-{(+-vv...), etcetera, etcetera, (..... transmission) /¥

-and then it goes on to talk about environmental conditions /77X
-I'm going to look back, basically to the title /77

-okay, // M

-(Microbiology related... immunity)/v<

-I will reread the introduction /77

-then um /S

-I will then again take a quick look at the objev, /77
objectives to make sure that they all refer to the title and
the introducti»n _

-Which I assume they would be /77

-um immunity /7y

X (. Yy svJS

-so the other thing that I would tend to look for in a upper _
level class like this would be is, a graduate level class,/ Y
-Um there are some, certainly some low level cognitive
objectives as well as some upper level cognitive /&7

-and I basically look only on those levels ~--Low being rote,
and upper level being whatever, going up the taxoncnay /

-Okay then I will continue to uh /77

-well actually what I would do next, would ah, be to go to
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the back and take a look at the self-test, and just to make
sure that um, the self-test refers to the objectives.

-0n page twenty-one /S7 _

-0kay, so the self-test, okay, um, /%

-question one (.....e000. ) JSog

-okay /5/1/7

-so I've got to define and probably spell this terminology
as well, /7

-s0 these are the definitions on that 7.x

=51iX (c.ieeoenn ), VAAS

~-five would be'/(reading)//J

-question six®(...) /L

-number thirteen{alrborne transmissions) /VJ

-so that's related to those /&5

-and then the answers /Jx

-well it seems to, to relate fairly straightforward to it/&Y
-um, then what I would do, would /A

-I'm continuing on my brief uh, runthrough of it, just to
get, eh, if I can an idea of the way that the learning is
structurcd 27

-so, following through the objectives,, 77

-after that, um, there would be, um, they're giving a
definition here /7«

-the first thing environmental conditions, /7.x

-what they mean by environmental conditions /72

-and list different aspects of, of environmental conditions /7«
-The relationship to sterilization and disinfection ’
-so it's more information //J

-you Know these are basically giving me the uh, some
definitions and terminology t~» support the, uh, what I have
to know, for the most part , &S

-And viruses /¥

-S0 those are all basically definitions /4Y

~-Then it goes on to talk about microorganisms and the body/ 7
-Again these are statements and, of definitions /¢

-Uh, then listing factors necessary for development of uh,
development of infection ., 7%

-and several factors involved there which relate distinctly
to the objectives /¢

-And then portals of entry /7%

B:

-One of the problems here that 1'm, that I'm seeing so far
is that, no doubt this was written by a subject matter
expert. / FT

-It doesn't, it doesn't tell a story, /AL

~okay, I mean, I, I, I like, you gotta have a beginning a
middle, and an end /&Y

-and it's gotto follow logically , &4

-and the material is presented in the kind of format where
somebody sits down, okay, this is first, this is second,
that's third, , Pz

~and they're listed as isolated segments without the
transitionary pieces between them, /A7

-as well as visuals and everything else, /7
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-that would make it a bit more understandable. /XS

-I mean I understand what they're talking about, /¢S

+but Jjust to provide ease ot access to the learner.

-Okay so we got the function cf the barriers,/zx

-no problem there, /.0

-categories we learned about, , 7«

-mechanical barriers one of the three barriers a mechanical
barrier, / Tx

-I mean that, that's you know, that kind, /7%

-(human body is... entering the bedy) /7y

-Um, it's funny, /&

-I, I don't know if I would have called a blink or a sneeze
a mechanical barrier,/ A7

-but I guess, I guess 1t is. /&Y

-I'd like to see what they say about physiclogic. /77
-0Okay, (Chemical... stomach) /v(

-I guess 1t uh, makes 1t unpleasant for the microorganisms
to survive [7AC

-(Certain chemicals... infection) /+<

-Okay, so, um, that's one type of chemical, but that's
already in the stomach | /K

~-I'm just wondering if there are other chemical barriers
elsewhere in the body /4f

C:

-Um, the content, let's, let's take in order here,/77

-so I think that's one thing, to, to find out what's really
important. ,AY

~-The objectives are listed here, are relative okay,/¢Y

~the course does not necessarily relate to the objectives AL
-and the um, final test does not relate totally to the
objectives. /A

-1 mean, yes, I mean, if you look at em, the words are the
same, but it's nct getting at the behaviors that the
objectives want to get at./AZ

-Um, there's also no practice within the um, uh, course
material itself on the, on the objectaves. ,h AZ

-Now vou could say that self-test is a practice, but in the
subject matter, which may or may not be totally new stuff to
dental hygienists, /AL

-go I mean, they probably are not familier with this, with
this, uh, with the information, ,~Z

-and therefore it should be presented in a, a more bite
size, , AS Y

more appropriate for the learger approachv/@ith presenctation
of information, with examplesé7hh, all these quote unquote
good things that one does in designing an instructional
program. /& )

-Which this one is lackinq.,’fﬁr

-Um, and if you did that, if you spent uh, you know, a week
with 1t, I think you can come up with something that's a
little bit better. A/ B}

-Again. I think you do need visuals with it, /A )

-I think that would help quite a bit. «J J

-I mean, we're dealing with things that um, uh, they're
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abstract to a certain degree, yet it's concrete because

we're talking about your body, /K<

-but, you ask fifteen people to draw a microorganisms and
~ they '1l probably draw something that look like an amoeba or

something like that. <!

~-And that may not be totally accurate, , ~<

-and ah, I think they need to know, I mean, cone thing, how

many microorganisms does it take, uh, to cause a disease,

you Xknow, i

-they say you gotta have sufficient number, and yet opefore

they say it's, you know, they multiply, so it could be cne

ever. that starts 1it. /&

-So, um, there are a lot of guestions that are unanswered by

the materlal,//’/’:

-and I think even 1f you gave to a subject matter expert

they would find some uh, factual errors. , £/

-Anyway, I mean, so subject matter expert can pull it apart.’/s

-I think from instructional point of view, uh, we could go

through it giece by piece, and look at it, but I, I,/ 7~

-I think from an overall point of view, this was not

developed 1n a instructional design format. S PT

~Somepody has a concept of objectives, and a concept of a

test situaticn relating to the objectives, but everything 1in

between 1s basically content. T

-okay /EmM /

~And content doesn't work as an instructional, uh, as a way

to carry instruction, you can't carry instruction by content

alone, /K( ;

-you know what you have to do with it. -7

-So, um, this is not done appropriately. 77

EXCERPT FROM INSTRUZTIONAL DESIGNER (III)

A: gl

-Okay,/ I'm doing what I normally do, which 1s toc just get
a fe€l for things, /-

-I don't 1like to séart reading something till I sort of
know what I have ahead of me. /57

-And I see that 1t's broken down into Introduction
objectives, Environmental conditions, and so forth./,’/\f
-It looks like the type is pretty dense, on this page
and it’'s making me uncomfortable, AL —

-I'1l se= what we can do about that later, /7 /

-I like it a little bat airier. //f

-Okay, lcooks like there are very few diagrams,

it 's mostly words, s

-and there 1t looks like there's a subtest at the back of
the module. /FAX

-Does not appear, r-I

-and an answer guide for that.,/7 X

-Does not appear that there's much opportunity for
practice throughout, /41

-looks like it's most:ly content ./¢J

-and not any breaks for application.//ﬁz
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-but we'll see when I get into it,. 77

-0kay, so I've now got a general feel for what's going onyféf
-0kay, Introduction (certain conditions....by the body)/,pu
-Okay that's kind of like background information.,'és
-Generally when I lcok at something like this, I see a
model in my head that's says that part of the introduction
should include a rationale for why, why this would be
important to the learner. /J7

-So I'm just going to make a note here that, that says
rationale for learner. /£f

-The baégground statements are fine but, what's in it for
me, /

-in other words, how does it apply to my job is what I'm
asking myself now. /¢S

-0kay, now I'm going to scan the objectives, /77T

-and (Define and Spell Terminology...) /“Y £/

-0h God, I don't even know what these things mean/bThere's
a typo there, ,AT

-I'M just going to remove the 77 *J

-D (List the ....) .J

-Okay, I don't know whetner these objeccives are stated in
terms of the learner or 1in terms of the instruction. .27
-I might suggest adding here something like AT THE END OF /
THIS MODULE YOU WILL BE ABLE TO, i
-and then each of the points follOW1ng, hold me ya
responsible, or acvountable, ,eg

-I like to see that in the front, Al

-although, maybe 1it's done in the first module, ///

-and 1if so, maybe it's not necessary to coutinue it
through out, A

-maybe .t's done for the overall course, /ff

-T don't know, ¥

-so I'm going to make an assumption here that it's not /£
-and I want to be consistent if it is., # <

-Okay, I like the way the okjectives have action verbs,
there's no Know, or appreciate or whatever, /.0

-and that's one of things that I look for right away, yavl
-so I'm seeing hard action verbs that tell me precisely
what, T as a learner would have to be able to do, /¢S

-and so I like the way that i1s, listing, describing,
defining, spelling, so forth. , ¢S

-0kay, the objectives seem to move from sort of simple to
complex, S

-and their sequence and they seem to go from more/é«
cognitive things to more application orientations,

~so I have no problem with the sequence, at least at first
pass. /(S

-Okay, I'm going to move on to I think what is content at
this point,, 7

-unconmfortable with the format here in the sense that I
would like to know that now I'm jumping into the actual
instructional material //7

B:
-0kay, now this format again,//{f
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-why am I getting stars, JFL

-I don't like stars, /65

-I mean come oOn let's be consistent hereJK"

-I'm gonna do the 1, 2, 3. 7//fy

~If we use 1, 2, 3, before, why not use 1, 2, 3.

~I think what happened is somebody took a bunch of
different modules that other people had developed and put
them together and said isn't this wonderful. /<&

-I'm surprised they're not even on, they are d-fferent
typewriters. , /A7

-Okay, well that explains it, ¢ ¢

—-somebody just sort of patched 1t together, which
typically happens, , <<

-we grab some content wherever we can find it, /A<

—and we don't worry about whether or not ii's parallel
construction, or whatever. K.

~This person was real happy about to use lots of dividing
lines, too, /A7 y

-s0 it's at least consistent in that respect.,flr

- (Microorganisms... carrier) , /< )
—Okayi7(objectives, after reading... self—testL//J
-Oh, there's a self-test for this section?’ .

-For this section or this module? ) ©9

-I think this is misleading., AT -

—-I don't know what they're referring to, /cfﬁ

-30 I'm going to put a question mark by section and
completing (YOU WILL BE ABLE 7O DESCRIBE THE METHODS OF
DISEASE TRANSMISSION.) ,Af .

-Is it to name or list and describe? / &5

—I don't know, because i1f I go back toc my objective it
says (Describe and give an example of each method of
disease transmission). @ #2/7

-So I think back there I'm going to say maybe they should
(LIST, COMMA, DESCRIBE AND GIVE AN EXAMPLE OF EACH METHOD
DISEASE TRANSMISSION., << -
-Unless, in the test I'm going to be required to, they're|
gonna give 1t to me

—and I'm going to be asked to describe 1it. ,f
-Well, which reminds me, I haven't been a very good girl
about this, /77

-I should've spent more time looking at the test to see
what in fact 1s going to be used for evaluation. . /7

-Even though 1'm getting close to the end, it's not too
soon to catch myself and say what are they, what were they
trying to evaluate. /77

-Let's see 1f there's anything parallel between these
objectives and the evaluation. /77

-So I'm skipping over to page twenty-one now, because now
I'm concerned what's going here. , 7

-I want to .iee the nature of evaluation./77

~That doesn't mean that we can't change the test, ,77"
~but let's see what they had intended here, for purposes
of comparison. /77

-~ (Name at least three of the five... isms.) /K

-well that's real interesting, since this one says, (List)
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the objective says (list at least four) and the question
says name at least three. /¢¢
-So it's definitely not parallel. /fr

C:

~Okay now I'm done with the content //7

-and my reaction again is, I need to have a self-test
here, for this thira section. /£f

~-And the self-test would be again, it would include terms
from /FJS

-And the self-test would be again, it would include terms
from objective one, that were new, /£

-oh, there were none, /¢

-but I'm going to encourage that there be some included if
they're important enough to be tau?ht /&ﬁf

~-then they ought to be tested. /A

-and also cbjective number seven, which is describing the
examples. ,

~-So I'm gonna nead a self-test that's gonna cover the
third secticn objectives which are some terms, which I
would include, and also the seven. , ¥J

-Now, I'm still going to turn over the page, [ /7

-well no I'm not, /77 ‘

-I'm gonna use some blank paper here, /77

-cause I sort of scrunched that self-test in, , 77

-and I'm also going to suggest that before the self-test
the big self-test for the whole module, that we have some
sort of conclusion, or summary, , A4

-by way of the objectives we told them what they were
going to learn. , /4

-The objectives served as our advanced organizer, ,h /<
-and at the end we should tell what they learned, , £-F
-so we've told them what they're going to learn, ,/ ¢S5

-we tell them, we've told them what they've learned /-
-and then I think we should prepare them for the uh, /X~
-so it should be in two parts, One a conclusion or /
summary, -and two a preparation for the self—test.ﬂfif
-Ah, it doesn't have to be a long preparation,

-maybe we could say to them in a just a moment you're
going to be taking a self-test, which will help you
determine whether or not you've acquired all the skills
and knowledges that this module was intended to do.
-You've already had an opportunity to check your progress
along the way. &

~Maybe what we could do is call this a self-test /XY
-and call the other one a progress check. /&~

-0r call this a module review, ,'f

~and call the other one a self-tesa or progress test, or
whatever. Y e -

-But in some way, we have to differentiate the self-test
from the interim checks. 1/ 2
-DIFFERENTIATE FROM INTERIM TESTS, or interim progress |
checks. ‘R

-Okay, 1 would like to see that because this has been a
big thing for somebody to bite off,/Qa(
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Table 1

APPENDIX

Frequency of Categories: Raw Scores

VII-A

Content Expert

Instructional Designer

I IT IIX I II IIT
Evaluation 92(7)* 25(2) 131(9) 41(2) 78 240 (5)
Problem Id. 20 22(4) 41(6) 25 80(2) 107 (9)
Revision 42 22 62(14) 14 48(6) 139(43)
Knowledge 41 60 57 5 50 32
Text Know. 7 0 8 17 28 17
Verbatim 97 53 97 84 82 74
Text Talk 20 5 35 18 41 44
Task Talk 15 5 27 8 22 127 (8)
Strategy T. 0 1 0 4 10 14
Dialogue 2 0 0 9 67 15
Boundary M. 50 0 119 32 22 41
False Start 21 1 15 4 21 7
Unrelated T. 1 0 4 2 19 25
TOTAL 408 194 596 263 568 882

* Numbers in parenthesis indicate repetitions.
have been included in the main column.
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Table 2

Frequency of Cateqories:

APPENDIX

VII-B

Percentage Scores

Content Expert

Instructional Designer

I IT IIT I II III
Evaluation 22.5 12.8 21.9 15.5 13.7 27.2
Problem Ident. 4.9 11.3 6.8 9.5 14.0 12.1
Revision 10.2 11.3 10.4 5.3 8.4 15.7
Knowledge 10.0 30.9 9.5 1.9 8.8 3.6
Text Knowledge 1.7 0.0 1.3 6.4 4.9 1.9
Verbatinm 23.7 27.3 16.2 31.9 14.4 8.3
Text Talk 4.9 2.5 5.8 6.8 7.2 4.9
Task Talk 3.6 2.5 4.5 3.0 3.8 14.3
Strategy Talk 0.0 0.5 0.0 1.5 1.7 1.5
Dialogue 0.4 0.0 0.0 3.4 11.7 1.7
Boundary Mr. 12.2 0.0 19.9 12.1 3.8 4.6
False Start 5.1 0.5 2.5 1.5 3.6 0.7
Unrelated Talk 0.2 0.0 0.6 0.7 3.3 2.8
TOTAL 408 194 596 263 568 882
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