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ABSTRACT ° . S ™

Some 120,unde;6?aduaté students participated ‘in
experiments to learn hbw novice computer prdogramers leafn to interact
with the computer, Two instructional booklets were used: A “rule®
bookl - . cgnsistéd of definitions and ex%mples'of seven modified
FORTRAN statements and, appropriate grammar rules; the "model" booklet
was identical with‘the addition of a page describing computers in ,
familiar terms. wo types of gquestions were used: generative and,
interpretive. Three experiments were conducted using various . .
combinations of booklets and questions. Findings support the idea
that a meaningful set of Ffamiliar experiepces prior to instruction g
may result in a learning process of assimilating new material and'”

organizing it in the context of that ‘set. {(JY) - —— .
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, Objectives: ' Althouglf it eems clear that computer technology will play an in- |
. creasing role in edycation, little ik presently known conerning how novice.pro-
grammers learn to interact with a compuger (WeinBerg, 1971; Miller, 1972),. nory
‘how to develop technical ‘instructiomwhich results in meapingfui legrning S
T (Mayer, 1972), The present research attempted }?tprovide'modest information in .
these Lwo areas, " K e T 7
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Theoretical: Two theoretical questions™concernirng humin learning and cognitive ¢
procgsses are addressed. (1) .The first concerns Ausubel's (1968) concept -of ' y
" '"meaningful learning sct" and the idea that meaningful .learning consists of )
assimifating new material to familiar concept§_§1ready existing in memory. .
® According’ to this view, an "advance drganizer".which presents a concretc molel v
0% the cédmputer in familiar terms (Model Group) may provide a meaningful learning
set which can b2 used to.intcrpret and cncsde subsequent facts concérning a pagtics
ular computer programming language; similar learncrs prescnted with the same facts
L but without pre-exposure to the medel (Rule Group) may Jlack a meaningful learning
set and thus encode the matevial in a more piecemeal, rote manner. .In contrast
to this view of learning as integrating new and old knowledge, Asea more. $traight- . - ..
forward idea that learning involves adding pieces of, infofmatign; facts and skills
to memory, The former idea predicts that “odel learners and Rulec Icarners will °
display different patterns of ppst-learhing competencies-since they encoded the
- material in different ways, while the latter view predicts that since hoth grouns
received the same basic facts and principles no such difference should befound.
. . . ’ - 4 ¢ s
- (2) A second question, derived from RothKopf's (1970) concept of "mathemagenic /
actjvities’, concerns the idea that the type of questions subjects are asked to
solve as practice during instruction serve.as a sort of attention director which .
reinforces certain aspects of instruction and around vhich presented material is
organizZed, Questions requiring serious thought may enfourage deeper, more mtaning-
- ful encoding, while question’ emphasiZing direct anplicdtion of presented material
. Mmay cncourage concentration on'memorizing the basic facts, According tc this view,
practice exercises on undcrstanding and internretiing Wgitten programs (Interpreta-
tion Questions) may rcinforce a broader encoding of th material since subjects must
interact more strongly with the new concepts, while practice exercises on straight-
forward application of rules for writing programs (Genexation Nuestions) involve
less activity and hence morc attention to rote facts, This view predicts that ‘odei
learners will benefit most from Generation practice and Rule learners, from fuh.c;wation
practice since these emphasize new material not emphasized in instruction. A eon-
trasting view that practice serves only to reinforce learning estahlished in instryc~
“ / . P
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tion contradicts this prediction; . . : /
lfethod: Two instructional booklets were used. The Rule booklet consisted of sewen
. pages, each devoted to a definition and exgmple = of each of seven modified FORTRAN
‘1‘ statements (READ, WRITE, GO TO , IF STOP, Countey Set, Arithmetic) and appropriate
grammaxr rulos (e.g., memory addresses, pointer labels, formating). . The }Model >

booklet presented the sare seven pages hut bepan with a page describing the computer.
in familiar terrs -- c,g., the memory as an erasable scoreboard, the control program *
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as a shopping iist with a pointer, the input tray as a tiCket window, etc, -~ and

"each of the following seven pages included hints on how the statement related to -

del, , . .
the m? e ) ‘ . :

{ * . . :
Two types of questibns were used. Generat;if questions stated a problem, e.g.,

-

-, MGiven a card %s in the input tray,.write & program to print out double the number

“on* the card.”

and asked the subject to -write a program to solve it. -Interpreta-

¢

“tion questions®stated afprogram such as,.)

.

»

_-1in the effenimen

Al=AL¥x2% , ; ‘ - s
WRITE A1) © - L _ . :
. STQP - - ) .
and asked the subject to specify the input and output conditions and tell what
prohlem ‘the program would solve, -As well ‘as linear: programs (shown above),’
questions dealt with single statements ("Given a- card is in the input tray write »
a program tp_have the number on that.cax!store in memory space A6."), and questions
ahout looping prdgrams ("Given a pile of cards is in the input tray, write a

program. to count how many cards there are before you get to one with a 9% on it,"),
= ,

KEAD (A1) ‘ . ' [ .

In all 'three experiments, §hbjects read a Wooklet which eithqr’included the model
or did not. In Fvneriment 1, subjects answerpd, with feedback, practice iteme in-
volving both’ generation and interpretation of non-looping programs, and then took
a test involving generation and interpretation of looping programs, In Experiment
2, subjects -answered, with feedback, practice items involving only interpretation-
of non-loopin programs or only generation of non-looping programs, and then tpok

" -a,test involying genération and interpretation of ‘statements, non-looping and loop-

ing programs. In Experiment 3, subjects practiced without feedback on hoth *
generation and’ interpretation of non-looping programs or received no practice at
all, and then all subjects took a, test as- in Experiment 2, ' .

' . ¢ + . R B

Data Source:* The subjects wede 120 Indiana University students who participated
ﬁ\in order to fulfill 4 requirement of their introductory psychology

course, .
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"Results: In Experimeht I, an analysis of variance revealed a }Model x Question Type -

interaction (p€.025) in which Rulc subjects excelled on _question items.requiring
generation of programs (46% correct) relative to Model subjects (27%) buf Model
subjects outperformed Rule subjects on interpretation items (27% to 11% correct -
respectively), A similar pattern of Model x Question Type interaction (p{.05) was
obtained in Experiment 3, with Rule subjects outperforming Model subjects on rost-

test items, involving non-looping generation of .programs (60% to-50% correct,

‘respectively) and ‘lodel subjects outperformed Rule subjects on interpretation of

nion-looping programs. (62% ‘to 38% correct, respectively) and dn generating looping
programs (30% to 12% correct, respectively), In:Experifient 2, there was Model x
Type' of Practice interaction (p.<025) with generation practice increasing qverall
test scores of 'fodel subjects most (62% correct with generation and 40% correct

with interpretation practice) and interpretation practice helping Rule subjects ]
most (50% correct with generation and 56% correct with interpretation practice), “
Practice had no effect in Experiment 3, . S )

L )

Implications: Thkse findings support the idea that providing learners with a
‘meaningful ,set ¢f familiar” experiences prior to instruction may result in a
learning’ process of assimilating new material to and organizing- it in the con<
text of that set -- wvhat we have called huiﬁdinﬂ Fexternal“conhqptions" (Mayer
& Grecno, 1972), Subjects cxposed to the same material, but lackinf a rich
set of existing experiences, mist encode the miterial without relating it to other
ideas (low "external comncctions") but probably build structutes which retain

more of the detail of the material exactly as it was presented -- what we have A
~called building strong "internal connections" (‘ayer § Greeno, 1972),- This .00\
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distinction is consistent with tlie learning outcomes observed?for the two groups: i
subjects who had acceds “td a megningful learning set developed lparning outZomes e
which supported intcrpretation and transfer to differentvsituations; subjects
. Wwhotlacked & rich dssimilative set developed learning oufcofics which best supported

direct# application of learned zules ‘for writing simple programs®and statements.
When subjects have already had some experiencg. in a certain area the importance .
\ of providing a "mode f prior to instruction is certainly diminished and may actuyally
) ~ conflict with a learner's established knowledge; however, in a situation such as
the present experiment where o subjects had had any prior. experience with.computers
at all, the need to explicitly present a set of familiar experiences prior to
instruction is significant!, Practice items seem to have had the effecct of directing
the ligrners attention to -areas which wefe not emphasized in instruction. In other
words, 04 subjects were gpven instructions which émphasized the buijding of extarnal >
connections (‘“fodel) then practice in building internal connections.(Generation) scems ‘s
. most helpful; while subjects given instruction’emphasizing internal connections h
(Rule) excelled most if given practice in building external cennections (Interpretation),
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