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Abstract
| 'Cognitive structures for expert and novice developers were

identified through thirteen concepts representing the instructional

‘:'fdevelopment process. Structures for both groups vere analyzed

'according to median (to contro] for skewed distributions) distances
within and between concepts describing the Analysis, Design and
Evaluation components of a learning’system_deSign mode] (Davis,
Alexander, & Yelon, 1974) For each anaiysis, results were
interpreted for distance and dispersion of experts and novices'
,"concept organization by determining the mean (genera]ly considered
'.the most stable measure of centra] tendency) of the medians and

standard deviations. Consistent with ‘theory, (Geeslin & Shavelson;

f,1975 “Chi, Feltovich &.Glaser, 1981) findings showed experts'

organization of concepts within the. three components of the model to
be more conSistent with accepted structure of the instructiona]
deve]opment process: Further ana]yses of concept organization among
the Ana]ysis, DeSign and Evaluation components showed novices'
structures to be more linear and less integrative in reference to
the model. 0utcomes of this study provide a framework to
Q~theoretica!Iy—interpret-cc tructs-which-underlie-successful— -
performance in instructional_development. Such information can be
used to guide selection, training'and asséssment research of -

“instructioral developers.
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Past efforts to assess instructional developers have indicated

' g;ffthat an empirical framework of the instructional ‘development process

is needed (Faris, l98l Maxwell & Seyfer, l984 Bratton, l984)

1rNithin instrucfional analysis approaches, both correlational and |
‘f;causal assumptions have been hypothesized regarding the relationship

‘ between cogn1t1ve structure and behav1or (Rae, 1986). First,
7vknowledge of individuals cognitive structures may make it possible
| to predict behav1or. Second, it may be p0551ble to modify these
f*structures (and thus, the behavior'itself) by some form of
‘trainingrl However, these hypotheses have not been systematically
tested, |

Proceduros used in effective -instructional develooment involve

a synthesis of 1nformation relevanf to the task with a repertoire of
proficient problem-solving strategies (Wagner, 1986). Likewise,
Jeffries, Turner, Polson, & Atwood (1981) have suggested that
skilled developers (1) have knowledge about the global structure of
' good development and (2) plan their performance according to
structural constraints within the learning system. From an

information processing view, it would be expected that an

individual's organization_of instructional_development_concepts_in
u.memory influences.how one perceives, attends to, processes and
ultimately,‘solves tasks within the discipline.

In contrast to behaviorist or associationist theories of
_learning, the cognitive approach postulates that relevant aspects of

a preJekisting memory structure interact with new knowledge to
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?_?result in: act1ve, mean1ngfu1 learning. Students who acguire
;concepts early 1n 1nstruction consolidate more of the learning- and
'ffachieve greater success 1n problem-so]ving (Shave]son, 1973). In
dg;fact it has been suggested that the most sign1f1cant independent
tgffactor 1nf1uenc1ng capacity for acquis1t1on of addit1ona1 know ledge
"_fgin a d1sc1pl1ne 1s formation of a clear, stable, and well organized
-'cogn1t1ve structure (Ausubel Novak, & Hanesian, 1968) Shavelson
3(1972) a]so found - that as students gain new knowledge, their
- | cognitiVe structures begin to resemb le relationship hierarchies
‘“,.. s1m11ar to experts., Through identification of 1nd1v1duals' '
4 cogn1t1ve maps, organ1zation of conceptual knowledge may be better
v:understood in ‘terms of how these networks represent level of
‘expert1se. | |
w1th1n the past twenty years, research in mathematics and
.=c1ence has prov1ded 1nformat1on about the 1nf1uence of cogn1t1ve
structure organ1zation and procedural knowledge strateg1es on
‘vproblem solving performance (Ausubel, et al., 1968; w1ttrock, 1974,
.Geeslin & Shavelson, 1975; Greeno, 1978; Gorodetsky & Hoz, 1980;
Chi, Feltov1ch,‘& Glaser, 1981). .These studies have shown that

knowledge;structures_of_experts_and_novjces~d1ffer~jn_domain-
specific organization and that these differences enable experts to
“solve ‘such problems more effectively. Since instructional
- .development 1s essentially applied cognition in problem-solving
: (Wagner;g1986)g there is a need for research that can illuminate how

cognitive structures between experts and novices are organized.
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. &*;hThis information can be used to further examine knowledge

3 ?4}ﬂ:7compilation (procedural performance) and ways in which developers

‘”Fyrepresent and transfer knowledge, and evaluate tasks when sclving

(,"_

Hiﬁ_development problems.

Ultimately, it is knowledge organization and procedures

'fact1vated from this store that determine the quality of problem-
solving (Gagne, 1985) Problem-solving is often the most common way
ﬁof testing whether individuals meaningfully comprehend the ideas

'ithey verbalize.‘ However,{present assessment techniques to determine

»_‘fcompetent developer'performance disregard knowledge investigation in

favor of performance analysis which lacks empirical validation.

,ThlS course of action is somewhat premature and certainly incapable

“of rational‘defense., Before measurement of performance can be

accurately conducted, it is necessary to systematically identify the

theoretical,constructs that underlie successful performance in

- instructional development.

' Therefore, the purposes of this research were to 1) identify

- cognitive networks of concepts within components of a system design

‘model‘(Davis,-Alexander. & Yelon, 1974)-for expert and novice

instructjonal-developens,_and;2)~determine—cognitive-networks—of

| conceptslbetWeen components of the model for both groups in order to
f'eXaminelthe.structure of concept interactions for the instructional

development process.

" Based on information-processing and assimilation theories,

' (Anderson_& Bower,'l973; Ausubel, et al., 1968), inquiry was
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‘directed according to the _philosophy that relevant, pre-existing
,35__concepts in memory vary in organization between expert and novice
ViL:;instructional devel0pers. Given knowledge of these structures, 1t
;lis p0551ble to assess how an individual represents and, in turn,
-‘foperationalizes the instructional development process. First
fj;variables that represent the development process were specified
ﬁ”,:;according to a learning system design model (Davis, Alexander, &
hYelon, l974) This model was used because it has been accepted in
ppractice, as one way to represent basic steps of the instructional
devel0pment process. Since there is a vast array of information
. ‘.relevant to the discipline, only the most general inclusive
1uconcepts were used to provide anchorage in a wide variety of
y'instructional ‘development situations. 'Next it was determined how
vthese concepts are related in the cognitive structures of expert and
: jnovice instructional developers. Although individuals networks are
oniqu-, earlier research has found experts"knowledge organization
to be more consistent with the accepted structure of a subject

matter,(Geeslin & Shavelson, 1975; Chi, Feltovich, & Glaser, 1981).
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';f:«Materials

Thirteen Concepts were selected accord1ng to the system design

”1f'mode1 (Dav1s. A]exander. & Yelon. 1974) to reprecsent the development

-‘proce55°

~t‘Ana1ysis Component )

' Performance Objectives (PO)
'*iLearn&raTra1nee Characteristics (LTCH)
| Task Amalysis (TA)

NeeoS"Anainis (NA) -

-3tfteerner/Trainee'Prerequisites (LTP)

_Learn1ng/Tra1n1ng Environment (LTE)

-.‘Design Component

Instructional/Tra1n1ng Strateg1es (ITS)
Learn1ng/Tra1n1ng Course (LTCO)
| Course Des1gn (CD)
Eva1uation Component

-P1lot Study (PS)

Learning/Training Outcomes (LT0)

. -Evaluation (E)

—Course-Revision—(CR) _
Three random arrangements of concepts were prepared to control
:for possible sequence effects.
' Subject
S * Ten individuals (5 experts, 5 novices) in the Educational

kTechnology Program at the University of Northern Colorado were



'3vgﬂchosen on. the baSis of formal instruction within the discipline.

*1fiThe expert group included three faculty members and two doctoral

”3f¥fcandidates (3 males, 2 females) The novice group included four

f[jffdoctoral students and one master's student (3 males, 2 females).
{ffi‘Procedure | |
- A graphic data analysis procedure (Preece, 1976) was used to
igf,determine subjects cognitive structures for the instructional
d7xfdevelopment process. Individuals were randomly given one of the
. three equivalent concept lists with instructions. Prior to the

mapping exercise, subJects were verbally screened to.insure that

> :.they were familiar with the concepts. The mapping activity required
'"“isubjects to look through the 1ist of concepts and initially choose
’;;the two concepts they believed to be most closely connected.

| ;‘Individuals crossed these concepts off the list, wrote them down on

o blank-sheet - of paper, and connected them with a line labeled as
LT LN .Subjects werefthen required to examine the remaining-concepts
. and‘Choose another concept which they perceived to'be the next most

relateduto‘one'of the concepts already chosen, or in some instances,

to another ‘concept on the ‘Tist. In either case, the same procedure

“Was followed to connect concepts. Individuals continued in this

manner until all the concepts were Joined to at least one other
concept from the list. Since subjects were individually tested,
theyfwere not permitted to begin the activity until the examiner

.determined that'they properly understood the instructions,

Structare
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Results

};Figure 1 gives the system design model according to the
thirteen concepts used to describe the process (based on Davis,

A]exander'f& Ye]on, 1974. P- 19)

iiCognitive maps were scored by counting the number of

.fjfconnections (distance) between concepts. Median distances (to
Y;icontrol for skewed distributions) were computed for all pairwise
‘?;Lcombinations of concepts within and between the Ana]ysis, Design,
f~fiand Eva]uation components of the model for. both groups. Then, the
mean (genera]ly considered the most stab]e measure of central
) ;tendency) of the medians for each group was calculated to represent
;hthe average distance of the within and between concepts. Standard
r;’hdeviations of the means were used. to gauge variability of
__1nd1v1dua1s structures within their respective group.
| The first concern of this study was to identify conceptual
= networks of the instructional deve]opment process within the
‘f‘_Analysis, Design, and Evaluation components of the system design
vf*’model for both experts and novices. Table 2 shows that the mean
j"’__distance and dispersion of - scores within the Analysis concepts was

2,47 (SD = .92) for experts and 2.73 (SD = .96) for novices. The

,]fsmaller distance for the expert group suggests a more integrated
f.‘cognitive structure. Table 3 shows distances and variability of
g[scores within the Design concepts for both groups. Again, experts'
; fmean d1stance and ]ower standard deviation (2.00, SD = 1.00),

e compared to nov1ces' (2.67, SD = 1, 15), signifies that the expert

10
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v*,:jgroup 51m11ar1y orgunized Design concepts to be more compatible with

"“,:the structure of the mode] shown in Figure 1. Table 4 shows that

{r-f‘while experts, once more, showed less distance (2.17) than nov1ces

5;?9(2 33), the Spread of scores within each group was quite different

_gf;igxperts' lower standard dev1ation (.75) ind1cates that their

Eff,"structures for Evaluation concepts were more consistent On the

;other hand the nov1ce group showed a much higher variability

(SD =. 1 37) and thus, less agreement in their organization of
'“;Evaluation concepts.

| | The second concern of this study was to determine cognitive
‘-structures for concepts between components of the model in order to
5fexamine the structure of concept interactions throughout the

sinstructiona] deve]opment process for both groups. The same

H','procedure was used to determine medians the mean distance of the

'nmedians;and spread of scores. These ana]yses revealed that
. different‘patterns emerged when concepts between'components were
~ compared. |

Tab]e 5 shows that the mean distance between Analysis and
vDesign concepts for experts' (3 50) was greater than nov1ces
(2.39). ‘However, individual differences within groups showed little
'variability: experts (SD = .86) vs. novices (SD = .92). Table 6
.rereals that experts‘ structure and spread of scores (3.33,
SD'=:1.37) was more dispersed'than novices' (3.08, SDV= 1.08) for
Design and Evaluation concepts. And, results given in Table 7

indicate that organization of Analysis and Evaluation concepts is

11
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similar"for‘experts (4.46) and novices (4.53). However, experts
}‘were less consistent with each other (SD = 1, 56) than were novices
(so = 1. a).
| A]though cognitive structure research is primarily descriptive
| lin nature, the_means and standard deviations generated from this
-descriptiye study provided'a’basis for statistical inferences. As
expected;:preliminary T-tests for’differences in means and F-tests .
among variances soggested that’the small sample size (N = 10) did
not:permit a level of power necessary to detect significant
-idifterences. Further analyses were conducted to explore this
ispeCUiation. When the sample size was estimated at N = 20, results
| showed differences to be significant at the .05 level.
Discussion | |
E Concept distances, both within and between components of a
1iearning system design mode], were computed according to median
| values for pairwise‘combinations. Average distances for each
analysis Were determined using the mean of the median for each
groUp; And, standard deviations were used tovexamine the spread of
. scores, vv
| 'in'the first part of the study, results showed that within each
'component, experts demonstrated a more succinct conceptua] network.
These findings are in accordance with the theoretical position that
experts' know]edge organization is more consistent with the accepted
'structure of a discipline (Gees]in & Shavelson, 1975; Chi,
'-;Fel‘tovich, & Glaser, 1981).

12
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In the second concern of the study, concept distances between

ficomponents of the model appeared to be consistent with accepted

"fa'pr1nc1ples of instruCcional development Results coincided with the

Tf”systems approach" philosophy which postulates that in all phases of

t'*"-f'the development process. the developer must acknowledge that system
¥wvcomponents are interdependent and dynamically influence each other

L (Dav1s, Alexander, & Yelon. 1974) ThlS implies a non-linear

| ;process in which elements within the system interact throughout the
'~-Tentire course of development. Thus, it should be expected that the

':, expert developers would consider interactions among concepts and

,i,;,consequently display greater distances in their structures for

'7h _Analysis-Design and DesignnEvaluation comparisons. frnversely, 1%

"should apply that a nov1ce approach towards developmcnt is more

'u"Llinear and therefore, distances between concepts would be smaller in

yAnalysis Desxgn and Design Evaluation comparisons. Results of the

'final contrast Analysis-Evaluation, were also explainable.

'_;According to heuristics of instructional development (Davis,

J‘Alexander, & Yelon, 1974), planning for evaluation shou1ld originate

ng; in the Aralysis stage. Thus, it would be expected that concept

'"distances for both groups should be somewhat similar.
- The findings of this descriptive study provide information
.lfﬁfneeded to empirically identify and 1nterpret the theoretical

53:,,constructs that underlie successful performance in instructional

-Ff.fdevelopment.,,These preliminary results cuggest that experts and

novices differ in their conceptual organization, both within and
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';_oetneen components of instructional deve10pment process. According
- to"theory (Chi, Fe]tovich & G]aser, 1981), these differences should

'r,enable experts to solve instructiona1 deve]opment tasks more

3 ?ff.est.*vew- o
-,The;study shou]d‘be rep]icated with a larger number and more
diverse group of instructionalidevelopers to further define

distinctions found in this research and better faci]itate

2'7_inferentia1 ana]yses._ Future studies a]so need to investigate

(1) if thereAare significant differences in concept organization

“-,among*individuals within'their respective groups (2) how the

direction of concept organization in cognitive structure re]ates to

accepted instructiona] deve]opment procedures, and (3) how

A ‘jconceptuai organization of tne instructiona] development process.
'relates to performance. Answers to such questions can provide a

iink between theory and practice. Educators and practitioners need

"this integration to devise rationa1 defensible, and empirically-

validated procedures for selection, training and assessment of

‘instructional deve]opers.
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