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i's presented. Descrlgﬁlons of research into
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-7 . areas are: 1} learner strategles focusing on the internal cognitive
* and personality processes of the learner who is involved in ~

computer-based learning tasks;
computer-managed instructien, adaptive testing, "adaptive
instructional systems, the automation of 1nte11ectual and persqnallty
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development. The
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- ABSTRACT

At the inception of the ONR Themis Project in 1967, re- -7
searchers were concerned with "the computer as the teacher."
At the end of five years of reSearch, the\prlnc1pa1 finding
of the FSU 1nvestlgators is that the context of computer-
based training is broader than the original conceptlon, and
profits best from a management model for instruction. .During ..
this research period, the four interrelated areas of investi-
gation were learner strategies, training strategles, valida-
tion strategies, and computer systems strategies. . The
primary focus of investigation for the learner.strategy
research was the study of internal cognitive and personality
processes of the learner while in computer-based learning
tasks. The trend in all learner strategy research is
toward exploration of an adaptive instructional desigrm that
interacts with task an@ learner characteristics. The area
of computer-managed instruction, first priority in the area
of training Strategies, was® investigated with positive findings’
on its training effectiveness and cost benefit outcomes. Both
adaptive testing and adaptive instructional systems were
researched as training strategies, as were the automation of
intellectual and personality measures, and the development .of
sequential and tailored testing. Applications of simulation and
information retrieval systems in training and the use of simula-
tion for research indicated that the techniques should be imple-
menked and investigated in a wider array of applicatioms. 1In
the area of validation strategies during the Themis Project,
every effort was made to interrelate with ongoing Navy training,
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s associated problems, and its need for research. In computer
ystem strategies, three areas of study and development were .
karrled on during the five years of Themis at ¥SU: management
\ _Systems, interactive systems, and data analysis develcpment.
Following the descriptions of these four strategy areas,
the ;1nal report documents the results of ¢he development of
human resources:through the Themis Pro;edt{‘and lists the varied
technical documents which were. produceq/is a result of proyect—~

P

related activities. \ : . , o '
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1.0 The FSU Themis Project

If the group of researchers who. began ‘the ONR Themis Project

' in 1967 had envisioned the contents of tﬁé final report, the image

. _ ‘ “/ L .
of the table of contents would have centered about "the computer

as the teacher." -The qroup'miqa sét was framed about the vision of

-

enriched, detailed, stﬁdent—cdmpqter interaction with training con-
trol via optimization. 'Now, in the light of the five~year research:
pathway, the FSU investigators can report their principal findings:

* the context of éomputer~based training is broader than the original
& - ‘ g _ )
conception and profits best from a management model for instruction.

The FSU team found that there is no éingular,way to individualize

instruction to its'optimal level without employing some of t?e,
older techniques, such as group discussion, or the newest ones, such

s, i

as multimedia splitscreen presentations. This requirement'for a
broad mhltiéaceted approach to‘trainingﬂresulted;from'facing research
as if qvolved through study affer'study toward "the computer as the
manager of instruction.” Using a computer-managed instructional
" (CMI) model to encoﬁpass gomputer4ASSisted instruct;on (CAI),’simu—
lation, adaptive testing, naturalAlanguage dialogques, ﬁedia'manaqei
Jment, séheduliﬂg, record keeping, and evaluation, the potentia} of B
each of these compong&tS’as training processes became hosgwenﬁanced.
R For purposes,of project managément 6§ér the yeafs, the studies
were o?ganized into four categories: ‘1§ardef stratégies, tr;ining
- ”stratqgies, validation gtrategieé, ahd compﬁter systems stfategies.
In learner*opiehtéd researcb, investigaﬁoré sought to'find thé
students' cognitive and pepsonality processés ;eflecti?é of Comguter—
pased training: Therefure, studies included rule learning behévibrs,
. f . v

. - <
| : .
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' behavioral objective learhing, memory, subjective crganization,
,anxiety}‘and curiosity. ,Those involved in training strategies
studied effectiveness of computerwmanaged instruction, the possi-

ollltles of adaptive testlng ahd modellng, and the uses of slmula—

tion and 1nformatlon retrleval systems. The focus was on the.design,
:\\
1mp1enentat10n, and*d;a\hatlon of CMI1 components, The, area of |

validation studles ‘led to the evolutlon of a Naval Research Inter-

dlSC]pllnary Team, an 1mportant 1deatlona1 contrlbutlon in its own

right. Computer strategles produced over the vears, 1n31ght 1nto
1nteract1ve systems, 1nstruct10nal management systems, and data

analys;s systems.

o~
i

Brought together, the strategies, the studies, and the

results ledd to the repetition here, and throughdut this'report,

- -

of those themes which yielded the most profitable outcomes.
1. . A model of‘computer—managed instrucfion yieids a sufficient,

1ntegrated, and cost—effectlve approach to tralnlng.

-~

DY

2. The 1nd1v1dual difference- varlables reflectlve of the
behav10ral processes of memory, anx1ety, cur1051ty, and rule
appllcatlon are crltlcaily 1mportant to a\CMI adaptxve training.

model. Further research lS requested to extend the set of avail-

3

able 1nd1ces reflectlng training in learning behavioral objectlves,
graphlcs, etc. | ' i :
. . ~

-

- 3. ‘The selection and integration of media components and the
requirements for’optimal resource allocation of training elements

" (instructors, simulators, peer instructors, etc.) have received
llnrted research attentlon and represent promlslng areas of the

¢ ()V-

~.

futu reJ. é r

[Kc | ' L
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- 4.' The requ1rement to bulld subqtantlve liaison models between

the Navy and university researchers is essentlal 1f the des;gn char-

acteristics and requxrementsxof training on the one ‘hand and the
theoretical eoneepts on the other are to merge in productive fashion.
The FSy Inte*dlsc1pllnary;Né§y RéJearch Team was an exemplary model
of this liaison process. '

.S. In reference to computer strategiegj the'creetioh of manage-

‘ment or central programs was highly profitahle and the need to

»

create training-oriented management systems is of the highest impor-
tance.

6. The developmental techniques to 1mp1ement CMI were orlglnated‘
t 4

and should ke extended especially for semantic models for natural

laﬁguage 1nteract10n and online manageﬁént review of adaptlve
|
training procedures.
'1.1. IAterdisciplinary Efforts
A

The DOD Themis Program was initiated to facilitate the growth
. N

of university interdisciplinary efforts. From its inception, the
. 3 \ ; i

FSU team reflected this interdisciplipary DOD themg and the require-

ments for it in an area like computer-based training. While no
fotmal evaluetion was attempted each researdher did comment on the

1nte11ectua1 beneflts Qf the FSU 1nterdlsclpllnary progect meetlngs.-
¥ -
Moreover, the beneflt of colleg1a1 crlthuea, assistance, and ]01nt

.

studles was highly productlve. From thls persgn*to—person view,
the interdisciplinary team;qu outstanding.

| As v1ewed at the unlve*'lty level, the lnterdlsc1p11nary /:5///A_
effort tended to be a failure. Flrst, the existence of 1nterf ’
digciplinary institutes and groupe at FSU diminished merkediy.over

!
£

'EKC
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the last five years. qecondiy', iﬁterdisciolinary'research work
is commonly treated as an overload act1v1ty to be pursued after
the departmentai duties are~ébmp1eted ' Finally, the recent fiscal
stresses on aniver51ties have led to a: tradltaonal retrénchment
tHat combats all 1nterdisc1p11nary 1nnovatlon. All in all, the
' university climate today rs quite negatlve towards 1ntetdlsﬁiplinarv
efforts. These observations would probably hold for the majority

of American universities and are. not unique to FSU.

2.0 Learner-Oriented Research

‘As the prior section of this report indicates, the primary

.focus of 'investigation for thellearner strategyeresearchuwas de-
{

i B i .

voted to studying the internal'cognitive and personality-processes

\

of the learner while in computer~based learning- tasks.' Studies of
rule learning behavior, anxiety and curiosity,.and menmkry lead to
positive indications that can be preﬂibtors-within an Eij?tive CMI

system.: Results of research into the role 'of behavior objectives
] Nl " "\ - [ v

in learning, and into subjective organization have led investigators-

to view these as 1ess rewarding areas.’
‘\t‘-g— (5
2.1 Rule{Learn1ngﬁBehav1ors

o

_ly the most common type/of learning undertaken by

-

¢

students is t e acquiSitlon of, prinCiples or rules. By learnlng

rules 13 a specific situation as one of a class of situations,
\. . ’ . ’ ,
* the ruleigoverned bhehavior of the 1earner permits more effective

learning strategles that generallze to more than one situation.
In thls discuss10n of rule learning behavxor, it w1ll be
helpful to consider three lnterrelated'concepts. These are the

At

rule-stateitent, the rule, and rule- governed behav1or.- A rule

» - . . o 4 \ 4 . ’
e . N T
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statement desqribesytﬁe pro...:dure to beufplloweﬁ inﬁberfofming,a‘

specific operation on inputs‘from a specified class of_inputs to
oroduce a spedific output from a .class of. outputs. . The rule is .

-~

considered to be the proeedu:e or operation described by the'rule

statement. Rulngoverned‘behavior is that-behavior'that'hould

‘result from a student Eorrectly'aoplying the rule. The amblguou”"
‘term. "rule learning” may now be lelded lnto two aﬁproorlately
descriptive terms: (a) learnlng the rule statement whlch refers

to learning to verballze the rule statement, and (b) acqulsltlon

&
of rule-governed behavmor whlch refers to +he correct aopllcat;on

.

. of the rule.'

At PFSU, a study waSXimplemented te investigate-prior findinés

that presented rule statements reduced the humber of examples needed,
[ \ \ 'K ‘
and total ‘time required to meet a’ prespec1f1ed crlterlon. Purther,

>

‘presentation of rule statements increased’ performénce-on a transfer

s
- 7/

task and reduced the requirement of reasoning ability in learning
" the task. The presentation of objectives also reduced the number of
example¢ and reduced the requirement'for_reaqSS;:g ability. . The

stuq¥ showed that pfesantation of rule statements reduced the num-

" ber. of examples required tc meet criterion performance?} increased

posttest performance, reduced total time required to meet criterion

* - . . :
performance, increased retention performance, and reduced the level
< . - kN !
F) . v ) “ 4 . '\k 4
of ‘state anxiety within the learning task. N\ -
. s 7 . , . ‘\\

. A further study in this area found that the ﬁresentation of
objectives increased the total amount of time spent studying a

rule learning-task. The presentation of sample test itemé within

\

the learning task reduced the :equiremeht for memory, but neither
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objecérves nor °amp‘e test 1tems had an effect on post or reten-
tlon performance.

| Implioat;ons fron theee\studieéuﬁor instructional msthod
in acquisition of ryle application/skills appear to be‘threefold;

1. ‘Instruotion should present general'instructional objectives
to 1nrorm the student as to’ what is expected of th but not for
:pec1f1t learnlng. ‘ , . ) , T .

2. Presentatlon of rule statements can prevent the "discover;L
of an incorrect rule. | |

3. Presentation of ;qmple test items gives the student a chance
for'practice and'immeaiate feedback. _ !

Further studles at FSU revealed that avallabillty of prlor -

examples reduced problem response 1atency and reduced the require-
ment ton-reasbnlnq ability. A present investigation appears to show

that memorlzatlon ‘of work statements reducés beth the number of ~—=—

examplev and total time to reach criterion performance on complex

)rule appllcatlon tasks. However, no memorization effect has been

found on the posttest or retentlon test of rule applldatlon skills.,

Implications for instructiocnal development are (a) the requirement

- of memorization'of rule statements to facilitate the correct choice

of a rule when more than one is being learned, and to aid in recog-

‘nitjon of cperational symbols if they are used is of marginél bene-

N »

fit; (b) the use of several exampres to show the statement instances -
of the correct application of the rule is criticel; and (c) the
use of review if more than three rules\are,being learned in one
session to provide simulated testing ié\requ&redﬁ

’
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2.1.1 Future
In addition to apparently useful generalizations given
for the development of instruction for acquisifion of comnlex
. ¢

rule application skills, implications‘for fruitful research in

this erea have grown out 0f the FSU investidations. It should

ke ascertained what t: 2(s) of examples are most profitably pre-

sented to the student: nonexamples, examples, or both. A
second topic of research recommended is the investigation of de-

sign of rule learning materials dependent upon the abilities of

the learner; this would‘contribute to the adaptive model research.

A final topic which appeérs to offer promise is the area of optimal
L,

number of examples for présentation before samnle test items. All

of these studies relating to number of examples would contribute

to a drill and practice adaptive model.

2.2 Behavioral Objective Learning

Only in the latter part of the decade was research under-
taken to examine empirically the claims made for objectives in
instruction. Of the‘appfoximately 35 studies.conducteé, about
half failed tc confirm the hypothesis that proﬁiding students with.
objectives leads to increased learning. Remaining studies showed
facilitative effects. The research on interactions between ob-
jectives and type of learning provided few positive findings. HNo
general coaclusions are evidejt’in the researcﬁ, which found a few
significant interactions between objectivgs and learner character-
istics. | *\i
e Investlgatlons at FSU fjund t _d;gGect1§es significantly

1ncreased study time with no posttest difference between groups,

\J



J 8
and that objectives paxrtially re¢duced anxiety without affectiﬁg
performance. The hypothesis that objective§ add structure to
learning as is &gne by advance organizers Qqs not confiﬁmedi A

relevant

i

further study found that objectives focuseq learning Qn
materials and depressed incidental learning. |

\ To generalize from studiessoverall, it seems that objec-
tives have only a peribﬁera} effec? on learning, and this effect
does not appear to be as ‘'strong or as pervaéiye as 6rigina11§
assumed. . |
2.2.1 Future

It is anticipated that research on behaviora; obﬁectives

will continue the trend away from exploration of.their effect on
learning. The trend will be toward exploration of interactions
with task and 1e§rner Characteriéticé. The exploration of hypoth-
esizeqmcqgnifive functions which may be'fulfilleg by objectives
in the learning situation is anticipated.té grow, but to have
limited positive potential.

2.3  Memory Research

An importanﬁ capacity of memory is the abili;¥ to discrimi-~
nate. This is an idea which ﬁ%s beén geihfqrced by.the résearcﬁ
wh;ch was conducted on direct forgétting{ Important to the retriev-
al of some previously stored eQent is that the indi;idual be able
to discriminate it from other stofed infq;mation. Voluntary for-
gétting apéearg ﬁd Se largelyla matter of sharpening the capacity
to disCriminate.béﬁween material which is to be remembered and that
which is not. -

\

This way of iocking at memory raises the question of the




nature of information storage. If the ability to discriminate
amon§~memories is important, then pefﬁaps encoding is in terms of
dimensions which offgr a basis for discriminating;among memories,
and mére‘specifically,~in terms of the values of such dimensions.
Just wﬂat ;hese}dimensions are is unkngwn. The point is simply
the proposition that events are enco&ed according to. abstracted Y

features,

Apother study investigatedréhbrtJterm memory (STM) pre-

E

requisites to development of more complex mental processes. Of

special iéterest were the pgssibie differences between white{“j§—
‘vantaged children and- hlack, disadvantaged'children. Diffes ces
would seem to indicate that mémory éharacterisficsfare n
sameg for these twgféroups. | |
The findings were‘also compared with prediction of three
of the more characteriétic information processing models for STM:
Sperling's Visual STM Model, the Feigenbaum-Simon Computer SimgQ
lation Mcdel, and the'Atkinson;Schiffrin Model., It-was’ found that
some of the results could be iﬁcorpdrated into tﬂe structure of
all moaels, but. that no one model could account for all the findings.'
An 4lternative model was developed which included an IQ pagﬁpeter, |
a more compleX rehearsal process, anq an operational representation'
6f organizing strategies. .' \
Conclusions for both the direc;ed forgetting and STM ,/
research are that they goth indicate possible individual differ-
ences whicﬁ could be useful in adaptive instruction. It s néﬁ—j

essary to continue research to fully operationalize appropriate

memory indices. : /

{
!
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2.3.1 Future

L3

In the near future of memory research, the computer will

o

be'ﬁéed to construct fheories and to simulate memory performance
rether than to‘aseist in the conduct of experiments. Thie will
be partiéulerly true in the éreas of semantic_end long-term

memory. These theories are particu;afly cgmpleg.ahd'it“Mill.be

eepecially gseful to simulate performance. By contrast,lexpekf

iments to test such theories may be simple and fairlyleasy to .

conduct with relatively uhsbphisticated equipment:.

2.4 Subjectlve Orgenlzatlon

- "\‘

The purpose of the research on subjectlve organlzatlon
(80) was to determine 1f;SO is a meaningful 1ndlv16ual dlfferenee

variaple in the' learning’of verbal discourse. Turthermore, the
: : ' [ ‘ ‘ . o

'relationship hetween SO %nd other aptitude variables thought to

be important determiners of leéarning from prose materials was

examined. In order to qccomplish'this, a new measure of subjec-

~

tlve organlzatlon had tg«be developed because prevlous measurés

.had certain limitations whlch were thought to mltlgate agalnst

finding a meaningful relatlonshlp between nemory organlzatlon and

~

.recall. Thus, as an outcome of this resea;ch; a new measure has

been examined and partjally validated in relation to other SO~

measures and other individuai difference ‘variables.

2

—

K The bas;p research paradigm was one in. whlbh SO and other

measures were admlnlstered to subjects and then those smt;ects

were asked to learn paragraphs which were organized in various

AN

ways. The results indicated that high orgahizefs are highly in-

/

-

fluenced by the exfernal strugture of the learning/materials} and

e

/ o



1 -
they tenaed to mirfor that organizaﬁioﬁ in the%r recall. ;High
organizers, however, were. able to reorganize the materials, but
that™was not to their adyant&@é bééause of the time constraints‘
inyolved. Tﬁat'is, high organizers.ac£ively sought alternative
relatidnéhips among the sentences, thereby reduéing the amount
6f time spent memorizing’them{ . - |

'four generdlizétions can be .made on the ba%;s of the

studies which were conducted at FSU on subjective orgéniéation:'

1, QThé ability to reorganize material can be a limiting

factor te a learner if sufficient 1éarning~time is not provided.

2. Low organ;zers need to have learning materlals structuredd
: N ,

e

‘to sa higher degree 1n order for them to -learn effectlvely.

L4

; High organlze;s;perform equally on materials of high and

3.
low structure. - L /

4. Our cufrent measures of SO are too limited and lack;,
sufficient validity.: | |

2.4.1 Future .

The conclu51ons of the 1nvest1gat10ns ln this area 1nd1cate T
) LI

that future research should consider the f0110w1ng
1. A practlcal, rellable, and valldf}nstrument for measurlﬁg
SO must be- developed.‘ In this regard the potentlal use of a

computer for realtlme presentatlon ‘and scor;ng is proplslng‘

2. Explo;ation§7on~more cqmp;ex'instructional tasks must be

-~

undertaken on the finding that low organizers need highly struc-

tured materials whereas high organizers

form the same on bbth
\ -
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Continuation of research in these areas should provide
instructional designers with a set of findings which would guide

o
o .,

the structuring of textual materials such that the learning of

P

all students will be maximized.
: ‘e

2.5 Anxiety and Curiosity Reseéarch

The FSU investigation of anxiety and curiosity beha&iors
of-a student while being trained wés primarily focused on the use
bf these personality indices as predictors of optimal instructional
treatménts: Whilg state/trait theory initially guided our effortf.

the subsequent inconsistencies between replicatable findings and .'

\

the theory indicated its limited role in artraining context. The
theoretical study of curiosity did provide us with a new framework

which appears to resolve many of these prior inexplicable com-
%

%

Plexities. . : _ . X

The development of state/trait'anxiét§ theogy,'based on

-~

.drivi/theoéyy allowéd a number of derivations for prediction of
“\
performance relevant to computer-assisted instruction. At the

same time CAIX seemed an excellent vehicle for testing (the thebry.‘
. . i 5

s

were not encouraging for confirming a drive\theory
a1

f state/trait anxiety. However, anxiety’was shown

interpret&tion
to be an indicator of CAI'perfqrmance and the thrust of research
continued in this area._ Studies included anxiety effec£s on meméry
support, test taking, and interactions with’reégggii;gpde, shbjeci‘
matter fémiliarity, and learning time. \\

The important results indicated a'cons§st@ht in@erse re-
lationship between state anxiety and 1eafning, differehtial.éffecté

of trait anxiety especially as it revealed learner .latencies, the

-
Q - N
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complex role of memory aids and rei;onse modes as fac111tators
P

under someﬂcondltlons, and the complex functlonal relatlonshlp

of anxiety, curiosity, and latencies. This latter finding could
. y . . . ’ - . . ' -
be a promisihg future framework for studying latencies within

.. : ' : y -
tralning. . _ .5~u : . . <+

In addition, the anxietY'theory and research directly R
initiated and influenced new work on'stateytrait epistemic curi--

5 osity. Cur1051ty prov1des an additional indicator of performance‘

PR

Wlthln instruction and speclflcally CMI. The concurrent~1nterests
- in adaptlve‘lnstructlon models resulted 1nlpostu1ating the vaiue
,of these personallty variables as useful predlctors in decision
models for selecting alternatlve 1nd1v16uallzed treatments. ‘One
' study; utilizing_regressionVtechniques, especially found state
- anxiety, to be aiuseful predictor‘for selecting remedial instruction.

2. 5 'l Futtre = - . L ' | :

. . , . S :
o : ;X)For the future, the 1nvestlgators ant1c1pate that the- N

effort W1th1n adaptlve models and the theory of anx1ety curlosity

4 1

‘within’ tralnlng W1ll be hxghly frultful The use of anxzety—

,
cur1051ty concepts to study response 1atenc1es may help explain

_.the hlghly variable results thus far found._

2.6 Grépbics Reseaxrch

in\orderuto employ.the research caéabiLities of=computer
presentatlon of graphlcs in 1nstructlon, an initial studx\at FSU
“provided thF opportunlty for dev131ng techniques to code graphlcs—
onto the cathode ray tube screen. This general model of graohlc
- encodlng was\then used to develop studies 'of selectlon and se~

guencing of- graphlcs for reallstlc tralnlng materlals. Further

oy
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attempts to learn the rules of gra@ﬁic learring revealed that
tive searéh for such rules is difficult, and can evern be con-
sidered unprofitable. ,

Fﬁrthering the graphics invesfigations, rsu pu;sdéd re-
search in mapping sentences onto graphics. Studying this in- .
'structionai technigue provided data which were cémplex. lore
| appeared to be going on in,thi; instructional situation than
couldvbe eas;ly interpreted by learaing theory.

Used as a teaching aid, computer graphics proved helpful
in instructing eng}neering dynamics students in ;hevtraditional
stumbling block of»Eplef.angies.J Gréphics assistediin visuali~
zaticn of the anglés, and subjects reporfed poéitive §£titudes
- toward tﬁe instruction.

2.6.1 Future

Generally, given current constraints, the®search for rules
Y 91 : $ )

in learning from graphics appears to be unsuitable for study.¥ As

an ﬁgd in problem solving, graphics apparently lend assistancé to
Vi ' o AN .

legrning and the experience can be positively viewed by learners.

3.0 Training Strategies

]

A major investigation of computer-managed instruction was
Y . .

conducted as a priofity in training strategiés, to study ‘raining
effeqtiveness, and cost benefit outcomes. Further training stra-

tegies in the areas of adaptive testing, adaptive systems, simu-

lations, and information retrieval systems were K also researched

to various degrees. The research, generalizations, and future

»

-trends are described in the following sections.

v
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3.1 Computer-Managed Instruction

T
Throughout the duration of the contract there was % con-=

. /
current set of investigations in computer-assisted instruction

(CAI) and computer—maqaged instruction (CMI). The priéary pur-
pose of the investigations of CMI was to detefmine‘its training
~effectiveness and aséociated cost benefit outcome in comparison
withJCAI and other more conventional means, of inséructioq. As’
pu;;ued at FSU, computer-managed instruction involves the following:
| 1. @iag&gstic,assessment and'the ass%gnmgnt of ihdividu;lizeé’
learning presériptioﬂs,
2. the use of CAI for practice and remediatiocnal purposés,
3. ‘the:usé‘of simulation for role and decision-making
training purpeses, : |
4, | the use of the computer for ease and obhjectivity of
curriculum development, and X |
5. the dev&lopmenﬁ of a recoré sySEem so that the indivia-
ualized training process c;n be effectively monitored and
managed. . . e
Within this.qu conce?tual contex;, a number of studies
Qére pursued. All‘ofAthese studies indic;ted that CHI at the-
collegiate level is highly feasible, COét effective,'gpd provides

r

‘for learning results similar to CAI. However, due to the mastery

level lea;ning approéch utilized in the inéﬁructional,materials,

the relationship ofzindi?idual difference variables to 1earhing‘

rate or performance was more limited."Whefe extensive media and
% :

LY

-3
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. . . ) . ) \ . . . . . . )
recitation sections were used, the effects of individual difrer-

ence variables seemed to be more pronounced. Finally, 1earninq/)”” o ﬁ‘

t*ltude toward the 1nstruct10na1 materlals was quite p051t1ve

and could be manlpulated by the form of tralnlng. ‘ ‘ PO

In turn, 1nvestlgatlons of CAI indicated that lt is use- . -

ful in a number of technical training areas.‘ It proved espe-
_cially useful for dynamic grapnics such as found in engineerian
b

dynamibs. However, whlle CAI was shown to be viable in areas o

-llke chemlstry, the results dld not tend to % d those Fo

CHI. ' : + R -- _ h | )
in ’ ' N -’\\ . .

e It is important to note the fact that the dévelopment proj { '

( cé'ss for CMI, whlle not qulte as demandlng as that of CAI, st%lll

\was con51derab1e. Dependency on a sound tralnlng model,Ause of ',, Y
formative evaluation, and effective moniooring of students in an’
individna£}zed\mode seem to be the critical factors in the design K ’
‘and implementation of CMI. - BN - |

\

From this, consequently, the following researbh‘generalizanf

tions can be derived:
Q:‘ .
1. Terminal-oriented computer-managed instruction has shown

%

to be more effective than conventional instruction and less costly

’
-

than computer-assisted instruction. S , -
2. The most significant gains in the quality of instruction

have not necessarlly been due to the use of computers, but have
[4

been through the imnplementation of systematlc appfoaches to the

training process requlred for appllcatlon of the computer.

»
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3.  Although the computer provides the instructional developer
with more information about the instructional ‘process than has
been available, the revision process remains the least well under-

, stood}end utilized component of the systems approach; however,

the pfovision for systematic, reliable data encourages atEention

to this problem.

-

4. Interdisciplinary collegiate development teams will not

necessarily produce better computerized instructional materials
, “ ; :
than those produced by conceptually integrated teams.

3.1.1 Future ' )
( During the time period 51nre the initiation of the Themls
v o . ks .
" Project, educators have come to understand that in order to imple-

<

mentﬁind1v1duallzed insftruction fqr the learner, thexe is a need

.

to prov1de similar tr nlng for the tralner This new form of
teacher tralnlng has keen labeled "competency based" or "performance—
besed" t;aining. The ;mglementatlcn of such training programs

has more clearly. identified the needs which ‘such programsvhaveifor

a computer. These computer nee@s, in general dier of priority,
a;e‘listea~below: ) e A

1. {Record keeping;of comﬁuterized_and nonconputerized‘assess-
‘i ments of student performanpe for monitdring;burposes-
4 . . ’/ ,

2. Scheduling e /

3.  Assessment %; "computer—testabraf qk]lls
4, Adaptive remediation, ingluding CAI and drlll and practlce
exercises. s e/ ”

such programs, then it would appear that the role

a

[Kc o Y
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must be first as a general managemeht system and only secondarily

as an assessment‘and instructional tool. =~ . . -

32 Adaptive Testing &

The initial undertaking with adaptive testing concerned

N

i=szlf with the automation of intellectual and perscnality measures.
[4 ] L .

T

o)

is effort successfully resulted in -the automation of an indi-

vidualjized intelligence te$t~(Sloéson Intelligence Test) with

%

satisfactory reliability and validity coefficients. Moreover, a
complex personality test, namelky, the MMPI, was also satisfac-
torily implemented. These studies indicated that response latency

contributed to the score 1nformatlon and concurrcnt validity whcn
A3 '

measured against a conventional admlnlstratlon, This line of re-
search eventuated in a systematic review concerning the various

uses of automated testing. -
SN — '
In turn, the deVblopment oF_sequentlal testing and tailored
Y

testing.contlnues to be investigated. Utilizing simulation tech-

a

hiqueé, sequentlal testlng can be shown to be a profitable approach.
_The general goal of sequential testing is to present the smallest .
" number of test items necessary to accu:ately classify an examinee
"into two or.more exclusive groups, or in conceptual terms,. to im-
prove reliability and validity of or @ﬁe hecision;ﬁiocess within
CAT testing Previous computenrbased}sequentiél'tcﬁtinc nodeys
haVe been based upon right-wrong measures of performance.. The FSU "
Sequentlal testing effof@ differs from prev1oug models in that

both univariate and multlvariote performance measures are utllized.
The mulcivarégte‘predictioo model &5 expected to increaée classifi~
cation accuracy beyond that p0851b1e using blnary—coded 1tem re-
snQnse data .alone. More 1mportant1y, the/use of tallored testing

[KC . - \ §
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is currently belng 1nvestlgated as an- approach for the adm*nlstra~

\l”tlon of attitude items ina tralnlnq 31tuatlon. It is conwectured
; : \
that the number of test 1temc can be mlnlmlzed and the aasesament_

o- learnlng satlsfactlon can be 1mproved 1m terms of its accuracy

o

’ These‘studles.of‘sequentlal,teetlng led.tO‘the develooment
of adaptlve readlng comprehen51on tegts. - The adaptlve readlng

4
»

tests: prov1ded for -a more dynam;c 1ndlv1duallzed search of the

o

student's current comprehen51on level, esperially uoder paced cen~

ditions. The-rationale for using paced conditions is based on
-learﬁin&L@ime'savings being pace contingent.:
. : - () i . L oo
- : ; S . iy .
3.2.1 Future J v g

*
. o

’ d» "
In the_juture‘ada tlve testlng w1ll_most llkely focus on

" two aspects. 'First, an nvestlgatlon of 1ncorrect as well as
" correct alternatiVes v%a Bock's multiple category model égowe

'great promlse. This épproach shodléﬁallow fdfjadaptive selection:

. @

of 1tems hy 1tem alternatlve characterlstlcs and the a551gnment
. of sequentlally derlved confldence bando about the student s per-

foruance level. leen the lmproved 1nformat10n from this approach,-
R .

- 1t is thek conjectured that a sampllng aoproach to_cequentlal

f .
'tastlng cdn more effectlvely prov1de for ‘the early cla351f1cat10n
Lo

of a subject espec1ally 1f complex confldence band technlques ‘are . /f"

-Vlutllized.. Thus, the future tends to hold a dontlnued seeklng for
J 2

_more ‘efficient testlng procedures as well as ones whlch W1ll have

a ”psy“hometrlc propertles gpproprlate for the 1nd1v1dual and- not just

"

ﬁj the group : . ::" - *77i ;;'. - o

.

fﬁ:§.3 Adqulve Modellng N 5 _‘ ’ j“

-

S . A major theme throughout the ONR—sponeored research.haév

< ’
+

been thatslnstnuctlon should not be fiyed for all students elthex

L

C o L L 5 . K .
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in treatment® or time. ‘The alternative to fixed instruction is*
adapt1Ve ins'truction whlcb attempts to match an 1nd1v1dual

unigue characteristics with optimum treatment dlmen51ons. Models
for selecting apprcpriate altelnatlve_treatments consist of con-

*

tingent, mediated, and optimizing aYgorithms designed to achiave
. t :
the objectives.

The initial studies of adaptive models at:FSU investigated

learning and personality variables which might prove useful  in

I

- predicting and assigning remedial instru ’1on,‘}essoﬁylength, and

rl

otner instructional variables. Multiple ilinear regression methods..

were develaped and used in an early;medeling attempt with predictbr

variables consisting primarily of performance variables. Person-

-
1

- ality:-variables were added, in a phased approach to determine use-

ful predictors, which resulted in outstanding performance levels
. _ (
for the adaptive group. A major study which manipulated the amsign-

ment of ‘remedial instruction was undertaken. "~ The order of outcomes

F

© in terms of superiority were the adaptive model ‘strategy, remedia-

,tion for all'strategy, a learner choice strategv;, and a no-

i

“These results and models were then considered for employment

' , 4 ’ “
in reading comprehension. . More recently, models. based on the

.

experience gained in the ONR-sponsored research were developed

for the Air Force A&vanced Instructional System. In addition,

OfIR ad t1"e modellng has continued with an investigation of drill-
and oractlce in terms of lessop structure composition. Further,

the study of the utility of measures which relate information

L4
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processing to ;einforcement continéencies fo: adaptive instruc-
éiqn has resulted in'a model which takes into -account both mem&ry
and motivaticnal processes and procedures.'

~3.3.1 Future

It is anticipated that investigatigh of the monitorina

and nanaging aspects of both training reséurcés and oﬁ the indi-
vidual will provide payoff in the futuré. This will involve
managing such alternatives as the proklem set sizeﬁwthe sequendgs
among sets, the\assig@ments of media, the assignment‘of ingtructor

and peer time, and the use of incentives.

3.4. Simulations

3.4.1 System Simulation . .

Ore of the major methods of using simulation in eduga;ion, )/
as well as other spheres, is the projection and analysis of systems.

By simulating a prototype computerized management. system intended

a
-~

[

as a'sﬁh onenf of the FsuU elementa;y teacher iraining'model,
the{QgI Center examined a number of problems iﬁ data acquisitiqn
.and inst:uctional systems. The following generalizations resdifed
from the‘syétem‘analysis:' (a) a computer—mqnaged system is tecﬁ;
nically feasible for use with an individualized teacher tfainingA
progfaﬁ, and (b) compuﬁer processing for trainee scheduling And )
testiné-data, as well as program‘management,;is necessary, .
Siﬁulating a teacher training system using information
from a behavioral simulation, FSU found advan£aqes in‘expenimeﬁ—
taticn capabilities, and resulting predictions about the teacher

training program. Further, advantagés were found in the utilizatiom
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~

-of regression technigues in combination with A Programming

Language (APL) for designing, constructing, arnd utilizing a

svstem simulation. ‘ ' ‘ -

3.4.2 Behavioral Simulation ‘. (/”’\\\\//,>

A behavioral simulation was used at Fsﬁxggpirain prospec-

tive teachers by providing an environment facilitating transfer to

the classroomn. 'Analysis~for the behaQior;l simulation proceeded
throujn assessment of entry ﬁehaviors, collection of data on
trainee performance durihgﬁinstfuctioﬁ, collection of data on
critérion variables, and analysis andﬁéValuatiOn of the réquired
‘tralnlng process in terms of the dimensions of simulation thoory
to estlmate the nature and valldlty of the behaV1oral simulation.
Behavioral 51mu1atlon appeared to permlt change in part1c1pants
behavior patterns. M

@

3.4.:3 Instructional -Simulation

A further major function of simulation - is instruction.
, .

Yluch of the debate in this area continues to be ovér the poten-~
tial for Zirulation to affect attitudinal and/or-cognitive growth.

One game, or simulation, developed at #5U was designed to allow

¢

~ the player to relate his knowledge of ,science to situations in

L

elementary classroom ingtruction. Use of the game by graduate

students indicated that a learning environment of this nature
\ ,
can foster growth in both cognitive and affectiye areas.

-

NDne of the primary advantages seen in instruétionai simu-
. 7 - 4 ) .
lation is the ability to reduce cost (e.g., by reduction of ~x-

pensive labhoratory equipment) and a second is-.experimentation

\
2 et

without danger (e.g., investigating dangerous chenmical combinatipns

N S

[KC -
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without use of the chemicals). Investigation into simulating
laboratory experiences at FSU éhowed that simulation, as opposed
to traditional laboratokry methodsi was equally effective as
evaluated by posttést performance and total instructional time,

3.4.4 ,Statistical Simulation

As is suggested in the Computer Systems section of~this
reporf, A Programming Egnéuage (APL) provés to be an outstanding
computer language for the simulating of statistical analyvses, duc
to its mathematical capabilitics; It is possible for a studnnt‘
to explore the meaning of various statistical concepts through
sample problems aﬁd exercises, which‘he works as often as he
wishes. He can be guided through the hypothesis testing procedure
by inspecting data, succe551vely maklna apprOPrLatP 1nferent1a1‘
decisions as further hypothesis testlng information is given him.
This type of APL sxmulatlon continues to expand as its utility
andiappe;l-are exposed to widef audiences at FS3SU.

. .

3.4.5 §i¢dlation Development

Investigators of simulation generally predict a more wide-
tspread use of‘the technique, both in edquticn and in other spheres,
for research and analysis as well as instruction and training. Ad-
vances in the development of suéh gimulations, however, are meager.
The major problems affecting progress are secn in eéaluation: ?

i Many authors feel that thei: simulations produce affective
“rather than cbgnitive changes, and a;e unsympathetic to stating
behaviorAl objectives. Since an equai\number of authors and
users request behavioral objectives for' simulation, this problem
may not be resoiVea until statements cf affective objectives are

[Kc
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satisfactorily developed, and can be evaluated. -

2. Evaluation of insgtﬁgticn by simulation i5<correspondingly
difficult. A search for satisfactory new methods of evaluation
may be a future activity, or avsatisfactory relating of simulation

evaluation tc¢ existing techniques.

3. The validation of the simulation model ;tself remains the

AN
N~

most difficult part of simulation development. While mathematical
L.simulations appear to have potential to solve this problem throucgh
output comparisons, simulations of human behavior, for éf?myle,
provide a requirement for establishmeﬁt of other moael Validgtion
procedurés. ‘ . -

3.5 1Information Retrieval

3.5.1 IR for Ingquiry

Information retrieval (IR) systems, like simulations, cdan
be developed and used for research and/or instruction. FSU re--
search oﬁ a CAI-based information retfieval system containing 5312
social science generali;ations was directed toward examination of
human inquiry behavior and appraisal of affectiye factors within
the task. Both the feasibility‘of the approach to improving inquiry
behavior and the positive nature of learner reaction were estab-
I'ished in the IRiapplication.

3.5.2 IR Instructional Tasks

In the library science area, recognition of the future
growth of automatea.iR systems led to prdviﬁion of computer-hased
IR tasks for advanced students. Both instructional and research |
goals we;e set for the use of the online searchéd coordinate in-

.dex, which referenced 1856 documents prior to its transfer to the

3
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IBM 6400.. As a teaching aid in graduate courses, the IR svstem
served several instructional purposes: (a) a demonstration of an
cn-line search was avéilable to students, (b} the svstem orovided
lesSons in preparing and searching coordinate indexes, (c) the
system'permitted students to devélop skills inlthe\ése of cbﬁ~
puterized IR, and (d) students were able to perform test scarchas
of the index with reference questions. J l o

For research purposes, all studept uses prodided-data which
were collected by the compﬁter system and stored for use in ¥
evaluation and revision. Data collected on student attitudes were'
poéitive, as\were professional observatfons. 'This svstém was one
of the first implemented in library schools. ’
3.5.3 Future ‘ 4 '

Since good inquiry skills are universally useful, the po-
tential of IR systems in enhancing these skills is an area of
interest in which future research is‘ﬂecommendcd: It Jis suggested
that £hc new technigues of'observationéénd evaluation gaihed in
oart1c1pat10n in these developmental efforts become part of the
lnng1dual s profe331onal research, development, and teachlnq
approach, thereby enriching members of such groups.

The dovelopmené.and use of informétion retrieval syétéﬁs
in library science is an example of uses that c;n be made of
specialized IR\systems in a number of fields. Since the_numbcr
of fields which will add computers and IR svstems to their require-

ments continues to grow, the development of this type of instruction

should he present in concomitant instructional arcas.

v




4.0 Vvalidation Stfategies
\/ + -

' Durlng the Themis Proge&t, every effort was made to 1nter—

. reIate with ongoing Navy training, its ass oc1ateﬁ prob1em , and

[ U . s . .
its need for research. Contact was malntalned at a profe551onal

level with the'N%vy»ﬁesearch“Leboratories at-San Diego, Memohis,

and Orlando. As an integral part of Themis, a team of FSU ovrofes:-
sors who were also active in the Navy Reserve was formed 'into a

" ’ T : . - :
functieaal unit. This" group represented a bridging process between:

-

N 4 ! i 5» : » '~ . +
the Yarious jesearch studies formed here at FSU and their azolica-

41

he Navy. qecondly, experlence developed uhdar th

tion w1?:1n
. , o )
ONR Themis Contract allowed performance of assoc1ated Devartment of

a
L

Defense activities. The most significant of these was the dasign

and specification for the Advancad Instructional System at Lowry;,
Air Force Base. o : N .

4.1 vy Research Interdlsc;pllnary Team . o v
The team of FSU professorlal 1n%est1gatorq who also had

active relqtlonshlps 1n the local Naval Reserve nursued a numoet
o« -

of objectives. Flrst and foremost the group applled the congepts
and/orocedurea"of computer—managed instruction (CMI) to 1oca1
travnlng of the Seaman 1 claSSLflcatlon.' This CMI 1mp1ementatlon
study was qulte successful in that there was both a 51qn1f1cant
anrease in performance level as well as’e s;gn;flcant savings in
training time. The‘f sults weéef;;;;?red'by Fhe'smell numbor of
participante and aréfin the p#oéess of'being‘replicaﬁed at nuch"
« 0 e : ) ’ : )

bases- as the Air-Naval Station at Memphis, Tennessce.
' . . \- oL :
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Secondly, the group pursugd broad systems concepts for the- ’ }
planning and management of Naval training. This led them to S

attend many conferences and provide consultati%e help to the Naval

Reserve syg;gm itself. In many cases the team members performéd
. .

active duty at Omaha, which led to significant plans whereby more

. s
effective reserve drills couldkiizi)place. g
ea

Lastly, the team provided dership for the Navy concern-

.

ing univé}sity‘and comnmunity relationéhips. As university models,
they effectively contribute to and are utilized within waQaL

leserve operatiogé. Secondly, in regard to communityﬂinvolveﬁent,
they advanced the Navy cpncernipg such special tpaining.broblems
as race relatiogs, drugs, and qther associated behavioral mattéré. v
Perhgps‘more'directly réLéZed t0 computer activity, they assisted
in’phe design of information management systems an? associéted v
adaptive training and testing systems. | o

. In regard, to some constraints, the usual problems of commnni—
cation and lack of goal understanﬂihg handicapped the éroup at many
§Urns. Given a fair degree 6; isolation in Talléhéssee, Florida,
the, group maiofainéd-a vigofoug ipformation"exchange which undoubt-
edly led to the successes thatiit’achievedi
4.4.1 Future . : | ' ' ;

For the future, this university-Navy liaison sﬁould Qe

parsised with more viéor. The benefits of mutual proble@ s6lving
are sufficient to make it an e§sentiaf part of any large training

R and T effort. The two-way communicational and.educative process

.has the highest potential.
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A.2  LOD ComﬂgtcgfkuLatgd Activipies.

. As-an indirect coneequeuce Qﬁ Tﬁumin, Lhe p;ojecf_pnr>nnnn]
was eise eble to serve the.Depaftﬁent of Defense on other tramnlnq
grojects. The most significant one of these was the AF Advahced
Instructional System (AIS). FSU eould not have d;eihneﬁ aﬁd spec-
ified the Ai8~without the prior work of tée Lowry Human -Resource.
_Laboratory group or its own critical experlence and data from

Themis. A descrlptloh\of the AIS pro;ect followq A .

1

!

The Advanced Instructlona; System (AIS) is a development »
within the Air Force Human Resources Laboratory (AFHRL) to' imple-
ment the latest demonstfated state4of:the-art training techniquee,
media‘usage, ﬁahagement procedures, and computer eechﬁblogy to

- Alix Force Technical Trainiﬁg.,_The CAIX Center‘wae awarded a con-
tract by AFHRL to.eevelop funeﬁional aeeign speeifieatiohs fqr,the
individual m&ltimedia‘compufef~based treining,system:which would
éfovide'significant cost~effective improgementqlin the operetion
of technical trainlng courses at LoWwry Air Force Base, Colorado

- I

In addltlon to the goal of provmdlng 1nd1v1d 1zed train-

~

ing, ALS w1ll focus.on the managerlal processes whi 7fcan,be-en-
. . -
hanced by the computer, cos;-effecblve multlﬁedla approaches which

,mayﬂprovide_time»savings, modular implemenﬁation'which,will provide
boﬁﬁ fieiibility during'developﬁent nd revision of learning mate-
' rlals and additional cost savings dujlng expan51on throughout the
Air Force. - / |
AIS_wiil be implemeﬁted wiLhin Ehree‘technicai training

courses with a total enrollment of -over 2000 students. The courses

vf Inventory Management (inventory and supply), Precision Measuring

ERIC - T

wll Toxt Provided by ERIC




r

29
Equipment Zprecision electroﬁics measurement and‘calibration);
and Weapons Mechanic (tactical weapoﬁs loading) represent a
broad range of technical training requirements. ’

The AIS consists/of seven suﬁ%y%tems which reflect the
scope anq complexity of the effort: (a) instructional matefialg,
(bkﬂinstructional stfateéies, (c) mediashardware and software,

(d) management compohents, (e) computer hardware, (£) personhel
and tralnlng requirements, and (g) related requlrements. These
subsystems are designed to provide for all aspects of the lnstruc—

tional process from‘mater;als_development and evaluatlon'through

student use and management to review and revision. Operational -

considerations, including ‘computer systems deqlgn and matntenance,

CAl languages, and the selectlon and tralplng of AIS personnel
are alsb cqn51dered ifi the design.
5.0 Computer Systems Strategi¥s

- .
There were three main areas of design and imptementation of

comﬁuter,syetems fo% instruction,gnamely,'(a) intefactive pro-
gfamming languages, ff) manageﬁent schemes, and (ci data analysie
_systems. The software or language deve10pments employed a common
strategy, to maximize the ease of use whlle devotlng a minimum of

developmental effort. The topics within this theme will be organ-

ized around the above' three topics. |

5.1 Interactive Systems {

5.1.1 Coursewriter lMunctions

P2

Of the 1nst1tut10ns utillzlng thc IBM 15 00 3y5tem, 'Sy

prbbably developed the- least number of additions to Coursewriter

o]
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canabilities in:the form of functions. This’isYeﬁe to the frame-
oriented Coursewriter languqée and the fact that the already

available functions were sufficient within limits.

i

. The frame or PI orientation ofiCoursewriter is important
“to recognize because Of its tendency to direct the type of in- /
structional material and strateqies for both learner and researcher/
developei. A major<lesson learned frem use of this laﬁguage.was
the need for non-frame oriented, algorithmic style languages Qhen

expansion of research and development is the gcal.

5.1.2 A Programming Language (APL)

The deéelppment of'the pfogrammingllanguage APL (A Pro-
graﬁminq Language) on the fBM 1500 CAI system was a project
oriented toward determining the caoabllltles of this type of l;n-
guage for meeting the diverse requ1rements of comoutlng in educa-
tion. The elegant and powerful datg structures and commands of
APL appear suitable to the areas of instruction, data processing,
and computer science. . ‘ | f\\\

: 5 '1.2.1 APL Generallty

A measure of any programmlng language is- 1ts need for ex-

<

tensions. In the-instance of APL, extensz¢ns in the form:of func-
. : .

tions were developed -in the areas of programming®aids, statistical

analyses, character handling, numerical maniphlation; and graphic
control.’ The‘faet that spcthPi fenctions can be creeted and so
-extend the language is to ité credit; hcweyer,‘the-fact thetvextenl
sions-were needed is an indicator of educqtional requirements‘for

more than one computer language.
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5.1:2.2 APL Instruqtrpnal Programming <~‘

APL's ueefulness for statletlcal analyses and 51mulat10n
o, /

activities has -been documenteéyby FSU, .and demonstrated through
certain'graduatu~level'céurses in the Collegé-oF Education in

. which the majorlty of studqnts chose to learn APL as a programmlng
1anguage for educatlonal purposes. Beyond the use of APL for |
instructional simulations, however, there appears-to’be reason-
able doubt as to its ﬁeasibility as a general‘éAI language, In
the experiences‘at FSU, little instructional programming with APL
was performed other than simuiation.packagee?

R J

5.1.3 Natural Language Processing

One of theAinitial dreams for research in CAI was the
bossrbility of nearlyAnatural communicatioh between student and
cemputer for the purpoeejof instruction. Over/the past few years
thie research has beeeme actuality based on'the coneept of seman-
tic processing and Semantic nets as defined first by Quillian.
Carbonelle terms most CAI systems."aé hoc, frame-oriented" systems,
in that all stimuli presentations and_respphsesimust be fully
planned ahead. With a natural 1angdage,processing system and ap-
'propriate semantic—oriented data basee, such preplanning is not
necessary, and in fact, the flex1Q111ty of the system may be more

powerful and realistlc for 1earn1ng

5.1.3.1 FSU Dialogue

« The thrust of FSU natural language research has been not
so much on the technical aspects oﬁfcomputlng that must be solved
for such a system, but rather on the pedagoglcal conSLderatlons

“~u

for specrfylng and plannirg the desired type of 1nstructlonalt

[Kc
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dialogue To accomplfeh this;ia'e,§;ematic technlque was devel—
oped unlch utlllted the typlcally(syatedwsteps for- instructional
development, orlented tox Emﬁgtural language lnstructlonal
dialogues. More spechlcally, the analygﬁé of 1nstruct10n was
based on determlnlng a semantic network of information whlch the
etudent was expected to have learned b& the end of the dlalogUL.,'
On the ba51s of this semantlc network, a data base and questlons

v, to the student can be specified as performance’ohjectivee and so
programmed. AWhile this particular tvpe of system is 1lmited in;
lts power for develOpin? semantic networks,,particularly‘ﬁor'syn-
tactic analysis of studeht input, the project was nevertheless a
success as a prototype development. A complete dialzyue was
developed‘for a humanities course, and students using the dialogue
in this course did generally acqulre the semantlc content ‘as
_speclfled in the systematic approach teo the dlaloqpe development.
A more extensive resgarch program would_be re%uired‘to fullv-re_

. , .. 3
search and evaluate the techniques used. -

2

7 s
5.1.4 Renote Communications

Jd-a of the maJor problems experlenced w1th the IBM 1500

¢

1nstructlonal eystem was the lack of a teleproce331ng capablll

t

The requlre

4

developed f‘r transportlng CAI and CMI capabllltles to ‘rural areas

nt for teleproce551ng became apparent as prOJeCtS

in North F prlda’and to’ government laboratorles. The cost for-

initial CAI Capablllty was obvlously beyondhthe financial reach of
. ¢ - . Y ¢

these institutions, and the cost-effective manner of providing the

.. : - N ! .
capability was through the .FSU system. Thus<a remote teleprocessing

s
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communications s?étem was deyeloped-ln housg'iﬁc1uding bofh
scftware and hardware design. FSU'personnél worked with ﬁerf'
sonnel from Digital Equiément\Cgrporation'ii.ﬁhis project, as
181 regarded, these requirements: as Rmpéssibfé.' The major lesson 7«
\léarned'fron this effort is the nebessity'to consider teleprOces:
”Slng can abllltles as an essential requlrement for any computlng r

system Jhich is-to be used in educatlon.

) ' |
G . -

© 5.1.5 Computer Art\
- . \ . e : .
Recently, the art community has discovered the computer

¢

in its gquest ﬁor(Qgg;media for artistic involvement. To provide
o . s T~ L - C
" sunport for this movement, in the belief that computer use in’

educatign means more than programmed instrugtion; FSU convened a
'semrn%; in computers in,thexarts. Art prototypes were produced.
A notable advantage whlch seemed sallent was the development of

‘interac omputer art tnrough which art observers could be-

'placed in _respons1ve and contnolled art‘env1ronmept.A Thlu :
interacfive diﬁéniion'of the medium Aends itself to the artist's
creativity beyénd other current media forms. .

o
b

5.1.6 Euture . L

e

/It 1is. ant1c1pated that further exploratlon to the area of
1nteract1Ve systems is very promlslng, especmally in terms of multi-
F
-‘medla approaches. Present 1anguage caoabllltles w111 contlnue to

be expanded, while more antﬁractlve dlalogue.and natural languages .

.. , |
will be developed. :

‘“5,2. Instructjonal Mahaggment Systems S .

’

.Inétrucqional‘management'systéms consist;of the computing
software ang/ﬂardware necessary for control, and monitoring ofsthe
' - . . c . / '
- > g ‘ R R

[Kc"' A O\
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instructional process. »ppeEatienally, it’is.convenient to talk
of the instructional dat# base as the associated files within the
data baSe as weil as‘the manipulation cof those data for control
and monitor fnnctionst It is a prlme tenet nf computer systems
"analyses that the sp001f1catlon, deSLgn and utility of 1nstruc~
tional systems date bases are tied to approprlate'identification
-;nd ingegrﬁtidn te the edﬁcational functions.' The focus of the
FS5U approach has been deve}opment and dissemination of data Ease
software appropriate to educational usets in both service and
resegrch.. . - | ‘

5.2.1 "ArL File System Package

~

One of the prime limitations of the APL/1500 system, and
indeed most APL systemsv was the lack of a file establishment and
manipulation capability. To overcome this limitation, the APL/

© 1500 File—Access Subroutine Package was develbped. The package

g

.pefnits offline access to data generated thio sugh instructional and
'researth appllcatzons of the system. It was found that needs of
users whlch mast be.fllled by the system are: (a) the capablllty
to accessndata for analysis by other computer systems, (b) the
capability to access data for acquiringﬁhard copy in a quicker
mode than is avaiiable_gn,an”IBM/iSOO system, (c) the capability
to build 1nput data to APL files, and (d) the capability o ex-
tend data base sizes. It should be noted that the file access
vsubroutxne packcge Qae étllt as a dlrect extension onto the file
system ﬂapablllty which already had extended the APL data base
functions. For example, these capabllltles allowed a major pro-
ject of instructionai usage in information retrieval systems for

EKC
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the School of Librarj'écience, The IR éroject was able to develop
a svstem of%automated abgtractiné and retrieval oh the APL file
systei. Tﬁe system aiso provided instructiondfor g;aduate library
science studenC§ in the areas 'of a {omated ‘library retrieval sys- _
“tems. ExperleACOIW1th thlS IR fuﬂzl;on 1nd1cates tnat any system .
of vomputers in educatlon must EfOVlde the capablllty for a well-
defined file‘system with variable structuring and]flexible manipu-.
lat.on.

5.2.2 Data Base Manloulatlon on the Coursewriter System ' \

Spec1f1c requlrements were found for manipulation of large
files on a regular b551€ " Because of the volumes of data collected
in CAI research, highly ef%icient prograrming was needed to allow

. B W _ .
maximization of program execution times and therefore operations.

One of the major pfeblems in all computer sysféms, not just in ,
aﬂ‘@ﬁﬂﬁgftuﬁusvstems is the bettleneck of input apd output functious.
That is, program execution is no fast.:r than the tifme it takes to
pass data through it, the“"throughput“ tlme. However, throughput

is primarily a function of/fhe time for 1nput and output° Through-
put 1mjrovements were accblerated by programmlng lnternal executlon
"speeds'so that programs approacned the 1/0 soundary conditions

while still maximizing execution efficiency.

. 5.2.2.1 Sort and Merge .

An ihfernal,"sequence-sensitive, bi-directional sort was
’developed to take advantage of the fact that CAI records and data
are not randonly ordered, but are rather more often slightly out
of sequence. This occurs because data are recorded for students
within specific courses at approximately the same time and dates.

EKC
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The bi—diréctional sort locaEeé the correct seguence position of
a currently enCOthered, Out;gfﬂsequence record in no more than
2ight comparisons for any 100 responsé records. The software
management allows blocking/of records in groups of 100. ZEn addi;&
. N , .

tion to the fast location finding of the sort’ no data are imme-

swapped because a table of locations is kept and accessed

3

qiately\
for adﬁressing-the individﬁal records. That is, intermediate data
swaps have been eliminatgd by indirect data examinations via g bi-
directioha} linked-index listing procedure.

In addition to the‘high speed sort, it was also necessary
to develop specialized merging programs which allowed the ordering
ot data by specifin réquest. For example, it might be desirable
to have refords only for a gi¥en coursé; records for a given course
within a specific time éefiod, or records cnly for a segment of a

" _

course. Forrcomputational efficacy, it is expedient to block
these specific records together ana eliminate .others. The merge
and sort programs, when specifically oriénted toward the type of

semiordered data accumulated in CAI, fulfiil these requirements

mostfefficiently.
i

5.2.3 Instructicnal Support ﬁgstem (1ss)

A major software-develépment roject undertaken at FSU was
+the redesign of the FSU data management system and IBM CAI system
such that thgy operated under one complete support and operating
system. That is, either svystem could be cont{olled under one set
of operating orocedures. This inﬁegration of>the two programming
systems allowed greater optimization qf computing hardware utili-

zation, and a significant improvement in computer operations.

i

o

K

¥

.
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5.2.4 !lanagement Operational Procedures

Prime sources of maximizing the utility of any instructional
' management system are the operations éroce@ures and scheduling.
FSU has made & major effort to enSurejthat the human-cémpongﬁt of
the instructional management system is well integrated witﬁ the
software and hardware components. Software programs wh;éh allow

editing *‘and preparation of data for d%ta analysis were”developed,?
along with comnlete user_documentati9h. For researchers, thé
'special need for manipulating data,fsr use in statistical software
pack?ges was taken into account. ; Given the variety of data which’
may be collected on a sophistioéted CAI or CMI system and the
varieties of researéh designsxfor anal&sis requirements,.flexible L.

ry

and powerfui control of data must be available for researchers.
o
5.2.5 Future
In the future, investigations-should focus on the develop-~
. I ‘
ment »f new technologies for recording vast amounts of data dur;ng
coﬁputer?aided and computer-managed instruction activities. As

instruction becomes more individualized and personalized, managing

and monitoring systems must be expanded.

5.3 Data Analysis Systems

i

The business of all instructional research is analysis and
interpretation of data gathered. 1In order for the data to be use-

ful, however, the CAI/CMI system must be well integrated with data

L]

analysis systems. The thrust of the FSU effort with concern to

data analysis has been in the direction of providing new user capa-
: p :

bilities for analysis of data.
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5.3.1 Online Versus Offline Systems

lany CAI researchers have suggested the need for data
reduction and presentation in an online mode, with data output
to the researcher as students oroieed through instructional treat;ﬂ
ments on display devices. The offline mode allows gathering of
data oﬁ‘intermediate storage media which are accessible at later
times for data reduction and presentation. The offline mode has
been primarily emphasized at PSU.. The advantages of offline
data recording are in ease of operablonq and flex1b111ty with
which raw data can then be transmltted to data analysis systems.
K llany manual operations necessary for ouline data gathering are

bypassed w1th ofi%lne functions.

'5.3.2 Report Generation ' [

Both the EDIT and DATA PREPARATION programs provide punched
putput of data collected during CAI coursewriter activities for |
/ﬁse on various-computer system statistical packages. 1In additi%F,

two programs were developed at FSU which provide summaries in tﬁé'
form of printed output reports oi CAI data. The ITEM ANALYSIS
/SUMMARY program providés summary statistics such éé the percentage

of istudents who aqswered an item correctly and the average latency

time for the 1tem. The DETAILED PRINT program prints. a comprehen-

sive detailed description of a student” or subject's rgcord. Infor-

mation such as course name, date, EPID, MID, studeht response,
response lateﬂcy, and value of counters and switches is provided.

This program Hgs a gr:at deal of flexibility through the use of

»
.

\

. _ . ’ ]

-
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32 options for output specification -to select or suppress specific

informnation elements. ‘ ' //// -,

5.3.3 T[luture : .
. ——— .

If, in the future, the trend continues toward more power-

ful genecral purpose and algorithmic-type languagés for CAI, then
: S ~ >
nore general and Yowerful report generation systems will have to

\

be developed with %ome loss in execution optimization for.fhe gain

ot power and flexiBility. - .
- . D
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6.0 Development of Humar§ Resources

-

A corollarv goal of the ONR Themis project was an explicit

commitient to develop a cadre of }nstructioéal researchers with
a(azkierest in coqputer—based/téaigzgg\sysféms. Dd%ing the pré—
‘ject at FSU, é.large number of these stuéénti‘ at both the Ph.D.
and ilasters Degree levels, have participated extensive%y iﬂ thé -

research activities. As a review of the reference list will reveal,
“«

these individuals.participated as reseggchers and as authors,

Most encouragingly, these The nis-related graduate students contin-

i ~

ued‘thc}%hemes pursued under Themis. Explicitly, éne can identify
the continuing interest in and widespread d?yelopments of computer-
managed instructional systems. A brief reviewgbf gome of these on-=
going research activities['gnd theg a listing,é? all of the parti-

cipants, will dfcument this proposition.

6.1 Outstanding Computer-Managed Instructional Research Projects

The féllowing individuals have assumed significant roles in

i

other institutions or organizations, and are continuing the themes

»

developed under Themis.

1. Paul Gallagher, Ph.D., Assistant Dean for Instructional
Systems, Florida International University.

[

2. Lorraine Gay, Ph.D., Asgistant Professor of Education,
Florida International University.
These researchers. are responsible for the development of
an individualized performance-based teacher education program.

" Within this activity they have specific resp?nsiblities for the

_ developnent of ‘a computer'information management system which

«
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sﬁpports the essential nonitoring and control functions neceséary
for this innovative model. For those research training enceavors
in collegés of educ&tion-in the United Staﬁes, the Florida Inter-
ﬁatibnal University performance-based instructional program is con-
sidéred to be further ahead and to be "breaking new ground" at this
time.
3.» Barbara Leherissey McComb, Ph.D;, Department"of Engineering

.Psychology, McDonnell Douglas Corporation.

For the past ynar this researcher has been responsible ior.
formulating thé cénceptual ideas required to implement the instruc-
tionalvstrategies subsystem of thes Advanced Instructidnal System
at Lowry Air Force“ﬁgse. McDonnell Douglas Co;poration has been
théjbuécéssful bidggr ahd is now proéeeding in éhé‘devélopment of

L .
the .instructional,approach. Again, the adaptive models to be used
will have Qeavy emphasis 05 the management of the training process.
4, Gary Lipe, Ph.D., Director of the CA; Center gt Texas

Christian Unfversity. | ’

Texas Christian University has been pﬁrsuing individualized '
teacher education, em?hasizing units on éducational'techﬁology.

The TCU Center has developed unique computer- and media-related
présengationS'which are having significant impact in building com-
petencies for future teachers. Oy

5. John Hedl, Ph.D., Chairman of the Educational Psychology

Department, University of Texas !Medical -School, Allied

Arts Medical Center. ‘ . ‘

v
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This researcher is developing a computer—ﬁanaged instruc-
tionallapproacﬁ_to allied medical manpower developmeht. In addition
to Seing comﬁetehgy based, the cémputer approach will emphasize
professional,comgg%ency profiles and a systeﬁ for retraining in

' ~

thes future.

5.  Arthur King, Ph.D., Director of Instructional Systems,
Dental School, University of Florida. = - ‘
This researgher has developed'é computer-managed instructionl
approach t@(all of the medicél séience reqﬁirements found in dental
N

schools. This system is now operating and is undergoing extensive

~

formative evaluation.

6. Kenneth Majer, Ph.D., Assistant Professor of Educational

!

Psychology, Indiana University.
This researcher has developed ?n individuélizedvgraduate_

assistant tedcher training system using systematic principles and

‘compuéer manégeﬁéné. This system‘provides instruétion td graduatéA-
assistants from deparﬁments tﬁroughout this'large~university. The
. developmgpps aref considered so ekemplary as to have won an award
during this pasft year. ‘
7. Dr. Harold O'Neil, Ph.D., Co-director of thé CAI Center,
University of Texas.. | |
This researcher is providing the iételiectual leadership
~and management of a 1ar§e reseafch program in ?AI_and CMI at Texas.
Speciai cfforts are focusing on'?bé'natﬁre of learnew confrbl of
instructgon and affective processes found in anxiety and curiosity,
in addition to theJdévelbpment of a CMI‘approach to instructional

® ~—
science for undergraduate and graduate students.

ERIC
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While other individuale can be.eited, these give a repre-
sentative sample of the graéuéte students who have used ﬁheir
training and substantive thémes developed“pﬂder_Themis in order

. . A \\ .
to pursJé profitable careers throughout the\gnited States.

6.2 Themfs A$sociated Facultx,and Students ° \

\ _
Luring the. pro;ect, some faculty members moved on to more

respon51ble posxtlonq in other organlzatlons. These are as follows-

s

1. Bob Brown, Director of the CAT Laboratory, Unlver51ty of
Iowa, Iowa Clty, Iowa. ' . ‘ ' \\\
2. Henry Lippert, Instructional Coordinator for CAL,-Army

Medical Training School,\Fort Sam‘Houston, Houston, Texas.
3. Walter‘Dick, Director of.Pla ning and Head of the Instruc-
tional'SysFems program, Flor da State University.
The following graduate students'also participated fn the
Themis project. Their present job titles and research activities-
are offered for the reader's analysis.: Readers will observe, that
these fofmer students have continued their interests'in instruc-
tional and management systems as well as-the whole a;&a of traihing;
1.  wWallace E. Bell, Ph.D., is a Coordigator.of Information
Management Systems‘for Evaluation aﬁd Research Florida
Deoartment of Educatlon, -Tallahassee, Florlda.

2. Allen A. Blalr, M.s., District School . ouperlntendent, State
'qf Washipgton,ils implementing 1nd;v1§ua11zed 1astructlon
in his’ school ‘districf_:. | |

5.)% Walt Blomguist, M.S., Coordinator of CAI and Instructor of
Speech, Brévard Community College, Brevard County/, Florida,
ieéan innoﬁator‘in computer activities. l

4
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Thomas Dunn, Ph.D., Assistant Professor of Education at
Toledo Uni&ersityd Ohio, is very active in the performance-

s

based computerized teacher education program.

'Edwin Durall, Ph.D., Director of the Department of Research
"and Evaluation, Myrtle Grove Instructional Center, Escambia

‘County School Board, Pensacola, Florida, is active in

computer—-supported evaluation.
Paul Geisert, Ph.D., Assistant Professor, University of
Wyoming, is developing individualized courses in science

education, and is ¢mplementing a competency-based Masters.

and -Ph.D. program. -

fernando Gonzalez, Ph.D., Assistant Professor of Psychologdy
at Florida International University, is active in computer-

based testing.

Darol Graham, ABD,. Research Associate in the FSU.

Habilitative Sciences project to iﬁdividualize teacher

training, is developing a computerized ménagement systemn.

William R. Halstead, Ph.D., Director of Higher Education

Piénning, Department of Education, State of Florida, is

‘developing a computerized data system for>planning.

Nancy K. Hdagerty, Ph.D., Assistant Professor, Department of
Continuing Education, University of British Columbia, is
working with inservice teacher training particularly using
performance-based teacher eddﬁation.

Rébert Handelsman, Ph.D., Diréctor of'Financial Aid, Miami -

Dade Junior College, developed media ;earning systems,



12.

13.

14.

15,

16.

17.

18.

19.
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Waliace Hannum, Ph.D., Research Associate, Center for
Educationél Technology, FSU, is developing workshops in
instructional design fof»foreign students. | |
Edward Harris, Ph.D., Assistant Professor, Department of
Educational Administrdtion, Florida State Universify, is
teaching systems anainis and_coﬁputer techniqueé for éd-

ministrators.

“William Harvey, Ph.D., Assistant Professor of Educational

Technology, University of Southern Califorhia, is developing_
teaching-management s.imulatioﬁs and”gamesg

Karl .W. Heiner, Ph.D., Assistant Professor of Educatiop,
quversity of California,‘San Francisco's Medical School,

is teaching in the allied health professions. program and

" developing computer-based evaluation systems. - !

Darlene Heinrich, ABD,.is currently ‘investigating anxiéty
and curiosity wf%hin systematic'léarning situations.

Edward N; Hobson, Ph.D., Program Diréctorh Natiogal Labora-
tory for Higher Education, Durham, North Carolina, is
dirécting the junior‘co;lege division that is preparing
materials and activities to train professors in the use of
systems approach and planniﬁé.

Robert M. Hogan, M.S., is.completiqg a degreg inlmathema—

[}

tical psychology at the Universiyy‘of Colorado.,
: \ )
Thomas James, Ph.D., Research Associate, Center for Educa-

4

tional Technology;‘is assisting in the development of
workshops in instructional design, and is developing an

information retrieval system for the CET library.

-/
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20. Barbara F. Johnson,.ABD, Asgsistant Director of the
Computer Applications Laboratory at'FSU, is involved'iq

-

computer applications throughout the university. .= .

21: IQOhn B. Keats, Ph.D.,VAssociate Professor of Statistics,
Southwest Louisiana State University, is pﬁrscing statis--
trcal algorlthms for management. o | ;

“22. ’ Cyrue Kirshner, M. S., Assoclate Professor of Vccational

Educatlon, Los Angeles State Unlversity, is completlng his

dlssertatlon'ln applylng a systems approach to the devel-

opment of 1nstrqct10na1 materlals fox vocatlonal educatlon.'_

23. Dewey Kribs, ABD, Research Psycholog1st, Vaval Personnel A
and Training Research Laboratory, San Dlego, w111 implement
advanced 1nstructlona1 systems concepts.' .

24. Raymond r..Latta, Ph D., Asscciate Professor, Western’

| Washlngton State University, is worklng to train educatlonal

admiﬁistrators in systematic planning analysis techniques

based on computlng systems. f ) T 3

25.  Robert M. Lawler, Ph D.e, ASSlStant Professor, Allled Health
Program, University of California at San Francmsco, is
gpveloplng a performance—based tralnrng program w1th campu-

-ter support. .

26. Michael H._Moncrief, Ph.D., Research Associate, Southfrest’

[}

Reglonal Educatlon Laboratory, Los Angeles, lS prepazrng

1nd1v1duallzed learning systems.

27. Merle dorgan, Ph.D., Dlrector of InnOVatlve Instructlonal

Design, St. Petersburg Junlor College, is developlng new

Y
A~ '

: teaching learnlng systems.

-
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/ . _ | .
28. / James Papay, Ph.D., Research Associate, Dallas Public

Jo

School System, is conducting'research‘and evaluatéon_on
Title 1 Projecgs in Dallas.

23, Wllllam Proctor, Ph.D., PreSLdent of Flagler College,

“

St. Rugustine, Florlda, lS pursulng ‘a systemns approach to

college admlnlstratlon.

) ‘\_‘

30, . Gail T. Rayner, Ph" D.,aResearch lssoc1ate, Tralnlna ‘Divi—

) »

_w" : 51on, Center of Educatlonal Technology, is developrng

‘-

tralnlng athVlcleS for atudents fron the Organizat:o; of
v . , .
- Arerican States. ’ A . -
e |
31. Lee Rivers, chD., Staff PSychologlst HRB Slnger, 1s

\; Q’, spec1a1121ng 1n the development of 1nstruct10na1 materlals"

. !
\\\ +for tralnlng systems. - ! NS

\ |5
32. Worth Scanland, Ph. D., edgcatlonal sp allst with Naval

\/ v’ -
Tralnlng Command, is spec1allzlng 1n educatlonal technology

ror Naval tralnlng systems. "

. s
-33, . Charles isson, ABD, ExecutlvefDlrector of Management and

] i
) &

Informatlon Services, Colorado State Department of Educatlon,-

o ot

1s ln charge of. b et coptrol PPBS computer(eerv1ces,
e

and 1nternal bu51ness management.

-

4. Ben Stevens, M. S., Research Asixstaﬂt Unlver31ty of .
Florlda-Medlcal School, is. a551st1ng An the developmcnt of

_lnstructlonal materials. - | . ' ‘ ~ n

LS

35. Peter Stoychef M S., Research Associate, School of
) Dentlstry, Ohlo State Un1vers1ty, is pursulng the system— o

3

“atic design and evaluation of CAI.

N ! ) ‘. . .
- ) . - . -
. . ’ . . o
. & ' " : : o :
. K A
oy R . . .
- o
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37.

39.
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Susan Tavlor, ABD, is chrrently investigating adaptive
instructional models at the FSU Computer Applications
Laboratory. A
David B. Thomas, Ph.D., Research Associate, Department of
Data Processing, State of Virginia, is reorg&nizing the
State's use of computers in education for better management
of instruction.
Nelson Towle, Ph.D.,.Research Associate at CCSI, Florida
State University; is helping faculty dévelop CAI/CMI units.
William Whaley, ABD, Project Director, Department of [f
Zducation, State of Florida, Program Services Division, is |
developing difforentiated staffing patterns with manage-

-

ment support by computers.

i
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7.0 List of Technical Reports, Technical Memos, Systems Memos,

Ve

and Working Papers ' ' _ <;

Between 1967 and the close of the FSU Themis Project,

-

approximately 100 technical documents were written and distributed

as a result of research activities connected with the project.
‘ 3

These technrcalrreports,-technica; memos, systems memos, and.
working papers are listad below by type of paper, number of paper,

) . . S
author, title, and date.
0 .
Technical reports

.} .o A o
6. O0'Neil, lI. Effects of stress on state anxiety and perfor-

’
»

manece in computer-assisted learning, 1969.
(. Spilelberger, C. The effects of anxiety on computer-assisted

le&vning, 1969.
Y

8. Hobson, E. *Empiricaz development of a computer-managed
: o '
instpubtion_system‘for the Florida State University model for the

preparaiion of elementary school teachers,'}969.

p 11. Hagerty, N. ngeZOPmentﬁand implementdtion of a computbr-
“managed instruction éystem in. graduate trainihg,J1970;

12. Gallagher, %; An inuastigatibn of-instructionaZJtreatmenté
and iearner characteristics in a cémputér-manqged instruction
ecourse, 1970. | |

*e 13. Scanland, 9. An investigation of the relative effectivencss
’ ) . .

. of two methsds 27 {nstruction, iﬁcluding camputéf-assistea inetrue-
vion, ac tezhniques for changing ihe parental'atti%udes of Negro
aiults, 1979. |

14. Spielbergér, C., O'Neil, H., & Hansgn, D. Anxziety, drive

Tazcory, and computer-assisted learning, 1970.
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15. Lipe, J, ¢fhe development and implementaticn of a model
Jor Lhc.decign of individudlize& instryction at the. university
level, 1970. ’ | | L

16. -King; A. An application'of'simulation techniques to an

innovative teacher ?rdinﬁng program, 1970. _
"17. Harvey, W. A study of the cogﬁifive and afféct?ve out-
comes of a collegié#e‘science learning gahe, 1970.
>18., ééy, L. 'Temporal position of reviewe and its effect on
the reiaention of rathematicaz rulés, 1971.
19, Lawler, M. 4n znvestzgatzon of seZected znstructtonal
ULratvgzpv in an undergraduate computer -managed znstructton
EOUPSC, .1971.

e

‘21, Hedl, J. An eunaluation of a computer-based intelligence
_ , . _

“

test, 1971,

22."Dﬁnﬁ, T: The ,effects of various review paradigms on
performarce in an individqaliéed,pompu%er;managed undergraduate
course, 1971. ; -;Hfu | ’ . o e

23. Leheri;sey, ﬁ; The effects pf.stimuléting atate e?istemic
_curigsity on svatb“qniiety and performatice in a coﬁ?[ex.cbmputer;
asgisted learning task 1971. '" |

26. Mqtlef, D.i An on- Zzn? computer- managgd zntroductzon to
indexiag; An zrdzvzdualzzed multimedia znstructzonab package com-

pared to Ehe tpaditional metﬁbd nine hours of teacherfgroup

contact, 1972. S N . A

< .
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27. Rivers, L. 'Dovelopment'and assessment of an adaptibe s

frufzfa uﬁLZl.unJ regression analylzn technzques for the presen-

s

P

uLan of zn“irucbzonfULa computer, 1452 ' )

Technlcal llemos , ' . ‘ Y

1. Dick, W. Implementation of CAI at Florida State %bersity,
| el Noh

1969. ' . ’ -

‘;) 2. ‘tlansen, D. ' Current issues in CAI,,1969.“ 't
. _ ;
4, Ehlers, W. CAI in soeial bork, 1969 .
5. Dick, W.,& Latta, R. Comparative effects of ability and )
/

preceniation mode in computer-assisted Lnstructzon and programmed

tnotruction, 1969.

8. Hansen, D. &'Dick W. The data world of,CAI, 1969. P
o , ‘ .
10. Hansen, D. & Harvey, W. Impact of CAI on classroom teachers,
: . -7
1969. g v -
11.. Hansen, D. Development processes in CAI problems; tech- w
X ] : . . » . . .
niques, and implications, 1969. : B .
12. Gay L. 4n investigation into the' differential effective-
, : : ) - : . e
, ness for males and' females of three CAI treatments on delayed re-
/ . -
tention of mathemattcal concepts, 1969
14. Lee, R. Informatzon stxucture in mzZztary h$story _An
. /
appliecation of\computer—assisted instruction, 1970. Y
- N _ I' * ) .
"’15. Hanseh, D. The role of computers in education during the .
. ) /‘/ o .. ’ . < . .
- t70's, 1970. : ' i i \
g ’ / [ ‘ _ % '
- -’/ 4 ’ :
. !‘/ . + ~
(-] r\} - o "//‘-
' /.
' /




52 C - ’
le. Adair, C.(:Hansen, D%, Rayner, G., & Agarwal, A. The -
Pohwvioe of Leacheors involved in Lwe simulated inquiry environ-
mentsx 4 goelal simwlation game and a CAT-based information
rwfi;ybUaé'sysLenu 1970, - * . »
‘18. ‘Sheldon, J. Comp\ﬁer asszsted Lnstructton in engineering
/ .

dynamics, 1970.

19. Bruce, D. & Papay, J. The primacy effect,of single—trial

frée recall, 1970. S " - (\\ . ' .
‘< 20. Leherissey, B., d‘Neil, ﬁ., é HapSen, D; Efféate of memory |
ku?ppqrt Qéfécate anxiety and performance in computer-assisted o

,’,e.a!'nin';g; 1970. ' " ) ) 7

22, ¢ Jahoda, G. & Foos, F. The,d%velopmentvof an on—iine
séarcﬁed sonrlinate indez for usé in teaching and fese;rch, 1970.

.. 23. Xromhout, 0., Hansen, D.) & Schwarz, G. Conference on  ‘
,computeﬁs in unﬂeﬁgraduate gZZence education: A meputer-assisted
anﬂ manuged cdurse inpphysical sciéﬁuﬁs, 1970.

;24 Géisert P. A4 comparzson of the effectb of.znfbrmatzon
mapped learning ma+erzals and tradttzonal materials on - the Zearnzng
of concepts viq the ppznted page and computer cathode ray tube, 1970.

o~

J
25. Jraham, D., Schwarz, G., & Hansen, D. Multtmedza simula-

LY

?ion of Zabora%ory experiments in a basic physics Zesson>on
lmagnetism, 1370. . ’ "/'
27. Merrili, P. Task anquéié--An informatidn précessihg

_ approacé, 1971. ‘ | |
’23, Dunn'-T., Lﬁsﬁehe, R., & O'Neil, H. The compleue auto-
maticy of the M%ﬂkeso aﬂﬂulttphastc Persalzty Inventory and a

its response latencies, 1970. -




v . ),
l .

—
?\A

30. Hansen,fD., Hedl, J., & O'Neil, H. Review gf automated

‘53

fuoiing, 1971,
31. Thqmas,iD. Two applications of simulation in the educws

tional enviromment, 1971. | | o

\
-

32. Dick, W. & éallagher,'P. ‘Systems concepts and.computer-"
managed instructién: An ihplémentat%on and validation study,
1971, | |

f33. Rappaport, E. The effecfs of trait aﬁd dogmafiém on state
an;iety dﬁriﬁg eomputer—ésaisted4;earning, 1971. .

34. Leherisséy, B. Tée deveiopment of a meaédre qf state
~epi3t;mic curtiosity, 1971. - S /

35. Hansen, D. & Johnson, B. vMeaSurementftechniques fof
individualiéed‘instruation-in CAI,'lQ?l,

36. rquwﬁ, 3., Hannum, W.; & Dick, W. An'in?estigation of
the effects of twé types of instructiondl terminals in computer-

t

marnaged instfuctibn; 1971. o -'4' ' i
37.  Brown, B, & O'Neil, H. Computer terminal select'bogb S;me
inet ructtonal anawpsychologzeal zmplzcatvons, 1971 e
38. Hansen, D..& Johnson, B. CAT myths that need to be desbroyed

and CA[ mytns that we ought to create, 197]1.

39. VﬂmmexiiaT—LT~«A—feastb¢Zzty study of tutorial type
computer-assisted instruqtion in‘seiected toptes in high school
ehemistry, 1971.

40. . Jahoda, G. &-Foos, F. Thé use'of an on-line searched and

¢

printed coordinate index in teaching, 1971.
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gl. Lehe:isséy,‘B.:20:Neil, H.} & Hansen, D. Effect of anxiety,
responss wodg;\gu@ subject matter familiarity on achiepement in
-pompute?—aséisted Zéarning:~197l. '
42, Leherissey,»B.,rO'Neil, H., Héinrich, D., & Hansen, D.
Mffwui [ anwiety, response mode, cphhject matter familiarity, and
7 - ‘ c L
tea™ing ime on achievement in computer-assioted learning, 1971.
\;38; Tobias, S. A history of an ihdividualized;inStﬁZ;?ionaZ“
pregrart of déryiné fam@liarity to caZZege.studfnts, 1972.
44, Tobias,.sy Review of the response mode issue, 1972.
4?.’ Megrill, P. & Duchastel, P. The effects of behaviora;
objecéives on Zearn?ng: A review of empirical studies, 1972.
46.! Towle,vN. & Merrill, P. Effééts‘of anxtety type ané;item
diffieulty sequencing on mathematics aptitude test performance,
1972. S . . - |
47. Nerriii, P; & Towle, N. The effects of the ‘availability of
objéétiue; on performance in a éomputer—maﬁage& gradua¥e course,
. 1972, . ; _ | o

48, - iushene, R., O'Neil;i?., & Dunn,-T. 'Equiv lent validity

of a completely computerized MMPI, 1972.

<

49, Tobias, S.. & Hedl, J. Test anmietyﬂ
or general, 1972.
52.. Tobias, S. Distraction, response mode,

L}

achieyevignt from CAI,-lQi?.

54. Hansen, D., Mannind, P.(/& Johnson, B.
v learming simulatﬁé%q, 1972.

) -
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'56. Topias, S., Hadl, J., ;ATowle, . Latenéy and test

anxiety, 1972.
57. .Tobias, S. & Duchastel, P. Béhaviural objectives, sequence, -
and aptitude treatment interactions inm CAT, 1972.

58. Tobias; S. & Leftwich, M. Stgdy habite and test qggkety,

1972. - o L :
Lo o :
59. ilerrill, P.,-Steve, M., Kalisch, S., & Towle, N. The

3 o)

intzractive effects of the availability of objectives and/or rules

on ecompuiler-based Zearniné; "A replication, 1972.
60, Dunn, T. % ﬁanéén,;p.. Learning by.gr&pkicsf Tra%slating‘ ~
verbul information into graphic network formats, 1972.

61. Merrill, P. & Towle, N. Iﬁferaction of aEiZitiegﬂand
: . . ‘

anxiety with availability of objectives and/or test items on
computer-tased task performdnce, 1322..

64, Kromhout, O.  Effect of computer tutorial review léssqna on -

& .

exam performance fn introductory college physics, 1972.
- _ e ' . N
66. Duchastel, P.'/Incidental and relevant learning with

1

]

P T
.« o

tnotructional objectives, 1972.
Systems Memos

’ 4 -
li N ry

1. O'Neil, H., Hansen, D., Freed, B., Wester,ﬁE.; Hogshead, G.,

AT

& Robinson;,w. boéume%tation for the edit and data preparation

proérams; 1970. ’ | . '
2. O'Neil, H., Papay,.S., & Haﬁsen, D. SuppZeméntéry'documén{

tution bf Coursewriter If_functians, 1970. | |
3. Linert, H.,rﬁarris, %., Thomas, D., & McMurchie, T.

zuasl of APL/1500 functions, 1970.

- . . ©

R A,
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4. Lippert, H. & Harris, D. APL: An alternative to the
mults Zauquage environment for educdtion, 1970. |
5. Freed, B., O'Neil, H., Lauffer, L., & Lushene, R. .
TnLéprO;essing: A DEC 680 interfaced.tq an IBM 1500, 1970.
6. Hansen, D., ?apay, J.,'O'Neil, H., & Dauner, D. Hﬁman—‘
sumputer interactions involved in analysié of CAI'data,_1970;
9. Kribs, D., Wright,‘B., & Reynolds, E.-/FOCAL manual for
il oeading on Lhe 155/8 syetem, 1970, o
v '._10. McMurchié, T. & Thomas, D. APL/ISOO-fiZe access.sub-
routine package, }971. | |
| il; McMurchie,'T. & Thpmas,‘D. Manual of APE/ISOO’functione:
Systems funetions, 1971.. | -
12. Thomas, D., Merrill,qP., & Hansen, D; .STATSIM:’ Exerciges
in statisties, 1971; | i | | -
13.-'McMurchié; T. & Krueger, S. 4 prégramming Zahguage/1500
(APr/luOQ) operabor 8 gutde, 1971. | | | '
14. McMurchle, T. & Thomas, D. Manual of APL/fEOO funcfionsi
oystems funotzons, 1971. |
15. McMurchie, T. Operation of offlzne programs for generatzng
and matntaznzng the APL/1500 Bystem, 1972

P ot -
. Worklnngqper ' '

ll. Towle, N. Effects of the'mémorization(of rule statements -
on performance, retention, and transfer in a‘éomputarhbased
learning tdsk,. 1973.

12. Taylor, Susan S. A4 model for bhe deszgn and evaZuatton of

an adaptzve drill and practzce Lnstructzonal program, 1973.
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