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technical reports , seven chapters in books or articles in journals , and
nine papers for professional meeting s .~~ )
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ABSTR ACT

This is the Final Report for Contract N000l4-75-C-0838,
covering a peri od of three and three-quarter years from January 1975
to September 1978. Research was performed in two major areas: instruc-
tional theory and development of a generalized maintenance trainer-
simu lator. The domain of instructional theory incl uded five related
research projects . These were the effects of visual analogies of
abstract concepts , Markov decision models for instructional sequence
optim ization , electrophysiological correlates of cognitive processin g,
cognit ive strategies for text processing , and heuristic techniques for
log ical problem so lution. The work on the development of the maintenance
trainer-simulator included tests of the system in Navy School environments
and led to a project to further develop the system for regular use in
~~~~ i schools.

In addition to producing instructional systems which are now
being dev eloped for use in Navy schools , this contract produced fo urteen
technical reports , seven chapters in books or articles in journals , and
nine papers for professional meetings .
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I
RESEARC H ON LEARNING STRATEGIES AND

HANDS -ON TRAI NING IN CA l

I. INTRODUCTION

This report covers a period of three and three-q uarter years ,

from 1 Janua ry 1975 to 30 September 1978. The work performed during this

interval was concerned wi th two major research areas: instructional thenry

and development of a maintenance trainer-simulator . The crojects related

to instructional theory were visual analog ies of abstract concepts ,

Mark~ v decision models for instructional sequence optimization , electro-

physiol o gical  correlates of cognitive processing, cognitive stra teqies

for text processing , and heuristic techni ques for log ical oroblem solu-

tion. The research on these instructi onal theory tooics was pr imarily

conducted in laboratory environments . The research on maintenance

tra iner-simulators included testin g of the resea rch products in Navy

school envir onments.

During this period , 14 technical reports, seven chapters in books

and publications in professional journals, and nine papers for profes-

sion al ~eetings were produced. The la intenance t r ai ne r - s i~.ul a~~r developed

and tested under this contract is currentl y being adapted fo - use in Navy

Class C schools , un der a contract snonsored by the Navy Personnel Research

and Development Cente r and the Defense Advanced Research Projects Agency.

Further applications for the trainer are being investigated.

BTL research on instructional theo ry during the almost four-year

period of the contract reflects an increasing awareness of advances in

cogn it ive processing theo ry. This research represents an a t t  - p t t

apply these advances to instructional contexts . Cognitive models and 
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I
experimental resul ts guided the evolution of our research in this area.

Wi th the exce ption of the work on Markov models for instructional optin iza-

tion , all five of the projects carried out on instructional theory ~‘r- rc-

inf luenced by cogniti ve psychology models. In part icular , the recent

work on strategies for text processing was guided by a cogniti~2 processing

model , develo ped i n a schema theo ry framework , of the reading process.

BTL researc h has also been infl uenced by advances in instructional

del ivery technoicgy. Moving with the rapidl y evolving computer industry ,

more powerful yet sm aller computer systems have beer err rfl oyed . I n so~

cases , BTL staff designed and built hardware configurations for conip-Jter_

based instruction that are only now being offered off-the-shel f by cor”-

pute r companies or peripheral manufacturers . (For example , a compute r

interface to control a mi crofiche projector was developed in our labo-

ratory before any were made available commercially. ) Al though srme of

the resea rch done unde r this contract made use of a large time-share

computer system specifically designed for CAl (the PLATO IV system),

there has bee n a trend for our research to move away from the use of

suc h large systems toward single-user disk-based microcomputer syste-~s.

Future BTL efforts are likely to continue to exploit the low-cost , rel i-

ability , and availability features of such micro systems . In addition ,

much of our future work will exnl oit the new software trans oorta hilitv

features of the UCSD Pascal operating system .

In the remaining sections of this report , progress in each of six

major research areas is reported. The fi rst fi ve topics can be grouped

under the general heading of “Instructional Theory and CAl . ” The last

topic deals wi th the development and testing of the Rigney trainer-

simulator.

— 2-
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II. VISUAL ANALOGIES OF ABSTRACT CONCEPTS

Three technical reports and a oublished paper in the Journal of

Educational f~ ology (Rigney & Lutz , 1976) described work on the effects

of visual analogies from 1975 to 1978. The work was motivated , in part ,

by des i re to explore the effects of ri ght-hemisphere , imaginal pro-

cess ing on retention of relatively abstract ideas. Mental imagery , it

was felt , could be expected to provide a dual-coding of the abstract

c~ncepts to be ~earned , vihen conjoined with a traditional verbal exposi-

tion of the concepts . The ex istence of such a dual code in the mind of
0

a student was expected to improve the probability of recall of the concep-

tual material.

The experiments to test these hypo theses made use of s pec i al

in structional ma terials developed at Behavioral Technology Laborat ories ,

dealing with electroche mistry . Imaginal and non-imaginal techniques were

compared in two contexts: initial acq u isition of conceots and rehearsal

of concepts for recall. Several study techniques and concept presentation

‘odes ~ore studied , including e perimenter-supp lied intera ctive grap~ i -~- .

additional written exp lanation of conce pts , student-generated illustra-

tions , student paraphrases , an d mentally generated verbal analo g ies. The

results of the series of studies show that , in the case of initial acqui-

sition of the abstract concept used , exper imenter-supplied interactive

graphics resulted in significantly better recalls. For post -acquisition

practice wi th the concepts , the most effective means of im proving recalls

was a method in which students ~‘ie re guided to reconstruct a graohic

i l lustrat ion of the concepts . The results of these experiments s u n i e s t

guidelines for the use of graphic s features in CAl.

-3-
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TR No . 75

Jose;d ~~~~ Rigne y ~ Kathy A . Lutz , The effects of inte ractive qrap~ i r
analog ies of crncepts in chemistry , May 1975 .

Recent advances in knowledge about the different information
p rocess i ng functions of the right and the left cerebral hemispheres ,
and laboratory studies of these different functions were reviewed for’
their impl ications for training and education. Tue evidence is that
the right hemisp here is specialized for spatial and topographic imaqery
processes , while the left is specialized for serial , analytical , la n-
guage processes. The two hemisp heres have different degrees of access
tn the vocalizin g syster on the midline , which is primarily under the
control of th~ left hemisphere , and to the motor systems for the righ t
and left hands. Under certain conditions , the left hemisphere can
overrids control over these systems by the right. The ta~i- th~~ is
given t~ t r~~ sub ject , the orienting task , not onl y detern~ nes the
su~seguent info rmation processing done to mediate responding, but als o
in fl uence s where this processing is done in the cerebral hemispheres.
Recent studies of the effects of mental imagery on learn ing and memory
pred~- in a n t l y fi nd strong positive effects . In verbal learnin o whate:e ’
mental imagery adds , a spatial organization , an integrating conteyt . or
a second coding, it is c lear that it results in bette r retention and
recall in the laboratory .

The implications of this for training and education are that
the right hemisphere functions have been relativel y neglected in the
predor irantl y verbal mediation of instru ction and knowledge . The
challenge to instructiona l technology is to utilize the dual -coding
system more effectivel y.

The fi rst of several planned studies , usin g interactive , anim a ted
graphics for illust r atin g the abstractions , concepts and laws of science ,
and for stimulatin -i ima~~na l processes in students , is desc ribed in thi s
report. It was found tnat these graphics did have positive effects or
the lea rning of concepts in electro-chemist ry , as measured by recall
tests of knowle dge, comore hension , and app lication , and tNat the lesson
conta i n i ng these graphics was more attract i ve to studen ts than a lesso n
i n wh i ch purely verbal explanatio was used. Subjects who took the
lesson prov idi ng external ima gery reported ex perie nc i ng mo re i nternal
i magery than did the subjects who received the verbal version.

These positiv e ’ outcomes encourage further research into (1) better
methods for inducing mental imagery in students than verbal instructions,
(2) theoretical foundations for the processing of exte rnal imagery rel atinc
it to current theories of the structure of long term memory , an d (3)
objective indicators of mental imaging that would be more reliable than
verbal reports of subjects.

-4-
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TR No . 79

Ri gney & Kath y A. Lutz , The eff€cts of interactive qra ohic
analogies of concepts in science , August 1976.

In this series ~~~
f three studies , interactive grarhics , usinc

t~-e ::lao ; -a panel , touch panel interface o~ the PLATO syttor’ , we re used
to- si -” ulate the tooocraph y and functions of a battery , to teach dc -
roertdry concepts in electrochemistry . The effects of these gragh ics
were compared with verbal descri ptions of the topogra ph y and functions ,
in othe rwise equivalent lessons; and with play ing checkers for the sa-~--
amount of time as used by postlesson cond itions requiring subj ect s to
reconstru ct the graphic sim ulation from memo ry , or to attem ot to ima g in e
r e n tal images of these graphics. The principal conclusions supoor 4 ed ~-ythe results of these Studies are as follows :

As use d here , in te r~ctiv e graphics were ra~
- e - ~ t , 

s+ J~~~~~
r to

be a more int eresting - -:ay to present info rm ation about abstract concents
in science , and therefore may have received more attention dur ing acoj~-sition than did a ourel y verbal mode of presentation. When correcte d
for the effects of prior knowledge , mean scores on verbal and -t ‘aphics
pTst tes t s were sli ghtl y, but si gn ificantly hi nher for lesson and t s t _

lesson condit ior s containing interactive graphics. ‘-‘ental i r’agery cou ’-i
be another sou rce of these effects. Students in Expe rim ent I did report
that the graphics in the lesson induced mental ir’~ane y while they were
ta king the lesson . However , the atteonts of stu dents in Experi m ent II
to recall mental images of lesson material did not increase scores on
the nosttest , in comparison to the control grouc .

2. Interactive graph ics , as used here , evide ntly are most
effective curing initial a cqu i sitio n . Requiring students to recon sc- jc
the gra nhic si r - ulation after the initial lesson C O f lt r i b jt~~~~d less to

-.‘erUal po sttest performance. However , this postlesson conditio n did
resu lt in the acquisition of addi tional infor m at ion , reflected in ~“ ther
scores or a graphics pon ’test in Expe rigert III. Th eç~ r~~- S j l~~~~~ s~ or~- --
th at tttb shallo w and deep pro cessing , in the Craik and Loc~ ha r t  5 C r - v .
were induced by this postless on condition.

3. The fact that students were able to deal with both tooo-
graphic and abstract conceptual info rmation in eith e r verbal cr gra nhi c
6-o r r - - , sunne sts either the same deep st ructures in LT S , or rapid trans-
fn ’—r gat i on of different structures in LTS into a common representation
- be ’ necessary . The current versi on of semantic network theory of Long
Tern ‘er~ory (Rume lhart and Orto ny , 1976), gives a plausible acco~’~t of
this cap ability in terms of a common basis for storage and processi ng
of both graphic and ve rbal info rmation.

4. It should be pointed out that these studies dealt with fi~ e-i
ef fec ts  va r iab les ,  and that there are many other relationships he~~een
graphics and verbal nodr’s of presentation that were not explo red he re .

-5—
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In some of these , one mode would complement the other , so that both
would be required to convey the essential information or to enable thr
desired perfo rmance. Such would be the case where interactive cron ies
are used to represent the front panels of equipment and students ooerate
on these interactive graphics in ways analogous to operating on the
actual equipment front panels. Or , the graphics might contain inforna-
tion onl y referred to verbally, a common usage for diagrams or photc-
graphs in texts .

In oth er cases , the dynam ic s of processes might be so comp lex
that verbal descri ption becomes too long and cl umsy . Anima ted gr-an ~ ics
would allow the student to attend to different parts of the animat io
at will , and rapidly comprehend the implications of the an al o qi or
metaphor. The internal workings of a transisto r come to mind as an
example. Here , it might be advantageous to dep ict electrons and holes
‘flowin g, ” juncti on phenomena charg ing, and the ‘flow of currents n
for s rd and reverse biased loops all at once, so tKa the studer~ cool d
integrate these events rather quickl y into an overall comprehensio n of
how a transisto r works. In this case, simu l taneous animat ion of many
related events would be a unique contribution to dyna m ic graphi cs , since
verbal description is necessarily serial . This usage of animated gra nhic ~woul d , however , requi re a plasma pan el capabl e of writing and erasing at
higher data rates than currently available. - .

- 
-

TR No. 82

Kath y A. Lutz & Josep h H. Rianey , The effects of student-aenerated
ela boration during acqui sition of concepts in science ,
Se p tember 1977 .

This is the last of a series of studies of experimenter and student
supplied cognitive strateg ies for acquisition and retentio n of concerts
in science. A lesson in electro chemistry was used as the subject ma tter
in these studies. The conclu sions we believe are warranted by the re-
sul ts of these studies as follows . The most effective strategy for facil-
itating acquisition consisted of experimenter-supplied , interactive graphic
analo gi es tha t supp l emented verbal descr ip tion , in comparison to additional
verbal explanation. Two explanati ons for these positive effects would be
that these graphic analogies captured the students ’ attention more effec-
tively, and that they provided an overall structure , by which indiv idual
concepts could be interrelate d , serv i ng as a type of organ i zer.

Student-supplied elaboration , in the form of paraphrasing, drawina
i l lus tra ti ons ,or thinking of verbal analogies for verbally descr ibed
concepts in the lesson , was l ess  effective during initial acquisition
than the experimenter—supplied graphi c analogies , and no more effec ti ve
than using the same amoun t of time to go through the lesson twice. How-
ever , draw ing illustrations of concepts in the lesson was the most effec-
tive of these elaboration strategies for students with little or no pr ’~orknowledge of the subje ct  matter .

-6-
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After acqui sition coding has occurred , the most effectiv e strategy
investigated in these stud ies was a postlesson review in wh ich students
were required to reconstruct the complete graphic illu str ation of the
electrochemistry of a battery , by touching appropriat e spots on the dis-
p lay screen . This review may have forced the students to do orocessina
that integra ted the various electrochem ical concepts . Attempts to indu ce
students to review the lesson by genera ting mental imagery in which they
visualized the flow of events in a battery was not an effective review
strategy .

-7-
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III . MARKOV DECISION MODELS FOR INSTRUCTIONAL
SEQUENCE OPTIMIZATIO~.

Two technical reports extended an earlier model (Wollmer , R. D.

A Markov Decision Model for Computer-Aided Instruction. Los Angeles:

University of Southern California , Behavioral Techno logy Laboratories ,

December , 1973 , Technical Report No. 7 2 ) ,  produced under ONR Contract

NOOOl~ -67-A-O269-OO25. This resea rch was conducted from the onset of the

con tract until Ma rch 1976. The first of the two reports ~.os designed to

evaluate the Wo llm e r model in a CAl context. Two experiments were per-

formed to test the effect on learning of using the model to optimize

practice schedules . The results did not reveal a signifi cant improve ment

in amount learned when the optimization system was used. These results

suggest , first , that number of practice trials may be less important than

other factors for complex tasks , and , second , tha t complex tasks may

require very large numbers of practice trials to ensure significant prac-

tice effects. 
-

The second techn ical report , wh ich was the last in the series ,

furthe r developed and refi ned the Wollme r approach . A mathema tical treat-

men t of partially observable Markov desision processes using an infinite

planning horizon was developed. Al though the system was developed for

compute r-aided instruction appl i cations , it has ,~ider applicability .

-.8-
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IR No . 76

Richard 0. Wo llm e r & Nicholas A . Bond , Evalua tion of a Markov -decision
model for instructional sequence optimization , October 1975.

W ollme r ’ s Markov Decision Model for instructional sequence
optimization was investigated in a computer-assisted instruction (CAl)
context. Two special CAl programs served as vehicles for testing the
model; one program (K-laws ) taught the students to solve DC circuit
problems using Kirchhoff ’ s Laws ; the other (TRIG) gave practice in
mani p ulating the six trigonometric ratios. The )<-Laws cou rse had
elevan stages or levels; TRIG had five ; both courses were arranged i n
a h ierarch ica l  order . The Wo ilmer model requires that transfer wuu ld
occur from one stage to the next in a hiearachical learning s e q u e n c e ,
and t’-~ t these effects could be estima ted so as to produce an optim a l
t ’ : ini- 

~ 
schedule. To determine the effects of additional practice.

half the calibration sann le was required to finish one successful trial
and half were required to have two successes , befo re movinc on to the
next stage . Thirty subjects took the K-Laws course, 80 comp le ted TR IG.
Instructior ; was given at individual CAl terminals.

Al ] subjects finished the course , and learned to pe rform satisfac-
tori l y the final criterion behaviors . Practice effects were unexpected ly

0 slight; people who had one success at each staae of the course had db Out
the same criterion -problem performance as those who had two successes
throughout. The average time required to achieve a second success -was
not appreciably different from that required for the first , and two
siccesses at the i mm ediate ly precedinq level was no better than one, as
far as transfer to the next hiah er stane was concerned . These result s
indicat ed that the Wollme r hiera rchical model could rot impro ve overall
learning much by “optimal ” scheduling of practice.

One implication of the findings is that in cc r r n l ex l ea ’r i nq hierar-
chies wnere the top or most diffi cult task consists of a cu~ Ivetic n Of
previousl y-learned skills , performance time on that top task may be more
dependent on the number of subsk il ls involved than upon the number of
practice trials in preceding stages . Another implication is that if
pract ice and transfer effects are to be significant in learning this
kind of hierarchically —st ruct ured material , then a very larqe number of
practice trials may be necessary .

I
0
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TR No. 77

Richard 0. W cll ’ - er , Partiall y observable r4arkov decision processes ov -’ ’
an infinite planning horizon wi th discounting, Ma rch 1976.

This is the last in a series of technical reports concerned wit h
mathematical approaches to instructional sequence opt imizat ion i n
instructional systems . The problem treated here is very closel y re-
lated to that treated by Smallwood and Sondi L (4 ) .  Both papers deal
wit h Narko v decision processes where the true state of the system is
not known w i th certainty . Hence the state of the system is characte ri ’~-d
by a probability vector. Each action yields an expected rewa rd , trans-
forms the sys tem to a ne~: sta te and yields an observable outco ’ e. One
wishes to deter nine an action for each probability state vector so as
tn maximize the total expected rewa ri . Smallw ood and Sondik (4) solve
t h i s pro~-l e ’ exactl y ~~~ a finite time horizon. This report treats
tne ir ’~ nit € time horizo n with a discount factor , using a partial ~.

di mensi onal Maclaurin se r ies to approxima te the total ooti mal re . ,a rd
as a function of the probability state vecto r . While thi s model was
developed for computer aided instruction , it is anp l icable to other
situations as well. This model also is of considerable theoretical
val b c- .

-10-
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IV . ELECTP OPHYS IOLOGICAL CORRELATES OF
C O G N I T I V E  P R O C E S S I N G

This line of research , which had begun before the inception of

the contract here reported , culm inated in July, 1978 , in a technical

report describing the results of an arduous series o~ experiments.

Special purpose data collection instruments were devi sed and built ,

electr ical noise shielding was designed and imp l emented , and special

soft~.are for data collection and analysis was written and tested .

The goal of the research was to relate electr or v jsiolo cica l

phenomena to ongoin g cognitive activit ies. Subjects were required to

solve f i ve- le t te r  anagrams . Solution achievement was signalled by

pressing a micro switch. Electroencephalographic activity and time to

solution we re recorded from the onset of each st imulus.  Sixty st imulus

anagrams were selected fry’ lists o~ abstractness and usage frequency

to form four stimulus groups: 1) concrete/hi gh frequenc y, 2) concrete !

low frequency , 3) abstract /hi gh frequency , and ~- ) abstract/low frequency .

-~ral ysis of the solution time data showed that abstractness and fresuenc y

t-cth had significant effects , wi th no interaction. Anal ysis of the

elect roen cep haloaraphic data showed that anagram solution and recogni-

tion of non-scrambled words were both followed by a positive shift , which

may be related to decisi on processes .
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TR No . S6

Louis A . Wi l l iams ~ Jose ph H. Rigney , Electrophysio looical correlates o~
cognitive activity : Event related slow-pot entials developed duri ni:
solution of anacrams , Jul y 1978.

Electroencephalograph -i c (EEG) activity and time to solution we~-
recorded for sixteen huma n subjects du ri ng a task requiring the solu-
tion of five lette r anagrams . Solution achieveme nt ~as signaled by
depressin c: a micro sw itc~ . The sixty stimulus anagra m s were selected
fro~ lists of abstractness and usage frequency to forri ~cur s ti mulus
groups: 1) concrete ’h igh frequency , 2) concrete/low freq nncy ,
3) abstract/high frequency, 4) abstract / l ow frequency. Stim ulus word s
were pre~ented to subjects in a randomized order interspersed with a
nor .-a nagra - recognition word (TANGO ) or a blank screen (BLANK). S t - A ’H~p re s e T t oc ion  wa s j rU-- i  comp uter control and disp layed upon a conn-~t
Solution time was subjected to an analysis of variance. Abstr actr e’-s o r

fresuency were both si -~’ific ant. Abstractness had the greater effect
upo’ so]~~ i c- ’ tim e . There were no interaction effects . Concrete (low
ab n~ ra c tne s s )  a~agrar 1s we re solved more quickl y than abst rac t  an a r r a vs .
wi th the effect of frequency of usage additive to solution tires. Th is
result was concluded to support , but not confirm a pa rallel processin g
hypothesis: conscious processing concerned with anagram letter re-
a rran gement , an d simultaneous unconscious processing concerned with
retrieval of poss ible solution words from long term memory .

The EEG was ana lyzed by Fourier methods to determine frequency
and amplitude content. A coherence anal ysis was performe d upon
selec ted segments of the EEG pre and post response. Visual analys is
of individual t r ia ls  was accom plished through a computer developed
super- i mposition display. Disp layed trials were organized by correct
or incorrect solutions , failure to achieve solution (TIME-OUT), TANG~)
or BLA ’~K presentations. The developmen t of a negative shift fol lowing
stimulus onset in all except BLANK trials was revealed. Trials in wh ic~
a correct solut ion was achieved , or TANGO recognition occurred. sho:-.’~d
a reacti ve shift to positivity at about 350 milliseconds latenc y . This
identification was supported by the analysis of coherence. The negative
shift was concluded to be similar to the Contingent Negativ e Var iat ion 5-

(CNV).  The posit ive shift was concluded to be a P300 wave . The CNV -
l ike shift was related to selective attention-selective resprnd~ ng
demands of the pa radigm . The P300 was related to decision processes
allowing a relaxa tion of attention and responding.

I
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V . COGNITIVE STRATEGIES FOR TEXT Pr CESS ING

Work in this area was carr ied out from January of l07 F to the

end of the contract. Four technical reports and four chapters in books

describe the results of the research. (The last of these reports , Tech.

Rep. No. 85, was co-sponsored by the Defense Advanced Research Projects

A gency under contract N00014-77-C-0328.) These technical rn~,m ’-ts mar k

four stages in the inception of a large effor t  to understand the nature

of some of the higher cognitive processes involved in reading an -i to

apply the fi ndings to the development of training programs for job-

related reading.

In the fi rst of the four reports (Tech. Rep. ~Zo . 78),  an ex tens i ve

survey was made of ma ny recent trends in cognit ive science ani neuro-

science which could be expected to have an impact on instruct iona l theory

and practice . One of the many concepts introduced in this paper was that

of the relevance of text-type to reading in general and job- related

reading in part icu lar . It was suggested that not all texts are of the

same t~~e--thoy have different structural and se:-~ant ic characte ’-’s tics

which can be expected to have implications for what and how much of the

information they contain wi ll be remembered after reading. The second

report in this series (T ech. Rep . No. 80) expanded upon this theme ,

presenting a theoretical viewp oint on the role of tex t - t y pe perceptions

in reading. A number of reading strategies were discussed wi thin the

theoretical context propounded. In the third pape r (Tech. Rep . No. 8 1),

the theoretical underpinnings of the preceding paper were examined in

greate r detail. The theoretical framework was extended to coqn it~ve

-13-
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tasks other than reading, as well. In the f o u r t h  r epo r t  of the series

(Tech. Rep. No. 85), the theoretical mechanisms developed in previous

reports are app lied to a partic ula r experimental situation and predictio n s

for the memorability of propositions in different types of texts are nadi .

The results of a series of experiments designed to test these rre d icti o r s

are repo rted , the analysis of which supports the major aspects of the

theory . The experimental resu lts suggest tha t the theoretical approac h

may serve to genera te useful reading stra tegies , sensitive to the  type

of text being read , which can improve learni rc fr~~’~ to. ts of diff E -r e t

types s igni f icant ly.

TR No . 7R

Joseph W. Ri gney , On cognit ive str ategies for fac i l i t a t i ng  acqu is it i o n ,
reten ti on , and retrieval in training and education , May 1976.

The idea that students could be taugh t to be more effective lea rne ’—
in distinction to being taught subject matter , is explored in relation tn
recent advances in the cognitive and neurosciences , with the objective of
integrating info rmation from these sources into a uni fied view p o int t h a t
coul d serve as a roadmap for research and as a context for discussion .

According to this viewpoint , cognitive strate q ies for facilita t i r -

a c q u i s i t i o n , retention , and retr ieval of information and of performance
are composed of specif ications , ca lled or ienting tasks , for how cocr -itive
processes are to be used , and of cogn itive processes drawn fror repre-
sen tational , selectional , and self-direct ional resources . Representa-
tional resources include propositional and a pposit iona ~1 processes o ’ t~~n
left and right cerebral hemispheres , chiefl y language and imager y .
Selectional resources consist  of attentional and intentional processes.
Self-directional resources inc lude self-programming and se lf-moni toring
processes. Possibilities for teaching students better control over
at tentional and intentional processes ,by using neuroph ys i olog i cal
in dicator s , particularly to reduce self-generated distractions dur inc
learning, are noted.
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I
Concepts of processing capacity , depth of processing, expended rcro-

ce ss in~ capaci ty , resource- limi ted and data-l imi ted processing, top
down-bot t o : -  up processing , and graceful degradation of outnut , advan ed
by several different theorists , are considered in terms of possible sou’ces
of individual diffe rences, possible electrophysiological indicators , and
implications for cognitive strateg ies. The importance of lono tern
me:- ory in learning is recognized. Three types of long term store (LTS) ;
sem an tic , episodic and motor , are described. Semantic and episodic LTS
are of great current theoretical interest. Their im plications , particu-
larl y of semantic LTS , for acquisition , retent i on , and retrieval are
discussed. Norma n ’ s concept of web-learning is an example. The additional
requi re- rent for some kind of LTS for controlling skilled oerformances is
no ted , and two recent theoretical formulations of cerebral -cerebellar
roles in this regard are reviewed.

Several  kinds of subject-matter are described under information ~ndserfor- a”ce and these are tentativel y cross-classified with types of
~ ng ter~ - e - ory and stra teg ies for acquis i t ion , retention , and re t r i eva l .
Diffe rent approaches to teaching students cognitive strategies are
described in terms of possible combinations of instructional contro l and
e~p iicitnes s of the stra tegy . Finally, techniques for implementation of
aspropriate approaches are considered. The Learning Assistance Cente r
(L~ C) concept is viewed as the context for applying - implementation
techniques in a systematic and lono-term fashion; inc l ud i r g diagnosis
o individual student requirements and resources , prescript ion of an
aopropr iate combinat ion of stra tegies , and i nst ruct i on in how to use
them. It is proposed that LAC ’ s might eventua lly be recognized as imoor-
tan t resou rces i n Naval tra i n i ng.

IR No. 80

~s nep h W . Ri gney & Allen Munro , On cognitive strateq ies for orocessin g
te~- t , March 1977.

Current researc h on reading is hampered by the lack of a frame-
-.~~rk wi thin which to study the effects of a reader ’ s p r i or knowle dge
on his or her processing of an un familiar text. As a result , most
reading research has emphasized perceptual rather than conceptual
processing during reading. Evidence is cited in support of the claim
that va rious types of prior knowledge play i mportant roles in under-
standing during text processing.

Recent developments in cognitive psychology and arti ficial
intelligence have resulted in a new kind of model for conceptual pro-
cessing, called rocedural semantics. In this report, a framework is
la id for the app ication of the procedural semantics formalism to the
ana lysis of conceptual ly-driven processing in reading. According to
this theory , two different types of conceptual processing units
(ca lled schemata ) are responsible for conceptually-d riven process ing
in readina . One type is the form-schema , which accounts for the

-15—
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syntactic or forma l expectations which people make use of in text
processing. The other type is the content-schema , which accounts f~~ r

the natu re of readers ’ semantic expectations. Model s for a sn’~ll nu - Ler
of speci fic form- and content—schemata are proposed , and certain experi-
mental and observational evidence is explained in terms of these models.

Implications for effective reading strategies for adult reading are
derived from the pre -~ises of the model. Several di fferen t k i nds of
read ing stra tegies are characterized in terms of the model . When
readers employ si g~le-pass strateg ies , they process the text i n  a
st r ic t ly  linear , left -to-r ight fashion. This approach ma kes mi ni mal
use of the potential for conceptual l y-dr iven processin o that could be
achieved through the act ivat ion of some high- level schemata . In
exhaustive mu ltj~ p~ss processing , the firs t pass results in the act iva-
tion of a number of fo rm- and content-schemata which can serve as an
aid in subsequent passes , der iv ing expectat ions about the for T and
mea~ in ~ what is aba -ut to be read . This tec hni que can ofte~ bc
wasteful o~ resources , since it does not ac t ive ly  direct proce ssir ! q
toward wha t is most important or least well understood . Extracti ve
multi -pass processing reflects a more efficient strategy for readin g
an enti re text. By using this t e c h n i q u e , a reader “skims ” the text in
a selec tive way on repeated passes , buil ding up such a complete unde’-
standing of the meaning of the text that the final reading of the te/.t
is often a process of merely fi l l ing i n the ga ps in un de rstan d in g.
This technique is often effectivel y used by graduates of adult readin r
improvement c lasses.  Select ive , multi-pass strategies characterize the
reading of those who know what it is they want to know , and who are
un der no constraint to learn all that might be learned from a text.
In this type of text processing, the reader beg ins the task with the
intention of acquir ing some speci f ic  information. As a result , a
number of specif ic content -schema ta are act ivated and are used to guide
the order and the selection of those portions of the text to be pro-
cesse d.

Seve ral po ten tial a pp lication s are suggested by the conseouences
of the theory fo r  conce ptu al l y-driven processing in readina presented
here . These include possible uses for headings in texts , means for
constructing advance organizers for texts , and traininq readers to
make mo re effective use of texts by being sensitive to their motivatinc
tasks and by exp loit ing their capacities for gene rating expectations
about the mean ing of the texts through conceptually -driven Drocessin c .

- TR No . 81

Allen Mun ro & Joseph W. Ri gney , A schema theory account of some cogn itive
processes in complex learning , July 1977 .

Procedural semantics models have diminished the dist inct ion between
data structures and procedures in computer simulations of human inte l-
ligence . This develo pment has theoretical consequences for models of
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I

cogni t ion.  One type of procedural semantics model , called schema theory ,
is pre~ -~nted , and a var iety of cognit ive processes are explained in
te r :-~s of the theory . In schema theory , the f low of processing control
is deter mi ned not by a cent ra l m o n i t o r , but by interact ions among the
conceptual ent i t ies (s chemata) that make up the model . Schemata interact
by providing ac t i v a t i o r  resources to each other.

Instantiation is the special p rocess where by a partial copy of a
strongly activated schema is created. In this copy , the variables of
the schema are filled with particular values . Such copies --iake up
specific or episodic memory . The schemata on which they a~e basedcomprise generic or semantic memo ry .

M~r~ of the phenomena of co~sciousness and of short-term and long-
term mer ory are explained on the basis of the activat ion processes of
schema theory . Unactiv ated schema ta are equivalent to all the unconscious
kno- -ledq e in a person ’ s long- term memory . Schemata that are act i va t~ d ,
but are below the threshold of instantiation , are in a preconsciou s
or subconscious state . Those schemata that are more full y activated ,
that are above the instant iat ion th reshold , are the stuff  of conscious
thought , and may be thought of as roug hly equivalent to the conte nts  of
sh o r t -ter m memory .

Conscious cognit ive strategies are treated as the ac t iva t ions  of
abstract prescriDtive schemata . A treatment of creativity is presented ,
along wi th the outlines of an approach to individual differences in
c rea t i v i t y . The effects of orienting tasks are exp lained in schema
theory , and the relationship between orienting tasks and self -directio n
in comp le x learn i ng and problem solving is discussed .

Infe rence and depth of processing receive related schema theory
treatments. Both concepts are treated in terms of the extent to which
ac tivation spreads to include related schemata. In general , the mo re
sche ma ta act ivated to the level of instant ia t ion by some datum , the
more -~c-eoly processed that datum is. Inference is seen as a kind of
n~elayed iee~ er processing.

Types of insi ght phenomena from severa l contexts can also be
treated in schema theory . Each type of insi ght involves the instantia-
tion of one or more new schemata that take some pre-existin g concept
in memory as a parameter .

Three dimensions for distinguishing or comparing schemata are
proposed : function , abstractness , and scope. The contrasts between
mult i -sto re models of cognit ion and schema theor y are summa ri ze d.
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TR No . 85
Lynn Gordon , Allen Munro , Joseph W. Rigne y , ~ Ka tL~ A. L u tz ,

Summaries and recal ls for three types of texts , May 1 7g .

A theoretical orientation for the study of different tines o f
texts is presented. Schema theory is proposed as a useful met a_the srj
wi thin which to develop specific theories about reading. Both theories
about processes of reading and theories about the structu re of what is
read can  be readily formulated in schema theor -i tern’s . It is o ’-opose d
that readers make judgments about the types of texts that the , read and
that these judgments bring about the ac t i va t i on  of expe ctat ions w it~respect to the structure and meaning of these te i ts .

Previous work on the structure of texts , primari l y for sim nle
narrati ves , is reviewed. Problem s with earlier for: -~ is-~ ar d sc o ri n -o
me thods ar -c d i s c u s s e d , and heur ist ics for avoid ing these o’-obl er s a’c
presented.

Three types of texts were selected for study . One type was the
simple short story , a type closel y related to (and , in some cases ,
ident ical  w i th )  the kinds of texts studied by other researchers . The
second type studied were instructions . The third type was def in i t io nal
explanat ions , a type wel l character ized by ponular science ar t ic les.
Detai led anal yses of the text structures and text semantics for eight
texts (three stor ies , two instructions , and three def ini t ions ) are
presented. Texts of the d i fferen t types di f fer fro m each ot her i n
consistent ways on two dimensions. First , the text structures of
definitions tend to be organized horizontall y rather than vertically ,
as are the text structures of stories and instructions. Second , the
semantic representations o~ stories are composed of specific concepts,
i n  schema theory terms , while the semantic representations of in~truc-
tions and definitions consist primarily of generic concepts. Or he
basis of these differences among the texts , we predicted that sto” ies
would be bette r remembered than instructions , which would , i n  t u n ,
be better remembered than definit ions. Three experiments were con-
ducted to test this hypothesis.

In Ex periment 1 , sub jects read and summarized six texts and
later recal led three of these texts .  Analys is  of the surnr a ry data
indicates that texts of different types are s ummarized to about the
same extent. The recall data , however , suggests that text type may
determine the amount recalled. Anal ysis of the recall data showed t h a t ,
although stories were remembered best (as had been p re di cte d ) .  the
propositional content of definit ions was remembered better than that of
instructions . It was hypothesized that rereadin g and summarizing nay
have had a diffe rentiall y facilitative effect for later recall , bene-
f i t i ng the recall o f de fi ni tions more than ins truc ti ons .
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In order to test th is hypothesis , Experiments 2 and 3 were
perfo rmed. Subjects heard tape recorded texts (in Experiment 2 the
same set of texts  used in Exper i m ent  1; in Exper i t - rt  3 a so’ma ’1,hat
di f ferent set ) , and , after performing a brief in ter fer i nn t v k ,
reca l led each text after hearing it. They we re therefo re rot able to
re p rocess texts as they had been ab le to in Experiment 1. In 1enera l ,
the results of these experiments confirmed our predicti r n s storie s
were recalled better than instructi ons , which , in turn , were recalled
better than definiti ons. Subjects ’ recalls in these e e~- i- r s t s  were
also scored for the amount of reordering of the textual ma terial.
T hi s anal ysis showed a very powerful effect due to text ~ipe. Rec alls
of definitions showed si gnificantl y more reorde ring than did recalls
of instructions , which , in turn , had more reorderin g than did the
rec al ls of stories. These results are also in accord w i th our the cr 1
that stories have mo re hierarchical , differentiated text structures
than do in st~ jctions or definitions , and that definitions have less
hia ’7:rchicdl structures than do instructions.

Subjects in these two experimen ts were also req-iested to Cl uS t e e
the teits in nat ura l groups accordinq to ti~~ir types , as t hey  oer-
ceive d them . Their geou~ ings were remarkably consistent wit h our own
c l a s s i  ~l ca ti ons

The research presented de-~onst nates the need for a more t h - r ’~~-s~investigation both of the natu re of people ’ s expectations for differences
in different types of text , and of the effects of such expectations
on unders tanding and re-~~ry. Further research is also nee~ed to e/oio re
the hypothesis that texts of di~~erent types may benefit differentially
from the app lication of particular learning strate ries , suc h as re-
reading and summ arizing.
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VI .  HEURISTIC TECHNI QUES FOR LOGICAL
PROBLEM SOLUTION

This research effort was pursued from February of 1977 to June

1978. Ongoing BTL interest in the nature of cognitive processing

during troubleshooting activities motivated a series of studies on

how people solve verba l logic problems . Two technical reports were

produced . The fi rst report describes an initial evaluat ion of tmo

co~pute r programs desi gned to aid human proble m solvers . Experience

v .ith tn~~e pr : :- ra rs s and with the introspective reports of log ic ~-n o h l~ r

solvers led to the posing of two basic questions: first , what facto -s

in these problems are predictive of their difficulty , and , second ,

what strateg ies can be taug ht to improve problem sol vi ng performance?

The experiments reported in the second technical report (No. 87)

provided partial answers to these questions. It appears that one of

the most important predictors of success in the soluti on of these

problems was the subject ’s ability to convert the verbal representa tion

to some more logically manipulable representation. Those proble ms

which were couched in such a way that such a translation was made more

difficul t were harder to solve. A training system for improving log ic

problem solution was devised and tested. Experimenta l results sho -~
tha t use o f the tec hn i ques did improve performance. Future efforts ir

thi s doma i n should concentra te on t ransport i ng t he tra i n i ng sys tem

attr ibutes to a rea l-world domain , such as e lectronics equipment t rouble-

shooting.

-20-

p —‘ -- — 

~~~~~~ 

‘

~~~

._
~

— ..—-— --  — — ——-
~~~~~

——-——--- - - -‘- — -  - — -

~~~~~~~

- — .— - — - .... ........—

~~~

-——-.—-—-

- —-- s - ~~ 
- ~~~~~~~~~



TR No. 83

N ic h olas A . Bond , Jr ., W i l l i a m  T . Gabr ie l l i , & Joseph W . P io re , .
Studies of verba l problem-solving: I . Two performance-aiding
pro grams , August 1977 .

Two computer programs were written to provide on-line aiding to
human problem solvers . Both programs were written in time -shared BASIC ,
and were desi gned for “membershi p ’ problems . In this kind of proble m .
there are several English sentences and imp licit in the sen~ences are
various relations; the task is to infe r a membership structure th at is
compatible wi th all the log ical constraints. Membershi p proble r s ma ,’
be cast in various settings , such as a murder mystery where a cul~~e~ t iS
to be identified.

One program (FIRST) was based on Findler ’ s ‘Unive rs al Puzz ’e
Soi v e r ” concept ;  the other (GA BE) used Wana ’ s theore m- n rover  log ic.
In both programs , the huma n operator converted English proble m sentences
to log ical membershi p relations. The programs kept track of all rela-
tions entered , indicated when more data inputs were needed , and scc-red
whether a correct answer was achieved.

Of the two programs , FIRST appears to be most feasible with
ordina ry col lege subject . It accepts logical inputs in a near-English
for ma t , and shows current logical status of a problem via tabular arrays
of X ’ s and 0’s. The present version of GABE used a strict “a , q, r’
logical notation; college subjects find this difficult and unsatis-
factory .

The structure of the FIRST program su gqests a ‘denth -o f - in~erence ”
measure -er t techni que. When all possible log i cal paths in a memh ersh~ D
problem are known , t he  “depth” of any given node in the path can he
obtained from probability-of—success numbers at that node ; also it
a pnea~~ t- ~ t a subject ’ s lo gical progress along a o a t h  can be c~ a
and displayed. Further emp irical work will explore the usefulness of
such depth measures for scoring individual performances, and for
teac hina pro blem-solv ing heurist ics in technical ma te r i a l s .

TR No. 87

Ni cholas A . Bond , Donal d McGrego r , Kathy Schmidt , Ma ry Lat ~ imor e, &
Joseph W. Ri gney , Studies of verba l problem-solving : II. Predic -
tion of perfo rmance from sentence- process ing scores , June 1 97-2 .

In complex reasoning problems of “ the who-done-it ” t .’no . ‘our
distinc t solution processes were identified :
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(1) intra-sente nce or word- into-symbol processing , where  t h e
solver converts the verba l info rmation into str ic t  logical
relations;

(2) inter-sentence processing , where the subject has to comb ine
the log ic fro m two or more sentences in order to obtain new
inferences ;

(3) ordering of proble m variables into some rank or num erical
ordering scheme ;

(4) collecting the logical relations into a reliable forma t
tha t w i ll reduce the memory load and facilitate the
“where-to-look -next ” dec ision.

This study exp lored the extent to which separate scores on these prcc oas es
could predict perfor ma nce on di ffi cult proble m s .

Scores on the sentence-log ic items correlated wel l  (r= .68 , N~~ l)
wi th number of reasoning problems solved , as did the ordering sco re
(r= .75). These scores, then, presumabl y are “close r” to the actual
pe rformance than are verbal scores such as McGraw-Hill Reading Rates
(r= .40 to .50) . Individual ti ming of inference responses showed that
subjects often had long pauses during inter-sentence process ino , whereas
intra -sentence respondin g was relativel y fast and regular . The inter--
sentence portions of the performance appeared to be key disc rim ina t c rs
between success and failure .

A sm all training experim ent was carried out with seven new subjects.
who were matched on reading scores with the previous group. These sub-
jects were given s ix  hours of intensive , individual pract ice on the four
processes; a standard matrix forma t was used , and fi ve rules and heu risti cs
were taught which were supposed to facilitate inter-sentence reasoning.
The trained people did show improved sentence-logic scores (median about
40 over the comparison group); and if a large reason ing proble m contained
onl y straightforward sentences , then the training was very effective .
In fac t, all seven sub jec ts solve d correc tly a 4-dimension , 5-va riable
negat ive-disjunct ion problem within a few minutes . For those problen’s
which hinged upon appreciation of verbal subtleties , t h o u g h , the t raining
did not help at a ll.

The investigation supports the idea of rap idl y teaching some
“log i cal tr icks ” in higher—order cognitive operations ; but the special
tra ining onl y works if the problem material is clean and unamb i guous.
One obv ious extension of the study is to see if the same increase in
performance can be produced in a practical-reasoning domain such as
troubleshooting of di gital devices ; another extension is to look more
close ly at the verbal subtleties which so ef fect ively prevent solution
of some large problem.
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VII . MAINTENANCE TftA INER-SIMULA TOP. DEVEL0P~~NT

Work in this area proceded throughout the term of the contract ,

building upon previous research on computer -control led trainer simul a tors

done at BTL under ONR/ARPA funding. Two technical reports were oroduced.

These reports describe a revised train er-simulator called the Generalized

Maintenance Trainer -Simulator (GMTS), and re port on two f iel d evalua ti ons

of the system. The present contract supported the development of the

Cr-ITS sys tem and programi ng. Development of data bases and the cond uct

of the field tests were jointly sponsored by ONR and  by the Naval

Personnel Research and Development Center .

The philosophy of the GMTS system is that there should be a rela-

tively low-cost , stan d-alone system for intensive practice in trouble-

shoot ing. Furthermo re , the hardwa re and software should be general-

purpose. That is , it should be possible to enter a data base for a new

piece of equipment and provide students ~-.ith practice on the ne~: equip-

ment without making changes to the hardware delivery system or the

GMT: p”ogra-’s . The two technical reports produced , ta~ taret her ,

cons titute evidence that GMTS has this general nature . The system was

used fi rst to provide pract ice in systems level troubleshooting in the

UHF communications side of the Fleet Commun ications System. The system

was tested with this data base on twenty students about to enter c lass C

schoo ls. The second evaluation of the system was performed wi th the

AN ISPA-66 Radar Repeater; ten subjects used this system for trou b le-

shoot ing practice , then worked actual troubleshooting problems inserted

into an AN / SPA-66 equipment. In both cases the same hardwa re and GMTS

program was used , but wi th diff erent data bases.
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Develo pment work is now proceding, under the sponsorshi p of NPP~C

and A~~A , to convert the GMTS system to current gene ration hardware ,

to develo p a new da ta base , and to implement and test the ne . syste-

in a Class C school environment.

TR No . 89

Joseph W . Ri gne.- . Douc las M . Towne , Carole A. King, & Patrick J. Ma ra r ,
Field evaluation of the generalized maintenance trainer-si mulator:
I . Fleet comm u ricati ons system , August 1978 .

The Generalized Mcintenance Trainer -Simulato r (GMTS) is a conce: -
-

for giving students in Class C schools intensive practice in trouble-
shooting equi pment ani systems taught in those schools. It can be use~for any device in whi ch signal paths and their relationships to cor,teo ’s.
indicators , and test points can be defined . The GMTS uses generative
CAl . That is , it genera tes the interaction with the student by re-
ferring to hi s last inputs and to its stored history of interactions
wi th him up to that point. To the extent that these individual stude nt
h istories consti tute models of individual students , GMTS constructs a
model of each student to interact with that student. In addition to
these features , GMTS i s  u n i q u e l y suitab le for use in Class C school
training. The compute r program that imp lements the instructiona l
system is indifferent to the speci f i c  equipment being tauoht. W h a t
specific equipment that is simulated by the GMTS is determi ned by
loa di ng two data bases fo r tha t equ i pment: one descr ibing essential
internal featu res of the equipment and the other describing the external
features.

This is a report of a f ield eva luation of the GMTS apo l ied to
systems level troubleshooting in the UHF con~ unica tions side of the
Fl ee t Communications Sys tem . Twenty Class A schoo l students wa i t ing
to enter C schools pract iced solving thirty-fi ve troubleshooting problems .
Resul ts were generally posi tive . The students became unifo rmly more
f luent at troubleshooting; mean time s to solve a problem were decreased
by a factor of two , and standa rd deviations of these times were decreased
by a factor of fi ve . Also , students ’ attitudes toward the trainer were
generall y favorable. An addi tional field trial is underwa y , using the
AN/SPA-66 radar repeater as the subject matter.
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TR No. 90

Jose ph W . Ri gney , Doug las M . Town e , Patrick J. Moran , & Richard 1~.Mi s h ler , Field evaluat ion of the general ized maintenanc e
trainer -s imulator :  II. A N/ SPA-66 radar repeater , November , 1978.

This is a report of a field eva l uation of the Generalized Maintenac ~’Trainer -S imulato r (GMTS) app lied to troubleshooting the AN/SPA-66 Rada r
Repea ter .

The GMTS is a relativ ely low cost , stand-alone system for prov iding
in tensi -.’e practice in troubleshooting. While GMTS is both hard.-~are a’d
compute r software , the computer programs and associated data base represent
t’~e essence of the GMTS concept . Thi s concept can he coohed to any
C~ -ji pr en t or syste- b , co rpil i n~ the par t i cu la r  e f f e c t s  of i nd i ca to rs
in v a r i a ~~ confi gurations and modes , and by preparing mic ro fi che ima ’~esof the equi pment in a multitude of norma l and abnorma l states. This
in formation , contained in a data base dedicated to the equian ent to he
sim ulated , provides the GMTS program everything necessary to generate
an d prese nt rm ean ir i q ful in teract ions wi th each indiv idual  student.  Since
the pro gram i tself does not contain data specific to any simulated
system , the trainer-simulator is terme d ‘ generalized. ’

This field test was the second to be conducted; the first inv olved
twent y Class A school students troubleshooting the UHF commu ni ca tio n s
side of the Fleet Communications System . A maj or object ive of the
seco’ d ~iel i test was to demonstrate the generality of the trainer —
simulator , thus a completely different equipment was imp lemented . The
data base for this target eoui pment was constructed entire l y by two
technicians who received brief training in GMTS data base formulation
(whereas the data base for the first field test was assembled primaril y
by the personnel responsible for programming G MT S ) .

The f ield test involved ten subjects , each at te m pt ing to iso la te
thirty-three simulated malfunctions over a sixteen -hou r period . Follo~-:ing
this practice phase the students were tested using an actual AN/SPA -66
with actual , i nser ted , malfunctions.

As with the fi rst field test , results a re gene rall y pcSi * i. e .
especially in relation to success in the test phase using actual equip - -

men t. Owing to the small sample size , howeve r , this field test is more
va l uable in assessing the success with which GMTS can imp l ement a wid e
range of target systems .

I

— 25-

I

— p - - — - ~~~~~~~
——__*-~~.~~,,~~~~~~~~~ ,- --- —~~~ __________

- —i’- -. —~ - ~~~~~o :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.~~~~~



I

VIII . RECOMMENDATIONS

All of the areas of research pursued ufider this contract ha-~’e

the potential for producing products usefu l to the Navy . Specif ic

recommendations can be made wi th respect to five of these research

areas , the products of which differ in their current applicability .

One of the research ef forts , the deve lopment of the maintenance trainer-

simulator , has yielded a product which is essentially ready for imple-

mentation in va ri ct - of Navy school environments. The discussions o’

the five research areas for which recommendations can be made are

arranged roughly in order of the immediate appl icabi l i ty  o~ t h e i r

results , with the most immediately applicable research products dis-

cusse d last .

Instructional Sequence Optimization

The research discussed in Section III , above , resulted in a

syster ~ for optimizing an instructional sequence with respect to time

in a CAl context . While this method did not presume that time was the

onl y crucial resource for optimization , the work demonstrated the

difficul ty of experimentally exercizin g an optimization technique in

which onl y a sub-set of acknowledged key variables are involved . Other

factors wh ich should be included in the objective function include the

cost of an instructional sequence , the clari ty of targeted conce pts in

the instructional domain , and performance measures of the !tudent ’s

grasp of the instructional content.
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I

It is to be expected that the armed services , as lar ge organiza-

tions responsible for vast amounts of technical instruction , wi ll make

increasing use of CAl systems in the future . Features of CAl which w i ll

moti vate such greater utilization will include low cost , standar dized

i nstruc ti on , and the opportunity for time-saving but st ill inexpensive

individualized instruction. As the extent of CAl grows in the armed

services it w ill become ever more important to be able to manage instruc-

tion in automatic and cost-effective ways . One aspect of such effect ive

management will be inst ructional sequence optimi zation. ~lthough the

resul ts of the research carried Out to date do not justify an i mmediate

development program to produce a computer-managed instruct ional system

usin g instructional sequence optimization techniques for the Navy , the

potent ial benefits to be deri ved from eventually implementing such a

system are great. Support of further research in the area, particularly

research emphasizing several features of the instructional sequence to

be optimi zed , is indicated.

Heur istic Technique s for Problem Solving

BTL research in this domain , descr ibed in Section IV above, has

shown that log ical problems couched in verbal form may present peculiar

obstacles for solution because of that form. This is an issue of con-

cern for the mil itary , because many techn ical problems and prepared

information sources for solving techn ical problems are presented in

a verbal format. A technician who must opera te or troubleshoot an

electronic dev ice , for example , is li kely to talk and think about his

actions in qualitative verbal terms . His attempts to validate his
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‘1
interpretations of the results of his tests of the equipment may be

conf i rmed , guided , contrad i cte d , or frustrated by the information in

a verbal forma t in technical manuals. Our results indicate that wi th

a “clean ” problem (that is , one that is well defined and expressed I~:

simple declarative sentences) almost any regular aid inq forU~at will

assure rapid and accura te solution. This result leads to the practical

possibility of requi ring techni cal ma terials to be writte n in such a

way that the text is “clra r .”

In the com p lex v e rb :l  puzzle proble n domain , a key skill is t h~

idert i fication of phrases which essent ia l ly  spl i t  the problem into

smaller and mor-e manageable parts. For instance , if the problem has

s ix  var iables which have to be sorted or identified in some way , there

are often one or two key sentences which permi t simple categorization

of these var iables into subclasses . The sk i l ls  required to identif y and

to explo i t  these high-information sentences have not been studied , but

there is reason to expect that such sk i l ls  are highly developed in the

truly expert problem solver . Perhaps the skil l is analogous to that

shown by the troubleshooter who makes a few rapid narrowing-down checJ s

to attain crude isolation of a malfunction. Once identified and under -
I

stood , such skills should be explicitly taught to students such as

electronics equi pment technicians , who must learn to be effective

problem solvers .

A second major a spect of the research findings in this area has

to do with the use of automatic probl em-solving aids . Complex inte l-

lectual tasks , such as combining probability information , controlling

several aircraft , or troubleshooting electronic equipment could be made
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easie r  f~~~r those assi gned these tasks through the use of appropria te

computer-based aid systems . Such systems would perform many l ib ’- i ry,

calculating, and bookkee p i ng chores ; the contr olling humans would ,

of course , make the decisions and control the course of processing.

0ur research in this area can be thought of as a first step toward

providing automatic systems to aid in logical problem solution. What

is required now is an effort to develop such aiding devices for prac-

tical military tasks and to test thei r effectiveness.

~~~~~ O~~ieS

The research reported in Section II yielded results which suggest

applications to the development of CAl technic al subject matter course-

-?.- are . CAl permi ts the use of interactiv e graphics disolays to help

convey the nature of complex processes to students. The results of

our researc h indicate that the use of such displays is most effective

for ini t ial  presentat ion of the concepts . Interact ive graphics is

less use ful as a review device for student use. The research has shown
I

that a more effective post-presentation learning activity is guided

st ud en t reconstruction of a graphic display . This can be accorop fsbed

through the use of a touch panel or a sonic pen device , e i t h e r  of w h i c h

takes advantage of the students ’ na tura l pointing responses. Further

research is now needed to determine what kinds of complex too ics

benef it most from interactive graphics presentation and from student

reconstruc ti on of graphics. Such fi ndings could then be applied to the

teaching of Navy technical subject matter.

The low costs and other attract ive features of CAl are likely to
I

ensure increased use of this instructional technique and medium in the
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•1
armed services . These features , however , will not necessarily ensure

that the most effective use of the capabilities of the instruction~i

computer system wi ll be used . It is possible that , in some cases ,

attempts will be made to simply transport a traditional training manual

approach to the new CA! courses . Such a course would fail to rake u~e

of such features as interact ive graphics. Our results have shown that

this feature can improve learning ove r a more traditional approach .

Fu rther research could be expected to lead to the production o~ guidc-

lines for the effecti vE use of interactive graphics and guided S t ) e ’ .

cons tructed graphics. Implementation of such guidelines would then lead

to more effecti ve CAl coursewa re .

Cogn itive Strategies for Text Processing

Toward the end of the course of research reported in Section V

an unant icipated result was discovered that may have important app lica-

tions to the use of texts for instructional purposes . The results of

three experiments indicated that understanding of and memory for the

contents of different types of texts benefit differentially from par-

ticular text-processing techni ques . For example , memory for texts

that have an explanatory nature benefits from the processes of re-

reading and summa rizing texts. Memory for instructional texts is not

significantly improved through such techniques. These findings must be

thought of as tentative , but if they can be repl i cated i n ex peri ments

of the appropriate design , their impl ications w ill have obvious app l i ca-

tions for milita ry instruction. Either of two methods could be expected

to prove the more effective means of using the results to improve learn-

ing from instructional texts. Texts could be prepared which incorporate
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~1

directi ons to the student as to which techniqu es should be applied to

each segment of text in order to maximize learning from that segment.

Alternatively, students could be trained , in a short cou rse , to recog-

nize texts of each major type and to apply the appropriate techniques.

Further research is required before either of these methods co uld be

- developed for application in Navy schools. First , more roust be learned

about the relationships between text type and effective text processing

techniques. Second , experiments mus t be performed to learn whether the

improve - - e r t in learning from Navy texts brought about throug h the use

of these techniques is sufficiently great to justify the development

of an appl icat ion.  Third , it must be dete rmined how these findings

may best be appl ied. The appl icat ion of the findings of such a research

program can be expected to measurably improve the efficiency with which

milita ry students learn from technical documents.

The General ized Maintenance Traine r -Simulator

The generalized maintenance trainer-s 4mu la tor (GMTS) is the en~i-

prod uc t of man y years of researc h funded by the Offi ce of Naval Research

and the Defense Advanced Research Projects Agency . ~he research con-

ducted on this contract has shown that GMTS is an effective way of in-

creasing the amount of troubleshooting pract ice on part icular equipments

for Navy elec tronics students. It also provides the capability of

simulating a wider range of troubleshooting experiences that can be

provided practically on real equipment. The research has shown that

da ta bases for new types of electronic equipment can be prepared for

the GMTS system by subject-matter experts who are not compute r progranTners .

Two field evaluations in Navy schools have shown that use of GMTS results
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‘I
in more efficient use of students ’s time and in time savings for Na.’,

instructors , while providing students with extensive practice at low

cost.

The GMTS system i s essent i ally ready for genera l use in Navy

Class C schools.  Unfortunate ly , howeve r, in its current imple mo r ta t io r

it makes use of out moded and unreliable computer equipment. Behavioral

Technology L horatories began research on a nev~ contract . jointly

f u n d e d  h the Naval Personnel Research and Development Center and the

flo~erse Advanced Research Projects Agency , on Septe --- ~ er 30, l97~

(N00l23-78-C—1457) to (1) develop the GMTS softwa re on current -gene ration

hard E-.are (Terak 8510/A microcompu ter) , (2) prepare new data bases for

the new GMTS system , an d (3) to implement and test the effectiveness of

the new system in a C lass C school.  The development of the new software

w i l l  h a v e  s pec i al conse quences for the fu ture and o nq o i ng use ful ness of

the  G!~TS system to the Navy . The new software w i l l  be tra nsporta L e

to other computers ; therefore , the GMTS system will be protecte against

hardware obsolescence. This wi l l be accomplish ed by deve lop 4 ;c the new

GMTS software on the tJCSD Pascal operating systec , a virtual ] ,- macbir:€-

independent operating system for mi c ro - and mini-computers .

We recomend that , once the initial development phase of te e new

GMTS system is complete (approxima tely October 1979), data base develop -

ment for a variety of Navy Electronic equipments be developed for wide-

spread use in Class C schools. We further recommend that research on

the potential usefullness of the GMTS system in Class A schools be

conducted. The GMTS system can be expected to serve as an important

component of al l Navy electronics equipment maintenance training.
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