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PREFACE

This document Is the result of a collaborative effort of the Army
Research Institute for the Behavioral and Socla!l Sciences (ARI), the
Amer lcan Psychological Assoclation (APA), and the Federatlion of Behavioral,
Psychologlcal and Cognitive Sclences (FBPCS).

The APA, with the cooperation of FBPCS, organized a workshop on
transfer of training issues as the first of a series of Department of
Defense Research Roundtabie meetings. ARI! provided travel funds for the
presenters and support, through Its Sclentific Services Program, for the
preparation of this summary document.

The idea for the Research Roundtable series was generated by the APA
Committee on Research Support (CORS), a committee reporting to APA’'s major
scientiflic policymaking body, the Board of Scientific Affalrs. CORS
Iinltiated the project to provide a forum for the discussion of behavioral
research Issues related to the defense mission. Transfer of training was
chosen as the first toplc for consideration.

CORS set the framework for the Roundtable project, and appointed
membcrs Willlam Howell and Gary M. Olson to provide oversight.
Subsequently, a plfanning committee developed specific guide!ines for the
workshop and selected presenters. Planning Committee members were Gary M.
Olson, Irv Goldstein, David Kieras, and Wiliiam Montague. Throughout the
process, Captain Paul Chateller, Assistant for Training and Personnel
Technology, Office of the Deputy Assistant Secretary for Research and
Technology, and Miiton Katz, ARI Director of Basic Research, provided
guldance and suggestions.

The individuals selected as presenters represent a spectrum of
interests and experience In the area of transfer of tralning, including
those who conduct research In academic settigs, those who conduct research
in Department of Defense laboratories, and those who both conduct research
and apply findings in non-academic settings. Further, the planning
committee Invited a number of participants to comment on the presentations;
these individuals represented both military and non-miiitary organizations.
A comptete listing of workshop participants, inciuding those who made
presentations, may be found on page lv.
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Presenters were gulded by a set of questions prepared by the planning
committee for the workshop; those questions are provided on page vi. All
presenters were provided with transcriptions of thelir remarks; the
individual papers are the edited versions of the transcriptions. One
presenter, Joe Yasutake of the Alr Force Human Resources Laboratory at Lowry
Alr Force Base, dig not prepare & paper for this document.

The summary and recommendations were prepared from concluding remarks
made by al! particlipants.

Speclal thanks are due to Gary M. Olson, who chalired the workshop, and
to Cynthia H. Null, Executive Director of FBPCS, who provided much support
in both the organizational and editorial tasks of the first Roundtable

wmeoting.

Virginia E. Holt
Office of Sclientific Affairs
Amer lcan Psychologlical Assoclation
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DoD Research Roundtabile
Transfer of Training
February 27-28, 1886

Guiding Questions for Presenters
From your particular speciallization, what can we look for in
the future In the area of transfer of training? What
approaches do you expect might be developed? With what
results?
What should be taught (e.g., skilis? strategies?)? How do we
find out what shoulid be taught? How should the amount of
transfer of knowledge be measured?

How much should be taught, and how (e.g., classroom
situation?)?

How can we ensure/measure transfer of training (through
performance) on the job?

Is training enough? Is It worthwhile to train?

When do we train for certain skliis? What skiiis should be
emphasized In an initial training perlod? What skilis should
be Included In later/advanced training perlods?

What provisions should be made for feedback from the job to
the training program?

How does personnel selection Influence training programs?

How can the appropriate training programs be Impiemented?

ix
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b My iIntention today Is to speak about the reallity of transfer of §£
training research. The presentation wiil be based on my experiences while :;«
conducting transfer of training assessment In technical training %:ﬁ
environments. | will first describe our transfer of training research then LT
wlll respond to the I(ist of questions prepared by the APA and suggested as ’
{ our presentation content. i
y ; g
) My background qualifies me to discuss the reallty of transfer of "%
tralning assessment In technlical environments, as | have a good deal of e
practical experience as an (nstructor and as a student of technical!l "
Instruction. | taught In technical training environments Including high b
; school, community coliege, and university for over ten years. [’ve been >
| involved In a number of technica) classes In the Air Force, Navy, Army, and .:x
s industry where |‘'ve participated as a deveioper as well as a recelver (l.e., N
student) of instruction. (n addition | have formally assessed transfer of .im
training In a number of technical environments. §~“
] My experience In transfer of training (since 1977) has been In s
examining how a person transfers from simuiation oriented computer-based ;~
simiiation to real equipment diagnostic/troubleshooting performance. |It's f:‘
from that dual perspective — technical instructor and researcher — that | I~
approach these probiems and make this presentation. :"
When considering a transfer of training experiment, one must think ﬁ%
about the Importance of good pianning, good communications, and the .-
importance of coping with problems that might arise In the various stages of ;r:
a2 transfer of tralning experimental design. Sﬁj
Lot
it Is difficult to plan for all possibilities. One example Is an L
experiment assoclated with my digsertation. The transfer task required ;:
troudbleshooting operational alrcraft engines running on an outdoor test pad. ;\
The day before beginning the experiment, | came down with pneumonia, and for y:f
the rest of the week received dally physiclian care before collecting my S
data. e
.
in that same experiment, we piliot tested our Instruments first by : ;
collecting the troubleshooting performance of a number of example subjects. :
We assessod the pliot test data to be sure that our data collection o]
instruments were appropriate. We were reasonably sure that the instruments ‘3
would permit us to record and class!fy all of the actions of the subjects. T
Our best lald pians met with difficulty by the second or third of about 40 »
%?
hY)
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subjects. With that particular fallure the aircraft engine (transfer task)
ran out of gas as pianned. The subject didn’t have the siightest ldea what
to do, therefore, put down the toolbox and criled. 1 didn’t have anywhere on
my form to check that the subject cried. iIn spite of the most detallied
planning, It Is impossibie to anticlipate everything!

My exampie of the importance of clear communication stems from a recent
experiment In which we trained a group of uniicensed nuclear power plant
operators. We used a computer simulation for tralning troubleshooting of an
emergency diesel ganerator. The dlese! generator Is a standby electric
power unit for a nuclear piant. We transferred people from elther
traditiona) classroom instruction (control group) or the computer simuiation
(exper imental group) into the pilant.

Of course, the parson collecting the data needs to be blind to the
treatment. Therefore, the classroom instructors told the students,
*whatever you do, don’'t te!ll that person in the plant what you did here In
the training center.” 1| was the person collecting the data. The first
thing | said to each subject was: “it‘s important that you do not tell me
what you did in the training center.® The second subject immediately
responded, "| won’'t telil you what | did, but 1°il sure tell you what |
didn‘'t do and that was the computer gimulation.® Clearly this was a
communication problem, therefore we qulickly modiflied the Instructions.

while planning and communication are criticalily important attributes
for effective transfer of training experiments It is also necessary for the
data collection personnel to be adaptable to unexpected situations. The
first examplie of the Importance of coping skilis can aleso be high!ighted by
that situation where the technical troubleshooting subject cried rather than
emplioying tools and test equipment. A second example of researcher
adaptabliity Is highlighted by two extreme examplies of the data colliection
physical enviromment in which we have worked. We have taken data whlle
working behind the coid blowing alr of an airplane propeller Iin an Iiifnols
winter. At the other extreme we have collected data (n the nuciear power
plant diese! room where the temperature was over 110 degrees F. When
working In these enviromments we remind ourseives of the expression from
graduate schoo! that "data are sacred!"

! hope these brlef stories serve to emphasize the importance of
planning and communications as well as the need for the transfer of training
researcher to have good coping skilis for data coliection. These attributes
are particularly true when the transfer task (nvoives "real-worlid" job
performance. | would now Ilke to briefly characterize our major transfer of
training experiments. The most thorough review publications of this work
can be found In Rouse and Hunt (1984) and Johnson (1987).

Table 1 characterizes our transfer of training experiments since 1977.
We started with a computer simulation called TASK (Iroublieshooting by
Application of Structural Knowiedge) that was context free (CF). Sublects
were instructed to find fallures within an abstract network. We varied such
factors as the alding In training, the nature of the feedback recelved, the
number of problems recelved, and the compiexity of the problems. In the
next sot of experiments, we used the same context free simulation and
transferred people to a context specific (CS) simufation, name FAULT
(Eramework for Alding the Linderstanding of Logical Iroubleshooting). We
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TABLE 1: TRANSFER EXPERIMENTS FOR STUDYING COMPUTER
SIMULATIONS FOR DIAGNOSTIC TRAINING

Training Transfer Xecars
! Context Free (CF) to Context Free 77-78

|
Context Free (CF) to Coatext Specific (CS) ™

y CF&Cs to Aircraft powerplants 80-81

' CS & real equipment to Army communications equipment 82-83

CS & real equipment to Marine propulsion systems 824&8S
CS & real equipment to Nuclear plant safety systems 83-86
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worked (nitially In the auto mechanics and the aviation training
environments. As Table 1 shows, we later worked In the applied settings of
Army Communications, Marine propuision systems, and finally nuciear power
plant safety systems.

One of our eariiest findings was that prodblem solving can be taught
with a context free simulation. That led us to become interested In how the
iearner might transfer that knowledge into real worlid probiem solving. |
wiit say more about these findings later in this presentation.

We also measured the tralining effect of job alds and ongoing feedback
on post-training performance. We used a job algd to provide on-iine
"bookkesping™ to help the learner keep track of (nformation during
troubleshooting. The subjects trained with the on-Iine bookkeeping did
better In the transfer task than groups trained without that ald.

We also studied the effects of various feedback during on-l!ine
diagnostic training. We found that feedback should explalin when the person
1s making mistakes — not Just typical kinds of feedback provided by some
computer based instruction that make wierd noises when an error (s
comnitted. An examplie of the kind of feedback we provided Is: “That is an
incorrect and unnecessary step because your previous actions have already
provided you with that information.*®

We found that a context specific focus was necessary to do relevant
transfer assessment for “rea! worid" troubleshooting Job skilis. | bellieve
that (f we train a person to do a job (e.g., troubleshoot a pliece of
technical equipment) the transfer research must {ook at the success of the
tearner transferring from the tralning environment to the real equipment,.

We found that skilled technicians more readily beneflit from generic
diagnostic training than do novice techniclans. The skilled technicians who
were asked to troubieshoot an abstract network related the task to thelr
real world troubleshooting tasks. The novice technicians sald, “What's
this? How does this heip me learn to troubieshoot?* Consegquently, the
novices made more mistakes In the context free system. This finding
suggests that novice trainees should (nitialiy be given simuiation with a
reasonabiy high level of physical fidelity.

in another example, students showed a preference for a rich feedback
over “belis and whisties.” As that |ine of research has evolved, the
feodback has become far more sophisticated, based on the specific mistakes
made by learners. As we keep ralsing the fidelity of the simuiation, we
have reached a point where the students are more attracted to the part of
the simulation that provides rich feedback, rather than the higher fldelity
part of the simulation. The bells and whisties approach high-fide!!lty, and
In my opinion that’'s not necessariily where we need to go with diagnostic
y training simulations. Our research has emphasized the Importance of
" cognitive fidel ity over physical fidelity. A technical instructor at the
Army Signai School at Fort Gordon told me that our simulations were “heads-
on® rather than “hands-on.”
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During the remainder of my aliotted time, | will answer the questions
that were gliven to us as & guideline for our presentations.
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Why do a transfer of training design? My response to that gquestion is ;
X that transfer of training experimentation is a rellabie means to assess the A
; present training. It‘s a good method of comparing training methods, and
N it's also good for new device evaluation. If Job training is the goal, It ,
seems that transfer Is a way of measuring whether you‘'ve accomplished that :*
goal. Cs:
o Unfortunately, transfer of tralning assessment Is expensive, especlally L-:
i if on-the-job performance is measured. Planning, data collection and j&'
analysis, and report writing all require personnel — researchers and @‘
technical experts who must be pald. One potentlial solution (s to aliow or b
& encourage the researcher to become something of & technical expert. It has I,
saved a great deal of time In our research, even with equipment systems as
diverse as telephone switchboards, diesel generators, or helicopter blade N
systems. -
i
I think It‘'s important to the quality of our research that we ﬁw;
understand the technical environment, and | reallize It's often difficult to -
do that. For example, 1If becoming a technical expert takes two years, it Is :“
not practical for the researcher to also become a technical expert. The o
, team, however, must strive to obtain at least an adbllity to use and '.y
¢ understand some of the jargon of the particular technlical domain. ﬁé
Another answer to why not do a transfer assessment when the v+f
organization, after seeing that the experimental treatment looks good, .
decldes to train everyone with only the experimental treatment. ',,
: Consequently, there is no contro!l group for the traditional training, making uﬁ~
{ it impossibie to do a proper comparison. While such a sltuation does not ﬁﬁ
| precliude a transfer measure, It does eliminate the baseline measure provided s
by a control group. ﬂ”
Another probliem is that tralning transfer experiments are sometimes i‘
Just not required by management. They are not necessarii{y needed to see ﬁ-
that transfer has occurred, so It saves a lot of time and money not to do R;
It. Industrial training Is usually chartered to train rather than do ¢Q:
. training research. o
iR
3 What are some of the logistics Invoived in a transfer of trailning ;‘
. experiment? The first task Is to convince the organization of the value of Y
, the research. The plan needs to be transiated Into some language that makes AN
b sense to the people running the training organization. Potential cost ™
{ savings, for example, Is very motivational to training managers. The second f:.
task is to prepare a workable experimental design for the particular bt
operations environment. You then design the experimental treatments, L
deliver the training, and collect and analyze the data. Although that may ~E
seem simple, 80 much can go wrong! Eaquipment becomes unavailable, :\#
instructional staff changes, and subjects become unavalliable or N
scontaminated" by experlience. NS
. o
| I think i1t's Iimportant to get the managers and instructors involved and }_'
psychologically "invested” In the project. However, interestingly, o
' somet imes you can have too much organizational support. |f everyone becomes o
’ too interested Iin the experimental training, llke a computer simulation, .y
It‘s pretty rough to run the control treatment as previously mentioned. "
9
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! Two of the APA questions, e2 and o7, addressed topics related to
teaching skill or strategy. (f you plan to have strategy-based Instruction,
it Is important to have some contextual focus. Just giving a person generic
rules for troudleshooting doesn’t work nearly as wel! as providing the
general ruies related to the rea! equipment famiiiar to the learner.

Further, the student needs a reason to learn. The student must
perceive that the training Is likely to reduce the uncertainty associated
with on-the-job troubieshooting. They need to see that practicing In the
training environment is going to somehow help them when they get out Into
the fleld. | think we need to buiid confidence through structured practice.

What do | see as the future of transfer assessment? | am Interested In
looking at the longevity of simulation devices — why one device seems to
stay In the training program while others are used only as a research tool
and then dissppear. What are the implementation methods of certalin new
training, while one kind of training stays and another kind of training
dies? While | do not intend to answer the question here, | must hint that
part of the answer (s found In how technical experts are involved In
conceptualization design, impiementation, and evaluation instruction.

Two additional areas that could affect transfer of training research
are related to embedded training and expert systems. With embedded
training, we ought to be able to collect data from the person while they're
on the jJob without having a researcher there watching every move they make.
The attention to student modeling In expert system/intelligent tutoring
systems wil) aiso serve to enhance our understanding of learning transfer.
it seems to me that these areas wiil make substantive contributions to the
future of transfer of training research.
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Stephen Cormler, Ph.D.

Army Research institute for the Behavioral and Socla! Sclences

| would like to discuss the application of transfer of training
research. 1°'d tike to focus on DoD’s MANPRINT program, because | think |t
poses some general problems In the application of transfer research and
other human performance data.

MANPRINT is essentially a set of procedures and guidelines formulated
to insure that the design of weapon systems and other compiex hardware anrd
software systems would be compatibie with personnel and training resources.

in order to achlieve transfer from training systems to weapon systems,
It is essential to specify the human performance characteristics of
projected systems. This goes beyond the usual conslideration of human
factors. Important Information includes: the level of difficulty, the type
of training to be administered, the minimum aptitude leveis, and the
approximate fength of training needed to obtain satisfactory performance.

in order to be effective In guliding systems design, these types of
training or performance anaiyses need to be provided while the system Is on
the drawing board.

The challenge for those of us who provide training design Is to develop
precise estimates of the training or performance Implications of prototype
or develiopmental systems.

The flip slide of that chalienge Is the opportunity to have a major say
at a point in the system when (t‘'s still possible to make a difference.
Typlcally, we are presented with a falt accomplie — the system Is already
in production or operation, and we are asked to fix |t.

Occasionally It is possible to fix a probliem here or there In such
situations, but often there are deeper problems. Of course, it is uniikely
that an unworkabie million doliar training system will be scrapped —
particularly on the advice of a tralning psychologist.

There are two types of situations In the transfer worid: the transfer
of learning, when we're not quite sure what the transfer task Is, and the
transfer of training, where the target task is generally known with some
precision. A good example of transfer of learning is the educational
setting where peopie are simply being educated and they don’t know precisely
what Job they'‘'re going to be doing. Industrial and military settings
typically Invoive transfer of training.
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The more compiex the system, the more difficult |t becomes to fully
specify the nature of the performance task. The basic probiem is that we
have to try to estimate the nature of the task and deveiop a training task
prior to the Implementation of the system. Unfortunately, there seems to be
an Infinite number of transfer tasks that can be created for any given

target task.

There are two other interreiated probiems: basic research findings
tend not to be appiied effectively to real worid situations and the applied
setting Is not necessarily the best place to investigate basic types of
peychologlical processes due to the lack of experimental control.

T

| will present some of my own observations of the types of developments
necessary for the provision of these types of training estimates.

First, | believe that the analysis of tasks shouid be based on the
underlying cognitive and psychomotor processes Invoived (n thelir performance
rather than using the task procedures as our classification principle.

" For exampie, | think it Is very Important to develop a consensus on the
ways in which we can analyze tasks on abliity dimensions. Can we come up
with cognitive, Information processing, and psychomotor factors that can
then be used to analyze any given transfer task? Some of these factors
might Inciude short term memory, cuing conditions, and decision processes.

it seems to me to be important to get away from defining the task as a
set of procedures; instead defining It as a particular way of tapping the
information processing or psychomotor abjlitles of the subject. Once these
analyses have been done, the training materials could be developed so as to
simuiate the task specific demands of those dimensions.

Second, the essence of being abie to estimate or analyze tasks is to
use these ldentified factors very specifically. For instance, In analyzing
short term memory demands, are there portions of tasks where the person has
to keep certain information in short term memory In order to be able to
perform the task? How does the task structure affect the trainee‘’s use of
his/her short term memory, In other words. This Is a more psychological way
of doing job analysis than ls customariiy done.

iIf you are able to be this specific about task anaiysis, (t seems |t
glives us much more power In the training enviromnment. This specificity
should allow us to be more anaiytical in identifying where the trainees are
or are not having problems.

>
It lo difficult to Investigate the same types of Issues in an applled g
setting that are studied in a basic research lab. | belleve that applied ﬁ},
research Is more useful In testing the practical significance of factors o
aiready ldentifled in the laboratory setting. o
It would be useful to consider using different task dimensions In the 3
appiied environment, for example, repeated testing or extended Intervals, v
which are often not done In the faboratory. )
o
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How do you verify the validities of the taxonomy or the consensus apart ff’
from determining that the consensus (s a valld consensus? How do we know )
that we plicked the right taxonomy or the right dimension? Nr
o
Yy
The Services have spent a great deal of money In the last ten or Qf
fifteen years trying to develop tasks particularly dbased upon cognitive y
processes. They‘'ve been largely unsuccessfu!l, particularly in rellably o~
attributing certain underiying abiiities to particular tasks. b
]
For exampie, & number of years ago the American Institutes for Research Y
attempted to develop some scales to describe underiying motor abliities, and ot
to apply those scales to a particular task by using bench marks of one sort ot
or another. The results generally were that judgments were not very O
reliabie.

. We want our modeis to aliow us to specifically lidentify what (s the N
eoffect on the Individual of the training that he or she recelives In terms of sf
target task performance. For exampie, could we come up with an estimate of ')
whether the occurence of task relevant stimuli would exceed the capacity for i
short term memory, given that they are not organized by differentiabliity, N
the characteristics of recoding from verbal to visual to auditory
wmodalities, and so on? ;:y

o

Another examplie would be In the area of automatization. (f we come up ;:
with a series of tasks, none of which could be automatized and which were j
being required to be simuitaneously performed by the operator, we might v
predict that the operator would have difficulty dealing with the dual task S
situation unless one of those components could be automatlized. ::
. t
Some might suggest using the expert system methodology for the :&.
development of these models of cognitive or other abiiities. Those p!
individuals who are knowledgeable about the specific systems provide ;'
information that would be used for preparing the content of the training. E"
\l

Clear iy, oxpert systems can be useful, however, It must be done with N
great caution. There is potentiai for a ioss of control In the development Q%
of the training mode!. How much control can we give subject matter experts f
in defining the basic cognitive abliities, for example? The history of such ,
attempts suggests that In this complex area, task experts are not that Y
reiiable In thel!r judgments. 7
o

The danger (n trying to use the expert to lay out the instructional ‘ﬁ-
design Iis that thelr own understanding of how they are able to perform a :j'
task and which abllities they empioy may be quite limited. As | see It, we .’
have no alternative to the effective emplioyment of the findings of basic T
experimental research on human abllitles. N
)
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David Kleras, Ph.D.

Department of Technical Communication
Coltlege of Engineering
Unliverslity of Michigan

One thing 1 1ike about this meeting is that there’'s a mix of peopie
here -- both academic and “real-wor{d” researchers. | think {’'m fated to
represent the “unreal worid” because |‘m going to talk about those things
that | view as heiping to “push back the enveiope” of what we know.

1 have a particular position that | want to argue. | declded that |
would not present some little tidbit of my research but instead try and show
what | think a whole domain of research has to do with training or how
training could be done.

| want to discuss the role of cognitive simulation in advanceda training
technology. The thesis Is that cognitive simulation modeiing s a way to
obtaln the specifications for what must be learned. This can then provide
the Input for Intelligent tutoring and other advanced training systems and
also low-tech systems, |ike paper-based training. Cognitive simulation
mode!l ing is not ready to be put into practice, but we should take It
sericusiy as a potentiai spproach.

I‘'m going to talk very briefly about cognitive simulation, in order to
define It. Then | want to describe the role that It might have In training.

A cognitive simulation is a computer program that realizes a
theoretical idea about mental structures and processes. The program
contains explicit representations of mentai processes and knowledge
structures. State changes In the mode! are supposed to represent state
changes In the mind at some appropriate (evel of anaiysis. The cognitive
simulation efforts most commoniy invoive symbol manipulation programming,
especially programming written In the LISP language using artificlal
inteliigence (Al) programming techniques.

Why would one do such a thing? The classical reason Is that this is a
way to discover the cognitive processes, because this approach allows you to
turn vague ideas Into well~defined Ideas. This approach also glves you the
possiblility of accounting quantitatively for complex empirical data. This
is a relatively new appllication of simulation modeling.

As psychologists we have (deas that are often vague and (|i-defined.

These are ideas that guide our research and guide our thinking, but the
sclentific sctivity consists of trying to turn those vague ideas into

1
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specific ideas. A simulation model Is a tool we can use for that. It glves

a lot of specificity and precision. The tradeoff is that they are difficult .
to construct and )imited In application. ;h
o~
o~

The simulation mode!, when properly done, is in some sense a
realization of a specific set of psychological theoretical (deas. There's
no point in bullding one of these models in the absence of good

s

- -
P

psychological ideas; In the initial use of simulation modeis this basis '

wasn't made clear. Qﬁ

\_q

This, the simulation model, Is not In fact the psychological theory. NG
Yhat’'s a different set of ideas. But It‘s a more specific version of the .
psychological theorles. By developing the simulation, you get some ideas )

about the consistency, the compieteness, or the clarity of the theory, ™
because you have to be specific and preclise with a computer. You are forced :

to turn your ideas Into a set of specific ldeas.

Ty

Such simulation modeis currently are used to work with empirical data
at leveis of precision and detai! that have not been possiblie In the
traditional state of psychological theory. These days, with our laboratory
computers, we can collect much more detalied data than was formerly

possibie. | belleve these simuiation mode!s deal! with data at that same -
level of detall. N
N

Why would one do cognitive simulation? For several reasons: You want i

Ky

to clarify a theoretical! Idea by constructing an explicit reallzation of it.

You want to demonstrate that the theoretical idea you have Is sufficient to ¢
produce the behavior of interest. The history of psychoiogy (s popuiated Wy
with generai statements about things that rarely were shown to actually be o

capabie of producing the behavior that peopie were talking about. :«

Py
[

AR}
(]

sufficiency is a question you can answer in a very straightforward way
with a simuiation mode!, Decause you can account for the behaviora! data In
detall. Once you've done that then the mode! provides you with this
statement that summarizes ai( that data. So (nstead of looking at 20
graphs, you can say: “Here's the mode! and here‘s what It does.”

P RN
': ‘,',';’.'

What does a simuilation have to do with training? (| beileve It |s v
possibie that these simuilation modeis can provide theory-based predictions o
and evaluations of practical situations. >

‘>

The (inkage between theoretical ideas and the simulation program is :ﬁ'

test when the program is based on definite assumptions about the
architecture of cognition — the basic structure of what's inside the head -
- a8 opposed to just having code that produces behavior. This seems (ke an
obvious point but it hasn’'t been made explicit before.

" There ls 8 cognitive architecture that‘s become very popular, and very
important. A distinction is made between declarative knowledge, knowledge
of facts, and procedural knowiedge. Declarative knowledge Is often
represented in a semantic network, which Is a way to express facts.
Procedural knowledge Is often represented dy a set of production rules which
sxamine and maniputate this decliarative information.

12




. - , o ' et A el el Al " aaa aa 8 ua- A Ak .
1A Rt Ne¥ U SN e B R0 Dtat 20 A A A LA A A SLAA S AL G R AN AL AN AN IO A At AN AR Aa® ks Sl o lia o ieA Reft i SR J et et

what kind of Information is In a cognitive simulation? (n order to

specify a cognitive simulation model, several components must be present. S:
One is a detalled task anailysis. The most Important part of this analysis .
is to clarify the goalis this simulation mode! or the human must accompiish. Y
One also must be explicit about the declarative knowledge that’'s ?J
required to do the task. Are there certain facts about the domain the mode! f‘
has to have In order to be able to do the task? Likewise, what procedural '
knowledge must the model have? What rules, procedures, and heuristics must
it have? f
]
As an example, consider electronics troubleshooting. If we had a i
simulation model of electronics troubleshooting, we would have anaiyzed the ]
fogical structure of the troubleshooting task. We would have fligured out he,
what were the Important facts about electronics and the specific system .
being tested, and we wouid have defined what were the various rules or ?
heuristics Invoived: for example, how do you Infer states of components ;
from observations? 3
i1f the simulation mode! Is successful, then we have some measure of ‘ﬁ-
conflidence that we have accurately and completely characterized the critical
knowiedge. One cannot build a mode! for all possible tasks In a particular .
domain. But once we have a mode! to do one thing, at least, we have pretty o~
complete character!zation about that one task. :.
{
How can you use the Information in a model? First, the task analysis f:

and knowledge specifications characterize the task Itseif. For example, you
could use it to evaluate the quality of the design of the system that the o
trainee must Interact with. This is in essence what Kieras and Polson :»
(1985) are doing In the fleld of human-computer iInteraction. A

You can use It to compare Jobs in terms of the underiying tasks because
you have ldentified the subtasks that are invoived. $So you’'re In g position
to determine which jobs have which shared tasks (f you bulld enough of these
modeis. You could then fook at the Job and find out how much information a
particular job requires. For exampie, you might discover that a certain Job
invoives only a couple of subtasks being known and some other job might
require quite a few.

,
«
D

%

EA A LAy

The specific contents of the declarative and procedural knowledge
provide an explicit gpecification of the minimum required knowledge in order
to do the task. From that specification you can te!! what knowledge Is
really Important. For example, the classic problem Iin trying to train
people In electronics maintenance Is an (ssue about what electronics theory
they really need. The experlenced troubleshooter might say, “"Ohms Law?
Yes, | learned that once and never use it." (f we had that specification,
we'd be In a position to make much more inte!lligent guesses about what
knowledge people actually have to have to perform a task. We can ook at
the courseware to see If It contains the right Information. My Intultion is
that often the training material doesn’'t have the (nformation we need to
make & computer program able to do the task.

SN e ey

Finally, 1f you have these explicit representations, you have now
worked out a lot of the detail necessary to do things like bulld Intelligent
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tutoring systems. You have the charscterization of what must be learned and -
you can export It to other kinds of systems. )

The practicality of buliding these modeis presents a set of “puzzles."

First, can you bulid thess models cost-effectively? In order to do
that, we need some kind of technology of cognitive modeling; instead of an
exper ienced cognitive psychologist fladiing with one for a year or two, a
graduate student In cognitive peychology should be able to bulild one In less
than a year because they wouild know what they had to do. Such technology
requires a methodoliogy for task analysis. [f we could specify how to bulld
ony of these models from the ground up, we'd also learn a Iot about how to
do this cognitive task anaiysis we’'ve been talking about. The modeling
approach provides you with a way of verifying the task analysis on a small

scale.

A second question (s whether the reaifly compiex lssues can be finessed.
in some sense we shouidn’t have to mode! everything about a task. We
shouldn‘’t have to construct an entire mode! of perception, for example, In
order to construct a mode! of how peopie do electronic troubleshooting,
because regardiess of how the perceptual system works, it does de!liver
cortain outpute to the rest of the system. We want to know what Is In the
rest of the system.

So a useful mode! would be one that had a (ot of these perceptual
Issues that you could finesse, by saying the Input to the system Is the
simpler output of the perceptual system.

But can we reliadbliy identify and focus on just that critical
Information? Do we know how to finesse? Do we know how to choose what to

finesse?

One of the more valugble things about this approach Is that the
information In the cognitive model Is aiso the Information we want In
inteliigent tutoring or an advanced testing system. How do we streamline
the export of information from one of those efforts to the next? One of the
things you have to do Is work with compatible knowledge representations. It
wouid be essier If there was a general consensus on the cognitive
architecture we want to assume. Some exampies Of how this approach can be
applied can be found In a recent technical report (Kleras, 1987, In press).
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in my presentation | will describe a method for characterizing the Z;
dimensions of transfer space and then talk about how that characterization -
can be transiated into a specification of transfer objectives that can serve \§~
as the basis for training procedures. WMy |deas are speculative and | would >

appreciate your thoughts on them.

There has been much discussion today about the various situations In A
which transfer problems appear. My tailk will be devoted to developing a way h
[ of characterizing those situations and to ldentifying the kinds of problems )
X that one might conceptualize as transfer problems.

A Iwo Dimensional Representation of Transfer Space.

One way to characterize a transfer situation is to specify the X
. reiationship between the physical! similarity of the instructional task and 5
s the transfer task. This Is the old "identical elements” notion: the idea 7o
: that transfer is going to be determined by the degree of stimufus similarity
' between the training task and the transfer task. (In the discussions thus
far several speakers have spoken of the "fidellity” of training to job
performance; this (s one kind of ldea | am trying to capture Iin my
characterization of the identical elements dimension of transfer space.

.....»
Jn‘-'.:'!-’\-’\-i

Identical elements theory only takes you so far In characterizing

- transfer tasks and | would |ike to suggest that there is a second dimenslion j-
- of transfer tasks that Is a3 Important as the physical similarity dimension. »jf
That dimension Is the complexity of the knowledge that is beling used to :i

! perform the task. -
-“r

in recent years two advances have given us better ways of

characterizing the knowledge dimension of transfer tasks. One advance Is
the research on differences between expert and novice performance that has
emphasized the fact that knowledge differences between the expert and novice
are as much qualitative as they are quantitative. The second advance Is the
utilization of production systems as the bases for theorles of cognition.

v Production systems provide concrete modeis of processing svents that in

; earller theories were labeled boxes In a diagram.

L S

o LN N

My notlion of characterlizing transfer space using the dimensions of
: stimuius similarity and knowledge complexity Is represented In Figure 1. A
condition of training or instruction is represented at the far left

:.‘::;'n hY ‘n; )
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Description of Transfer Space
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intercept of the graph In Figure 1. The horlzontal axls of the graph
represents the degree to which the transfer task Is dissimilar (in a
stimulus sense) from the conditions of original Instruction. For example,
close to the point of original Instruction on the horizontal axis are tasks
that closely resemble those that were considered during instruction or
training. At the extreme right on the horizontai axis are tasks that can be
completed utlillzing the knowledge acquired In training but these tasks are
quite different in a physical or stimuius sense from the condlitions of
original instruction.

The vertical axls of the graph represents the compiexity of the
knowledge that can be utllized to perform a particular task. The
characterization is from very simple or low leve!l knowledge to very complex
high leve! knowledge. | want to emphasize that the notion of knowledge that
| am trying to capture Is not degree of knowledge, but rather kind of
knowledge. What | have In mind (s the sorts of differences that have been
discovered between expert and novice physicists. The expert physicist
appears to have hls or her knowledge represented In hlerarchical structures
with the apex of the structure consisting of very high level principles that
encompass an enormous amount of subsidiary iInformation. That kind of high
level knowledge Is what | am trying to represent at the upper extreme of the
vertical axis In Figure 1.

Within the graph | have provided some (abels that might glive you some
Idea of the kind of performance | am trying to capture with my two
dimensions of transfer tasks. Within the lower left quadrant of the graph
we have performance of tasks that require relatively low levelis of knowledge
and that are physically similar to those encountered In origina!l
Iinstruction. In the fower right quadrant are tasks that require relatively
fow leveis of knowledge but the transfer situation Is quite different from
the conditions of original Instruction. In the upper left quadrant we find
expert performance — the performance of tasks requiring the use of complex
knowledge but sti!l within the context of those conditions that existed
during original learning or training. Finally, In the upper right quadrant
we have the performance of tasks that require very high level knowledge in
slituations that are very dissimliar from the conditions that existed during
original learning. This Iis the sort of performance that we might expect
from peopie who make scientific breakthroughs.

Rescribing Knowiedge Compiexity

If the way of characterizing transfer tasks that | have described Is to
have any practical utliity it must be possibie to objectively describe
levels of both dimensions. | would |lke to spend the next few minutes
talking about how this might be done. | will begin with an exampie of how
we might characterize knowledge about learning theory. 1t might go
something |ike the representation | have depicted in Figure 2. As we go
from the upper most node that | have called “learning theory® the hlerarchy
spreads iInto two nodes that | label “cognitive theory" and “behavioral
theory.® Under cognitive theory | branch into information processing
theory, schema theory, and Gestait theory. (n behavioral theory | have
soclal learning theory, operant theory, and assoclative learning theory. At
the next leve! down | have specific theorists such as Atkinson, Shank, Hull,
and Skinner. At a lower leve! yet | have speclfic phenomena and specific
experimental results.
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Figure 2
Knowledge Hierarchy for Learning Theory
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) ) ! would not argue that the hierarchy | have deplicted in Figure 2 Is an ?-
agreed upon way of classifying this particular knowledge domain, but | would raw
suggest that is possibie for a group of experts to come to some agreement ::
with respect to characterizing the knowledge hlerarchy present In a narrowly N
constralned knowledge domain such as learning theory. ;:
One aspect of the knowledge hierarchy as (t relates to expert/novice ??'
performance s that when an expert is presented with some phenomena related L
to learning theory the expert activates very high fevel knowledge units $~_
automatically as a function of encounter ing phenomena. Some cognlitive :~
theorists have referred to this as the “procedurallization” of knowledge. | Y
want to emphasize that the structure | have presented is not a mode! of how &5,
the content within a domain should be taught. |°‘m reasonably certain that -
teaching a novice ali the labeis and connections In a knowiedge hierarchy :
would have little Impact on the novice’'s abllity to classify phenomena that 3:
were very different than those encountered previously. oy
.
The particutar knowledge hierarchy that | represent in Figure 2 happens oy
to be one associated with a cognitive domain. But It Iis also possibie to do ?3
e similar kind of analysls for certain kinds of motor skills. For example, 4
in tennis one can divide skilis Into shot skills and strategy skilis. Shot .
skiils are mastery of forehand, backhand, voiiey, etc. Strategy skiiis come Ax
into play in decisions about when to utiiize particuiar shots. One of the 2:
distinctions between a truly expert tennis player and & good club player Is ?\
that the club player may have good shots but he doesn’t have the strategy Pt
components of the game. The expert player not only hits great shots but he !_~
hits the right shot at the right time; that’'s what percentage tennis is all S
about. NN
N~
The thing that Is common In my characterization of the knowledge \*~
hlerarchies of the expert learning theorist and the expert tennis player Is hY
that a particular event In elther domain automaticafly triggers off very P
high levels of knowliedge In the domain. In contrast, the same event >
triggers off lower levels of knowledge In the novice. NS
o)
Knowledge Comolexity and Transfer NS
_\.r
I1f one accepts the assumption that the same phenomena triggers off % ;
knowledge at different levels In the expert and the novice, this has ﬁﬁ
implications for the characterization of transfer space that | presented In Q,
Figure 1. Consider people who master Information at various ievels on the hj
knowiedge level axis of Figure 1. Now imagine a range of transfer tasks the Q
knowledge will transfer to. My hypothesis Is that someone mastering Nl
knowledge at a relatively low level of knowledge wiill only be able to 3
transfer that knowledge to a smaii range of transfer tasks that have a Bﬁ
stimulius context that is similar to the conditions of original Instruction. N
in contrast, the person who has mastered knowledge at a high ievel could be 1}{
expected to transfer that knowledge to a much broader ranges of tasks. | {:{
have depicted this prediction In Figure 3. This suggestion leads to a AN
further hypothesis. 1f you want to train for transfer you can do It In one !‘
of two ways: Expand the range of stimuius characteristics the trainee is ;%
oxposed to during training, or extend the compiexity of the knowledge the *
trainee Is acaulring. ::x
W
;.'-Z:
3
N
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| envision the knowledge domains | am talking about to be narrowly
constricted with a vertical rather than a horizontal architecture. That is,
acquired knowledge within a domain can transfer downward to related
slituations, but (nformation will not transfer across domains. For example,
chess skiils are unlikely to transfer to card or board games.

The two dimensional characterization of transfer space that | have
described could be used In planning training that wiil transfer to other
situations. The idea Is that the instructional developers first must decide
what trainees shouild bes able to do after completing training. Thlis
description of what they should be able to do would include a description of
the range of conditions the training shoulid transfer to (you could think of
these as transfer objectives). Let’'s examine several instances that we can
represent on Figure 1. Suppose that an individual is being trained to
repair field radios. Further, let’'s suppose that the radios the Individua!
is being trained to repair all look pretty much the same and they have
simliiar design and function. This situation could be represented in Figure
1 by Imagining a transfer space very close to the point representing
original instruction on the graph. An Individual being tralined to perform
the function of repairing the fleld radlos could probably perform his or her
Job successfuliy by being given a minimal amount of "textbook" training on
electronic theory and troubleshooting and then practicai training on
actualily repalring "prototype” fielid radlos.

Now Imagine a situation where an iIndividual Is being traltned to repair
8 wide varliety of electronic equipment. (In other words, the training Is
expected to transfer to situations on the far right of Figure 1. Now
tralning can elther consist of relatively iow level abstract learning and
consliderable practical experience on a wide variety of equipment (i.e.,
expanding the physica!l similarity dimension of training), or It can conslist
of focusing on higher levels of knowiedge that will also result In the
expansion of the range of problems the trainee can successfuliy handle.

it seems to me that the trick In carrying out the kind of analysis | am
describing is determining exactly what you would ilke a tralnee to do.
There are probably many slituations In military tralning where tralnees are
only golng to be faced with job situations that can be virtualily duplicated
In the training environment. (n this kind of case iow leve! knowledge
training coupled with practical experience would probably accompiish the
training goal. in other situations, however, It may be very difficult to
specify the range of tasks the trainee will be required to accomplish in the
Job situation. (n this case the trainee should be prepared for the maximum
transfer potential which means the acquisition of compiex knowledge
accompanied by experience with a range of tasks. A further compllication
associated with specifyling the range of situations that one would expect
training to transfer to Is that )Job requirements change over time. The
individual who has been tralined to perform one kind of task on a limited
range of equipment may, over time, find that the requirements of the job
‘have changed and the initlally recelved training is no longer adequate for
-job performance.

Summary and Conclusiona

In my talk today | have presented a means of describing transfer space
in terms of two dimensions: a dimension describing the physical similarity
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between the conditions present during original instruction and those present
in the transfer task, and a dimension descr lbing the complexity of the
xnow ledge that (s relevant to completion of the transfer task. This

description of transfer space could be useful in formulating *gtransfer
instructional objectives that describe

objectives.” Transfer objectives are
the range of tasks that training or instruction is supposed to transfer to.
t elso pointed out several implications and predictions assocliated with my
character ization of transfer space. As an instance, | suggested the

hypothesis that mastery of knowledge at relatively high tevels of compiexity
could be expected to transfer to a broader range of transfer situations than

would mastery of lower teve! knowledge.
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S | want to contrast practical notions of transfer with -
A laboratory/research notions. This Is a contrast between schooling and what o
N 1’11 call "mentoring”. =
| ) ‘:n X
i *schooling™ Is the experience that most psychologists have that glves 2:
us a particuiar mental mods! that we use to dea! with the world. '
¥
{ Schooling is a situation with a general goal — to bulid an educated &
person through elementary school, secondary schoo!, and other schooling. :
Schooling Is not tied Into practical objectives for the most part, and In St
3 fact, If you listen to educators argue about curriculum and curricutum *‘
planning, you find that the arguments focus on how to speclify the generic >
v goals of education. The goals are quite abstract. Yet, because we worry s
j about transfer, we look at these abstractions as if we can do something
. about them. For exampie, “"can we train generic probiem-solving skilis™? :%
- Can we tralin the components of reading If there are these components, |ike a&
- decoding skiiis and certaln vocabulary access? |If we train those skills, -
will they transfer and make everybody better?
Y oy
A Unfortunately, generic tralining programs don’'t seem to work well, and e
. because of the level of abstraction, | would argue that there Is Y
> congiderable evidence that shows a lot of this is difficuit for students. :'
., o
\ 1t‘s difficulit for students to learn abstractions (e.g., generic rules ‘
. for solving probiems) that are separate from concrete examples. Research in "
: cognitive psychology has shown that you need concrete examples to faclilitate N
. learning. !
. A
. Many of the abstract things that people are supposed to learn, in N,
' geometry for example, are not made explicit in the Instructional situation. '
. They are ailways to be discovered, to be uncovered, and, of course, most e
" students never do uncover them. “
3 There‘'s a need for explicitness. The sclence education |literature %:
= ‘- provides evidence that there’s weak or |ittie transfer between the academic o~
‘ . abstractions learned in class and practica! situations where you have to >
: transfer (use) that knowliedge to soive problems. 2]
) 3
0 DiSessa demonstrated fairly conclusively with physics that what we get ﬁ:
N out of the educational, Instructional, or training process Iis a separate A
' body of academic knowiedge that applies in class but not In situations where ;
LS
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that knowledge should transfer. The notion Is that Information doesn’t :;
transfer because the connections between the abstract formalisms and Y
concrete events are not made properly. ga
oy
Most psychologists and educators have the viewpoint that this schocling .
model Is the kind of mode! we axpect In a learning, training, or the v
instructionai situation. This Influences two things: It Influences what }ﬁ
research they do and the way In which they degin to think about transfer and Qa
transfer of training; and It iInfluences the instruction they design and, | hu
think, fosters the lack of attention to the strategic processes that are gp
part of the instructiona! process. %:
17 wo (00k at the “mentoring® situation — or perhaps a better term {%
would be "experiential® situation — we’re realiy taiking about a vocational 5ﬂ¢
or apprenticeship mode!. It Is involved with domain specific performance. 523
The result of the Instruction process is to bullid a domain theory Into the S;q
Individual, to guide his or her performance. TYhe only time you need to o

teach the individual about formal theory is when that theory Is directly
relevant to what he or she Is going to undertake. The practice glven is
concrete and very specific. (It Is usually aiso Implticit that it‘'s a
one-on-ons (nstructional situation. in that situation strong transfer Is a
primary objective but it is of the kind that’'s been called “near* on 8

“near-to-~far” transfer dimension.

We need to do a more adequate analysis of the strategic, metaphorical
and anaiogical knowledge needed for far transfer.

| want to contrast teaching abstracted components of skl with
simulation, because from the practical viewpoint, If | need to train people
to do particular jobs, the primary emphasis wiil be to mimic sltuation
characteristics, or use simuilations, of the actual job. '

If I'm going to do that In school, (‘m going to push toward the use of
simuiation and role playing. | don't care whether It's paper and pencli
simulation or computer-based simulation, but the emphasis is on how | can
represent critical functional aspects of the rea! task.

ok PP

s

Up front is the lssue of realistic similation, not analysis Into C}
psychological components. When we taik about generic notions of transfer, ::'
we get Involved across domains and require adbstract conceptions about the e,
d

skiil that transfers.

B
',IS'

There s confusion between the specific aspects of tasks and the
strategic knowiedge about how you act In this particular situation, l.e.,
goneral! approaches to the worid. For Instance, your chess skli!!/knowledge

‘ @ight apply to “Go® or checkers.

Notice that In crossing domaing the focus (s onh generic processes.
When you start with a job-specific viewpoint, the focus has to be on
representing that domain to a student, not teaching abstract rules.
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One of the lessons the people from the “schooling camp” might consider
(s how to descridbe, analyze, represent and mode! the "jobs" that students
might be expected to do. Deriving Instructiona! situations from these

descriptions is simpler.
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The m!litary has adopted a system planning mode! or procedure for
attempting to relate training to the Job. You derive the training
practices, the descriptions of what you mean by competence, and how you will!
go about testing all from analysis and representation of job tasks. That's
the theory, and the way the process Iis set up. It is a sound set of ldeas
and can be effectlive.

This procedure is not implemented well. People adopt an academic mode!
of schooling rather than a mentoring modei. Let me iliustrate the point.

We looked at a course that was part of the propuision-engineering
curriculum. The course s supposed to teach the student how to do a
chemical analysis of water that comes out of the condensers Iin the boller
system.

You would expect the curriculum to Include some very simpie basic
chemistry and procedures. Instead, they have a full two-week course In
chemistry — probably far more than s necessary. Agsin, the schooling
mode ! Imposes Itself on the training develiopers and they then don‘t follow
the mentor/experiential mode! very well.

i have some recommendations for research and development. Flirst, there
is a history of 20 or 30 years of doing task analysis systematically In the
military and the Industrial worid. That process is only partially adequate,
because the strategic knowledge and the organization aspect of the task are
not in that mode!. There should be research to Improve that process.

in all instructiona! situations we allude to the entering student’'s
knowiedge. We use seliection tests and perhaps some specific knowledge
tests, but none of these are necessarily systematically related to the
course. If It ls true that a student learns well on the basis of his olid
knowledge, which (s what many cognitive scientists would have us belleve,
then It |s Important to know what that "oid knowiedge"™ is to adapt
instruction appropriately.

There (s a problem of Instructional fildelity. How do we take apart the
critica!) aspects of the task to identify what pleces (components) of the
task should be the ones that get practiced during the schooling?

Performance measurement takes too much time and energy to be practical.
Therefore, If | ever want to measure competence or even expertise, how do |
®easure its level? (n chess and simiiar domains, there are competitive
systems where people have to deal with one another to get master points.
That‘'s how they are rated one against the other. HNow do we do that In other
situations without taking lots of time?

I think It is worth emphasizing that the people who are going to use
this knowledge are not the people In this room. Instructors and teachers In
the real worid are the ones who have to apply what resuits from better
systemization. How do we reach them? We need automated implementation alds
to heip with the anailysis, the design process, and the design of evaluation
systems. We need asutomated systems that inciude cognitive and psychological

know | edge .
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Finally, 1 think that impiementation of systematic Instructional
development processes must be improved. A feedback and monjtoring system
for the whole process Is essential. The mode! | have for that feedback and
monitoring system was described by Bill Cooley in his Presidential address
at an annual meeting of the American Educational Research Association a
couple of years ago, where he talked about a model he bullt for the
Plittsburgh schoo! system. Cooley’s mode! takes measures out of the school
system, ldentifles 2 problem, and then institutes changes with teams of
individuais who would solve the probiems via appropriate actions. 1 think
the same sort of thing can be estad!ished for other situations.

The Navy has a feedback system In which job supervisors of recent
graduates complete a Questionnaire that is related to job abjectives. Thls
system doesn‘t work very weli and is Incomplete, but It does identlify
certain real problems.

The questionnaire asks If the student, when he first arrived from
school, could do a certain task. 1t is a partial system — just a survey.
It does not have a feeddback ioop In It to identify a problem and tie It
closely to the training process. These supervisors are reporting on
students several months after they‘ve arrived, but they’'re supposed to
reference them In time to when they arrived, because you don’t want to
confound it with whatever they've learned In the job slituation.

in the military In a peace time worid, relatively few peopie with a
poor academ!|c background are recrulted. Under peace time pressures to keep
expenditures down, selection of higher-ievel people is cost-effective.

if we goet Into a wartime modbilization, all of a sudden we accept lots
of people who we would screen out right now; training those people Is more
difficuit. How can we train these people more quickiy?

Many issues of transfer have to focus on that relatively fow end — |
don‘t Iike to use the word *inteliigence,” but | don’'t know what sise to use
for that dimension. Work was done on this problem during the second Worid
War, the Korean War, and more recentiy In "Project 100,000,* when 100,000
peopie were taken and the military had to worry sbout whether they could
utitize them In technical areas for which they were at least nominally
unqualifled. From recent analyses they performed nearily as wel! as higher

abliity people.

Military training (s aiways going to be much less generic than ordinary
education. For example, the Navy has Military Occupational Specialties
(MOS), which are defined as a group of job sub-tasks. Training (ncludes a
general basic course, then more specific course(s) which tend to be very
equipment oriented. The fundamentals course |s supposed to provide the
basic knowiledge and skilis required for that job. Even that Is an academic
|mode!, but It Is tied much more cloeely to the job in the design of the
curriculum,

For example, the fire control technician, who s Involived In shooting
migs!les, and fixing those systems that shoot missiies, is going to learn
sbout fire control and about particular systems before working on these

systems.
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It Is the fundamental (first) course that becomes |lke other academic
courses. The fact that these generic courses are more “schooling” is of
concern. They should dbe briefer and more jJob-1lke so that the tralnees can
fix the gear and be useful right away. “Experlential” courses would be
better, If we could develop them. In this model, the student is glven job-
like experience and is brought to the job as an apprentice to helip him pick
up the fine arts. He has a period of time on the Job with much less well
controlled supervision that would be the case In his schooling. That's
where you wouid begin to see the transfer of tralning — In his ablllity to
learn on the Job. Current training Is too acaderic and does not prepare him
for l(earning on-the-jodb welil.

Because of marginal training, he doesn’t get a chance to refresh
himseif on some of the things that were explicltily iIncluded In his training
courges. Often, the guy who most needs treaining will spend the day sweeping
floors, because they can‘t afford to risk practice on the equipment. Many
people come out of basic training courses without having acqulired the
*basic” skilis. For example, there’'s not enough practice soldering, not
enough practice using test equipment, and no systematic training In how to
find intermittent connections in cables.

Experiential models are difficult to Implement, due at i(east In part to
resource constraints. The mode!, although an old one, is stiil good. In
fact, Prosser and Quigley published a book In 1925 suggesting such
principles for teaching. [¢ was more cognitive than behavioristic at that
time. The environmental context and the situational context variables were
very important for the Instructional process. You had to represent to
students the real situation insofar as possible and give them experience
functionally equivalent to the Jjob.

If we have certain tools for developing Instruction, we'd have a better
chance of impiementing these modelis. For Instance, we are working on an
under-funded project on buliding an Intelligent authoring system. The ldea
is to provide an environment In which someone who (s beginning developmant
of instruction —— even in the analytic process — would be alded and advised
by this system. You can think of it as an advisor or coach, but It would
also help carry out the mundane tasks, such as the generation of textual
materialis and graphics.

It would also uitimately have & rapid prototyping system so that the
individual could see the representation that he wanted to show to his
student and try It out, and (f he didn’'t (lke It, he could throw It away and
develop a new onhe qguickly. You can‘t do that kind of thing very qQqulckly
today, and people Ilke Jim Hollan at NPRDC and Doug Towne at USC and others
are working to bulid devices that are pleces of this uitimate system.

One issue In deveiloping prototype simulations for training is what |

.call ®instructional fidellity.” People who deveiop simufators emphasize

fidellty to the task and equipment actually used. Such devices are costly

“and may not be the best means of training because, In representing the task

in all Its complcxity, It is Inefficient for student learning.

instructiona! ficallty is concerned with how to implement, for example,
part-task training, backward chalining, time compressed practice. Such
procedures are needed to make instruction more effective and efficient.

PN

A
» h ] - ~
AN e

L
o« Ul

)
'

S
WAL

A Tl
}f v’

a
( 3w 4
T

Cos T
',L’l

PO
EA;

hY

'L
1 4

’ .‘l -.D'-.T-

> ¥

N
.

‘-,
AN

o ay ot
."S‘,‘l‘f!j,l,

F g v " " w3
NI
BTSN

T AT

.l
P

iy

z,

'.

"‘."" Eaon 4

LI
A ARRERR])

PEEELT
ST

",I

X
r

[ 4
SV,

L

P LAY
1"( -'&1'

1y -
2
o



" A A A S Sl i tal
PAEAVRE I P I 2 b iar g iy ot e AR S

ver (dical simulators or rea) equipment can‘t do that. Thus, instructional
fidellity Issues sre important for transfer.
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| want to relate some experiences that my colleagues and | have had in ]
looking at several specific technical areas, and in trying to determine how e
tralning might be Improved In these gltuations. .
Second, | want to say a few things about the kinds of knowledge that | fkf
think are needed to drive intelligent training systems or expert training o
systems. Flinally, | want to comment on certain misconceptions and the role )
they might play In thinking about transfer. NG
h
We'll start by looking at the training of avionics techniclans In the ‘ﬁ
Alr Force. Ly
A
There's a kind of "high-tech" trap that exists in training these days. )
People come along with products to seil to the DoD, or people within the DoD ?;'
who want particular products shape thelr definition In ways that make the o
products look as good as possible. e
..:*
Inevitably, somewhere along the |ine we come to belleve that the o
devices we bought are really simple — g0 simple that anyone could fix or )
use them. That effect is one of the reasons why certaln kinds of specific ;{
procedural training find their way into the tralning process. :;:‘
For many systems there are books that purport to describe exactly what :ﬁt
to do In every circumstance, so that the real task Is to train people to B
foliow the instructions, to do so quickly, and without beling too orliginal in )
the Iimplementation of those instructions. &.\
The probliem Is that It doesn’t work that way. The systems are never as ;ﬂf
fooiproof as we might have hoped, and that In turn produces a problem. We 3
train a person to follow a very specific Instruction, and suddenly we N
reallize he has to do some additional tasks just to survive. But, he was )
taught on!y Instruction-foliowing, rather than some more fiexible knowledge S
that might have helped him deal with complex cases. ;g.
[N
The exampie | want to cite involved people who used a relatively ;;i
eiaborate test station to fix the !ittle boxes of electronic stuff that they duﬁ
stick In planes. The stuff in those Iittie boxes is very reilable, but the )
test stations have been around a long time and are not as rellable. o
v
ﬂ.‘ b
It is Important to note that planes that are used In the Alr Force have ftﬁ
been designed relatively recently. They undergo a certain amount of T~
s
~
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modification over time. Often, when plans for hew planes are made, a .
rellable test station Is Included; but as budgetary pressures arise, the new -~
test station often disappears. *
So, some current test stations are 1950°'s-level discrete logic. They N

are unreliabie things, but the premise on which the training of those peopie e
is based s that the test station and the book of instructions will allow S
them to fix the boxes In the pfianes. &
When the test station works, that idea works very weil. When the test >,
station falls, however, the idea falls badly — there are on the order of 40 Q.
cubic feet of dlscrete logic described by books full of schematics that have o)
to be used by somebody not wel! trained In electronics troubleshooting, but é}
only In following directions. )
&

That’'s the kind of problem we have examined. We have compared people e

">

Ky

-

<
|

who were recently trained and were doing well on the job with other recent
trainees who were not doing as well.

If we taiked to first-Iine supervisors and were careful about how we
asked questions, we couid get a reasonably good split of people according to
thelr competence. We could then do a contrastive analysis, i1ook at the best
people, compare them with the worst peopie, and 100k at the differences.

We gave them a battery of tests, Including some realistic trouble-~
shooting tasks that were more difficult than they characteristically would
find on the Job. But the origina! split Is essentially asking the
supervisor who they think is more effective.

It Is important to note that i1t‘s a face-valid spiit — people In one
group can do the work we'd |ike them to do, which Is to troubieshoot, and
the peopie In the other group are much less able to do that. We have a
reasonably good abllity to split the guys who are moving along quickly from
the guys who are moving slong less quickly.

Now, It could be that there’'s some quality that some people come with
and other people don‘'t, and the people who have that quality learn on the
Job more quickly than other people, and all that we’'re doing is placing
people at different points In the course of ilearning on the job. Even |(f
that's the case, it‘'s useful to know what It Is that people are siow at
fearning, because that’'s a useful focus point for more specific Instruction.

What do we know about the more successfuil peopie? The high-skll|
people are better at troubleshooting. They are more likely to find out
what‘'s wrong with the things that they‘'re trying to fix. They know specific
things to do and strategies to follow that are useful for the purpose of
troubleshoot ing this particuiar equipment.

We can also ask such questions as, "Are they more planful?® ®Are they
more systematic?® °®Do they have dlvide-and~conquer strategies?™ There are
no differences In general strategic capabliity per se. The high-skill group
knows more about the systems that they work with and the specific components
that play a rofe in troubleshooting decisions. They know how those
components work. They know how they relate to the system as a whols.
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They aren‘t any better at teliing you how a resistor works. They
don't have specific electronics knowledge, and again, that's not bad. These
people are doing their Job — things are going moderateily well. Some of
them are doing their job quite well, and they still don't show a great
knowledge of electrical concepts.

And finally, (f we look at the simpiest level of procedures, we didn’t
find any difference In their accuracy In doling things, |lke checking to see
whether a particular meter reading fell within a space glven.

There were some more complicated differences of a similar character.
For example, If we ook at how rellable our people are at making meter
readings, they're al! about the same. (f we ask the question, "Did they
make meter readings when they should have,” then we find some Interesting
differences.

Particularly, we find that when resistance needs to be measured In
order to dlagnose, they were all about equaliy good, and they all tend to do
it. However, when voltage should be measured, the less skilled group was
much less 1lkely to take the measurement at the appropriate time. Measuring
volitage requires deeper understanding than measuring resistance.

Our diagnosis measures are measures of the performance which they have
been hired to do on the job. When we say that they are better at diagnosis,
that (s thelr job.

We split on supervisory ratings, but the truth of the matter is that
you aiways get curious and you go back and ask, "What If | split them on the
basis of their performance In the reallistic troublieshooting task,” and you
get much the same kind of resulit.

The difference betwaen the two groups is that the domain-specific
qualiity of the strategy varles.

For example, suppose | have a computer In front of me that has ten
boards In it, and somewhere eise In the shop there’'s a computer that works
and aiso has those ten boards In it. If | were systematic In my approach to
fixing the broken computer, | would take out board number one, put a good
board In, and see If that does It. If that doesn't work, go to board number
two, and so on. That’'s a perfectly systematic strategy, but It falls to
take account of the fact that the computer is more than the sum of those
boards.

Further, It falis to take account of the possible interactions. |If
board number ten Is bad, and Is bad In the way that will cause board number
one to burn out, | can play the swapping game a long time. | once saw a
techniclan replace the same board seven times and he smoked each one.

People can behave very systematically and just not be doing the right thing.

iIf you ook at the question the way we posed It, | think you would say
that we found higher ski}l) people have more strong methods that would
generalize. It wasn't our Intention to make that cut, but If you look at
what we‘'re calling strong methods, there are things |lke tracing outs,
following schematics, and making certain kinds of measurements with the
meter.
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These functions are not, In fact, specifics for one particulfar test
station. In fact, It's the less-skiiled person that says, “Gee, the onliy
time | saw one of those fall, It was because board number 43 was bad. I'm
going to try board number 43."

if you ook at what the less-skliled persons were taught compared to
what the high-skill people seem to be better at, a certaln kind of
generalization can be made. (n the deciarative knowiedge arena, if you're
jooking at factual knowledge concepts of electronics, they were taught
extremely abstract concepts at the very deginning of their careers.

What they don‘t get at the beginning is the more concrete stuff that
has the character of the chapter in any reference manual called "theory of
operation.” If you're trying to narrow the problem to one of ten boxes In
this big machine, then knowing what those ten boxes do can be very
impor tant.

Knowing the function of resistors may or may not be as important for
that plece of the decision. One thing that seems to be the case is that the
declarative knowledge that’'s provided Is too abstract elther to foster easy
learning or to enable good troubleshooting.

On the other hand, the procedural knowledge that Is provided In
training seems to be too concrete, and characteristically invoives the
practice of merely following the instructions that are In the technical
orders.

it is a replicable and predictable accident that troubleshooting jobs
tend to Invoive more real! probiem sofving than the system designer
anticlipated.

Now, et me try to deal with the second point. It ls Interesting to
fook at what realiy happens when we try to bulld a learning hlerarchy or
ordered characterization of the goals of Instruction.

There are many different viewpoints one can take on how to split up the
big connected fabric of knowledge that we want people to deveiop. iIn the
case of some simple electronics, we can categorize by which concepts are
being used; by kinds of circults, paratiel and series; and by kinds of laws.
All of those spiits tend to represent different viewpoints on the same basic
task — we have a blg body of highly Interconnected knowledge that we want
to convey to somebody.

How woe make those splits though, can cause certain things to happen.
Because of the need for accountabllity and the need for moduiarity In
instruction, we split the ple Into some pleces. Different people might be
in charge of teaching those different pleces. Each of those people is going
to want to verify that they have, In fact, correctly and compietely done
what they were assigned to do. So, they’'re going to test whether or not
they have taught the plece we gave them to teach, and they’re going to
direct all of their attention to optimizing performance in those tests.

for example, let’'s say there are three things In particular that are
usefui to know In troubleshooting these big test stations. When we bullid
our learning hlerarchy, as we accumuiate subskilis Into certaln higher level
skills, there's aliways some material left out. Some iInformation is Implicit
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and we hope the student will figure out on his own — some glue that takes
these separate pieces of knowledge and hooks them together to make them

e b

( useable. .
>
: it | am In charge of teaching Ohm's Law, and | jook at all the things i:
i know about Ohm's Law, what am | going to give as a test to prove that | ;\
really taught the guy Ohm’'s Law? What am | going to teach him? 1'm going Ve
to find the very core of that Ohm’'s Law knowledge — the thing that looks o
K more (ike Ohm’s Law than anything else, so that when people get that test g
item correct, | can smiie and say, "! did my part." |°'m going to focus my O,
attention on the center of this plece of the fabric of knowledge we want to {ﬁ‘
convey. >
2
When we’'re finished, we have a situation In which the Ohm’'s Law teacher L.
taught the central things about Ohm's Law, and the divide-and-conquer N
! strategy teacher taught some of the central things about divide-and-conquer -
! strategy. Each of them can demonstrate conciusively with thelr tests that ;:
what they set out to teach, they In fact taught. But there’'s a big o~
assumption that the inter-relationships between those pleces of knowledge, 2
. wil] somehew, be successfully acquired by the student. ;
) («.:
What do | do If | can’'t teach the student to troubleshoot the test :*
stations, after he has taken these course modulies? { compiain about the o
fact that he doesn’t know Ohm's Law and meter reading, because he can’t use ::f
them to do what | want him to do. | send him back to those teachers and T
they teach agalin the same thing that they probably successfully taught Q
before. This is insufficlient. Different viewpoints are needed on the A
3 target knowledge for Instruction, for remediation, and for assessing -Qr
y transfer. Q:‘
1f, for example, we want to have somebody know those aspects of Ohm's N
Law that are critical to troubleshooting, we need to fdentify and understand -
X those aspects. When we find that people aren‘'t learning to troubleshoot, we c;]
- need to be sophisticated enough to understand that this Iis not a simple S
; question of needing two weeks instead of one week's study of Ohm's Law. N
: Rather, there is some other material that needs to be added that wasn't the -3
target of Instruction in the first place. e
]
Let me present an exampie to [(liustrate my third point. The exampie s 35'
from Herman Hartel, who looks at chiidren In the top end of the gymnasium In j
Germany. They get several years of physics and you can convince yourself o2
that these students really understand the basic concepts, |ike Kirchhoff's j~;
Law, that help up apply some of the things that we know about electriclity. L
]
They can pass any sort of standard test that you could pose to those -jj
people. Then Harte! glives them a prodiem using reai devices — wires, }t
| buibs, and batteries. He says, "Look, here is this battery and the wire oy
goes from here to this lamp and then over the next Jamp, and then [t goes }:
! back there, and this lamp lights up and this (amp doesn’t. What‘s going e
] on?* "
\::
| And what do the students say? They say something |lke, "Well, the :i:
electricity gets through this buld and then it stops here because this iamp -
Is broken." gy
-~
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) Tested In any conventiona! way, they will behave as If they know all
i the laws and principles of electricity that says "this simply cannot

{ happen.®

The point Is that we wouid hope these realiy bright students would
simply realize that this is a series circult, and If the circult Is closed,
which ls the only way this iamp can 1ight, the current has to be passing
through that lamp. Whatever solution | come up with, it has to have that
aspect. (Instead, they retreat to a fundamsntal misconception — that
electricity is the stuff that you push through wires, like electricity
hoses, and It’s quite possibie for it to pass through this lamp and |Jight It
and then stop at the second |ight.

The point | want to make is that Instruction In areas where there are
these fundamental misconceptions has the character of war. It‘'s a war
against misconception, and when you fight a war there are certain basic
principies that need to be kept In mind. One of those principles is that a
particular amount of force will produce a victory only |f used properiy. At
times you need to use overwhelming force In order to absolutely demorallze

the enemy. .

in this sense misconceptions that persevere represent fundamantal
conflicts with the skilis that we want peopie to acquire, and they have to
be shattered. That is the classic approach.

There are other things we can do that work better If we don’t have the
resources to try the overwheiming force approach. For example, one approach
is the ancient tactic of bullding a serles of garrisons. We have to stake
out pleces of territory In order to retain control. That is a relatively

expensive strategy.

in the case of conducting a war on misconception, that woulid mean
having to provide enough pockets of knowledge to sufficiently cover the
domain In question. In this way, we can count on the misconception being
unable to reassert Its control.

The third strategy Is to win the hearts and minds of the people. You
can provide some Infrastructure that’'s there on your slde even when you are
absent. We do that when we teach certalin kinds of metacognitive skilis —
when we convince people that certain constraints must hoid In a domain and
that they have to reason their way around the apparent contradictions to
those constraints.

{ wouid assert that when we think about transfer, we must keep In mind )
, the possibliity that transfer Is often to tasks to which the person does ::
\ have reievant knowledge, but some of that relevant knowiedge s wrong. In :,
electronics, for Instance, when we deal with certain mechanical kinds of N
situations, peopie are equipped with a supply of successful principies that Q,
don’t generalize. LA
: )
Those principies have been reinforced In the average recrult by 18 §{
years of experience In the worlid. Even If we taught a lot of the right IN
things, the transfer situation — uniess It's deen planned for — willi ju
simply fall Into one of those holes, which brings about the old :

o,

misconceptions.
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X We can work with an expert ahead of time and go Into a training N
. situation knowing in advance aimost every response — both correct and

incorrect — that‘s going to be made in a very complex troublieshooting task.
. That means we can get to the point of knowing where to head off

Inappropr iate experlences.
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A final point | would llke to make (s that { think psychologists
grossly underestimate the extent to which they need to be knowledgeable In
the domain in which they are working. {f you 1ook at the first year or two
of our work, (t suffered greatiy from dbeing good psychology and superficlal
olectronics. It was only after everyone on the project attended reguilar
electronics seminars that we began doing really useful work.
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G.J. Laabs, Ph.D.

Navy Personns! Research and Development Center

i want to raise some issues today related to transfer of training that
have to do with applied performance testing. They are In the areas of
fidel ity of measurement and the process by which we define what it Is that
we want to measure.

t have spent the past ten years at the Navy Personnel Ressarch and
Development Center doing research Involving applled performance testing.
initlally my work Involved bullding diagnostic testing and shipboard
tralning packages. This was followed by work on proficlency assessment to
provide feedback to the training community.

About three years ago, | switched from working (n the training area to
the manpower and personne! area. Thus, my comments today wiil reflect more
of the viewpoint that would be taken by a personnel psycholiogist than a
training speclialist,

The first Issue | want to raise concerns the fidellty of performance
meoasurement. Applied performance testing, conducted at the appropriate
measurement levels, may be the best way to measure and ensure transfer of
training. By applled performance testing, | mean testing the individual on
the tasks that they actually do on the job using the equipment that they use
on the job.

This is an extremely high fidelity type of measure — the type of
moasure that aimost everyone wouid agree that you should use to assess
whether there is any transfer of training to the job. Unfortunately, this
type of high fidelity test Iis extremely expensive.

One of the major contributions of work now being done (n applied
performance testing will be the development of a technology for buliding and
evaiuating hands-on jJob performance tests — and perhaps other measures that
can be used In place of these job sample types of tests.

We have the compliete technoiogy to bullid paper-and-penc!! tests, and we
sliso have a s0lid foundation for the technology to bulld criterion-
referenced tests, but we don’'t have the same technology for con:tructlng
hands-on performance tests.

This lack of technology has implications for transfer of training work
as woll as for the type of validation work | do now. For example, we don't
have any good technical guidance for selecting transfer tasks to properly
assess transfer of training or for selecting tasks for a test to vallidate
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solection Instruments. Clearly, performance testing Is an area In need of
additional research.

i1t seoems to me that It Is Important In pursuing future research to
develop some high-fidellity but {ow-cost performance measures, whether our
purpose is to assess transfer of tralning or validate predictor tests.

It has already been mentioned that hands-on performance testing |Is
expensive. It Is expensive to build the test, and then very expensive to
administer the test In a one-on-one situation. In addition, we take up the
resources of the community In which we work — |In equipment use, for
example. If we use a less expensive, (ower fldellity test, however, we do
not know what effect the use of such a test will have on performance

@measurement.

To (1lustrate an approach that | feel will contribute to the needed
technology of performance testing, | would like to present some information
about a vallidation project with which | am invoived. There are about 65
different jobs Iin the Navy to which we would |ike to be adble to
differentially assign recruits to maximize job performance.

Nelther the Navy nor any of the other Services can afford to develop
and administer hands-on performance tests for all jobs as we routinely
validate and update our personnel classification and assigmment procedures.
Therefore, for a limited number of jobs, a Joint-Service working group
decided to use hands-on tests as "benchmark"™ measures against which some
fess sxpoensive, more easily administered substitute measures will be
compared In large fleld experiments.

in the Navy, we are {ooking at two types of substitute measures. One
invoives simulation; elther a paper-and-penci! test or a computer-based
simulation. The second substitute measure is a set of behaviorally anchored
rating scales. We pian experiments to look at the refationships among the
different types of measures and between these measures and the major

selection instrument used, the Armed Services Vocational Aptlitude Battery or

ASVAB.

The other issue that | want to raise has to do with defining what It |is
that we are measuring.

in the case of the Joint-Service working group that { just mentioned,
we found it easy to talk about relating the ASVAB to job performance, but
found It difficuit to get agreement on what constitutes a comprehensive
wmeasure of job performance. When we discussed what kinds of measures we
were going to use, there was concern that we were really not measuring job
performance, or that we were measuring too much of It or not enough of |t.

some Industrial/organizational psychologists suggest, for example, that
we must look not only at whether an Individual gan do the job, but doaes he
or she do the job? Are the iIndivicduale really there on the Job? Are they
absent, do they use drugs, are they motivated? That is, do they engage In
*down-t ime" behaviors? What about the observance of safety precautions? Do
they engage In “hazardous” behaviors?

All of these things make up general performance on the job. But there
continued to be confusion iIn the working group about what aspect or aspects
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of Job performance we should be measuring. The adequacy of any performance
measure wli| depend on the purpose of the measurement, the measurement
method used, and what is maant by job performance. We finally decided to
take a narrow focus and look only at technical proficlency. That Is, we are
going to test oniy the “"can do” aspect of job performance using tasks of a
technical nature done on the job.

Yo put this decision in perspective, Kevin Murphy from Colorado State
University and several of us at the Navy Personnel Research and Development
Center tried to lay out what we meant when we talked about job performance
and we came up with a set of performance levels. These levels are most
easlly thought of as a type of fiow chart, because It foliows an individua!l
from the time that he or she enters the Service, to the point of post-
tralining job performance. This is shown as five levels:

l. Effectiveness In a position

fi. Behavioral components of effectiveness

111. Interpersonal relations

IV. Job or task proficiency

V. Skill and knowledge components of proficlency

The filow is from underiying skilis and knowledge at Level V to
effectiveness In a position at Leve! |. Tralning occurs at Level Vv, but
practice and experience In the job enviromment Is necessary to achleve task
proficlency at level IV. Task proficlency and the other behaviors
represented at Levels il and 1], such as the down-time and hazardous
behaviors mentioned eariier and Interpersonal skilis, contribute to
effectiveness in a position. Effectiveness determines the vatue of the
individual to the organlzation.

| believe that this concept of Job performance has appllication to the
assessmoent of tranafer of tralning. Ultimately we want to bring tralnees
into the job and have them be effective. That Is, we want training to
transfer to the Job. However, we cannot dotermine how much transfer of
tralning occurs, If any, uniess we can speclify the job performance universe
and relate performance measures to it.

It Is not untl! we ldentify the concept of achlevement In different
performance areas, such as those represented In the levels of performance |
have been talking about, that we will know what it (s that we ought to
measure to assess transfer of training. The main advantage of having a well
defined concept of job performance is that It will allow us to declde what
the transfer tasks ought to be and how to set up the situations to measure
transfer of training.

Another advantage of laying out a concept of job performance using
difterent performance ievels Is that we cen see that we have to measure at
different levels for different purposes.

We made a8 conscious decision In the Joint-Service project | described
to look at task proficiency because performance at that level Iis most !ikely
related to the kinds of abiiities that we are measuring in the current ASVAB
or Iin some of the new abllity predictor tests that we are also
investigating.




Likewise, we may have to make decisions to measure at different 5
performance levelis to: (1) diagnose learning difficulties, document

achlevement, and ensure transfer of tralining within a course of instruction, Q:
(2) measure transfer of training to proficiency in a specific job or task, Ry
(3) ensure that transfer of training contributes to global job behaviors or 5
effectiveness In a specific position, or (4) provide quallty control -2
Information or feedback to the training program. >
]
The noxt item | want to talk about concerns providing more detall at &
the different leveis of performance. An overall concept llke Job v
performance has to gontaln detallied performance constructs. Analytic tools s
are needed to speclify the cognitive processes and memory structures that o
make up these performance constructs. >
If we can analyze Job performance using a cognitive task ana'ysis <
procedure, we can determine what shouid be taught to Individuais to enable 1}
them to become proficlent. Perforsance constructs can help point out .
discrepancies between what Is being trained and what needs to be trained, T
and even give us ldeas on the approprlate sequencing of training. o
Performance constructs also can provide guldance on what to test and how to '
test It to meet various training measurement purposes. =
N~
Although It may be possible to achieve job and task proficiency solely ol
through "on-the-job*® training, It is usually impractical. This means we g’
need a mix of classroom and on-tho-job training. Specifying a performance N
construct and taking Into account the resources avallable In the training )
-and job environments, may allow us to make some decisions on the best mix of e
training environments. o~
What | am realily proposing !s that we take a "systems approach" to -:.
problems common to both vallidation and transfer of training work — for that ™
we have to apply the personnei psychologist’'s notion of construct valldation :
when defining and measuring Job performance, and we have to caplitallize on s
the training speclalist’'s capability to anaiyze the underlying skiils and ;\;
abllities that are related to job performance. e
:,\
in summary, we need: (1) studies of performance test fidelity that use g
different measurement methods and tle these methods to different performance )
levels, and (2) a cognitive task analysis procedure that can serve both .:‘
selection and training research. "~
There aiready have been calis for a construct validation approach to }Q
criterion-referenced testing and scholastic achievement. According to such fz
an approach, defining the performance universe and then specifying a X
performance construct, that Is, the performance domain, Is an lmportant step e
Iin measuring transfer of training to the job. Low-cost, high-fidelity ja'
measures of performance are the key to success Iin this enterprise, and a o
cognitive task analysis procedure can help us bulld fidelity Into our 3:.
measures. ot
L]
A cognitive task analysis procedure aiso can provide the thread that -
ties personnel selection to job performance via training. Personnel o
selection Influences training by matching predictors to the method of 11:
instruction and/or course content; It Influences Job performance by matching ;L\
predictors to the job. The same underiying cognitive processes and g:
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structures that make up the Job performance construct should be represented
in the predictors, training content, and the Job tasks.

The approach and procedures that | have advocated today Imply a general
need for a theory of human performance that will encompass both transfer of
training and performance prediction.
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Walter Schnelder, Ph.D.

Learning Research and Development Center
University of Pittsburgh
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| want to taik about bulilding what | wlil refer to as automatic o0
processing component skilis. | will begin with some theory, and then apply :n
It to transfer of training. | will describe the distinction between r
sutomatic and controlled processing. The Interpretation of these )
! differences Is useful for understanding how skill is acquired and helip "
clarify some misparceptions of the role of tralning, and how training ﬁ\
transiates Into performance. o
.v.:s

LR F gty

111 also talk about some empirical changes with practice, In
particular the increases in processing speed and reduced workload that are
necessary for high performance skills. Then 1°11 talk about the

v
4

.-
.
[y

, characteristic of Increased relliabllity. You may, In a training context, ~
; want to traln somebody not only 80 they can perform the task, but perform it Iy
N when they dldn’t have enough sleep the night before, or have a problem with :
) alcoho!, or haven’'t refreshed the training, or haven‘'t experienced the -

tralning In slx months of the task. ) will also talk about the
¥ characteristic of negative transfer, when training can Influence processing
80 you don’'t do something, or you do something that you didn’t Intend to do.

Finally | will go Into some gulde!ines for deveioping automatic

processes, and talk a tittie bit about the challenge of skili training.

One characteristic of training that evolves from my work Is, there’'s no such
thing as a free lunch. 1If you want high performance you are going to have to
spend a substantial amount of time In tralining, and develioping the tasks. e
1l give you a brief description of training guidelines from this -
perspective. 1‘Il take some examples of two training systems that we're fﬂ
working with at the moment, one for tralning electronic troubleshooting, and A
the other for alr Intercept control.

»TaTe W

"

\ | view human performance as beling the result of two qualitatively 7
g different processes. The first is controlled processing, which Is typica! :r
of novel gituations. It is |llustrated by beling siow, serlal, effortful — :ﬁ

a8 consclous processing of very limited capaclity and under direct subject ~

control. Most declarative knowledge processing Involves controlied

-

processing. ~
‘.
o
The second mode of processing, which s more typical of the highly N
skilled practitioner with years of training on the Job, Is automatic P
processing. This Is typlical of situations where you do the same thing time .
after time after time. It’s characterized as fast, parallel, fairly )
N
45 Y
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effortiess, and not |imited by short=-term memory comparisons. | will clalim
that a major part of training, at least In the area of skill development, is
the buliding up of these automatic performance skiffs.

To give you an appreclation of the magnitude of these effects, | wilil
give you some examples from a basic research paradigm. The differences
between these types of processing are or can be two orders of magnitude. A
frequently used paradigm is a search task. In such a task you might “Push
button 1 If you see the (etter X or L,” then you wouid see a set of stimull,
and you would make a response. You see a series of presentations of single
letters, where you have to make a simple response to a smali set of letters.

An important distinction in this work between the automatic and
controlled processing (s the type of mapping of the stimul! and the task.
if it’s & consistent mapping, the response Is the same every time you
perform the task (e.g., dialing your home phone number). 1(n a varled
mapping, the stimulus and response change from trial to trial (e.g., dlaling
random phone numbers).

in a consistent search task, you would be told In the trial "Push a
button If you see X or L." L occurs and you push button 1; I1f a K occurs,
you push a 2. Later, you see D or Q. D occurs, and you push button 1. The
critical thing Is, you never make a different response to the particutlar
stimuius. In a varied search task you might search for a P or L on one
trial and push button 1 for an L on trial 1. However, If on the next trial,
whiie searching for an X or G, an L occurred, you would respond 2. The
response to the L would be yaried (l.e., first 1 then 2) across trials. In
this varied condition oniy controlied processing is expected.

in the norma! work environment most tasks are consistent but varied
tasks occur and do cause troubles. The pressing of keys In typing, starting
of an alrcraft engine, or driving a car on an empty road are consistent
taska. Human computer interactions provide many exampies of varled tasks.
For example, different programmers use dlfferent keys to leave a program
(e.g., press Esc, a function key, type "bye" or "quit®"). The Internal
stimulus of "exit the program" is mapped to different responses. Such
designs resuilt in frequent errors and Increased workioad.

in the design of complex systems, there’'s a tendency for engineers not
to worry about the consistency of the commands and the motor responses
across all the methods of operation of that system. This is a varled
mapping situation. The sequence that lets me do one thing when (‘m using
the editor will disconnect me (f |‘m using the modem.  have to keep In
mind the goal, because the correct response ls not consistent.

Let me begin with a basic effect. We’'ve looked at these two types of
processing — what the effect Is of training in the controllied mode where
you have this varled mapping, versus the consistent mapping where you
deveiop automatic processing.

- Using such letter search tasks, we have found no improvement iIn

o detection accuracy In the varied mapping, while finding quite substantial

- improvement In performance In the consistent mapping. The take-home message

< is that practice improves primariiy on consistent tasks (Schneider, 1985,

% Schneider & Flsk, 19822). c 3
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The statement that practice makes perfect {s faise. If you are
practicing one of these varied mapping tasks, which we have done for up to
six months, performance doesn’'t change much after the first half-hour.
Extended tralning time In dealing with those varied components doesn’t
result In improvement, and is a waste In terms of your processing
{mprovement.

The second characteristic that we typicaliy want of a skilled
practitioner is rapid processing of & task. | want to give you an example
of a search task, and then ‘Il talk about the data. The Important
characteristic Is, automatic processes typically become much more rapld.
Let me give you a flavor of what happens (n a trial.

On a trial, a subject searches for words from one to four categorles
(e.g., FURNITURE, CITY, TREE, JOB). The subject sees a display containing
two words (e.g., YELLOW, ELM) and responds If there is a match (e.g., TREE
to ELM).

wWhat we find In such tasks Is performance speed Is a
linearily-Increasing function of the number of memory comparisons In the
varied mapping condition (e.g., searching for one category requires .5
seconds, two categories, .7, three categories, .9). (It takes about 200
miiiiseconds to make a semantic comparison, whether this |Is on day 1 or on
day 25 of the task (Fisk & Schneider, 1983). However, If you are always
looking for the same set of elements, and responding to them the same way,
reaction time doesn‘t increase (l.e., search time for one to four categorles
is .5 seconds).

Figure 1 shows the difference In memory comparison time between
controlled and automatic processing. Comparing the slopes using the
negative trial responses we find that the controlled processing is nearly a
hundred times slower than automatic processing of the category Jjudgment
task.

The cost of gliving somebody another stimufus to ook for, as long as it
is responded to consistentiy, Is negligible. (n the cass of the automatic
mode, the marginal Increase was 2 mlililseconds (Flsk & Schneider, 1983).
Through consistent practice there is a shift from serial to parallel
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processing. You can do several things at once, and we have approximately a b
two-order of magnitude speed-up In processing time. In many situations, N
particularly problem-soiving or dlagnosis, you want to look through many N
alternatives very quickly. .:
| should mention, any time |‘m talking about the automatic mode, | am A
typlically looking at somebody who has had In excess of 2,000 trials of I
performing the tesk. Substantial automaticlity can develop by about 200 ?\
trials. Automaticity doesn’'t come cheap, but It can be very beneficlal iIn Y
terms of the nature of the processing speed-up. j
This processing speed-up issue is a general, lawfu!l relationship In K
psychology, referred to as the power log of practice (see Newell & ::
Rosenblioom, 1881) ~ the log of the reaction time |s predicted by the log of o
the number of trials. This holds for cigar-rolling, playing bridge, and ::j
geometry proofs. I(t's a very general phenomenon. Genera! esnough that | -y
think, If you're trying to do some evaluation of a training program, you can - N
'\ﬂ

"

RS

e

N

Ry

P\‘

\ \q., -,r-v..r./(~v v LA « Lo g .:\

A S A A I S A s R R R R R N



- .,.-\\.\.-W'.-anf.rﬁ:t»..\.\&--N-.. : . ! *

L. P - A'a . -t St - .-\-.-V\n-.-”lnn
i
A
s’
RF
sl O
A .
f,.wz. —M o))
(Y s m @
- m e
b < m
* [ V]
2 w
P
o
| on m
[ V)
=

comparison type

.

I
, !

SO

T -
LAY

E=d positive

CONTROLLED

Representation of comparison slopes for stimuli processed

oontrolled processing versus autamatic processing.

Schneider, 1983)

T,
Figure 1.



?

A AR TV W - ol s p " " TS - - - :
AESAARAA ORI SN 1 AN AR A A e AR\ At i ia S it oS e Bt oA Al 3 8k S ARA W Ny A S g tah 6 s L Baf A A4 Al

ARG :,

initially get an estimate of this siope and make a projection that will
allow you to estimate the number of triais needed to Increase performance by

;f 20 percent. -
(L™ ~
:: The take-home message from the standpoint of tralning design Is that 79
\: investments In training pay off In processing speed. If the number of ’
- practice triais is increased from 10 to 100, processing efficiency will X
increase 86 percent (see Anderson In Newell & Rosenbloom, 16881). WIith this
Uy kind of functional relationship, we can start bullding prediction Into ”
¢ training programs. .
» *
Q We have talked a littie about a toolkit for a training designer. | ;
!} think these types of lawful relationships can bs Implemented as a subroutine s
in an expert system or programming package. Then you could provide an )
': engineer the most effective tradeoff In training options, to give you the
_'C: best performance.
Ca A
- Training speedup is one aspect. An {mportant aspect of Improvements In ”
y practice Is reduced workioad. This has obvious application to millitary N
sottings, where In the tast 30 seconds of releasing a weapon there is a i
) tremendous workload. However, | belleve It also has applications to much m
Q) more mundane tasks, and In particular | want to ook at electronic ‘
N troubleshooting. iIn this controlled mode In a task using declarative h
b~ knowledge, the task Is learned quickliy. | want to give you a short ‘
o electronics course here. A NAND gate, which I8 NOT AND, has an output of 3
. zero, if all the inputs are one, and output one the rest of the time. What
i~ is the output If the Inputs are "10", *“11®, "00"? (It turns out, to learn .
P the correct outputs takes about 50 triais of training. By the end of a N
> training course in the classroom a student probably gets about that many :
N trials to practice. This Is the performance level typically assessed with :‘
2 paper and penci| tests. .
E“ However, the electronic troubleshooter In the fleld will encounter a ¢
T test point A which has a2 value of one, K which has a value of zero, J which p
A has a value of one, and T which has a value of zero. The person must <
" remember the test points rule for the gate. y
o,
f Let‘s try. What's the output If the input Is °"KO", ®"A7"? What | hope
:\j you are sensing Is that this is a very different and much more difficuit
: task. {n our experiments, It takes about §0 trials to become accurate at
~ performing the task, (f all you're doing is fliling In the answers. If you o
N want to do this task, and keep track of where you were (n the circuit, and Y
- not lose your temporary Information, It takes about 1200 triais (Coriion & -3
. Schnelder, 1877). The normal cliassroom rarely provides that much practice. .
oy With years of practice, a technician might get the training trials needed. -
: To make to a component skill good enough that you can bulld other tests on Ny
M top of that, requires this extended training. You have to, in my terms, fv
2 make that component sklli automatic. Then you can Integrate It and use It .
¥ in a higher leve! of skill. Just being ablie to perform the task at the low g
2 leve! I of marginal utlitity.
- )
< An Important point to note Is that human working memory, where you N
N actually maniputate the materiai, is somewhere between three and four N
a7 olements — a very small number of elements. If you have to recall rules -~
¥y tlke the operation of NAND gates whiie you’'re trying to engage In some Q
A
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» problem—solving task, you have eliminated half your memory capacity. In a
real-world setting, that elimination of memory capacity can have a very big ;
impact on performance, even in a situation that is not speed-stressed. In ’
3 our electronic troubleshooting classes the gates aren’t that hard to learn :
- Iindividually. We see a student going through a circult very nicely until ey
they hit a poorly practiced NAND gate, and all of a sudden you can see thelr
momory deter iorate. They start randomly poking around, making measurements

- in the system. X
: - 2
; To bulld up a.skill usable In the worid we must also worry about o~
‘ workioad. Being accurate is not enough. Being accurate and performing :‘
under a heavy workload is a critical characteristic in many cases. Let me o
, filustrate high workioad with a detection task where subjects are asked to -
. search for words from a semantic category. This Is the task: If you see 2 5,
N word from the categories mammals, birds, and frults, tap with your left .;
~ hand, or the digit 6, 2, or ©, with your right hand. A word and four digits oy
> are presented every .8 seconds. None of us can do this Initiaily. .Subjects o
react to the task saying It is (mpossibie. However, after elight hours of
training, you can perform digit and semantic search task as well together as
e Individualiy (see figure 2). oy
y "\
. Let‘'s again compare the controlled and automatic modes, using this ;~
N task. If there is a consistent response mapping, say, you're aiways pushing :.
a button to animals, that decrement In performance for the word search drops ol
off to the point of nearly zero with the digit task added (figure 2 right .
. side). Therefore, you can add another task on top of the Initial task. -
- However, with a varied mapping the decrement In performance of doing the -
3 word search task, glven you also do the digits, Is roughly 60 percent :g‘
. (figure 2 left slide). You can practice this for as long as you want. "
> Performance will not Improve. In fact, It gets siightiy worse. o~
How long does the conslistent mapping task take to iearn? Oh, about ;
2000 triais, oight hours of training In terms of doing the task, so It's not ;
N cheap. There’s no free lunch In this business; but you can substantially v
- improve performance. If you want somebody to operate relliably Iin a <
- high-workioad situation, that extended amount of training is going to be *

4

necessary.

We have found that the first time we iIntroduced aimost any new task, =
the task Interferes with any other nove! task. But after a littie practice, )
(e.g., S0 triais), sudbjects start doing reasonadbly on the other tasks. <)
Processing resources become avaliable, that is, some other tasks can be done ~%
at the same time with littie deficit. We are trying to make lawful

TR DA O W At

3 relationships between practice and resource load. We hope to provide the N
. training designer algorithms to specify when a task Is sufficiently 4
> sutomatic to be performed reliadbly in a high workload environment. <
| The conclusions are, iInitial acquisition of aimost any task is %.
extremely resource-demanding, but with continued training, the resource .
" demand reduces, allowing other tasks to be combined without deficit. -
E An lmportant theme here !s that i1t’s not appropriate to ask, “is part :ﬁ
% training better than whole training?® That's the wrong way to ask the o
x question. One potentia! question is whether there Is some characteristic of e
the resources needed to perform the task, that can also decide when to
Y
) .\-
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promote from part training to whole training? |If you never glive the person
a way to organize the task, they can train for a very long time, and not get

any better at It.

Yy @
A

Some mi)itary training programs llke to put trainees in a high-workload
slituation, and always kesp them at maximum workload. We studied a version
of this using a dual task. We gave one group of peopife a ship controi task

Wy
A

.‘

and a one-digit search task. The digit task was given priority and which -
they were never to miss a digit. That was a modest workload, that you ol
couldn’t trade off. Another group doing the same ship control task had a 52:
three~digit search task, and we sald, “We don’'t care about the digit task. \§~

>

Do as much as you can on it.”

o
.&’

The subjects under the modest workioad, although they tried hard, never

2%

got any better at the task. Doing the dual tasks was taxing and they Gv
couldn’t learn the Individual tasks. {n contrast, the subjects who were g
allowsd to trade off learned both tasks. The first let the diglit task go =
(i.0., migsed the digits) and learned to contro!l the ship. Then they »:ﬁ
attended to the diglit task and were able to perform both better than the :*ﬂ

-

subjects who had to maintain the digit task.

The Implication here Ils, If you put in aill the parts of the task too
early, you can lose a student. That is, you give them two tasks to do at
once, while they really onily have the capacity to do one, and they won't let
one of them go. They can continue to practice, and will show 1ittie benefit
or improvement. 1| think this might be particularily important when you're

o
1]
,

dealing with peoplie who have differential abilities. For example, If you ;;’
throw somebody who doesn’t know English well (stilf deating with B
understanding Individual words) into a class, and expect them to operate at ;(:
the same pace as native speakers, they may work just as hard, but can’t show :::
a normal acqulsition. They look less I(ntelligent, aithough that Isn‘t a o

differencse.

~e
Let me turn now to processing rellabliity. We want people who can N
perform well, perhaps when they haven’'t siept for 10 hours, or 20 hours, or NN
they haven’'t recently trained in tho task (Fisk & Schneider, 1982). Ajs
Ry

We looked at the distinction between controlled and automatic processes o
as a function of alcohol level. Subjects were gliven sufficient alcohol to Qﬁt
be legally drunk (.1X blood alchoho! level). In the varied task, we had a §}~
- '.\,

28 percent decrement In performance; (n the sutomatic task, we had no

)

. -
-l"

decrement. As & matter of fact, sometimes we got a Iittie improvement. >
--"

The comment of, “You‘ve drunk a lot, and you can drive home o
successfully® — | won't say safely, but successfully — probadbiy has a fair {}‘
amount of truth to it. ({f nothing unusua! happens, If you’'re consistent, o
and you use the normal path, you can be quite relladble, in terms of the s
processing. If anything unusual happens, then you’'re in deep trouble. u:-

.
)

Similar results have have been obtained for heat stress and sleep ?“
deprivation (see Hancock, 1984). Controlied processing Is qulite susceptible Ny
to these stressors, and automatic processing is much iess susceptible. N

.‘\J‘
RS
There are some problems associated with automatic processing. One Is -

7
4

negative transfer. For example, If the location of the control that lowers

82
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the landing gear |s moved after years of training, pllots may experience
b negative transfer. In a stress situation, they drop back to the oid
4 procedure. L
In the faboratory context, we examined negative transfer with a search i
: task. We sald, "Always push the button when you see A, B, C, or D,"” and ?:
) then we switched them over and sald, “"Now, always push the button when you ij
seo X, Y, or Z, but ignore A, B, C, and D." In the automatic mode, It took :ﬁ“
three times ionger to break the skill than it took to develop It (Shiffrin & -
Schneider, 1877). | might add, it took thousands of trials to develop It. Q{'
In a controlied task, It turns out It took roughly the same amount of time i
p both to develop It and to break It. This is difficult to evaluate because RN
! of errors 8o close to zero. There‘'s a risk with the automatic mode that =
{ E responses may occur even when they‘'re not Intended. Fligure 3 Illustrates R
the difference In Initial and reversal training for controlied and automatic 0
processing. Controlled processing required very few trials for acqulislition 3
and reversal. In contrast, automatic processing required many more trials »
for acqulisition. However, more importantly, reversal tralning required o
nearly three times as many trials as initial acqulisition. .:,r
From theses results, ! conclude that tralining programs must be designed 3?
carefully focusing on high performance skills, particulariy, those that EQ
occur In high-workload situations. Suppose the task is one where the >
demands could change and have the potential of negative transfer. In such A
environments, one should redesign the task If possible. Note that negative j\,
transfer effects are most severe In very high workload sltuations. They are vy
not that severs In {ow workload situations. To avold negative transfer in ﬁx'
situations that demand change, an upper-ieve! goal state or context cue M
couid be bullt In. In one context, do this, and In another, do that. )
Another problem characteristic assocliated with automatic processing is -::
loss of control. Apparentiy subway motormen hardly ever make an error KA

dealing with the signals, such as stopping at the station (assuming they are
awake). However, |If they are asked to "Skip the next station,” they

invariably stop (Haber & Haber, 1985). ({f you've tried to stop at a store >
whille driving home and gotten distracted, you know this characteristic of g
automatic processing. You‘ve lost control. That loss of control Is é&
necessary to enable low-resource performance. So It |s good. But there are :JE‘
certain situations where [t can be counserproductive. 4&.
,
The third characteristic of probiem areas for automatic processing Is

memory modification. How much do you learn when you execute an automatic .

»
»
. i g

L' :r’x

process, versus & contro! process? <
"f‘
We have looked at the frequency with which words can be detected with =
sutomatic or control processing (Fisk & Schnelder, 1984). We had subjects i{'
perform a semantic search task (l.e., look for vehicle words) and present T
words one to twenty times. I|f subjects performed a controllied search task, {’.
subjects reported that a word presented twenty times had an occurrence of S
eighteen times. In contrast, subjects doing automatic search had a reported 4
estimate of zero occurrences of a word presented twenty times. Note, the Q}
L

subjects were semantically processing the words sufficiently to detect novel :
vehicle words.
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These resulits have (mportant impllications for the training context. |If
you allow people to learn by rote rehearsal of the material, they may need
very littie memory modification In terms of the process. The abillty of the
person to actualiy remember what they did, versus what they shouid have
done, may be greatly reduced.

To Jjust summarize these effects, (‘ve talked about the large
qualitative differences (See Fisk, Schneider & Logan, 1987 for details). In
varied mapping, you see 1ittle Improvement with practice. In consistent
mapping, you see very substantial Improvement. So that the place to put a
substantial amount of your training time, is In these consistent components
(See Schneider, 1985 for review).

1‘’ve talked about the processing speed-up. We've had a hundredfoid
Iincrease In processing speed. 1|°ve talked about reduced workload, and we
can make a task so that It has aimost no load. This is Important both in
the contexts of high-workload tasks, or tasks In which you‘re going to bulld

another skill on top of it, llke etectronic troubleshooting. |(’'ve talked
about processing reliablility. We want this task to go on, even If the
person Isn‘t in the best of shaps. |°ve taiked about the negative effects,

that we can have a greater problem of interference effects. We can have
some loss of control, and less memory modiflication, for these automatic
processes.

! have a model which assumes that processing goes through four phases
(Schneider, 1885). | think most classroom training gets to the second
stage, still| basically In the contro! processing mode. In many tasks,
reaching the third stage, where you have to at feast generaliy attend to the
task, can be Important. To do that typically requires a substantial amount
of tralining. The third stage begins after about S0 trials of doing the
task. For exampie, for many of the component tesks performed by air traffic
controllers or air Intercept controllers, they haven’'t had 50 trialis of
doing that task even after a six-week training program.

There Is a crisis and a challienge In skill training. It‘s a challenge,
because we know that with the right kind of practice we produce dramatic
performance Improvements. We can do It (n the laboratory setting, and In
certain applled settings.

it's a chalienge because |t takes a ot of time. After ten years of
experience on the Job, you can see these performance changes. Compare the
expert and the novice air traffic controller. The expert sits there quietly
making commands without iooking overioaded. The novice ts sweating
profusely, can‘t figure out what Is going to happen next, and Is overloaded.
How do we compress experience? The military has this problem, and (it
doesn’'t have the luxury of walting ten years to grow a new controller.

in skill acqulisition, from my perspective, automati|c component skills
must be developed for those tasks that keep reappearing. A critical aspect
of training Is bullding up those components, and developing the time-sharing
skilis that allocate control processing to the inconsistent or poorly
learned task. For exampie, In the case of electronic troudbieshooting,
keeping track of the voitage leveis throughout the clircuit. People need
some experience In that, but It doesn’'t help to give them a lot of
exper (ence.
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_ One of the processes that we are using to facilitate automatic control

\ is this time-compressed training. We provide the learner with many

’ consistent triais performing the task. In the case of alr traffic contro!,
the critical aspect for air Intercept control Is bringing two alrpianes
together. The critical task Is projecting the trajectories of those
alrpianes and getting them to the right point. If you Intercept In real
time In the simuiator, a single intercept takes about 20 minutes. In this
Case, we can compress time by a factor of 100:1. Experience with 2,000
|maneuvers In each of the particular areas of air intercept control coulid
take five or ten years on the job. We can provide 2,000 trials on sach of
the critical components In compressed time In about a week. We practice the
components and then deal with the total task. This does not suggest that
normal procedure Iis eliminated. Rather, initial training is performed at a
time compression that is optimal for learning, not necessarlly the time
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scale of the real worlid.
it is difficult to do 2,000 trials of anything, and keep going.

Therefore motivation Iis a very Important part of training. In my own case,

the most cost-effective plece of equipment in my (ab Is a $15 nolse ’

synthesis chip that makes interesting sound effects. It keeps subjects k?

going after thousands of triais. In the electronic troubleshooting task, we a‘:

use competition to keep students working for weeks. bm_
»
L'\"

111 Just briefiy present some of the guldelines for designing training
programs (See Schneilder 1985, Regian & Schnelider, 1987). The first one Is
®"Present I(nformation to promots consistent processing.” There are a number ool

e
I

L4

-
]

ways of doing that. One Is that you can use a verbal rule. In the case of {}u

the electronic gates, it‘s on If any Input is on. You can use an analogy. "y

You can provide examplies. You can provide a tablie. The function of ali of )

this Is to produce a consistent execution during the first phase of $}E

training. If the student doesn’'t see the consistency of how to deat! with -

that task, you are not going to see much of an improvement in practice. |iIn v

K many compliex tasks, for exampie In alr traffic control, It Is not easy to A
yQt

see those conglistenclies. You have to design the tasks so that the
consistencies are apparent.

Next, “iIntroduce novel! components singly, and do not overload -
processing during Initial acquisition.® Now, remember that If Initial oy
resources do not exist, extended practice will lead to !ittie Improvement In A
performance. With the availlable resources, you see a reasonable performance o

improvement function.

The third point Is, "Design the task to atliow many trials of the N
critical skiil.® In the electronic troubleshooting, for examplie, we glve Ij.
them a (ot of trials (n dealing with gates, In terms of a simple prediction. .
The goa! Is to decrease response time as a function of training. More S
importantiy, many real worid tasks must also be accomplished under high .
workioad. In the case of electronic troudbleshooting, that worklioad Is .

. imposed by keeping track of other elements of the task.

Four, °"Maintain motivation throughout tralning.* With training using ;,:
hundreds of trials, motivation is very Important. With subjects in the lab
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we find that If we don’t worry about the motivation, they will show a nice )
Improvement function for a while, but after about the fourth or fifth hour, ke
learning levels off. Real training programs generally all go much beyond "
four or flive hours. s
Last, “As automaticity develops, we utiiize the avaliable resources to B
integrate and enhance component tasks.” So that, as the resources become )
avallable, training can use those avalliable resources. {In the electronic ;i
troubleshooting, training moves from gates alone to training In the clrcult. -~
In some sense, training time Is wasted If you spend too much time with e
components. bt
Human performance changes drastically with practice. | believe ::
behavior Is the Interaction between two quantitatively different forms of ey
brocessing, referred to as automatic and controlied. This distinction has N,
impiications for training. In particular It suggests that we focus practice -
on the consistent components of the task. We design the training 7
environment to allow many training trials, and we promote to higher levels
of skill tralning on the basis of workioad, In terms of processing.
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1‘'m going to talk about a very different transfer problem, the ciimate {:

within an organization which may inhibit or facllitate transfer of training.

But, first, a little background. o
[y 8

[, Since going to my new {ife as a department head at North Carollna : ’)
State, | have had a number of students working on interpersonal skiliis for LN
managers —- teaching how to motivate, how to set goals, how to discipline, o

all these different kinds of things.

We use a behavior-modeling training program, based rather loosely on

LAMAARR

. Bandura’s soclal learning theory, concerned with teaching Interpersonal -
- skills. For a varlety of reasons, this kind of training Is less ilkely to =
4 transfer than the typical kind of skill tralning. There may be factors -
within the organization which prevent transfer: expectations of r.

subordinates as to how the tralnee should behave, production demands, etc. :*

i want to focus on these kinds of problems, instead of the traditional ﬁ:

transfer probiems. il

-4

in Interpersonal skiils training, as In all training, It‘'s very clear Ao

that you need to do needs assessments. Unfortunately, in training In the '

{ife Insurance Industry (where | worked for 21 years), In aimost any e

industry, and most likely In the military, there's an awful lot of training :3ﬁ

that gets done without any needs assessment whatsoever. This, of course, L

results In faddism. Ouite frankly, | think the Army‘'s move into s

organizational effectiveness was Iin part motivated by some faddism as e
opposed to a basic and thorough nesds assessment. As Bob Mager has pointed L

out so well, many performance deficlenclies are not training problems. They .

are selection problems, or motivational probiems, or some other kind of X

problems. We do any awful (ot of training when we shoul!d be doing something ;{

eise.

- 4
. : As you know, needs assessment should tell us what the goals and |3
; objectives of our training might be, the criteria to be used In the -

y evajuation, and the content and the methods of tralning. BI!i McGehee and | it

: have developed a basic trilogy for needs assessment: organizationa! ad
: analysis, task analysis, and person anaiysis. Because task analysis and t
person analysis are so familiar, | want to spend more time taiking about o

organization analysis. i

2
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" organization analysis, the organization’s objectives, resources, and
the climate for training or transfer are carefully anaiyzed. The
organlzational creed, or goal statement Is examined. Organizatliona!l
resources (n terms of humans and equipment are examined. The acceptance of
training within the organization is evaluated, and so forth. Unfortunately,
getting all this Information and putting It together Is an art, not a
sclence. Thus, our training may faii short and fall to transfer.

When we find out there‘'s a need, we train, we test, we find out what
people know what we taught them in the training. We ask them to behave in
the way we taught them to behave In the training. But often, when we look
at them on the job, nothing happened. We wonder what’'s wrong. What
prevented transfer? Sometimes we find the behavior did transfer, but it had
no effect. What happened? Were there organizationa! factors that prevented
transfer?

Let mo glive you an example. in 20 years, 30,000 foreign engineers were
trained in the United States, with the objective to train them here and have
them return to thelr countries of origin., Well, those engineers are still
here, competing with American engineers. An appropriate organization
analysis could have shown the foreign engineers were being trained to work
In an environment that doesn’t exist In their own country.

Another example: Police training typically emphasizes the use of
firearms, fllling out reports, and legal requirements. The task analysis
shows this, but an organization analysis would point out organizational
oexpectations about Interpersonal reliationships with the pubfic, positive
Image, et coetera. |If you don‘t Include these In your training, the training
will faill.

Or, look at the tralining of the hard-core unemployed which occurred
many years ago. They were taught how to perform on a Job, not abaut other
expectations, such as being punctual, working every day, respecting the
foreman, and so forth. |If thess skilis aren’t taught, the job skilis won't
have a chance to transfer.

Let me discuss one particular aspect of all of this: the climate for
transfer. ) wiil be borrowing heav!ly from irv Goldstein in what foilows.

Basically, we want to l(earn about organizational faclilitators and
inhiblitors of transfer. With such Information, training can be modified to
innoculate employees against potential probiems.

We know how to go out and get knowledge and skills and attitudes
required on the job. We're not very good at providing inputs to
Instructional designers concerning the transfer climate.

To overcome this deficlency, Irv Goldstelin is attempting to develop a
method for systematicaliy sssessing transfer ciimate. The same subject
matter experts used for developing task analyses will be Interviewed to find
out about facliitators and Inhibitors for transfer.

He (s using the Katz and Kahn open-gystem mode!. Any organization,

according to that mode!, Is an open system which has five major dimensions:
support, maintenance, production, adaptive, and managerial dimensions. The
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support system s Iimportant in providing support for the resources of the
organization. Maintenance are those various ways of attaching the people to
work, keeping the system going. Production is the actual display of
performance. The adaptive system is the long-term provision within the
organization for adapting to change as times and conditions change In the
outside worid. The manageriat, of course, Is the whole business of
supervising policy coordination and control.

For exampie, under maintenance, you might ask, is training made
avaliable when you need I1t? Do employees l(eave because developmental
training is not avallable? Under production, do Job Incumbents get a chance
to practice learned behavior In the organization, or does it oniy come about
in the event of an emergency? Do emplioyees In our department use safety
behaviors taught to them In tralning when It Interferes with a production
standard? :

I1f we can accurately assess the climate, what do we do from that point?
If wo find we have a negative climate for transfer, what kind of strategies
or options do we have at that point?

There are a number of very definite approaches to take with management.
Tralned behaviors must be reinforced on the jJob. A trainee who comes back
into an unappreciative environment for skilis trained will be ineffective.
Strateglies must be taught which will enable the trainee to transfer skills
despite that environment. Another problem occurs when the skliis taught are
not used for several months. What can we teach the trainee to keep the
skilis "alive?”

I think, If you have an accurate assessment of the transfer climate,
you may be able to, In essence, innoculate the trainee — or provide support
systems for the tralinees so that even If the organization itself doesn't
change, the trainees can go there with the appropriate mechanisms to make
sure that the behavior does transfer.

frv's work, which | plan to try out, Is still In the early stages of
develiopment, but | belileve It is the first systematic breakthrough In an
important area. | think It will help glve us better understanding and a

means of anticipating transfer problems more systematically. That will
provide us with the means to avold or overcome inhibitors, and to capitallze
on facillitators.
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| would Ilke to comment on five specific areas within the general
context of transfer of training research. Some of these areas are very
broad, others are more specific.

. ) ']l ‘l .‘

1. Let me begin by saying that, In my opinion, the term “training” Is
80 broad as to severely confuse many of the discussions that are devoted to
It. Tralning In art appreciation is very different from training In
electronic troubleshooting. Training in basketbai! foui-shooting is very
different from training in cognitive psychology. Training In woodcarving Is
very different from tralning In 18th century french literature. in my
opinion, preferred approaches to training, and therefore to transfer, are
inexorably confounded with content. This (s, of course, not new. A (ot of
people have made this point previously. We have discussed It here at some
length,

CX Y, Yy -
o s

A major probiem In the area of training and education that has been
discussed titerally for centurles, Invoives the relative Importance of
pedagogy versus content. (n my opinion, this {ssue is far from being
resolved, and continues to haunt our investigations of transfer of training,
poth In the miiitary and (n civiiian environments. | personally feel that,
fn general, we do not adequatel!y provide for mastery of the necessary
content material by Instructional developers prior to and during the
development of training programs. (n many military tralning environments
with which | am famiilar, instructional developers are not themselves
subject matter experts. Further, In my opinion, they do not adequately
consult subject matter experts In their development activity. | fee! that
instructional developers should be subject matter experts who are tralned in
pedagogy or seducation (or who bring iInstructiona! experts In from the
outside), not vice versa. In my opinion, this is a big mistake.
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Of course, It’'s possible for a smart person to learn elther (or both)
of these disciplines. MHowever, It could take years for a tralning expert to
master & unique content domalin, such as international mortgage banking, for
example. 80, where does this leave those O0f us who are in the training
research community? in my opinion, we need to develop Interactive design
taxonomles, which combine such approaches as the Department of Labor’s
occupationa! codes, with the types of tasks and skills involived, and overlay
this with appropriate training strategles for each unigue combination.

Until we start working toward something {ike this, we are going to be
continually criticlzed for not having our act together, and, in my opinion,
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criticized with some justification. Research has besn conducted for decades
in this area, and a lot of wheel-spinning and reinvention is going on. We
need to codify this vast training llterature In some defensible way, so that
we stop reinventing the wheel, and can generalize, and so that we don‘'t have
to conduct unnecessary transfer of training studies, In areas that we
already know about.

2. Secondly, we need to arrange the situation so that hardware and
software, in the training development world, does not drive training, but
vice versa. This Is, In my opinlon, a big problem area. The potential
power of the new technoliogy in training and Instruction (such as teaching
machines, videodiscs, simulators, CAl, so—called "iIntelligent” CAl,
artificlal Intelligence techniques, etc.) Is awesome, but we can‘t let It
drive our instructional development efforts.

1 recently ran Iinto what | consider to be a very cogent articie on this
topic by Derek Bok, who is the President of Harvard University. This
article was excerpted from Bok‘'s annual report to the Harvard Board of
Overseers. (!, by the way, was amazed that the President of Harvard
University would devote his report to the Board of Overseers to the topic of
transfer of training.) In that article, Bok clted a number of observers of
the training and educational technoiogy scene, In what Is essentlally a
“good news/bad news" type of format. Let me extract from some of his
comments, for the purpose of our discussion here.

First, the good news. According to Steven Muller, President of Johns
Hopkins University, due primarlly to the advent of CAl, "We are, whether
fully conscious of it or not, already in an environment of higher education
that represents the most drastic change since the time of the University of
Parls, some elght or nine centurles ago.” Simiiariy, according to Ray Neff,
Director of Computer Sclences at Dartmouth, "Because of the spesd and
accuracy of the computer In performing computations and processing
information, what Ph.D.‘s did 25 years ago can be term projects for
Dartmouth students today.” And, over twenty years ago, Patrick Suppes made
the foilowing statement: “One can predict that, Iin a few more years,
miliions (of students) will have access to what Philip of Macedon’'s son
Alexander enjoyed as a royal prerogative: The personal services of a tutor
as well-Informed and as responsive as Aristotle.”

Bok goes on in his article, however, to temper this euphoria with a
certain amount of skepticism (Jj.e., Now, the bad news). According to
Richard Clark at the University of Southern Callifornia, °Flve decades of
research suggest that there are no learning benefits to be gained from
employing different media In instruction, regardiess of thelr obviously
attractive features or advertised superiority. The best current evidence |Is
that media are mere vehicies that deliver Instruction, and do not Influence
student achlevement any more than the truck that delivers grocerlies causes

changes in our nutrition.*

Bok himsel!f states that, "Experience shouid make us wary of dramatic
claims for the impact of the new technoiogy. Thomas Edison was clearly
wrong when he declared that the telegraph would revoiutionlize education.
Radio, also, did not make 8 lasting impact on the public schools, even
though foundations gave generous subsidies to bring programs Into the
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classroom. Television wmet a simliar fate in spite of giowing predictions Wx
heraiding Its powers to Improve learning.” .
s o)
. In each Instance, according to Bok, "Technology falled to live up to v
3 its early promise for three reasons: Resistance by teachers, high cost, and f
) (most Importantiy) the absence of demonstrable galn In student achlevement. -
There Is as yot no clear evidence that computers and videodiscs wi(| meet 2a ’a
: happler fate." .-
4 .'\.
2 According to Bok, "The educational benefits of technoliogy remain In g,
' dispute. There is stil! little proof that these devices yleld lasting N
, improvements In learning. Many studies purport to find such gains. But, 0y
most of them can be explained on the grounds that students using computers &
were temporarily motivated, by the sheer novelty of the machines, or that
wmore effort and better teaching went into the computerized courses than were -
devoted to the conventional classes with which they were compared. Thus, Z},

learning Improvements that early Investigators reported shrank to virtually
. nothing, when the same teacher taught both the experimental and conventional
‘ classes with comparable amounts of preparation. Simllarly, the gains v
achieved In computer experiments lasting less than four weeks dropped by
\ more than two-thirds, when the experiments continued beyond elight weeks, and
i the novelty of the new technology wore off. Undaunted by such obstacles,
‘ educators and high-tech companies spent huge amounts of money to prove the
skeptics wrong. Control Data Corporation reputedly Invested aimost a
billlon doliars In the computerized co!llege curriculum, PLATO."
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r

A What does all this mean? In my opinion, this means that, at some leve!
L of detall, we‘ve got to guard against the tall, essentially, wagging the
" dog. | personaliy have some data to support this contention. In a recent
v ger ies of studies comparing Interactive, computer based systems of
instruction, with two much less expensive methods of instructlional delivery
in electromechanical troubleshooting, no differences were found In mastery
or transfer across instructional dellivery methods when the time spent In
training was controlled, and the material was identical. This occurred for
two tasks, of varying compiexity, both (mmediately following tralning and
after a one-week retention period.
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The point here s that, in my opinion, our research should deemphas!ze
hardware, and should Instead, emphasize the specific training requirements
for learning and optimal instructional strategles.
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3. Third, let me turn to a topic which | betleve is dramatically
underemphasized In our research on tralning: the use of concrete goal
- setting. | reatize that there Is widespread difference of opinion as to
s what transfer is. 1Is it the difference between performance of trained
versus untrained persons? Is It the difference between obtained transfer
L” and the maximum possible transfer? (s It a measure of l(earning rate?
™ Regardiess of these definitions, all have In common the perspective of how
X later performance is affected by current training. One common way of
enhancing downstream performance which has been widely researched (n the
Industrial (but not the transfer of training) worid, Is via the application
; of concrete goal setting. There’'s a body of data that testifies to the
: super ior performance effects of concrete versus abstract goal-setting.
. However, there’'s very little work out there, (insofar as | am famiiiar) on
X this topic In the domain of transfer of training.
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A singular exception is a program that was developed at the Office of
Personnel Management. (It is called PAPA — Particlipant Action Plan
Approach. PAPA Is a technigue which requires that training particlpants
commit In writing to concrete performance goals, which they themselves
initiate, and which are based upon the training they receive. The extent to
which these goals are met In the subsequent performance environment is the
training evaluation criterion. | want to msention this area as one that |
think may be a potential gold mine for faclliitating transfer of tralning.

4. The fourth toplic 1 wouid |1lke t0 comment on Involves the
development and the use of models, whose purpose s to predict potentiali
transfer of training without actually conducting transfer experiments. To
my mind, this is a major area of endeavor which could produce substantial
resuits If such models were thoroughly developed, implemented, and
valldated. Model!s of this sort have been around for a long time — Osgood’s
transfer surface Iis an example. However, they have not been Impliemented In
practical ways In an applied environment.

Of note are the recent ARI and Nava! Tralning Systems Center efforts on
this topic. These studies have Invoived a serles of models formerly known
as TRAINVICE, and more recentiy known as DEFT, (e.g., Device Effectiveness
Forecasting Technique). 1| have passed out a report Iin this area to
particlipants at this meeting. Basicaily, there were several such models
deveioped by a variety of developers. The report that | passed out is a
commentary on four of these models.

Presentiy, the research and development needs of these models Involve
four major problem areas as folliows: (1) the theoretical constructs of the
modeis, (2) their mathematical formuilations, (3) measurement Issues
involving the validity, rellabliity, and precision of the modeis, and (4)
their convenlience of application and acceptablility to the user.

Regarding the theoretical gonatruct of the modeis, the four TRAINVICE
modeis refiect the following basic assumptions: they attempt to find out
what people know now, to determine what they need to know, to compute the
delta betwoen these two positions, and to overcome that delta with training
techniques that de!lver training content designed to assure learning.
Further, the models attempt to assess the extent to which the similarity
between the device and the parent equipment is sufficlent to permit adeguate
transfer to occur.

Regarding the mathamatical formuiiation, all TRAINVICE models provide a
mathematical formuia Intended to forecast transfer. There Is, however, no
discussion In the modeis to the possibiiity of negative transfer. Further,
the modeis assume that physice! and functional similarity between the device
and the operational equipment are equally important in facliltating
transfer.

It seoms to me that there are additional areas that need to be
investigated. The TRAINVICE modeis have never been valldated. A variety of
studies need to be conducted to test these modeis In applied settings.
further, such measurement modeis must dbe convenient to Implement. The
TRAINVICE models as they currently exist, are extremely Inconvenient to
implement. This is another area that requires major attention.
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Such approaches as the TRAINVICE modeis are In their infancy. There's ;fi

a ot of potential merit here. The recently revised DEFT models developed : .
by the Army Research Institute are in fact, a step in this direction. x$\
N

S§. The fifth and final area that 1'd llke to comment upon, Involves -

the toplics of technical documentation and job alds. ;;x
e

Over 20 years ago, Wolf and Berry described a Job ald as something that !N
guldes an Individual in the performance of a job, so as to enable him to do gb

something which he had not previously been abie to do, without requiring him
to undergo compliete training for each task. Others have deflned Job alds as
documents or devices that store information which is required to perform a
particular operation or set of operations, and which makes the Information
availabie on the job.

5

Job aids differ In known ways from other system elements, 1ike tools
and training. Job alds differ from tools in that tools generalliy do not
store Information and make it available on the job. Job alds differ from
training In that training is designed to encourage the jearning of a
particular skilil, whereas job aids are designed to assist In the parformance
of that skill In the work environment.
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1’1l mention briefly a couple of studies In the job alds reaim, done by
Ellliott and Joyce In the ‘60s and ‘70°‘s that provide a fair amount of data
to testify to the utility of job aids, particuiarly In complex environments.

[

One study involved a job aid that was designed for use by low-aptitude,
novice technicians on a radar system. In that study, the techniclians using
the job ald were capable of reducing the time required to isolate and
correct malfunctions by as much as 50 percent, over the time required by
highly tralined techniclans using conventional procedures.

-'.r .r

o

A second study compared high school students, using job aids, to highly
trained electronics techniclans, using standard manuals. (In that study,
high school students were glven 12 hours of training on identification of
electronic components, using a voit meter, and basic soldering procedures.
The techniclans, on the other hand, had consliderable formail tralining In
electronics, the majority having three to slx years of fleld experience.
Both groups were assigned to tasks involving complex maintenance of
electrenic equipment. The students using the job alds outperformed the
technicians In every phase of the study. One subject in that experiment, In
the skilled techniclian group, required 12 hours to troubleshoot a radar
system, performed 133 steps, and referred to 41 different sections of 8

) separate manuais. A high schoo! student, using the job aid, required flve »
hours to perform 35 steps, and referred to only three different manuals. N
The bottom (ine Is that a falr amount of data exists to testify to the .t

potential beneflits of well-designed job alds In reducing the need for ;
extensive training on new tasks. e

] - Jack Folley, in 1975, addressed the Issue of comparing performance »
based exclusively on training to that based exclusively upon jcb alids. He -
hypothesized that 1f we aliocate the entire requirement to training, we '
might achieve a relatively low level of performance, because of the large :
amount of Information required to be learned in a complex skill area. v
Simllarly, 1f one allocates the requirement entireiy to job alds, we also ?
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may get a reiatively iow level of performance, due to the fact that the
performer may become tied to the ald. If the ald contains an error, the
performer gets lost. Folley has come up with a gradient that describes the
tradeoffs between these two, and generates a hypothetical optimal mixture of
these two functions.

The Navy’'s EPICS program uses an alternative approach, which also
includes the use of job aids. (t provides for so-called "enriched" and
"hybrid" job alds. A “hybrid® aid Is one that presents troubleshooting
information, both In deductive and directive formats, whereas an "enriched"”
ald |s one that presents additional Job information to facllitate the
transition between directive and deductive formats.

Because of Job aids, the definition of transfer may need modification.
in some sense, the process of transfer impiies at least two phases. The
first Is when genera! Information Is recovered from prior experience for
transfer to a new situation. The second Is the direct application of that
prior experience to current performance or to a current learning slituation.

A Job ald Is often used as an ald to memory, by not requiring a person
to recover something from past experlence to apply to the current situation.
It unburdens an Individual’'s memory, and therefore facllitates transfer
which otherwise, might not be possible. The point ls, should "transfer” be
defined gnly In terms of having to tap one’s memory to retrlieve Informatlion?

| suggest that improved technical documentation, Inciuding job aids, is
an area where major strides can be made in DoD. Certainly, the demonstrated
effectiveness of artificlal inte!lligence-based diagnostic Information
systems Is one major area where improvement has been made. The use of
handheld tutors in the on-the-job enviromment (s another, yet much more work
remains to be accomplished In these areas. | think that Improved technical
documentation can reduce many of DoD’'s transfer of training problems.

{ have commented In flve areas of training and transfer that | think
are Important to those of us who are In the research community. | wish to
emphasize that these and other similar areas of interest must be developed
and tried out In applied settings before any meaningful conclusions can be
drawn,
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SUMMARY RECOMMENDAT IONS

sl S

Following the presentations, all participants summarized main polints
from the workshop and made suggestions for future research and related
activities. Following are the primary recommendations raised during the
summary discussion. They are the recommendations of one or several
Individuais, and do not necessarily refliect a consensus of opinion. The
recommendat ions have been combined by specific area.
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1SSUE RECOMMENDAT ION
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Retinitions There is a need for standard, operational
definitions of several terms, Including “transfer
of tralining,” “far transfer,” and "near transfer."”
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interventions For the benefit of researchers who are uninformed
of past attempts at Interventions, a listing should
be prepared of interventions that have already
succeoded (or falled) In a military setting.
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A listing of needed Interventions should be
developed, as well.
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Measures The research community should develop a listing of X
measures of transfer, Including the data that are .
needed In order to calcuiate them. Whan measures ’
are not currently avallable, the research community f
should determine what methods are needed to develop "
them. This would include measures for both actual o
Job performance and prediction of Job performance.

BRassarch Neads There Is a need for I(nvestigation of team b
performance, the necessary mixes of skiflis on N
teams, and a team person/job match optimization
system.

The relationship between job performance and A
training condlitions needs to be investigated R
further, and should include a substantial data o
collection effort.
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There Is a need for a theoretical base for the
deve lopment of unpracticed skillis.

High-fldelity, low-cost performance measures need
to be developed to assess transfer of training and
to validate predictor tests.

lnatruction in developing Intelligent job alds and other
instructional devices, researchers should
anticlipate the transfer situation.

Systematic instructional development processes,
itncluding feedback and monitoring systems, need
improvement.

The training community should make known the types
of tools that are needed, and the research
community shouid work on the ailgorlithms for the
deve lopment of tools.

Researchers should become knowiedgeable about the
content matter of the training task (e.g.,
electronics) before attempting to devise training
programs,

Dellvery of Training There should be development of job alids (possibly
computer-based) aimed at the changing expertise of
the trainee.

The implementation of training programs should be
monitored more effectively.

Training enviromments should be structured to alliow
for sufficient tralning trials, to promote higher
levels of skil| development.

Applications Researchers shouid be more cognizant of the
potential appliications of their work. What
applications do the participants anticlipate from
thelr work?
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Eunding Academic-based researcherg need encouragement,
possibiy through a funding initlative, to produce
more ressarch with direct application to transfer
issues.
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Workplace/Equipment I
Dasign The workplace environment and equipment design must ®

be conslidered when develioping job alds and related o

devices. .:;\.
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Shar (ng Research gt

Besults Psychologists should communicate research results =

to the user community using terminology approprlate
for that group.
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Basic and app!lied researchers should communicate
more effectively with one another to stimulate work
In both directions.
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Jask Analysls Analysis of tasks should be based on undertying

Tw

cognitive and psychomotor processes needed for ~
performance of gpecific functions. Q?
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Task analysis |s needed to specify the cognitive :::,

processes and memory structures (n performance
constructs.
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Euture Discussions There should be more opportunities for scientlists
from the military laboratories, and both academic
and non-academic settings to discuss current
research and future research needs. 1t was aiso
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recommended that representatives of other 8-,
professions (e.g., Job ald development) would o
provide useful comments. T
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