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ABSTRACT

This paper ●xplores the cognitive approach to instruction
and provides several strategies for using knowledge engineering
information in the instructional development process to
strengthen the sy6tems approach to training. When students
learn using the behavioral approach to instruction, drawbacks
have been noted because gaps are apparent between the students’
high performance levels on objective tests and their inadequate
probl.m solving performance levels. Augmentation of the
behaviorist process with applications of knowledge engineering
can result in obtaining detailed information about student
misconceptions relative to expert knowledge. This information
is then applied to individualized learning prescriptions.
Normally, instructional developers are working under significant
resource and time constraints, and this modified systems
approach is an efficient solution to this problem.

INTRODUC1’ION

The systems approach to traininq has now functioned for two
decades in public education, the armed forces, and the private
sector, experiencing a high rate of success. The systems
approach to training includes the following phases: analysis,
deskqn, development, lmplementatiu;t, and evaluation. When thesr
steps were defined in the literature, the definitioris were
founded on principles of the behaviorist school of education
(e.q., Skinner, 1950). However, the behaviorist emphasis on
product over process has proved to have some drawbacks, which
arr discussed in the literature (e.q. , Wirtrock, 197R), yet
unt il recently few tangible solutions existed for instturt ion,]],
dcvelmpcrs to use in addressing these drawbacks.

The purpose of this paper is to propose some speci! i~-
:;~rateqies we can use to integrate the strengths of the
L“oqnitive approach to instruction into the systems approach.
Thr ultimate goal of this proposal is to improve the quality Ifit
l~c~rninq, a requirement in today’s complex, highly tcc-hnoloqi~”,ll



world. The strategies presented apply to the analysis, design,
and evaluation phases and do not directly aid the development
and implementation phases. This p?per represents only the
beginning of a solution to some of these drawbacks, but it will
ideally foster further research and development work to transfer
the theory into practice. This paper contains the perspective
of someone who has nat only monitored the research for two
decades but who has also been a practitioner. It provides a
multidisciplinary approach, drawing from the following
disciplines: c>mputer science (artificial intelligence, user
interface design) , education (educational psychology,
educational technology, instructional design) , cognitive
science, and human factors engineering.

The paper begins with a brief discussion of the behaviorist
versus the cognitive approaches to education/training and then
provides a discussion of knowledge engineering. The core of the

paper is the description of several strategies that
instructional developers can use. The strategies should be
useful for training/education managers and developers. Those
involved in higher-cognitive- !evel instruction should find this
approach particularly interesting. Although the specific desiqn
and evaluation strategies proposed are targeted at
computer-based training (CET) , the approach can be useful for
many different delivery formats.

THE BEHAVIORIST VS. CXXNITIVE SCN~LS AND THE DEVE1nPMENT
PROCESS

Table 1 pr~vides a brief comparison of the behaviorist and
cognitive approaches to instruction. This comparison forms the
foundation on which to base the proposed strategies. We
obtained performance objectives from the behaviorist school, ,
which focuses on changing the behavior of the learner. ‘rhc
measure of success in a behaviorally oriented traininq prc>qri~m
is test performance. In the cognitive school, however, the
measure of success is in the method rather than in the answer.
The focus is on tracking the mental activities o! the learner
and comparinq them to the mental activities of an expert Scllvln(l
the same problem.

In the instru(-t lonal doslqn and dcvelo})m~nt pr{~c-[’s:;,thi’
selection of whirh S(-hool to follow i?,rriti(-a]. Ilotl(lvlorI!;t
oriented edIl(-(3tinn (:an hr rather impcrsnnal (P.q., \Jro(lrl]mm(’li
]nstr-uc:tion) and st~[)-by-st~}) in lorrnat. CoqriltIve-or-i(’ntf’(l
instruction, howc?ver, ne~ds tc) br tai lored rnorr to al]
individual ‘s mis(-onrcpt ions if in(:c)rt-cml-tknc)w’r(iqr ot(?.irl])-rttIOI;:,
arr to be idvnt ifi~d and (“orre(-ied.



In the cqnitive approach, the s?udent is apparent!: storin{~
information in some sort of menta: model (Gentner and Stevens,
1983). This mental model may be acc~]rate, that is, tnc same
model as that of an expert, or it may have missing or
inappropriate linkages (Narman, 1980) . Often, instruction is
responsible for conveying the mental model to the student and
sometimes, through no conscious fault of the instructor
inst,-uction, the mental model that is formed is inaccurate. Thr
consequences of this inaccurate mental model are flawed
solutions to subsequent applications of the learned
information. The challenge in cuqnitive science is to beq~n to

understand both expert and novice mental models; knowledqf’
engineering is the name for this p;acess.

KNOWL.EKE ENGINEERING

Knowledge engineering is the study of expert knowledqc to
obtain heuristic information (rules of thumb) as well ds
knowledqe organization and then to formally represent that
knowledge in computer-compatible format. Expert knowledge 1s
obtained through a variety ot techniques. Chovan (1986)
provided a review of knowledge extraction techniques useful for
CBT. The most commo~ methodology is interviewing or “brain
picking, ” which usually involves intensive questio)linq of d
single, recognized expert by a knowledqe engineer (who is
usually conversant with both psychology and computer scienc-e) .
The knowledqe enqineer tape records the inteniew(s) and create~
graphical representations of the information he/she is drdwinq
out of the expert. [Jnlike textbook knowledqe, the inform,ltiorl
drawn out in these interviews re! ies heavily on heuristics. An
expert often skips steps that se(?m necessary in a textbook lint!
,Idds others wnich ar~ not dot:urncnted. The knowledqc enqinot’r
then creates a formal representatlor? separate from the ~xpert
(c.q., semantic net.) and then qoes bdck to verify it with tht’
expert . Another approac-h to extraction cJf knowledqc is;to u!;{’
i]n on-l Ine tool in whi~-h the expert ani novices solvr pr(]l~l(’m:;
,~nd then cxplilin th~ir rcasoninq (:;tod(iard, Emvr”!~(Jn,i]r](iKIITn,
l’)13f)).



If cognitive-oriented instruction is to be provided, some
understanding of student versus expert knowledge organization is
necessary. This information is then used not only to organize a
lesson ar,d construct questions but also to construct feedback.
Highly individualized instruction approaches one-on-one
tutoring, with specific misconceptions identified and then
corrected with ‘ailored feedback. provision of suctl specific
feedback requires techniques that are not traditionally known or
used by instructional developers. The sections following will
describe some spe~ific approaches for integrating the results of
knowledge engineering into the instructional design of a lesson.

STRATEGY FOR THE ANALYSIS PHASE: OBSERVATION DURING JOB/TASK
MALYSIS

Analysis, the first step of the systems approach to
instruction can vary in scope depending upon the appl ication.
The anal’fsis can be a needs analysis for the specific type of
training --but it can also include extensive job and task
analyses. The emphasis or~ analysis in creating effective
performance-based training has increased in recent times
because (1) the ski!l level of the entering workforce is
expected to decrease, (2) in-house training ].sbeing recognized
as essential ror safety and productivity on-the-job, and (3)
training budqets are relatively low and thus cost effectiveness
is a key issue. The step-by-step prescriptions for perform~n~-e
or lob and task analyses one finds in the literature are
~-onslstent with the behaviorist school of educt~tion. Emphl]:;i!;
IS placed on systematic- examination of tasks, dctermin~ti(]rl 1)!
the level of tralnlncl required for e,~ctlt~sk, and then
determination c! task rel,itionships for the purpose of
lnstructlona] ob]eutlve writ lnq. The tasks arc qener,]lly
lo~.~ted through examination of cxlstinq trdininq or stdn(i(~r(i

op~ratlrlq pro(-edure m(~rluals. F:ysenck (1984) does provld~l ,1
(-h,i[:ter on a (-oqnlt Iv[j apprca(-h to t~:;k ar)a]yslr, bllt It i:; not

for dn lnstru(. t l(IrIlil lontf~xt .



samplir!g will provide link.aqes and nodes in the task analysis,
making it more meanir.qful.

STRATEGY FOR THE DESIGN PHASE: TAIIA3RED FEEDMCR

Normally, an instructional designer and a subject matter
expert write a question and then immediately construct the
feedback: one correct answer is accepted and incorrect answerr,
prompt a staridara hint and then th,’ student is asked to try
again. Sometimes, incorrect answers result in the student’s
being routed back to a prior instructional sequence and then
returned to the same question. This type of feedback is
behaviorally oriented, yet experience has shown that often
students get frustrated by it. They did not “qet the point” th!-
first time. Therefore, why should they be expected to “qet It”
by being taught with the same approach agair?

The strategy proposed here is to provide more taiiored
feedback, especially powerful for short answer questions.
Specific types of wrong answers can each receive different
feedback tailored to the type of error committed (see Fig. 1) .
In addition, suboptimal answers (those which are partially
COrreCt but COnLZIln some misconception) can a~sCJ be recognized
and be provided tailored feedback so that the ~tudent can ~q@Son
to the correct answer. Such feedback information can be
obtained through paper and pencil tests or through intervi,ewinq
instructors before to design. It can also be obtained durinq
early pilot testing with a sample of the target population. I“h(’
information is easi .y recurcied a]ld anaiyzeci throuqh a
computer-managed instruction system transparent to the user.
The feedback database can then be expanded to address likely
Lncorrect answers. This approact? admittedly involves ,1 mu(-h
more complex desiqn and a lonqer design process, yet the }I(lyot!
from the student’s perspective is potentially great. An
lterat]ve approach to design, such as this, is now widely
supported in many software development efforts (Norm(in, 1’)HI).

At I,os ,Altsmos, this strateqy has been used on sover,il [.}!”1’
proj~cts. The result has been a more motivated stutl~’ntwho l!;
~:h,~llenqed by the “smarter” computer.

!;TKATEGIES FOR T’tiE FWA14JATION Pl{Af~K: SCORING AN[) [#.AI/NIN(;
l)RR~cRI~IoN



paper with the incorrect answers marked, and sometimes the
correct answer is provided (or the student. mu it fiqure it Gut : .

If it is a complex probler,l, the student’s sol~tlon and not
his~her Pioof is used in the scoring.

TWO strategies for using knowledge enqineerinq information
to improve such an evaluation process are proposed here: (1) d
scorinq system based upon an expert sclution to problems and (:;
a learning prescription. The scoring system far problem solvln(~

CBT may be complex, with points allocated not only for the
bottom line ansuer but also for the sequence of actions the user
takes. Thus , the misconception in problem solvinq is
identifiable. In a behaviorist ~.pproach, th~ nature of the
student’s errors is difficult to identify. In the cognitive
approach, one can examine the co~.rse of the student’s actlcns.
For example, a studer.t obtains final score af 66%. Analyzlnq
the the scoring breakdown reveals that the student obtained a
perfect scare for the first twa-thirds of a problem salving
process and no points for the final third. It is therefore easy
to see that there is a specific misconception associated with
the content of the final third of the task/problem. In the
cognitive approach, the student is qiven the score and the
expert solution. The expert solution can be in the form of two
separate screens, with the expert solution graphically presented
on one and the student’s solution presented on th~ other. It
can also be presented in a printed 10CJ. The loq notes the
inccrrect answers and qives the correct rerponse (expert
solutlon) , along with point values.

A learninq prescription is the tailored follow-up to tht’
s(-orlng systemtstudent loq. rhe scnre and loq provide
information about whet went wrong. H~wever, what does thi’
stl’dent do next? The learninq prescription is qenerated ,\!t~’1
c-.a?eqor~zlnq the type of er-rors observed on the log. Thtl
student is provided a llstinq of what learninq rcsour~-c’s to

c-onsult in 1iqht of his\her misron~’ept ions. These repour,-{’!;
mlqht De consulting an lnstrurtor or reading a chapter of tl’.(’

text or repe(it.lnq tho CM’. [t is possible to q(’nrr[ltll:;ll(.tl,1
le,]rnlnq pres(-ription throuqh use or A proqt-ammlnq lanquiit](,
(C.(J. I’ilsL-al). If an drtificlal intel Ilqcn~’e proqrdmmlr](~
l~nqu,iqe is used (i.e. , l,]sp or I’roloq) th~n the doqr-co of

t,li lr)r-lnq po:;sibl~ is much qr-c,]tcr.

:;[JMM.ARY



understanding at the lower cognitive levels be acceptable, for
on-the-job task performance requires reguiar evaluation,
synthesis, and analysis. The intent of this paper is not to
downgrade the behaviorist approach to instruction, for the
approach has upgraded the quality of education. It can,
however, be augmented with cognitive-oriented strategies for the
purpose of further facilitating learning. Our ne.~d for nov~ces
to function at an expert level is increasing as the information
explosion continues.

This paper provided a feh’ possible strategies, particularly
tailored for use by C’BT developers. NO doubt, many other
strategies are possik~le. Those propcsed here need to be
rigorously tested, for ‘~alidation has not yet occurred.
However, each of these strategies has been tested in prototype
CBT at Los Alamos, and fomnative eva’,uation results are
favorable. This paper should not only prompt replication and
val idation oi such strategies but also generate new strateqle:i.
The gap between the coqnitive science researchers and the
instructional developers needs to be narrowed.

nary Stoddard Trainer earned her doctorate in science and
mathematics education from the University of California at
Berkeley. She is currenrly the Deputy Group Leader of the
Coqnitive Systems Enqineerinq Group at the Los Alamos Nat;or,tll
Laboratory. Her research interests have focused orI user
interface desiqn, on-line help, computer-based train]nq, ~n:i
lntelliqent tutorinq systems. She has been in the f]eld of
technical traininq since l’~’14and has published more than !()
professlondl drtlrles. She has reuently been elert.ed th(’
president-elect of tht’ Association for the Developm(?nt of
Computer-based Instru(:tlonal Systems (AIIC1:;).
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