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variables, and to develop them in a manner relevant to the instructional designer's
task. (U)

The studies focus on the relationship of cognitive abilities to the learn-
ing of concepts and rules and to the learning of an imaginary science of Xenograde
systems.” The goal was to establish a theoretioal and methodological continuum
from simple concept learning through the learming of a complex system of concepts
and rules, to a set of instructional design procedures which permit transfer of
this knowledge into practice. (U)

On the basis of the studies, a model for research in this area is recom-
mended, cognitive processes relevant for concept and rule learning are defined,
a hypothesis construction model of simple concept learming is outlined, along
with proposed theoretical considerations for more complex concept learning, and
specific recommendations for instructional decign utilizing differences in intel-
lectual abilities are made. (U)
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L THKOLIVCTL O

The objectives of this program of rescarch were summarized in the
abstract of the initiating proposal, sulmitted October 12, 1967

The psycnological investigation of hurun learning has been
limited in at least two directions; first, the class of task:
studied has Leen too narrow and proscribed to permit ready ganer-
alization to educational seitings, and seconu, behavioral psycholo-
gists have failed to integrate the data from the psychometric studics
of individual differences in learning and thinking into their theories.
Recent developments in cognitive psychology promise to narrow the
gap between the study of learning and the study of individual dif-
ferences. The new emphasis on individualized instruction in this
country, along with the introduction of computer technology into
the educational process, provides the opportunity to narrow the gap
between the study of human learning in the laboratory and in practical
training and educational problems.

Questions of sequencing in a hierarchical task will be studied,
using an imaginary scicnce task which parallels the hierarchical
structure of concept and rule learning in science and mathematics.

A version of this task which employs an inductive or discovery
approach will also be developed and investigated. The interaction
of cognitive and other traits with different degrees of learner
control and with expository versus inductive presentation will be
explored. The interactions of cognitive abilities with treatment
conditions in learning concepts and rules will be studied using
laboratory concept tasks both on and off the computer as appropri§te.
This set of activities provides the link between learning theory and
individual differences on the one hand and between instructional
theory and instructional design on the other.

In the original proposal, stress was placed on the need that
psychological research be relevant to the "state of the art" in instructional
design. The instructional design model current then, developed and used by
the Computer-Assisted Instruction (CAI) Laboratory for contract curriculum
development funded by publishers, industry, and government, was described
in the original proposal. This model represents a pragmatically oriented
approach to instructional design and development, having the flavor of
systems analysis. It permits quality control and management of curriculum
development. The need to base the instructional designer's decisions on
empirically validated, theoretical propositions rather than solely on the
basis of intuition and trial and error was stressed. A long range goal of
this research program (which was originally conceived to extend more than
two years) was to develop those aspects of a theory of instruction related
to the interaction between task variables and indivicdual difference varia-
bles and to develop them in a manner relevant to the instructional designer's
task.



A continuum was conceived for thic program wherein the instructional
design model marked the most applied catreme and represented the actual tasks
an instructional designer had to perform, the approximate sequence of the
tasks, and their interrelationships. This mode) was oxpected to evolve fronm
researca conducted on this project amd on other sore applied projects in the
CAl Laboratory. The rore .asic ol of the continuum was rarhea by the use of
laboratory tasks familiar to the experimental ps/chologist. %Tais allosed the
reyearch to be anchored at onc end a. least with relevant portions of the great
Lody of Jata, methodology, and theory in hunan concept and rule learning, and
limited forms of problem solving.

In an attempt to bridgc applied instructional acsign activities and
concept learning researcia, a CAl progra. vas developed and evolvec to teach
"The Imagirary Science of XKenograde Systens. 7~ais learning task ties into
the instructional design .«odel by virtue of its design. It was designed using
the steps and producing cacn of the products prescribed by the .odel. In par-
ticular, the task has a hicrarchical structure wuerein eac.: node of the nierarcay
is a performance objective as well as a concept or rule. Learniny the rule
could liopefully bLe relateu to findings in the iiore usual concept learning studies.
The Xenograde task, however, also permitted empirical study of sequenciny, in-
dividualizing techniyues, and other problems known to be of priwmary concern to
tie instructional desiyner.

Research studies conducted under this contract thus can be classified
under either tihe use of the Xenograde task or the use of more conventional
laboratory tasks. A third category is the instructional design model, its
evaluation, and the extent to which the research studies influenced it.

The purpose of this reporf is to summarize the research and other
activities conducted under this contract and to evaluate the extent to winich
the strategy of bridging between applied and basic concerns was successful.

ERER G En e v G D e ah e S e - v v . S S S S S R e N .-

NOTE.--A summary of the research studies and other activities relevant to the
objectives of this research program is found in Table 1. The table is broken
into Categories I, II, and III, wiich represent (in the order of II, I, III)
the continuum described above. These headings refer to: (I) research using
the Xenograde task, and (II) instructional design ana CAI. Category III sum-
marizes concept research and otuner laboratory tasiis. These three categories,
with their roman numerals, also designate the three main aivisions of this
report. &An evaluation caapter follows Section III.



SECTIOW 1

STUDILS RELATED TO THE USE OF THE XEWOCRADE PROG™AM

Aptitude Interactions with Expository or Jiecover, Treatments

Contrary to over-optimistic hopes about the ease of conducting
studies of human learniny using a real-time CAI system, the probleuw of
obtaining clean data was enormous. Loss of data due to program and hardware
bugs, and proctor and operator error, are acded to the problems of subject
attrition and clerical error whica nlague the researcner. Tae complexity of
program development and data analysis, using the early CAI languages and systens,
sometimes added weeiis to the time rejuired to cowplete studies instead of
facilitating data collection. fThcse early problems made it necessary to repeat
every ienograde study at least once, except thcse of .lerrill (1970) and Buader-
son and Hansen (1971).

As programs and procedures became better and more familiar, these
problems were reduced, and some of the early promise of CAI was realized. ‘Uhe
use of the 1500 APL system greatly alleviated the programming and data collec-
tion problem so that at the end of the project, studies were sometimes run with
great speed and rapid collection, sorting, ana data analysis.

The first Xenograde study listed deali with a simulated version of
Xenograde in wnich students input parameter values of their own choosing and
studiea the resulting Xenograde display. This was the only early Xenograde
study that was never replicated. Such learner-directed manipulation of the
parameters of a simulation enables students to discover” for themselves tae
relationships produced by the simulation model. The original pilot study made
it clear, however, that simulation is inappropriate as a means of discovering
concepts and rules for the first time in unfamiliar material, at least for
subjects drawn from education courses. Simulation may be advantageous for
inteyrating concepts and rules learned previously, testing in a more complex
and life-like situation, demonstrating complex interactions, or generating
example stimuli for expository instruction. Tie implications of this pilot
study and other Xenograde studies were presented at a conference on computers
in physics anci mathematics education in August of 1970 (2underson, 1971).

2nother problem with this initial simulation was its inordinately
slow response time due to the clumsy calculation algorithm using fixed -point
arithimetic in the counters of the Coursevriter II language. Further studies
using simulation rodels to drive Xenograde displays wvere planned, anc to this



end, a floating=point arithuetic fuaction (BmIth et al.. 1970) and & set of
plot functions (1heaton ot al., 1970) for producing grapnical disilays on

the cathode ray tube of the 1ii 1500 system ‘wre developed. It a5 not possi-
ble to conauct such studies Lefore the en: of this contract, but the function:,
in particular the algebraic function, nave proveC very valuable asl nive Leen
disseminatod among users of 131 1500 equipment.

A series of four studies was cuaGucted whica examined tie possible
interactions of genoral reasoning, inauctive rvasoning, and associative eemory
with rule-example (rule; or expository) vs. example only (discovery) instruc-
tional treatuients. The first two studies were fraught with nuserous jrovlems
an4 were considered pilot studies viich led to important revisions in the
Xenograde program and to hypotheses that were ultinately tested in later studies.
'ne last two replications are reported in Technical Report . 3. The first
of these two pilot studice led to abandoning the group wiich used simulation
with no rules or examples.

The second pilot study used the ruleg vs. 2xample-only treatments,
and it produced results waich were quite influential, botih directly and indirectly
on later studies. In this study, 59 students from science education classes at
The University of ‘fexas at hustin participated, and 51 cowpleted all cognitive
tests and the Xenog program. The battery of cognitive tects was selected from
the Kit of Reference Tests for Cognitive Factors (French, Ekstrom, & Price,
1963) and included two tests for each of the factors of Induction, Associative
lfemory, and General Reasoning. 'The Induction and Reasoning factors collapsed
into one reasoning factor.

On the basis of this pilot worx, several conclusions were reached.
First, the discovery group required more examples to lsarn the science, but
there were no differences between the groups on a nosttest a retention test,
or a transfer test. Second, memory ability was found to be liighly related to
performance wiien statements of the rules were given, but this was not found
vhen subjects were required to infer their own rules. Tais interaction was
disordinal; i.e., the regression lines on memory for the two treatment groups
crossed not far from the wnean on aemory score. In addition to these results,
the pilot study also revealed that the awount of tine required to learn the
task was excessive and that several of tlhe rules were too aifficult. Conse-
guently, the task was revised. A unew task analysis proceuure was used for
the first time. Tlie basic structure of tiie science was maintained, but several
of tiie laws wnich governed the relationships of the system were chanyed. The
verbal statements of the rules were simplified and the cxamples were selected
so that only integer values, rather tnan decinal fractions, were shown. Lypothe-
ses about the disordinal interactions witii memory were generated which ulti-
mately led to a study soon to be publisibed (Bunderson & liansen, 1971).

4 secornd study was conducted to test the feasibility of the revised
version of tie Xenograde program. In this study, f£.0 subjects from science
education classes at The University of Texas at Austin were run under the same
design as described above. Unfortunately, usable data were obtained on only 30
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founa Lo interact vith “he LUreab @nts, T -amimr of exdnples feguises y

the discovery ;roup wvas #ignly related, inversely, O reasonin) asiliy . Twils
vas not the case vith Lie JIoup vilch Vs presente. with statesenls of e rules,
The invorse relationsilp Lutween . amory and p:trformasce In U discovery arvuy,
viiich vas found in the study concucled befor: revision, was not repliceted.
Insteod, memor, vas found to facilitate performance in the discovery grovp. as
inuicatou by number of exanples, ratiwr taan hinder tt. This indicated Uit
revision had eomehow substuntially altered the role of senory.

In the final otudy cf thias series, 5) students from 8Ciance enucation
classes at The University of Tuxas at *ustin completed all factor tests, tiv
Aenog program, and retention anc tranefer testu. .uis study was tho same in all
respects to the one just duscribed, but it was regaracd as a replication Lccause
of the small N in tae previous study. <h¢ res.lts wure a roplication of tione
in the previous study. ‘Che uiscovery group royuireu a gruater nuwer of <xamples
to learn the science, and the nuaer of examples ro-quired vas fouad to he highly
related to reasoning avility. %iic positive relction of .euory to perfoimancy
was again observeu. Tncse results anu their implications to instructional
uesign were reporteu in papers presented at tiie aimual meeting of tne American
Lducational nResevarch issociation in Lo: Mageles (Bundarson, 1969a) and at tho
annual weeting of the Auwerican Psychological nssociation in Was.ington, v.C.
(Bunderson, 1969L).

The curious reversal in regression slopes for merory before and after
revision led to another study. This reversal occurred only in tae aiscovery
group. Before revision, the slope of the regress.on line was positive in this
group, showing that subjects nigh on merory requirec morz examples to learn
(i.e., learned less efficiently). Following revision, the reverse was true:
subjects high on maiory required feower examples to learn. 1wo variables which
were changed in the course of revision were the availsbility of past instances
(before revision, subjects could record previous ins*ances on a worksheet) ana
complexity of the displays (irrelevant inforwation was reducec during revision).
Using the discovery treatmant only, tiiese t: 0 variavles vere ianipulated in a
2 x 2 factorial design oy reintroducing irrelevant information into the cxample
displays to produce complexity and by manipulating availavbility througn the
presence or absence of a worksheet for recording examples.

This study pernaps comes closer to cross-validating results between
the denogradz task and tne concept learning studies taan any conducted during
this program. The facilitative effects of mewmory aptitude on number of ex-
amples for learning tae revised Xenourade tasik hau its counterpart in number -
of-trials for learning concepts in studies by Blaine, Dunhaii, and Pyle (1¢%3d)
and Blaine and Dunhaia (1370). Ia a study by Wickizgren and Couern (1962), how~
ever, subjects were allowed different sizes of external memory, that is, notes
they could write about previous instances. In this scudy, greater “external
mewory” lea to poorcer performances, corresponding co the positive reqression of
number of examples on memory found before revision in Xenoyrade, w..en a record
of previous examples was kept.
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statistical sigaificance. A numver of Sisordinel intefactione of petforience
NeABUres On heasoning ADILLILY wure (Oww O Je statistically eigaificent.
however, these InLeraclions wad not bevin predicted. . @it fosuils Afe tepnitel
in Lunderso. and Hansen (1971).

The etrong relations ip o!f Reascuning Pubility to Ferformance in leatn-
ing Xenoyrade was thc subject of th: dissertation study Ly .errill (15%C). ¥«
aypothesized that the reasonin factors roprevented facility in certain infotma-
tion processin, shills wiich enabley subjects high on this ability to forus aote
rapidly and accurately on the relevait aspects of esaple-only displays.

Previous Nenog studies in this series .ad sauwn thal the introsucti.n
of rules reduced the apparent contri.ution of Reasoning Abilitivs to notliimg.
An instructional designer may still wisn to use a discovory scgueace. yet a.ill
desire to reduce tne Jifficulty encourtercd vy subjects low on Reasoning Ability
errill hypothesized tiat the presentation of .crforsanc. objectives would in-
troduce a focusing uffect whicn would reuuce the slope of the regression of
performance on Reasoaing Ability. 1In effect, the instructiomal variavle wuld
substitute an external focusing effect for tha focuci:y generated by uubjects
high on geasoning Ability.

Subjects were drava from introductory ewucational psycliology courses
at The University of Texas at /justin, amd a total of 131 coupletea all phuses
of the sticly. Both tie availability of rulec and of objectives wurv anipu-
lated independently. It was found that objective: did significantly r..uce
the number of exaples requirea to lcarn the task. 7nis eff.ct was not as
strong as the facilitative uifact of usingy rules. Tuis sig.ificant reduction
in nunber of examples vias no stronger for su.jects low in leasoning than for
tnose high on this ability. For test-iteri-latency, hovever, suujects low on
Reasoning profited from the availalbility of objectives wors than their brigater
fellows did (who, it must be added, 1ad less to gain).

Performance objectives are one of the .08t iiportant products of
the instructional designer's art. .ierrill's study, taxen as a whole, s..oved
that as an instructional variable, objectives uave orientiny aad organizinj
effects whicih dispose students to attend to, process, and structure relovant
information in accordance with the given ovjectives. This facilitating effect
is especially helpful to stuients lower on Reasoning Ability.



Wnile aptitude x treatment interactions were the major concern of
these studies, it is interesting to note w.at the results have to say about
the discovery-learning nypjothesis, vis., that learning Ly discovery leads to
greater retention or transfer. Xetention an¢ transfer measures were taken
in each Xenograde study. The transfer wmeasure requirec subjects ta infer
several totally new rules, given new examples--a process preswaably similar
to the process they practiced during learning--but in no case was the dis-
covery learning nypothesis supported. There was either no cifference betwzen
the two groups or a uifference in favor of the rule-example group. %his was
true even wien the example-only group had the advantage of oojeciives to
study. Contrary to uwost stulies involving uiscovery learning, voth groups
vwere brought to the same criterion on the posctest »y means of individualized
branching in the CAI program. '.uis resulted in iore time and in the exposure
to significantly more examples by the discovery group but no greater and, at
times, inferior performance on rctention anu transfer. ftudents lower on
reasoning and memory abilities had considerably more difficulty with the
discovery treatuwent than with the expository presentation.

Those who favor the discovery hypotiesis may argue with our opera-
tional definition of discovery or with tne pernaps unusual motivational
aspects of the llenograde task. Tnis may not corresponi to their definition
of discovery. Until souwicone is able to cdefine better what is meant by dis-
covery and to locate the source of auy supposed aavantage, thie instructional
uesigner must be wary of a_andoning tuae poverfully -cfiective tool of well
designeu rule-examuvle pres=atations, especially if i is dealing with popula-
tions neavy on the lower ends of the ability scales used in these studies.

Another approacn .0 one aspect of wiat wight be meant by discovery
learning is throuch investigation of lcarner control vs. program control of
instructional sequence and otiler variables. Two .ienograde studies were con-
aucted to investigate tlhe effects of mainpulating the sequence of rules in
the Xenoyrade learning hierarcay. 1In both of these studies, only thce rule-
exam»le version of the program was used. 1In the first study, the subjects
were 118 students ifrom introductory educational psyc.iology courses at The
University of Texas at austin. Since only 49 completed the first one, it
could be regarded only as a pilot study. It was replicated witih iinor inodi -
fication, usiny 176 students from introductory educational psycioloyy courses,
152 of whom completed the study.

The basic rule-example treatuent was augnented Ny a representation
of tie underarchy of rules imicn constituted the Kenoyrade science. Using tais
hierarchy as the basis for defining alternate sequences, an index of sequence
was defined, as foliows. Tae index was 1.0 waen the sequence was in the
perfect hierarciiical order (tnat is, frow tie lowest order rule to the
aiguest). Tie index was .5 »uien aa essuntially random sequence of rules was
taken; anu the index was 0.0 w.en the reverse seguence (top to bottom of tue
iierarchy) tias taken. .aile there are several variations among treatnent
aroups used in this study, only two vasic variatioas are reported iere. Oue
group was assigned to diffirent segquence coniitions from 0.0 to 1.V and vere
led througn sequences Ly tie CAI prograw. Anotaer group was S.aown the reproe-
sentation of the hierarciiy, and eaca studeat was allowed to c.l0ose iz own
seyguence.,



The principal findings were that (except for the 0.0 sequence)
students in the learner-control grou;s dic petter waen they chose an idiosyn-
cratic sequence than when they cihose the 1.0 sequence. Iotivational effects
were postulated to be at the root of tnis finuing. Oa the other hand, stu-
dents assigned randomly to different sequencaes dicd poorly when the sequence
was scrambled and did progressively better as the sequence approached an
index of 1.0, where they did significantly better tihan students wio chose
a sequence of 1.0.

It was found that the inductive reasoning factor vas nignly related
to success in the forced group waen the seguence was scrambled but was not
related when it approacned 1.0.

ilean posttest score for students under program control was signifi-
cantly better than for learner control, despite negyative sejuence effects.



SECTION I1

INSTRUCTIOHAL DESIGH AND CAI 1: PLICATIONS

The activities in this section, as inéicatea in Table 1, relate
to computer-assisted instruction uwore generally as well as to instructional Jesi
Previously wentioned were the techanical reports listed in the table under
I1.B, vhich document special-j.urpose author language functions. T.cse ea-
panded considerably the answer processing. display, anc siiulation capasilities
of the IB1 1500 systen.

The papers listed undor A in Table 2 are primarily concernec. with
various aspects of instrictional design or of the implications of artitudc
X treatment researca findings to instructional desiyn.

The instructional Jesign model proviaces a conceptual structure for
classifying the products of instructional decign in a awanner hig..ly related co
the production of documentation products as well as final [rogran materials.
The intermeaiate and final products of instructional design arc outline. in
an organizec scheme and are ciscussed Ly Bunderson (1970a, 1971).

Technical Report !io. 2 is a case stuly of instructional cesign an
documentation anG is tie uanual for the Xenograde progra:z, written to reveal
the various design products prescribe! by the mndel. Tne maiual is slanted
toward a supposcc audience of researchers rather thar poteniial educational
users due to the nature of the Xenogradc program. “nis :econl report t.aus
attempts to convey soue of the rationale Leainu linking instructiunal rescarch
to carefully rationalized and carefully documented instructional design of an
experimental task, as well as demonstrate inw such a procedure night aid in
accomplishing the linkaco of research to relevance--of science to enjineering.

Tha papers prescnted at the annual muetinys of the Prarican bduca-
tional Research Association and the anerican Poychological Associatiou
(Bundexrson, 190va, 19C9, 19701) concerned the relevance of aptituue < treat
went interactions to instructicnal design. In tnese rajwry. an increasing
tone of skepticism wvas expressed toward the practical value of disordinal
iuteractions batween treatments and aptitudes.

Tiwe methoiological model for our researc.a wuring tie course of this
project came to resemble chat aiscussed Ly Cronuacih and Snow (196.). <iven
two Or more separate instruccional treatments, tho argument gocs, it nay de
possible to find one or more ajtitudes (Lroadly define.) wnici: will interact



such that students low ou tne oeasure of an aptitude w2y 6o siynificantly
better in one of the groups tnan in the others, wuile for students aign on
that aptitude, che reverse may de the case. Tais interaction is ovserved
by a regression analysis wacrein thc regression lines of pucforrance on
aptitude, calculated separately for each creatnant, cross well within the
range of the aptitude measura. Such a pattern of regression lines is termed
8 disordinal interaction.

wwthodologically, this approach nas much to be corsendea in resecarch
studies. It is assumed by Cronbacl: and Snow, .aowever, thot results of this
sort can lead in a natural manner to isprovements in instruction Ly assigniig
indiviiuals to different traatuents based on thoir aptitude scores. It is this
assumption that is ciallanged in tie tirve parerc cited abovas.

Four intcrrelateu rcasuns were given for thie skepticism:

(1) The rarity of useful disordinal interactions. It is moye
common to find no interaction than otheri'ise. ihen interactions are
found, they are mora likely to ve oruinal interactions (rcyrcucion
l1ines cross outside tiw range of the aptitude acasurcs) than disordinal.
then they are found to bc disordinal, they often prove to be of no valuc
relative to alternato assigreent since the point of intcrsection of tho
regression lines follows 85 closely to an ena of the aptitude range as
to proviae no hope for practical instructional advantage.

(2) Disordinal interactions may not e sufficiently rovust under
wwen seeningly miror olunges in tiw tas! or population. icvision of a
task is the instructional Jesigner's wornt -orserful tool. As the Jundex
son and Hauser. (1971) stucy incicates revis:on iay produce regresgion
results partially prelictable on the Lasis of an unerstan.ing of tie
variablas being manipulateu, out th:se modifications may pruvduce quite
unexpected and poasibly mora imjortant interactions witih otner aptitudes,

(3) Cetlling effect on the met..odolojy of regression walyeis.
Successful instructional Jesign enablas all sulLjects to reach a higa
performanca criterion. dy dasign, there is almost no variance in post-
test scoras (for example), allowing the variance to reap,2ar in tinc
number of exanples seen or in the amount of cise taken. Treatnents
in which thera iuv sufficient variance remaining in posttest scores to
suux Gisordinal interactions nay be in need of substantial revision,
viich introduces the rouustness problem (describe: avove) and iich
producus, if successful, a situation wicre regr:ssion analycas cannot
ve applied, at least not on the posttcst score.

(4) Payoff relative to furtiwr instrustiomal design aul revieion.
The payoff attainable tarougnh alternate treat.ent assigancnt based on a
aisordinal intaractiocn mey be less than that at:ainable throuyh revisior
of the single best treativent. 1In instructional design, ther: is prowably
no factor that produces .ore iuproveent for more students than the carc-
ful ful revision of a progran ..ased on detailed feed.ack of student responses,
attitudes, and res;onse tincs arout specific wetails of an instructiocnal

program.
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1. wvas proposed in the APA nresentation by Bunderscn (197C) thot,
at least for the class of tasks and aptituies studied in this project, a
wore fruitful apreoach would Le to loos at single-step recression lines
rather than to seek disordinal intcractions. If a stron; rugression exists,
tie instructional designer can ask hirxseclf way. He can introduce changes in
the proyram to reduce that information-processing iurden for the loi—a; tituic
indivicuals. iopefully, using tae information- rocecsing coustructs developed
through the rationale ceacribe in Section III, ne can select--pasel on tiaeory--
instructional variables to manipulate Jurino revision. ‘“he variables he intro-
duces, in a CAI program at least, :\ight >e nicro-treatment variables applicy
adaptively wvit.iin a branching CAI program ratiwr than througn t.: production
of an entire alternate treatment (Buncerson, 19695).

It was als0 suggested tnat the micro—-trcatment netaodology and tag
analysis of regression petterns for single treatzents leau wore naturally to
an optinization iethodology than to tiae methodology of regression analysis
anl macro treatments descrivc. avove. In tuis annroach, aptitude weasure:
vecone puramcters in optirization uodels of jowe tyre (vaich can be applie.
uynanically witiiin CAI programs). Tuis thinking four. more poerful exnression
in the laborator, research studie:, whicih are summarized in Section 1II.

Tie formulation of nev information- processing coustructs relevant
to botii aptitude tests and concopt-learning tasks discussed uclow is seen as
jroviding the constructs and construct-valication :ethodoloyic., pommitting
the develojuicnt of matneratical .ypotuesis-cou.struction rodels of conce:t
learning. If this ovolviny approach is successful, it say prove to aave the
strengths of the optinization aporoach descriled vy Atl:inson (1970) for in-
structional Jecision-making and learuing thcory. Hop.fully, it mig.t also
contribute wome of the conceptual richnuss ciaracturistic of tiue Guilford
aptitudes tradition fron s.ich tiiis project is an intellectual Gescendant.

It should be racoq;nized in evaluating the findinjs of tliis research
sroject that wo nave restricted the investiGgation almost excluzively to cog-
nitive aptitudes and to conccpt and rule-lear:iin; tasks. The suvjects learn
iny proceas for thes: tasks occurs over a relatively s.ort juriod of time.
Cronbacn and Snovw (196Y) utress that aisordinal interactions s.ould .e -ougit
in learning situaticns wviiich occur over a longer ;~.riou of time sc t.at
subjects can iacome attunec to the instructional trcat.ents. Unuer lony-term
learning situations ana by using noncoynitive as well as cognitive aptitudes,
it may Le possible to justify tihe deiign of two or mora macro-treatments anc
to assign imd.viduals to alternate treoatrents for instructional gain. & task
for the futurc is to apply thic methodological approach and conceptual moccls
Jeveloped in this project to longer term learnin) to determine whuther or not
it might i.ave the same auventages found hire.

‘“ne raper by ..errill (1.71) .as ~ritte:, aftor he receivea the
doctor of philosophy degrec amd i\a. accapteu a nosition at Florida State
university. 7.e algoritvis:ic or infor.ation-urocessiny analysis procedure
which lie Gescrives vas conceivad auriny th: saries of Lenoyra:c studies,
sovwaver, and i3 describel in preliminary form in Olivier (1.,70) an.. .ierrill
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(1970). The informacion-processing analysis approacs .errill describes has
its counterpart in tne LethoJdology cuiscribau in the followinj section for
laboratory tasks. :errill’s paper is included in tais report to complete
an important conceptual smmetry betuen the parts of this projoct reprec
sonted in Table 1.

A fes words must be said about th: importance of th: instructional
cesign model (viich substantially evolved during the co.zse of thic project)
to davelopments of nationsl significance in CAl. Tue paper entitled Computer
in llainline Instruction” (Bunderson, 197Ja) laid the fourdation for an anproach
to the introduction of COSt-gffective CAl into junior colleges anc otheor
adult education institutions. “his approacis has found expression in major
proposals to the Hational Science Foundation (iiSF) submittod coop:ratively
by {ITRE Corporation and The uUniversity of T¢xas CAl latoratory. Tihese pro-
sosals aim toward the development and introduction of low-cost, market-oriented
systems consistiig of a marriage ot television and computer tecanology on tiwe
hardware siace and of curricula desigred according to the instructional design
model on the clucational side. 0 extension of tho loarrcr-control research
and the instructional-design researca initiated in tihis nroject has foun.
continuing support through a five-sear graat from thc Hational Science
Foundation for research in instructional design and authorim) systems
(Grant GJ 509 ., initiated June, 1963).

12



SECTIOWN 111
STUDIES RELATED 70 THC USE OF LALOFRJTORY TASXS

A cursory glance at tic list of studies appraring under the hrading
laveled III in Tanle 1 representative of the larger portion of cffort in
this project does not coavey tue evolutionary logic anl interrelationsaips
wiich existea among these secainqly diverse activitics. .ne stulies fall
into clusters, inuicateu by the sublisadings of A throuja E, witn Category 7
representin, extensions of tae basic methodology beyona conce:t-learning
tasks and cognitive aptitudes. .uis section begins with a yecneral overview
of all studies listed unGer the heading labele: III {:a Table 1. Subacauings
for Cateyories A tnrough £ tuaen cesiynate detaileu reporte a:nd interprcta-
tions of the various studies.

The fundaiental iaecas on whicn the series of stucies was bused are
as follows (hercinafter desijnated as Propositions 1, 2, anc J).

(1) Tne most critical step in unlerstanding and predicting
complex learning Lehavior coses through a carelul ami accurate analysis
of efficiont hunan information-processiny strategies for that class of
tasks.

(2) Cogaitive aptitudes relevant to performance on a class of
tasks may be selected, ano their interactions w.th treatmonts may b2
understood in relation to their relzvance to t:e information-procecsing
require.cnts of the task.

(3) ©Experinental =anipulatisns of task variables produce ~ffects
on task performance and on aptitule interactions undierstandadble from
the¢ manner and oxtent to waich tnese manipulations alter t.ue information-
processing reqjuirementa of tic task.

The clusters of stuuies deosigaatea A througa F unier III in Tabl> 1 caa be
placed in context to the o..tent tiat they elucidatad one or more of the
Propositions 1, 2, or 3 iu relation to concept-learning tasks and correspond-
ing coanitive aptitudes.

Clusters A, B, and C were concerned ith rultiple-category con-
junctive concept problem.. Sucn problems are characteriged by the learning
of a multiple response sysitem to the values or combinations of values on the
relevant dimensions. Prior analysis of this proulem ..ad led to the defini-
tion of two Jecision rules waica could form tue bausis for cfficient information
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processing strategies in solvirj these concept probtloms. Studies in Category B
vere concerned sith the effect on tas!: performance ana aptitude interactions

of manipulating an finstructionzl variable, namely, information about and
practice on one or Loth of the decisioa rulcrs. Tuey relate most clearly to
Proposition J, ana eutablished ti.c modest but iLajortant conclusirn that

exper isental manipulations waicn produce no mean differences aay nonctheless
produce important ciffcrences in aptitude patterns.

foe seconc of theso studies set out to accoeplish more tiaan the
stateaent implies by separating tse stages of learniny in the amultiple category
task and providing instruction on the tuo decision rules separately for dif-
ferent groups. Basod on thiu detailed analysis of tuw task, predictions were
maue relative to aptitude interactions. The couplexity of ths results iniicate
that further definition of both tii information processing occurring in Gif-
ferent instruction.l treataents anc of the aptitudes was necosisary. Recogni-
tion of this difficulty was influential in leadiny to the mcthodological inn--
vations of the studies in Category O an® the theorctical considerations of

Category L.

The final study in this sceries was not an aptitude-treatment inter-
action study. It relates to Propositions 1 and 3 and reflects a considerably
advanced understaniing of the interaction Letwoen the strategy (decision
rules) usex by learners and tiw soquence of coacept exeaplars. 4he role of
contiguity in concept identification, contrary to previ-us literature, was
shown to be depciden: on the learner strateqgy. ihile it .ras not possible
to follow up the irplications of tais study to thwe more instruction-oriente<d
aspects of this progran, cthe implications may bc ‘ortiy of serious investigo-
tion. Tne careful shaping of the structure and soyuence of conc.jpt exemplar.
based on theoretical propositions derivea from tasic research and applied to
information-processing analyseu of complex scirool learniig tasks ma; becoae
a powerful instructional uesigr techniyue (e.y., Tennyson, Wooley, & ilerrill,
1970) .

The atudy in Category C-furtner estahblished tho conclusion that
aptitude interactions may ~xist in s»ite of a lack of rmean differences betwecn
treatment groups (Blaine & Dunnaw, 1979). Tiis atudy (Blaine * Lunhaa, 1971)
showec also that thie relationship of .aemory to porforsance coulu Le manipulatea
by varying the availability of previous inutances, although, as in the second
study under Category B, the relationsuips aru nol uvasil; interjretable. Tnia
stuay relates to bota Propositions 2 and 3 ani to the Xcnhogyrade study discusced
above (Bunderson & Hanaen, 1971).

The sories of studies in Category A of III in Table 1 rclates most
directly to Proposition 1 and that part of Proposition 3 concernea with tas:<
performance rather than aptitude interactions. Prior experimental work ami
analysis of the wultiple-category concept prosleas had lud to tiue suygestion
that toere may be two gteps involved in the solution process (Overstreet &
Dunham, 1969). These two stajes were designated as dimension selection and
associative learning. In order to study the effects of task manipulation on
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the two decisicn rules necessary to efficient performance in problems of this
type, it is necessary to separate experimentally the dimension selection and
associative learning stages. This was done with increasing sophistication

in unaderstanding of and control over the students’ use of these decision rules
through tne series of studies designed under Category A. In Overstreet's
dissertation (1970) the implications to mathematical models, such as t..at of
Chumbley (1970), and to the model developed as a result of the research in
Category E were drawn.

Althiough not employing aptitude mcasurcs, taese studies were i:xpor-
tant both metnodologically and conceptually to tha evaluation of tainking
about the aptitude treatmant interaction proble~. The nethodoloyical scparation
of the uimension selection ani the asrociativ: learning stages was attempted
in tae second study in Category A. The refinement of thinkiny about t.ue infor-
mation processes involved in concept learning were f{undamental to certain of the
asthowological innovations in the studies in Category D ana were helpful towar.
tiie representation of important iuformation-processing constructs in mathenati-
cal model form (Category .).

Activities listed uncer Category D cai.e to represent the most iipor-
tant conceptual and metaodoloyical contribution of thiis project to rescarch
and theory involving aptitude x treatment .wthouology. Using tie increasei
sophisitication in iniormation-processimng analysis of concept-learuing tasks,
stuuies in this gseries produceu a varicty of new uecasuring instruments for
both cognitive abilities unu cuoncept-lzarning problens, incluuing aon-specifica
dimenuion problems as well as ie nultiple-catcgory provlem. .ss.aming tuat
variance in perforaance on Soth reievant conventional avility tests anu con-
cept learning tasks could Le accounteu {or py tae came set of procussing con-
structs, studies 1. thiu series set out po.itively to Cafine t.ese constructs
tiirough & new mctiodological proceuure anu to use then poverfully in studies
which integrate all threc¢ of tue propositions listed above. _ccause of the i.-
portance of tucse concepts, eatra space is given to taen in tais report.

Studies of tniu type can yiell inlormation-processing constructs
which account for large portions of variance in co.plex concepc-learning
problems, anu possess construct valicity relative to important stages aud
decision strateyies in concept learning. Suc. constructs awl t.ucir operativnal
linkages to data are prerequisite to the aevclopment of watiiematical mocelu
of comj:lex concept-learning beavior. ‘Ine studies listed unuer Category L do
not yet relats to Proposition 2, but they are in tie mainstreai: of thinkin;
on this project. This is so because tuey lead toward tae incorporation of
the inlormation-processin; constructs developed in t.uc project at large in
hypothesis-construction riodels of concept learning. Such models will require
tae addition of parancters to represent the aptitude process constructs siiown
to interact inportantly with altcrnate treatmencis.

Tae cwo discertation stucies listeu ualer Category F extendced the

process-analysis aptituuc treatuent -etuodoloyy of tils project in two new
cirections. .ost ambiticus was tiie study by .iollen (1¢70), w.0 attempted
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an information-processing analysis of learning from coanected discourse. 7Tae
position of adjunct questions was the task variable predicted to produce
aptitude interactions with different memory abilities. Hollen attempted to
develop a new process test for a hypotnesized memory process and ror preaicted
caanges in the regression of performance scores on two memory abilities due
to the influence of adjunct questions on processing requirements. As was

the casc in 1ost of our early Xenoyrade and concent studies, tae results were
not wiolly consistent wita the predictions nor were tney easy to intervret.
The aptitude x treatment interaction proble:m in a ne'v tash donain seems
tractable only tirough a difficult secuence of iterations between detailed
task analysis, construct validation, an¢ empirical olservation.

The dissertation by ileyers (1971) built on the foundation of researci
laid here on the multiple-category concept proolem and examined tiic effect of
anxiety, moderated by eyo involvement, on cognitive aptitwie x treatuwent
interactions.

itultiple-Category Conjunctive Concept Problens

Jultiple-category conjunctive concept probler:s are cuaracterized
by the learning of a multiple-response systea to the values or compinatiouns
of values on the relevant dimensions. Prior experinental work anu analysis
of this type of coancert problem has led to thie suggestion tiat thcre nay be
two stages involved in tne solution process (Overstreet & Dunnam, 1969).
First, the subject must uctermine the relevant dimension or dimensions of the
problem. Once the relevant dinensions have been determined, tie subject nwust
learn the responses wiich are associated with tne different values displayed
by the relevant dimensions. 7This interpretation suggests tnat Gifferent abili-
ties uight be related to the respective stages of tne task. Further, treatment
manipulations may affect the relationsnip of abilities to performance only in
terms of one stage of the solution process.

Experiments vere conducted to investigate the stages of learning’
interpretation of multiple-category problans (Overstreet & Dunhau, 1970,
Overstreet, 1970). Tiicse experiments employed multiple-category problens
which were experimentally separated into tihe dimension-selection and response-
learning stages. It was possible to specify two decision rules waica subjects
could use in aetermining the appropriate dimensions. Doth rules necessi-
tated a comparison of two instances and differed according to wnether the
counarison instainces were fromn the same or different response categories.

In one study, subjects were instructed on one of tie two rules
and tnen received problems varyingy in the unumi.er of irrelevant dimensions
and tne uurnwer of values per dimension. Subjects were forced to solve tie
dimension selection puase by using rules for wiaica they had been instructed.
One of the rules allows only the elimination of pairwise combinations of
dimensions Lut not the elimination of any.single dimension. The other rule
permits tne elinination of a given dimension without regard to any pairwise
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combination it has with any other dimension. Thus, an interaction was predicted
between rule-type and number of irrelevant dimensions in tne dimension selec-
tion phase. On tie other hand, neither of tiese variables saould affect the
response learning stage, waile the number of values per dimension siould nave

a great effect on response lcarning pcrformance. This outcome was predicted
since tihe number of responses tuie subject nust learn increases as tne nuaber

of values per dimension increases.

A total of 137 subjects from introductory psycinoloyy classes were
run individually. Tiae concept materials were presented at the catioce ray
tubes connected to the I3:1 1500 system. The results supported the hypotheses,
indicating not only that stimulus complexity variailes aifferentially affect
performance within the different stages, but also differentially affect the
efficient execution of information processing strategies.

Procedural probleus in Cxperiment I made it possible for subjects
to reduce one information-processinc rule to an artifactually simpler form.
Experiment II, utilizing a modified procedure, was undertaken to replicate
the previously-obtained differential difficulty of the information-processi:.;
rules and to clarify the interaction of rule-type and nwter of irrelevant
dimensions. Each subject solved two problems without associative learning.

The results of this seconu exjeriment replicated the basic relation
between type of rule and difficulty which hal been obtained in Experiment I.
The number of dimensions by rule-type interaction obtained in ixperiuent I
vas not replicated in the second study, suggesting that a siinificant pro-
portion of the subjects in the across-category rulz conditions in IUxperiment I
may have discoverec and utilized the simplified form of tiis rule. o iain
effect for number of irrelevant dimensions was obtained in this second experi-
ment.

The results of these studies wire interpreted as castinj doubt on
the appropriatencss of the sampling-process assumptions underlying current
hypothesis-testing models of multiple-category concept attainment. Speci-
fically, thne results were interpreted as suggesting that a subject who is
faced with an error tnat infirms his hypothesis may be akle to compare that
hypothesis with the currently available stimulus and its feedback to derive
information which would allow him to restrict temporarily the pool of dimen-
sion pairs from which he will sample.

The iwmplications of this restrictec sampling assumption, i. two
forms, were investigated with regard to the Chumbley (1970) model o: wultiple-
category concept attainment. A further differentiation of Caumoley's aptitude
interaction state into two states corresponding to (1) hypotheses containing
only irrelevant dimensions and (2) hypotheses containing one relevant dimen-
sion ‘ras suggested to account for the results of these studies.
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Decteion Rules and Concept Learning

In addition to the investigation of the nature of the multiple-
category problems, several studies were conducted in which the concern was
ti.2 relationship of cognitive abilities to performance on such tasks under
differing treatment conditions. One study (Dunham & Bunderson, 1969) was
undertaken to determine the effect of instruction on the dimension selection
rules described above and the relationship of cognitive abilities to concept-
learning performance. One hundred thirty-six students from an Austin, Texas,
high school were randomly assigned to two groups. A total of 69 subjects
received instruction on the use of the dimension selection rules. The re-
maining 67 subjects received instructions on the nature of the concept
problem but were not given the additional rule instruction. All were then
given a series of multiple-category concept problems.

There were no differences in nean performance across problens for
the two groups. However, tie introduction of rule instruction did alter the
role of the abilities in the solution of the concept ;roblems. The perfor-
mance of the group given rule instruction wac highly related to a reasoning
ability while the performance uf tae group without rule instruction was higuly
related to an associative newory ability. ‘Thus, students with a particular
cognitive ability profile werc successful under one condition, wiile those with
a different profile were successful uader tie otuer condition.

In the above stuay, it could not be determined whether the lack of
mean differences was due to the inapplicability of the rules or to inadequate
instruction on the rules. Consequently, a pilot stuay was conducced to detex-
mine whether or not training subjects to use the rules would facilitate per-
formance in a subsequent multiple-category problem. A group of 33 subjects
received instruction on the use of the rules and were then presented with a
S€ries uf sxaining problems. Following this, tae subjects were given a four-
category conjunctive concept problem. A second group of 32 subjects did not
receive the instruction ari craining on the use of tie rulus but received
the.same four-category pr.olem as the training group. The results of the stu'y
:ndzcate that training on the rules does facilitate subsequent concept per-

ormance.

In the first aptitude x treatment interaction concept study, two
decision rules were involved in the rule instruction. Since this was the
case, an additional study (Dunham, 1969) was undertaken to determine if the
use of one of tie rules would require differunt abilities than those required
by the other. Tue subjects were 68 undergraduates from introductory cduca-
tional psycliology classes at Tile University of Texas at Austin. Instruction
and training on the cinension selcction rule involving a comparison of two
instances from the same category were given to 37 subjects. The remaining 31
were given the same instruction and training with the esiception that it was
with the rule involving & comparison of two instances from different cate-
gories. The training for both groups involved specially-constructed problems
which could only be solved using the rule for w.ich tic group was instructed.
Following the training phase, the suvjects were given the saue multiple-
category concept problem.
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The results indicate that tae rule involving a comparison of two
instances from the same category is the easier of the two rules when subjects
were forced to use a marticular rule. There were no differences in rean
performance in the subsequent concept problei.. However, there were cifferences
in the relationship of abilities to performance on this problem for tne two
groups. Performance in tne condition witih instruction on cowparison of
instances from the same category vas suwstantially related to a reasoning
ability, while performance in the other condition was most highly related
to an associative memory ability. Thus, the use of the two decision rules were
related to different abilities.

In both of these studies, instruction and/or training on decision
rules relevant to attaining solution in multiple-category concept probleas
did not effect differences in mcan performance but did affect the relation-
ship of performance to cognitive abilities. The treatments in tiese cases
probably changed the information-processing requirements in tlie task as
reflected by the differcntial correlations of tihe uependent variable with
the ability measures. This would imply tnat Gifferent people, as repre-
sented by different ability profiles, would succeed uncer the different
treatments. Such differences, however, could balance out and not be de-
tected if only the means were exawmined.

Availability of Instances and Memory

An additional studv (Blaine & Dunham, 1969) was executed involving
the same underlying theme as the above studies. It has consistently veen
shown that providing subjects with available past instances facilitates per-
formance in concept:-learning problems. This effect is usually interpreted
as due to a reduction in the nemory requirement of the task. If this is the
case, the introduction of available past instances s:ould effect a reduction
in the relationship between tecsts of short-term menory avilities and per-
formance in a concept-learning problem.

The subjects in this study were 60 undergraduates from introductory
educational psychology classes at The University of Texas at Austin. A
battery of tests of short-term memory abilities was selected fron Guilford's
Structure-of-Intellect model (Guilford, 1967). The subjects were then pre-
sented with a multiple-category concept problem, 30 of whom were given the
problem by the regular metnod of anticipation, wliile the remaining 30 were
presented the same problem but such that the just previous instance and its
fecedback were always available.

There were no differences in the mean performance of the two groups.
This result appears to be inconsistent witi previous research. liowever,
the number of available instances euployed in this study was at a wminimum,
the smallest number ever used in such investigations. Although there was no
difference in performance between the groups, the relationship between the
short-term mawory was substantially correlated with performance. Within
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the group with a past instance available, the relationsnip was racucec¢. In
fact, only onc test retained a positive relationship with performance. <his
test nas been shown to be related to “cognition® aoility while all other
tests have consistently been related only to "memory” ability. Thus the
results of this study support the contention that making past instances
available reduces the uewory rcquirewcnt of tuc concept tas... 1ln addition,
the results are consistent with the previous studics in tiat an experimental
treatment vhich does not effect differences in w.can performancc can alter tuc
role of cognitive abilities in task performancce. Such a result is maua mani-
fest only by an cxamination of t.e covariability of the depencent variable with
reasures of cognitive avility.

Process Measures for Aptitude and Learning

Given the limited amount of research that has beem conducted, it
may not be possible to present a general, integratcd approach to the resecarc.
question concerning the role of individual differences in concept learning.
What is possible and necessary is to realize some of the proilems involved
in research of this type and to consider different avenues of investigation.

It appears that an appropriate place to begin any investigation of
the relationships between abilities and concept learning would be an analysis
of the task in terms of the processes that the learner must execute in order
to attain solution. This would provide not only an understanding of the
task itself, but also a basis for dctermining the ability requirements of
the task. If the investigator is able to specify what processes must be
executed, he should know vhat abilities would be relevant to performance in
a learning task. He can then design treatment options whica are most likely
to be instructionally effective or psychologically interesting, depending on
his objectives.

Therefore, analyzing the task in terms of the processes required
of subjects to attain solution of the concept-learning problems snould pro-
vide a better understanding of thc ability requirements of ti: task. One stucy
(Blaine, 1961) was dcsigned anu esecutedu using a sample of 200 students frco
an Austin, Texas, nigh achool. For this study, a nuber of new tests were
developed in which the itens were intenced to require the subjects to execute
a process viich wuld be required in tue 1ultiple-category problems that tie
subjects had to solve. .. attem;'t was rade, on tne basis of the analysis of
a multiple-category proulem, to develop tests which separately asscessed all
the processes rcquired for solution of the conccot probles.

The experimental materials were administercd in tnree-hour Llocks
on each of three consecutive Jays. The first day's materials consisted of
a battery of known ability tests which arc fruequently used in testing for
individual differcnces in lecarniny rescarcr. On the second day, tha subjects
were given eight multiple-category concept lcarning problems in which measure
of both dimension selection ami resyponse learning were obtained. 7Tie specially-
develope. tests were administerad during thc third day's cession.
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The kn~wn tests of abilities and the specially-developed tests
have also “een administered to a sample of undergraduate college students
from introduccory educational psyc:ology classcs at The vaiversity of
Texas at Austin. The two batcteries of tests vere admainistered in two
separate sessions,

It was assumed that the data from these studies would provide
information which is highly relevant in considering individual differences
in learning. The relationship of the tests constructed to asscss execu-
tion of required processes to performance in the concept probless provides
an evaluation of the analysis of the solution process in sultiple-category
concept problems: It was also assumed that the interrelations of these
tests with the known ability tests would indicate the extent to which the
known ability tests assess the execution of processes required by a speci-
fic concept task.

The process tests prodicted performance on the concept probloms
as well as the aptitude tests. rore importantly, the execution of this
study underscored scveral problems whici have given rise to the considera-
tion of an alternative approacn to the study of ~he relationships between
cognitive abilitius and performance on concept learning problems.

Knowing what abilitios are relevant does not necescarily imply
that they can be adequately assessed. If, after analyzing the task scveral
abilities are shown to e relevant, the invostigator is still faced vith
the problea of assessing an individual subject's capacity to execute the
relevant processus. After this is accomplished, there is no guarantee that
the tests of known cognitive abilities will Le related to the specific
concept-learning task. Absence of this relationship may be the case if
differences exist in content between the task and the test or in the lovel
at which the ability is assessed. ‘nis reasoning could lead to the extreme
of having a unique set of tests for every possible learning task, which does
not appear to be feasille or appropriate.

It seems it is necessary to clarifv the term “rclationship” as it
is used in the phrase “"the relntionship between ahilities and concept
learning.” Traditionally, it has been interpreted to mean that the ability,
as mgasured by tests of known abilities, was necessary in solving concept-
learning problems. If, for example, Ability A has a lesser relationship to
4 concept-learning problem than Ability B, it would imply that Ability B is
utilized more than Ability A in solving the task. This kind of interpre-
tation implies that known tests of abilities measure single, specifiable
cognitive processes or that several tests of the same ability measure the
same single, spocifiable cognitive process. The results of these two
studies showed that this is not the case. Mhost tests commonly used to
define an ability factor contain several specifiable cognitive processes.
This indicates that the relationship betwean abilities and performance on
4 learning task may partially, be a function of the sinilarity of the cog-
nitive processes employed to attain solution of a concept-learning problem
and to perform adequately on an ability measure. Allison (1960) intcrpre-
ted the commor, factors {n measurus of lcarning and of aptitude and achieve-
ment as being dependent upon the similarity of the psychological process.s
and the contents of the material involved in the various learning tasks or
references variables.
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Traditionally, studies of abilities and lcarning have attempted
to establish direct relationships between these two domains by utilizing
various factor-analytical techniques. This approach has the disadvantage
of, in many cases, not establishing clearly the relationship between abili-
ties and learning. An alternative approach to this is to posit the existence
of a third domain: processes common to both learning and abilities. Psy-
chologically, it may be possible to conceive of the ability tests as being
& composit of small concept learning tasks. This is true of Induction and
General Reasoning tests, and it may also be the case, in general, for tests
of known cognitive abilities.

The major difference between tests of abilities and concept-
learning tasks appears to concern the feedback mechanism. In concept-
learning tasks, foedback is usually supplied, whereas in ability tests,
the feedback mechanism is generated Ly the subject. If,then, ability tests
and concept-learning tasks are both similar forwms of learning tasks, it
would seem appropriate to examine their relationship by examining the
processes common to both.

If a process domain could be cutablished, it is hypothesizod that
it would consist of several relevant cognitive processes that would br simi-
lar to those the subject must execute in performance on both concept-learning
tasks and ability tests. The advantages of working with process measures
would be: (1) to reduce the entire single domain of ability measures to a
relatively small number of cognitive process mvasures, and (2) that after
having established this, to construct models of a mathematical nature that
would fincorporate structures sinmilar to those of cognitive processes. If
this were done, it would allow the investigator to examine the role of indi-
vidual difference parameters in concept learning.

A general outline is proposed to oxplain how a domain of cognitive
processes might be constructed, and the cognitive ability of Induction is
used as an example. If several measures of Induction were examined with
respect to the processes the subject must perform to attain an adequate
score on the ability msasure, several specifiable cognitive prucesses could
be isoliated. Different measures of these processes could then be constructed.
These measures would be conutructed such that they would be ac similar as
possible to the original ability measure; that is, they would be specific
to the processes relevant to that original ability test and would contain
tie 3ame content material.

In constructing such measures, they would be univocal with respect

to the cognitive procezees necessary for performance on the ability test.

If this same type of analysis wore undertahen with respect to the concept-
learning task to be used, measures of processes relevant to the concept-
learning task could also be constructed. If these nevw measures were then
factor-analyzed, the resulting factor structure would be an indication of
the process cosmon to the Induction ability and the concept-learning task.
It this same type of procedurs were carried out with respect to a wide
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range of ability seasures and concept-learning tasks, it would then be
possible to establish a domain of cognitive processes that are comron to
both abilities and concept-learning tasks. This procedure is depicted
schematically in Figure 1. lNote that the transitions from the known ability
tests to univocal ability process tests are rational. An analytic process
must be employed by the perceptive and experienced cxperimenter. The same
is true in obtaining the univocal process measures from the learning tasks.
Here, one is assisted by empirical confirmation, such as the series of
studies previously described relatcd to thc analysis of multiple-catcgory
problems in different stages. Experimental manipulation of variables effcct-
ing hypothesized information processing by subjects is a powerful technique
to aid the search for conatruct validity.

Waile obtaininy univocal process measures, primarily by rational
analysis, one is assisted in his search for process constructs common to
ooth domains by tne technique of factor analysis. Dimensions thus obtained
can be used in exjerimental studies in the same way that conventional apti-
tude measures are now used but with greater expectation of interpretation
and generalizeable results.

Pursuant with the logic in Pagure 1, studies wcre undertaken to
examine the relationship between abilities and performance on concept-learnirg
tasks in terms of the similar cognitive processes involved (Costello &

Lunham, 1971; Costello, 1971). Wien multiple trecatment groups are employed
instead of a single treatment group, the relationship between an ability

and performance within any treatmunt condition may be considered a function
of an increase or decrease by treatment manipulation in the similarity between
cognitive processes measured by that ability and thuse cognitive processes
necessary to solve the concept tasks. In essence, a treatment manipulation
defines what processes relevant to solution of the concept tasks in that
condition are involved. Given the restraings imposed Ly the treatment mani -
pulation, the relationship betwcen abilities and performance is a reflection
of how well ability tests measure cognitive processes similar to those in-
volved in concept learning.

This analysis of the relationship vetween abilities and performance
on concept-learning tasks is especially useful with abilities that show
strong relationships to performance under several different treatment condi-
tions. If an ability relates strongly to performance across several treat-
ment groups, it does not necessarily imply that the relationship is the same.
The ability of induction, for example, has been shown by Dunham and Bunder-
son (1969) to have emerged as a general factor and to contribute strongly to
performance under two diffcrent conditions. Traditionally, this would e
interpreted as an implication that induction is important to concept learning.
1f concept-learning studies are considervd to be concerned with the individ-
ual's induction of the rules of belonging and not bdelonging, it is not sur-
prising then to find that induction has a strong relationship to performance
under Jdifferent conditions. To say that induction and concept-learning are
highly related provides no further information atout their relationship. It
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may be possible that different cognitive processes, as mecasured by cosplex
tests of induction, relate differentially to performance in different
troatment conditions. Tuis type of knowledge would increase understanding
concerning the relationship of induction to performance on concept-learning
tasks.

A preliminary study was undertaken to investigate the concept
that known ability tests are composed of specifiable cognitive processes.
The general approach was to examine the known tests tnat define a specific
ability, with respect to the cognitive processes the subject must perform
in order to attain an adequate score on that ability. In a study reported
in Costello and Dunham (1971), such an analysis of the induction factor
vas undertaken .

The Fronch Kit of Reference Tests for Cognitive Factors defincs
induction primarily bv two tests: Locations Test and Letter Ssts. With
respect to the cognitiv. nrocesses that the subject must perform, prelimi-
nary analyses of these two tests revealed threc hypothesized cognitive
processes: hypothosis generation, evaluation, and memory for generated
hypotheses. Two measures for each of the processes were constructed.

The subjects were 75 undergraduates from introductory educatioral
psychology classes at The University of Texas at Austin. The battery of
cognitive tests was selected from the Kit of Peference 7usts for Cognitive
Factors and from Guilford's Structure-of-Intcllect lodel (Guilford, 1967).
In addition. all subjects werv administered two tests for each of the
hypothesized cognitive processes: uypothesis generation, evaluation, and
|cmory.

The factor analysis revealed three factors which coincided with
the hypothesized cognitive processes of evaluation, hypothesis generation,
and memory. The high multiple R's for the induction tests, using only th-~
factor scores as predictors, seim to imply that the hypothesized cognitive
processes may, in fact, adequrctely describe the processcs needed to account
{or performance on testa such as Letter Sets and locations. Heasures for
mental abilities, such as General Reasoning, Associative Memory, and Flexi-
bility of Closure, were included to determine vhether measurcs of cognitive
processes would have a relationship with tests other than those of induc-
tion. The multiple R's for these measures, althougn generally not as high
as those for induction, suggest that other mental ability tests may aliso
have specifiable component procosses.

The two tests from Guilford's Structure-of-Intellect Model arc
tests of cognition for semantic classes and of divergent production of
semantic classes. Tihe multiple R's for these tests also imply that indi-
vidual variation on ability tests may be, in part, a function of individual
differences, with respect to some specifiable cognitive processes.
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A preliminary investigation of this type is not offered as con-
clusive evidence that abilities are composed of specifiable ccgnitive
processes. It does, however, suggest that across a diverse range of mental
abilities, there is 2 substantial relationship between abilities and measures
of cognitive processes. Tiis then implics that, in studying the relationship
between abilities and performance on concept-learning tasks, it may be un-
necessary to administer large batteries of ability tests. Rither than be-
havior being described by a battery of ability tests, it may be adequately
descrilcd by a fev measures of cognitive processes. 1f this is the case,
thea abilities could be understood in terms of their component cognitive
processes, and theories of concept learning could oe formulated describing
performance as a function of several cognitive processes. This would then
allow the investigation of individual difference parameters within a conccjt-
learning model.

In most studios involving concept-learning tasks, the dimensions
of the task are specified to the subject. Tiils has the effect of limiting
the number of possiple hypotheses «ith which suvjects must deal. If such
studies are concerned with the processcs relevant to the induction of a
class concept, then limiting the number of possible hypotheses lusscns the
role of processes neccssary to the generation of hypotheses. In the study
reported Ly Duniicnm and Costello (1971), the concept-learning task was con-
struct:d such that the dimensions were not previously specified and there-
fore would not restrict the number of possible hypotheses.

These concept-learning problems can be solved by forming hypothe-
ses with respect to other instances of thc concept. The subjects first
must form and then nust use these hypotheses to attain the correct concept.
It was hypothesized that different expoerimental trcatment manipulations,
such as the availability of possible hypotheses, would alter the relation-
ship between performance on the concept-learning probloms and the cognitive
process msasures.

Measures for the three hypothesized cognitive abilities, along
with eight concept problems, were adaministored to 118 subjects who were
students at The University of Texas at Austin. The subjects were randomly
assigned to two groups (1) Relevant hypotheses were provided for the first
four concept problems (hypothesis-supplied), and (2) no such provision was
sade (no-hypothesis supplied). Instructing a group of subjects to use
hypotheses relevant to attaining solutions in a scries of concept problems
did contribute significantly to their mesan performance when compared to a
group that was not given the hypotheses.

It was hypothesized that the availability of possible hypotheses
should both minimise the role of the cognitive ability of hypothesis gcnera-
tion and should place a greater emphasis on the role of evaluation of the
given hypothesis. 1In the no-hypothesis supplied condition, the subjects
must gonerate their own hypotheses about the nature of the solution, thereby
placing a greater importance on the cognitive ability of hypothesis gener~tion.
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The results suggest that subjects attaining solution in one of
the two conditions had different cognitive ability profiles. This was
supported by the discriminant analysis of subjects who attained solution
in both conditions. Therefore, it seems apparent that the manipulation of
availanility of hypotheses resulted in a change in the nature of the
information processing which occurred in the two groups. This change then
became manifest in the relationships of performance to process measures.

The advantage of using constructs, such as hypothesis generation
and evaluation, as cognitive abilities is that they allow the researcher
better understanding concerning which cognitive processes are involved in
well-established measures of abilities, such as induction. This, in turn,
provides a vehicle for interpreting the relationships between known cogni -
tive abilities and performance on learning tasks. Previous studies of this
type have shown induction to emerge as a general factor and probably to
be more indicative of sc.ae overall level of performance. Also, in most
studies of abilities and their relationsnips to learning, induction has
Leen shown to have a strong relationsuip to different treatment groups
within the same experiment. Unfortunately, this has forced researchers to
pay attention to abilities that exhibit weaker relationships to learning
when these relationships vary between treatment groups.

Toward a Hypothesis Cometruotion Model of Comcept Identification

ilost well-develnped theories of concept learning have dealt with
the simplest of concept problems. In particular, the mathematical theories
have primarily been concerned with the two-category unidimensional problems.
These problems are quite easy for human subjects, thus placing little demand
on intellectual abilities. Since the theories have been quite successful
with simple problems, an effort was undertaken to expand these theories in
order to describe the performance in more complex concept-learning situations.
In these situations, it was felt that therc would be more demand on the
cognitive apparatus of the subject, and individual differences would have to
be taken into consideration. The assumption here is that as theories of
simple learning are expanded to more complex problems, learning must be
expressed as a function of individual difference parameters representing
human abilities.

The first effort in this direction concerned a definition for
which type of theory was more relevant to describing more complex concept
learning. Information-processing theories of problem solving may be
divided into two classes. (1) The first assumes that subjects enumerate
all possible solutions and then use a set of procedures to find the correct
solution. (2) The second assumes that subjects employ a set of processes
(heuristics) to construct possible solutions to the problem by basing their
solutions on the kind and amount of information available at that time. The
subject then evaluates the adequacy of the tentative solutions.
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Polson and Dunham (1970) classified theories of concept learning
along these lines into hypothesis-sampling models and hypothesis-construc-
tion models. They demonstrated that, as the number of values on a dimension
increases, a hypothesis construction theory is necessary to explain the
data.

The next effort related to theories of concept learning in this
vein concerned the development of a hypothesis construction (HC) theory. A
tentative version of an HC model, developed by Reeve, Polson, and Dunham
(1970), makes the following assumptions about the learning of unidimensional
multiple~category concept problems:

(1) On the initial trial, and on any other trial where he
resamples, the subject sciects from the set of all dimensions, a subset
of dimensions to which he attends. As in the Trabasso and Bower (1968)
theory, the selection mechanism is assumed to be a random-sampling process
in which the probability of sampling any dimension is a function of the
salience of the dimension.

(2) All values of the sampled dimension are summed not to be
conditioned immediately following sampling. On the trial in which sampling
occurred, or on any other trial, the feedback is conditioned with probability
0 to all current unconditioned values of the attended-to dimensions.

Trabasso and Bower (1968, Chap. 2) assume that the subject alter-
nates between a search mode and a test mode of operation. In the search
model, the subject selects a set of hypotheses consistent with current
feedback. The subject then shifts to a test mcde for the next stimulus in
the series. In the multiple~category problem, this distinction cannot be
sharply defined. Rather than sampling aypotheses, the subject samples
dimensions and then constructs hypotheses consjstent with the feedback
given with each instance. He may have the opportunity to test the partial
hypothesis prior to completely specifying it.

On any trial, the subject is confronted with a complex and possibly
conflicting stimulus pattern to which to respond. The value of each of the
sampled dimensions may be conditioned to any of the n responses, or it may
be unconditioned. Consistent with Trabasso and Bower (19G8), the response
rule to be assumed is as follows: When presented with a situation where
all values are conditioned to a common response, the subject m kes the
response. In any other situation, one value is picked at randca, and the
subje ~t makes the response associated with the sampled value. If that value
is unconditioned, the subject guesses ith each of the responses having
equal probability of occurring.

The final process is for eliminating dimensions from the focus
sample. Again following Trabasso (1968), it is assum~d that an error of
commission leads the subject to resample. When the subject is responding
for a reason and is correct, those dimensions whose values were associated
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with incorrect responses are eliminated from the sample. Trabasso and

Bower did not have to deal with the third possible outcome, where the subject
guesses. It is assumed that regardless of whether or not he guesses cor-
rectly, the action is the same as when the subject is correct for a reason.
Those dimensions leading to an error of commission are eliminated from the
sample.

The HC model with the attentional and focusing assumptions can
be summarized briefly as follows: (1) The subjects current state is
characterized by his current sample and the response (if any) associated
to each value of each dimension of his sample. (2) The subject changes
state by associating responses to values previously unconditioned, eliminat-
ing dimensions from the sample, or resampling. (3) When one or more uncon-
ditioned values are presented with feedback, the feedback is conditioned
to these values with probability 6. (4) When the svbject makes an error of
commission, he resamples. A sample of dimensions is chosen, with replace-
ment, from the set of all dimensions. Tne provability of choosing any dimen-
sion is a function of its salience. (5) When the subject makes a correct
response or is guessing, dimensions naving values conditioned to an incor-
rect response are dropped from the sample. (6) On any trial, the probability
of each response is proportional to the number of values conditioned to thnat
response. Any uncouditioned value is assumed to contribute equally to the
probability of each n responszs.

Preliminary testing of this model appears in Reeve (1971). A
refined and more explicit version of the above summary may be found in this
report.

(3) A third effort concerned transfer witiain this theoretical
frame. The models discussed are information-processing models. Instruc-
tion effects are of central importance for information processing models of
transfer. Polson and Dunham (1970) investicated the effects of instruc-
tions within a variety of concept-learning transfer paradigms. They con-
cluded that transfer performance is a function of instructions at the transfer
point and of the instructions prior to original learning, as well as the tyge
of transfer paradigm. Thecy conclude that information processing models assume
that transfer performance is determined by the type of information processing
strategies that the subject employs during the initial trials of tne trans-
fer task. The strategies taat tne subject uscs are determined by the nature
of the transition (i.e., the type of transfer paradigm) and the inforwation
that the subject has aoout the relationship obetween the two problems. In-
structions can modify tile utilization of these strategies, and thus instruc-
tions and transfer jaradigm iy b= eyqually powerful dctermi.er: of transfer
performance. This claim follows from any general information processing
theory of problem solving. These theories assume that the subject uses
some subset of a larger collection of information processing strategies to
find a solution to a problem. Furthermore, we cannot assume that the
subject will use a fixed set of strategies to solve a given class of problems.
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Tae effects of nonspecific transfer, instructions, and pretraining imply
tnat tlhiese variables cause qualitative differences in performance and that
the subject caanges the set of currently active strategies as a function
of experience and/cr additional information about the task.

Extensione of the Methodology

A study was undertaken (Hollen, 1v70) to investigate the
roles of selected cognitive avilities in obtaining information from passagc:
of prose materials whun the presence and position of adjunct questions
were varied. Predictions were made that the associative memory ability and
a nostulated chunking memory ability would be related to task performance
as measured by posttests of retention of information.

Pbility measures, task materials, and a posttest of retention were
administered to 136 subjects from introductory classes at Sul Ross University
under three treatment conditions: (1) an adjunct question preceding each
passage, (2) an adjunct quastion following each passage, and (3) no adjunct
question. After random assignment to treatment groups, the subjects were
further divided into groups for wiaom English was a primary language and for
whom it was an acquired language.

Results indicated that only tuc associative memory ability was
needed for task performance. A reduction in nezd for tne ability in both
tasks occurred w.aen questions followed passages; no reduction occurred whan
questions preceded passages.

Disordinal interactions of treatments with associative memory
observed in this study imply that in the absence of adjunct questions,
subjects adopted strategies of information processing maximizing the need
for associative memory, wut they changed to strategies minimizing this need
vhen questions followed passages. The change in strategies was morc appro-
priate to task performance for subjects low in the ability, less appropriate
for subjects high in the auvility.

Questions were raised as to the generality of findings from
previous studies concerning the facilitative effccts of adjunct questions.
Performance of subjects high in associative memory was actually impaired
by the use of adjunct guestions. A basis for future investigations was
provided by data from suhjects for wiom English was an acquired language.
Results suggest the possibility that such subjects adopt information-processing
strategies that differ from those adopted by subjects for whom English is a
primary language.

During the term of this program of research, a number of studies

were designed to assess the rclationship between cognitive abilities and
performance on various learning tasks. It was repeatedly shown that observed
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relationships betweea cognitive abilities and performance vary under dif-
ferent experimental treatments. Another study (..eyers & Dunham, 1971)
was undertaken to attempt to broaden the ability by treatment interaction
paradigm through the examination of anxiety and task involver.nt as they
contriute to the relationship between abilities and perforaance.

There were four experimental conditions, defined by all combina-
tions of two types of concept transfer conditions, and two types of ego-
involvement instructions (iigh ego-involvement anu low ego-involvement).

All subjects received two consecutive unidimensional, four-category concept
problems. The second problem served as the transfer problem. Tae two tran: -
fer conditions were extradimensional saifts -:aich differed as to ‘/hether

the dimensions and values of the transfer problem were the same (EDS) as
those in the original learning problem or if tney consisted of new (EDN)
dimensions and values. Consequently, it was expected that, because of nega-
tive transfer, the EDS problem would involve competing responscs, and thus
anxiety would have a relatively debilitatiung effect.

The subjects were 188 introductory educational psychology otudents
at The University of Texas at hustin. Taey were first administered a battery
of anility tests from the French it of nkeference Tests.

Cnange scores (i.e., number of trials to criterion on original
learning problems; numbcr of trials to criterion on transfer learning protlems)
were employed as the dependent measure to assess transfer. An analysis of
variance was used to assess tne cffects of transfer and involvement condi-
tions. The major findings for tais analysis were that the EDS shift was
significantly more difficult than the DIl shift and that there was no signifi-
cant difference in the performaace of subjects between high and low involve-
ment instructions.

A regression analysis was completed in order to assess the inter-
active effects of anxiety and abilities on performance. Although it was
reported above that there were no significant. differences in performance based
on "involvement instructions," the significant interactions with anxaiety
and ability variables occurred only with low involvement. Under this condi-
tion, there was a significant interaction between anxiety and memory span
for both the EDS and EDN condition. ioreover, the relationship between
anxiety and performance was relatively debilitating in the EDS when compared
to tne EDN prob:lem.

The major finding of this study was the interaction between anxiety
and memory span, which occurred despite the lack of correlation between these
two variables. This finding implies that anxiety inhibits the utilization
of the memory-span attitude, and it provides support for the notion that
not only treatment conditions but also personality and wmotivational factors
should be considered vithnin tue aptitude oy treatmant interaction paradigm.
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SECTION v

EVALUATION AND CONCLUSIONS

The stragegy on which this project was Lased was rcvieved in tae
first section of this report. It attempts to develop a continuum veteen
regsearch, theory, and metiodology in the psychological investigation of
complex human learning and appliea curriculum development, primarily for
Chl. This continuwn can be representea as follows:

Body of

Psychological

Research, Concept Xenograde Design Applied CAI
.lethodology, ** Learning <+* CAl +«+ odel <+* Curriculum
& Theory Laboratory Proyram Development
(Human Tasks

Learning)

Substantive matters within tne three middle categories have becn reviewsld
within the body of this report. The purpose of tlLic prescnt section is to
evaluate the extent to which the transitions between the areas represcnted
above occurred. These transitions are rcprescnted by arrows.

Betwecn tihe bouy of psychological knowledje in concept learning
and our laboratory studies, the distance is suort, and the integration
thorough. Guided by Propositions 1, 2, and 3, discussed earlier in
Section I1I, ve have produced steady, and hopefully useful, increments in
empirical data, methodology, and tacory. Most contril utions have .een
dependent on the detailed information-processing analysis of concept-leari.ing
tasks, which is tlie hallmark of our methodology. This provides a rational
approach to the identification and interpretation of relevant aptitudes ana
their interactions. It also proviues a route to the construction of powerful
and useful hypotietical constructs. Tue combination of treatmunt manipula-
tion and aptitude covariation is a uscful methodology for establishing con-
struct validity. It is far stronger than proccdures which limit thomselves
to the aptitude or experimental domain exclusively.

In our estimation, the most important methodological and conceptual
contribution ©of this project is the "process measure" approach described
in Section III. Not only does this provide a methodology for aptitude x
treatment studies which promises to be clearer conceptually, but it may
prove to be an important step toward the formulation and evaluation of
hypothesis-construction theories of complex human learning--theories which
incorporate ability parameters representative of constructs having a separate
source of empirical construct validation.
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hile important initial steps toward tiiis goal we e aci.dewvud
during the course of this brief project, considerable work remains to be
done before the “"process measure” approach is adequately evaluated. The
actual extent of its importance must be establisheé by considerably more
Tesearch and more theoretical development.

The transition betwee~ the laboratory research and the Xenoqro:'
ressarch fell short of expectations at the operational level. It canrot .-
said that cross-validation of results between the two classes of learniny
tasks occurred in any important way. This was true even in the simple c¢
of the role of memory ability as influenced by the availability of previ.

examples.

The first problem obstructing operationsl croes-validation lies
in the fact, observed by Glaser (1968), that laboratory studies of oconcc:
learning almost exlusively use an inductive approach. Glaser notes: "It
seems contradictory that in psychological experiments we have been study!
j;\st the types of concepts that might best be taught by presenting the ru':
first.”

In addition to the inductive emphasis in psychological research,
the sequences of examples are usually random or, at best, arbitrary. In
Xenograde, the most instructionally-effective treatment used an explicit
rule-example presentation to cstablish the various relationsal concepts \“‘ch
comprise the Xenograde hierarchy. Sequence was shown to be a powerful :..-
fluence on performance. This method was far wore efficient and sowmetimcs
superior in terms of posttest, retention, and transfer than the inductive
(discovery) approach using examples only. In this efficient treatment, t: :
relationship of aptitudes to performance was greatly reduced or eliminate.
altogether.

The factors of rule instruction and sequence were not entirely
ignored in our laboratory research. Decision rule instruction played an
important role in the studies discussed in Section III. The relationshi»
between sequence effects and performance, when strategies using different
decision rules are considered, was also studied by Blaine and Dunham (1€70).
Howeve>, it cannot be said tiat the most straightfoward and efficient in-
structional design was ever used in these tasks.

In one sense, the lack of clear cross-validation between laboratcr:
and Xenograde aptitude x treatment studies can be viewed as a "success stc:y
PFrom the instruction design point of view, we have learned how to reducc o-
to remcve the constraint on learning associated with low scores on certzin
aptitude tests. This is done in an efficient manner through the use of ruic
example sequances ordered in accord with a cumulative hierarchy. If laboxa-
tory concept-leaming studies would use these techniques, it would have at
least two nuticeable affects. Pirst, a certain body of research and theoy
would be shown to be irrelevant to human instruction. It would prove to be
an artifact of keeping subjects in the dark. Second, a relatively untilled
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area in human concept learning would begin to be exploited. Sources of
vaziance, remaining after complete and thorough instructional design is
applied, may prove to be as interesting or more intsresting than the depen-
dent variabics now studied in concept learning. Conversely, the theory
bshind the effectiveness of these instructional manipulations could be
developed. Such research would lead towvard & peychology of instruction as
contrasted to a psychology of learning.

An evaluation of this project does not reveal that operational
transfer of results between tightly comtrolled laboratory research and
research using complex instructional tasks cannot be accomplished--only that
it had not been accomplished in a convincing manner by the end of this
particular contract. On the other hand, important transfer at a conceptual
and methodological level did occur. Information-processing analyses were
applied on both Xenograde and concept problems. Learning Xcnograde can be
characterized as the acquisition of a complex, conditional, relational con-
cept. This concept can be represented as a set of 10 decision rules which
sust be applied in a certain sequence. These rules and their sequence were
ocbtained by a new task-analysis procedure which is gsneralizable. The
information-processing task-analysis procedure developsd in the Xerograde
;:\unu may prove to be a worthwnile contribution to the learring hierarchy

terature.

An attsmpt was made to develop new “process measure” tests in the
Xenograde studies. However, the new Xenograde tests did not seem to msasure
true processes as defined in Section 1II. Possible exceptions are the "chunk-
ing memory" process tests developed by Hollen (1970) (which were not a notable
success in achieving construct validity) and perhape Merrill's (1970) memory
test. ierrill’'s new tests for reasoning seemed to be parallel forms of
traditional Induction and Reasoning tests expressed in the stimulus materials
and, to soms extant, the complex processes implied by Xenograde riles. 1he
simpler processes of hypothesis generation and evaluation develespsd by
Costello and Dunham (1971) are sore representative of the msaning implied
by the term "process measures,” as used here.

In moving now to a consideration of the transfer of Xenograde
results to the instructional design model, it must be said that the initial
model for use of aptitude x treatment results did not transfer. As dis-
cussed in Section II, the notion of locating dimsordinal interactives and
using test scores to branch to two or more allernate macro-treatments was
not seen as promising. Our data do not provide a justification for general-
ization of this conclusion beyond the usc of short-term concept, rule-learning
tasks, and cognitive aptitudes, although this conclusion may be more general.

Again, at the methodological and conceptual level, important trans-
fer did occur between the Xenograde studies and the instructional designer's
needs. The information-processing task-analysis procedure is now a part of
applied curriculum development efforts in this laboratory. The knowledge
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that aptitude conitraints can be removed or reduced Ly clear rule-exasple
presentation and y the use of cbjectives has been translated into some CAI
computer programs. Techniques of learner control over sequance and display
variables have been incorporated into soms CAI programs and are being
evaluated (Judd, Bunderson, & Bessent, 1970).

The instructional design model has svolved substantially during
the course of this research program. There is a good match between the
design products and possibilities for experimental manipulation in the
Xsnograde programs and the categories of the instructional design model.

On the negative side, the imaginary nsture of Aenograde nas limited the
gensrality of results cbtained through use of this task. Some students are
not interested in learning an imaginary science. However, since some stu-
dents are not interested in learning anything difficult, we are not sure how
far our results have been biased.

Originally, the imaginary c'waracter of Xenograde was felt to be
useful experimentally since it provided control over prior learning. As so
oftan proves to be the case in research, its greatest valus was not related
to this supposed purity from prior knowledge. Prior experience with quanti-
tstive rules, numsrical tables, and “"scientific thinking” was not controlled
by the unfamiliar content. The great utility of the imaginary task proved
to be in freeing the experimenter-instructional designers from concern about
related scholarship, teaching traditions, etc. It thus becams possible Lo
concentrate on questions of task structure, sequence, ani display without
being constrained by other concerns. When some characteristic of the task
hindered experimental cbjectives or efficient instruction, the laws of the
"science” could be changed.

Another advantage of Xenograde was the conscious attempt to iink
the Xenograde program to the real tactical needs of the instructional designe:r.
This progies was designed following the guidelines laid down by the model.
It thus underwent extensive revisions on the basis of feedback from students
in the early studies.

The importance of revision based on student feedback cannot be
overatressed. As discussed in Section 1I, the gain in instcuctional effec-
tiveness due to revision may be groater than the gain possible as the result
of branching to an alternate treatment based on an aptitude score. The same
statement may be made of an i~stzuctional decision based on any other proposi-
tion.

In evaluating the transfer between the Xenograde studies and the
instructional design sudel, it must be stated that the impact of formative
evalustion and revision on, the zelevance of research had not Been fully per-
ceived. If research on cqmplex tasks does take place befors thase tasks are
thoroughly twsted and revised, it may be in vain insofar as relevance is
concerned. On the other hand, if rescarchers fully comprehend the decision
processes Of an instructional designer who is faced with data which indicates
the need for revision, they may be able to develop and validate instructional
theorems which =an guide the revision process.
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It was not tne purpose of this research to contribute directly to
the transfer between the instructional design model and applied curriculum
development. In the preseat project, the instructional design model stands
as a representational schems to describe an “"engineering discipline® for
education. It is focused primarily at the engineering of high gquality CAI
programs. In order to complets this discussion, something shou’d nonethe-
less be said concerning tas effectiveness of the model in guiding quality
curriculum development. The empirical proof of this particular “pudding”
comes through the evaluation of the CAI programs generated by following the
model (with a large dash of taste and creativity thrown in to moderate its
othervise mechanical prescriptions). The result¢s are most promising: Asong
other topics, the modsl has been successfully applied to freshman mathe-
matics (Judd, Bunderson, & Bessent, 1970), freslman English, compirter science
(Homeyex, 1970), freshman chemistry, and the Arabic wvriting systes: (Abboud,
1970). In the case of the Arabic program, the evaluation results are as such
or more a vindication of the instructional design model as of CAI. Abboud's
instructional design thoroughly restructures the current pedagogical pro-
cedures for the Arabic writing system in a manner only partially dcpendent
on a CAI implementation. An evaluation study has revealed that classroos
instruction extending over six weeks, six hours per week, in Arabic can be
replaced Ly from five to ten hours at the CAI terminal. Contrary to class-
room instruction, attrition rate is very low or nonexisteant. Attitudes are
very positive, performance scores are significantly higher than in classroom
instruction, and apparent transfer to later classroom work is greater.

In conclusion, this section has attampted to evaluate the feasibil-
ity of a strategy which sericusly triod to provide a series of links between
practical questions of instructional design and a science of human learning.
The conclusions of this evaluation can be summarized in terms of two rubrics:
operational crose-validation and mstaphorical transfer.

At the level of operational cross-validation between laboratory
tasks and instructionally-oriented tasks, this strategy did not succeed
during the two years allotted to this project. Thers is no evidence that it
cannot succeed, if given more time, given a conscious recognition of the
difficulty of the endeavor, and given a recognition of the poisibaility that
the methos:=. parsdigms, and models of puychological ressarch can be modified
to be wrre relevant to instructional theory.

To Le more relevant to instruction, the rsychological study of
concept learning could incorporate the following suggestions:

(1} It should investigate bshavior under expository as well as
inductive presentations. Complex and cumulative sequences of concepts should
be investigated.

(2) 1t should consider more carefully seemingly microscopic
sequence effects between adjacent concept exemplars. Stated alternately, it
should investigate the manner of constructing adjacent and near-adjacent
examples and non-examples to take advantage of design strategies.
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(3) Cogmnitive aptitude covariables shoull be incorporated in
experissntal designs, but as "process msasures” rathor than strictly in the
form of sore traditional tests. In computer-based research, aptitudes may
be msasured on-line and as a subtle part of learning activities themselves.

In CAL, sptitude parameters should be related to micro-adaptive mechanisms
(i.e., control over sequence paramstert ot display paramsters) rather than

as the basis for branching to alternate mucro-treatments (alternate programs).
Aptitude x aptitude x treatment interactions should be studied as well as the
case with single aptitudes.

(4) Research shoul?® take into account the payoff from an instruc-
tional decision relative to the payoff from revision of the learning task.
Whether based on an individual aptitude parameter or an implied group mean
difference, an instructional decision may produce a less significant effect
than revision. Revision may be less costly than the research, or it may
alleviate the need for the decision. Improvement through revision may be
due to a series of minor modifications, made at points where feedback from
students has revealed deficiencies, or it may be hased on a restructuring
of an isportant variable which runs taroughout the treatment.

A corollary to this last guideline is that tasks used in human
levarning research siwvuld reach an asymptots in effectiveness produced
through formative evaluation and revision before lavishing the money, time,
and talent of a research establisient on them.

At the level of mstaphorical transfer of the procedures, tactics.
and conceptual approaches, the project rates sore highly. Some important
ideas which reverberated throughout all aspects of the project are the ideas
of information-processing task analysis, "process measures” for aptitudes,
and aptitudes as paramet .rs having independent construct validity. In addi-
tion to these instances of positive transfer, the strategy permitted the
identification of exactly whers transfer was hindered, due to different
emphasis or procedures in laboratory and instructional research.
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APPENDIX

PUBLICATIONS OR PAPERS RESULTING FRON WORK CONDUCTED UNDER ARPA CONTRACT

Technical Reports

Tech 1 Dunham, J. L., & Bunderson, C. V. Effect of decision rule instruc-
tion upon the relationship of cognitive abilities to perfor-
mance in multiple-category concept problems, 1971.

Tech 2 Bunderson, C. V., & Herrill, P. F. The design of an abstract
hierarchical learning task for computer-based instructional
research, 1971.

Tech 3 Dunderson, C. V., .lerrill, P. F., & Olivier, W. P. The iunteraction
of reasoning and memory abilities iwith rule-example ¥s. dis-
covery instruction in learning an imaginary science, 1971.

Tech 4 Olivier, W. P. Program sejucncc by ability interaction in
learaning a nicrarcaical tasx by computer-assisted instruction,
1970, ‘

Tecn 3 werrill, P. F. Interaction of cognitive abilities with availability
of behavioral objectives in learning a nierarcaical task Ly
computer-assistea instruction, 1971.

Tech o Bunderson, C. V.. & Hansen, J. B. Tne interaction of associative
mewory and gencral reasoning witn availakility and com-
plexity of examplec in a computer-assisted instruction
task, 1971.

Tech 7 Blaine, v. D., & Dunhanm, J. L. Strategy instruction and type of
sequence in concepc attainment, 1971.

Tech 8 Overstreet, J. D. The roles of stimulus complexity and information
processing rules within two phases of multiple-category
attaimment, 1371.

Tech 9 blaine, D. D., & Duniiam, J. L. Tine cffect of availability on
tae relationsaip of memory abilities to performance in
multiple-category concept tasks, 1971.

Tech 10 Dunham, J. L., & Polson, P. G. 'neories of unidimensional concept
identification, 1971.

Tech 11  Jeyers, J., & Dunham, J. L. «u inve.tigation of the affects of

anxicty, abilities, and tasax cnaracteristics on concept
learning, 1971.
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Tech 12 bunham, J. L., & ¢laine, D. D. ‘“he relationship of abilities to
different stages of concept attainment, 1971.

Tech 13 Dunham, J. L., & Costello, R. J. Intellectual processes in
concept learning, 1971.

Tech 14 Polson, P. G., vunham, J. L., & Reeve, [i. 8. Effects of instruc-
tions on performance in three shkift paradigms, 1971.

Technical ilemos

Systems .iemo 1 smith, A., Waieaton, 4., Gregorv, C., & Bunderson, C. V.
. Zoarseuriter II function (fcalc) for the manipula-
tion of numerical and algebraic expressions, 1970.

Systems iiemo 2 itheaton, ., Groom, V., & Bunderson, C. V. Coutsewritef 11

functions for the generation and display of plots
and other graphics, 1970.

Articles Published in Journals

Blaine, D. D., & Dunham, J. L. The effcct of availability on the relationsiip
of memory abilities to performance in multiple-category concept tasks.
Journal of &ducational Psychology, 1971. (in press)

Dunham, J. L., & Bunderson, C. V. Effect of decision~-rule instruction upon
the relationship of cognitive abilities to performance in multiple-
category concept problems. Journal of Ldueational Psychology, 1969,
60(2), 121, 125.

Articles Published in Formal Proceedings

Bunderson, C. V. Justifying CAI in mainline instruction. In Proceedings of
the Conference on Computers in the Undergraduate Curricula. Sponsored
by the iiational Science Foundation. Gerard P. Weeg (Conference
Organizing Committee Chairman). Jiowa City: The University of Iowa,
June, 1970,

Bunderson, C. V. 1Instructional software engineering. In Blum, R. (Ed.).
Proceedings of the Conference on Computers in Und:rgraduate Science
Education. College Park, Maryland: Commission on College Physics,
University of Maryland, 1971. (in press)
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Dissertations

Blaine, D. D. Process measures for concept learning. In progress.

Costello, R. J. The role of inductive reasoning processes in concept learning.
In progress.

Hollen, T. T. Interaction of individual abilities with the presence and
position of adjunct questions in learning from prose materials, 1970.

Merrill, P, F. Interaction of cognitive abilities with availability of
behavioral objectives in learning a hierarchical task by computer-
assisted instruction, 1970.

Meyers, J. An investigation of the effects of anxiety, abilities, and task
characteristics on concept learniag, 1971.

Olivier, W. P. Program sequence by ability interaction in learning a
iilerarchical task py computer--assisted instruction, 1970.

Overstreet, J. D. Tne roles of stimulus complexity and information processing
rules within two phases of multiple-category concept attainment, 1970.

Reeve, ii. B, A theory of multiple—-category concept identification.
In progress.

Papers Read at Professional Meetings

dlaine, D. D., & Dunham, J. L. The effect of available ins:ances on the
relatioaship of memory abilities to performance in a concept learning
task. Paper presented at the annual meeting of the American Educa-
tional Research Association, Les Angeles, February, 1969.

Blaine, D. D., & Dunham, J. L. Strategy instruction and type of sequence in
concept attainment. Paper presented at the annual meeting of the
American Educational Research Association, linneapolis, ilarch, 1970.

Bunderson, C. V. Ability by treatment interactions in designing instruction
for a hierarchical learning task. Paper presented at the ~*nual meeting
of the American Educational Research Association, Los Angeles, February,
1969,

Bunderson, C. V. Aptitude by treatment interactions: of what use to the
instructional designer? Paper presented at the annual meeting of the
American Psychological Association, Washington, D.C., September, 19G9.

Bunderson, C. V. Aptitude by treatment interactions: old problems, new ap-
proaches, recent data. Discussion group chaired by Robert Glaser at tne
annval meeting of the American Psychological Association, Miami,
September, 1970.
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Costello, R. J., & Dunham, J. L. Inductive Reasoning processes in concept
learning. Paper presented at the annual meeting of the American Educa-
tional Research Association, New York City, February, 1971.

Dunham, J. L. Investigations of the role of intellectual abilities in concept
learning. Paper presented at the annual meeting of the American Educa-
tional Research Association, Los Angeles, February, 1969.

Hansen, J. B., & Bunderson, C. V. The interaction of associative memory and
general reasoning with ability and complexity of examples in a computer-
assisted instruction task. Paper presented at the annual meeting of
the American Educational Research Association, New York City, February,
1971.

Merrill, P. F. Designing and developing an imaginary science program in in-
structional design and theory. Paper presented at the meeting of the
Association for the Development of Instructional Systems, Los Angeles,
February, 1969,

Meyers, J., & Dunham, J. L. An investigation of the effects of anxiety,
abilities and task characteristics on concept learning. Paper presented
at the annual meeting of the American Educational Research Association,
New York City, February, 1971.

Overstreet, J. D., & Dunham, J. L. Stimulus complexity and information pro-
cessing rules in multiple-category concept identification. Paper pre-
sented at the annual meeting of the Southwestern Psychological Asso-
ciation, St. Louis, April, 1970.

Polson, P. G., & Dunham, J. L. A comparison of two types of theories of mul-
tiple-category concept identification. Paper presented at the annual
meeting of the Mathematical Psychologists Conference, Indiana University,
Bloomington, April, 1970.

Polson, P. G., Dunham, J. L., & Reeve, M. B. Effects of instructions on
performance in three concept shift paradigms. Paper presented at the
annual meeting of the .lidwestern Psychological Association, Cincinnati,
1970.

Wheaton, 1. Use and design of the plot function. Paper presented at the

meeting of the Association for the Development of Instructional Systems,
New York City, March, 1970,
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Table 1

Summary of Research Conducted Wholly or Partially Under ARPA Contract

Study or Activity Code* Products Completed

I. Studies Related to Use of Xenograde Program

A. Discovery vs. Expository Treatments

--and Simulation FP Discussed in Bunderson (1971)
--General Reasoning, Memory, T3 Bunderson, Merrill, & Olivier (1971)
Induction
--Reasoning and Performance Dis, Merrill (1970)
Objectives TS Merrill (1970)

--dMemory and Availability T6, Bunderson & Hansen (1971)
PS Hunsen. & Bunderson (1971)

B. Sequence & Learner Control 'Dis, Olivier (1970)
T4 Olivier (1971)

II. Instructional Design and CAIX
A. Instructional Design Implications

--Design and Documentation PS Merrill (1969)

of Xenograde Program T2 Bunderson & Merrill (1971)

-=Aptitude X Treatment PS Bunderson (AERA, 1969)
Interactions and PS Bunderson (APA, 1969; 1970)
Instructional Design

=--Instructional Design FP Bunderson (197Ca, 1970b)
lodel

==Algorithmic Analysis for Merrill (1971)

Learning Hierarchies

B. Program Documentation

--Mathematical Response THM1 Smith et al. (1970)
Analysis Function
-=Plot Functions T™2, Wheaton et al. (1970)

PS Wheaton (ADIS, 1970)
II1I. sStudies Employing Laboratory Tasks
A. Analysis of learning Stages and Decision Rules
-=-Decision Rules & PS, Overstreet & Dunham (SWPA, 1970)

Learning Stages Dis, Overstreet (1970)
T8 Overstreet (1971)
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Table 1 (continued)

— —

Study or Activity Code Products Completed

III. B. Decision Rules and Concept Learning Identification

--Decision Rule Instruction T1, Dunham & Bunderson (J.Ed.P., 1969)

and Aptitudes JA
---Decision Rules, Learning PS, Dunham (AERA, 1969)
Stages & Aptitudes Tl2 Dunham & Blaine (1971)
--Sequence Effects & Ps, Blaine & Dunham (AERA, 1970)
Decision Rules T7 Blaine & Dunham (1971)

C. Availability of Instances PS, Blaine & Dunham (AERA, 1969)
& Memory JA, Blaine & Dunham (J.Ed.P., 1971)
T9 Blaine & Dunham (1971)

'

D. Process Measures for Aptitude & Learning

--Relationship of Conceptual Dis Blaine (1971)
Tasxk, Test, & Process
reasures

-=Intellectual Processes in PS Costello & Dunham (AERA, 1971)
Inductive Reasoning &
Concept Learning

--Intellectual Processes in T13, Dunham & Costello (1971)
Concept Learning Dis Costello (1971)

E. Toward A Hypothesis Construction llodel of Concept Identification

--Comparison of Two Types PS, Polson & Dunham (MPC, 197Q)

of Tneory T10 Dunham & Polson (1971)
--Instructions & Transfer PS, Polson, Dunham, & Reeve (iiPA, 1970)

in Concept Shift Tl4 Polson, Dunham, & Reeve (1971)
--Theory of Multiple- Dis  Reeve (1971)

Category Concept

Identification

F. Related Research

--Adjunct Questions & iemory Dis tollen (1970)

--Anxiety & Aptitude PS, Meyers & Dunham (AERA, 1971)
Interaction Tll, Meyers (1971)
Dis Meyers (1971)

*Code Abbreviations: Tn = Technical Report Number
TM = Technical iHemo
Dis = bissertation
JA = Journal Article
J.E4Q.P. = Journal of Educational Psychology
FP = Articles in Formal Proceedings
PS = Paper Presented at Meeting of Professional Society
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