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Some 120.undepgraduat4 st.udents participated in
experiments to learn Wow novice computer prOgramers legin to interact
with the computer, Two instructional booklets were used: A "rule,'
book1'.. consisted of definitions and examples' of seven modified
FORTRAN statemetts,and,appropridte grammar rules; the "model,' booklet
was identical i Ih.the 'addition of a page describing computers in
familiar terms. 'two types of questions 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 familiar experiences prior to instructiOii
0 may result in a learning process of assimilating new material and."
organizing it in the context f that 'set. (a) -
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it seems clear that computer technology will play an in-
ation, little i presently known concerning how novice.pro-
eract with a cent tei (WeinSerg, 1971; 'tiller, 19Z2)`, nor

'how to develop technical instructioh which results in meaningful letirning
(Mayer, .197'2),. The present research attempted ;tit provide modest Information in .

these two areas.

Theoretical: Two theoretical questionrconcerning human learning and cognitive."
processes are addressed. (1) .The first concerns Ausubel's (1968) concept-of
"meaningful learning set" and the idea that meaningful.learning consists of
hssimiVting new material to familiar conceptS'Ilready existing in memory.
According'to this view, an "advance erganizer".which presents a concrete model
o the Omputer in familiar .terms Group Tay provide a Meaningful learning,
set which can 1'3 used to.interpret and cncedo so/sequent facts concerninf: a 1.,4tic-
ular computer programming language; similar learners presented with the same facts
but without pre-exposure to the model (Rule Group. may ,Lack a meaningful learning
set and thus encode the material in a more piecemeal, rote manner. -In contrast
to this view of learnihg as integrating new and old knowledge,tsa.a mereStraight-
forward idea that learning involves adding pieces info4mati9n? facts and skills
to memory.. The former idea predicts that model learners and Rule learners will
display different patterns of ppst-learhing competenciessince they encoded'the
material in different ways, while the lattet view predicts that since )oth groups
received the same basic facts and principles no such difference should be.found.

(2) A second question, derived fromaRotlSopf's (1970) concept of "matherwenic (-
activities", 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 which presented material is
organitea. bquestiens requiring serious thought may encourage deeper, more niVaning-
ful encoding, while pestion'eraphasiiing direct anplicition of presented material
may encourage concentration on'memorizing the basic facts. According t,o this view,
practice exercises on und6rst6nding and internretng tit itten programs (Interpreta-
tion Questions) may reinforce 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 ( Generation questions) involve
less activity and hence more attention to, rote .facts. This view predicts that Model
learners will benefit most from Generation practice and Rule learners, fromiration
practice since these emphasize new material not emphasize& in instruction. A on-
trastip view that practice serves only, to reinforce learning established ih
tion contradicts this prediction;

,7c

Method: Two instructional booklets were used. The Rule booklet consisted of sen
, .

pages, each devoted to a definition and exqMple of each of seven modified FORTRAN
statements (READ, WRITE, GO TO , IF, STOP, Count Set, Arithmetic) and appropriate
grammar rules (e.g., memory addresses, pointer labels, formating). The Model
booklet presenteJ the same seven pages but began with a page describing the computer -

in familiar terns -- e,g., the memory as an erasable scoreboard, the control program '

ti
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as h shopping list with a pointer, the input tray as a ticket window, Qtc. -- and
each of the following seven pages included hints on hOw the statement related to
the model

4Two types of questions were used. Generati
'' .Given a card }s in the input tray,. write
on6the card." .and asked the subject to wri
'tion Nestionestated a program such as,)

hAD (Al)

WRIT:"(A1) .

. STOP

and ashethe subject to Specify the input and output conditions and tell what
problem'the program would solve. As well "as linear:programs (shown above);:,

Ic
questions dealt with single sta. eients- ("Given acard is in the input tray write .
a program txhave the number on, bat.cardstor in memory space A6."), and questions
about looping prdgtams ("Given a Tile ofcards is in the input tray,:write a
programto fount how many cards there are before you get to one with ,a 99 on it.9.

t
n questions stated a problem, e.g.,
program to print out double the number
e a program to solve it. -Interpret-a-

.

In alfthree experiments, subjects read a booklet which either included the model
or did not. In PYperiMent 1, subjeats answcrpd: with feedback, practice item 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-Kiswered, with feedbadk, practice items involvipg only interpretation
of non-loopint programs or only generation of non-looping programs, and then tpok
attest ipvolying generation and interpretation of'statements, non-looping and loop-
ing programs. In Experiment 3, subjects practiced without feedback on both '
generation, and' interpretation of non-looping programs or received no practice at
all, and then all subjects, took a, test as in Experiment 2.

rata Source:" Th subjects :41-e 1120 Indiana University students A° participated
in the experimen in order to fulfill ft requirement of their introductory psychology
course. )

Results: In Experimeht I,an analysis, of variance revealed a Model x Question Type
interaction (p (..02S) whiCh_Rule subjects excelled on question items, requiring
generation of programs (46% correct) relative to Model Subjects (27%) but Motlel
subjects .outperformed. Rule subjects on interpretation items (27% to 11% correct
respectively). A similar pattern of Model Question Type interaction (p405) was
obtained in Experiment 3, with Rule subjects outperforming Model'subj.ects on post-
test items.involving non-looping generation of.programs (60% to-50% correct,
respectively) and Model subjects outperformed Rule subjects on interpretation of
non-looping programs. (62%"to 38% correct, respectively), and on generating looping
programs (30% to 12% correct, respectively). InExperiMent 2, there was Model x
Typeiof Practice interaction (p,<025) with generation practice increasing gveraIl
test scores of Model 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% correCts,with interpretation practice).
Practice had no effect in Experiment 3.

T1 se 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 -- what we have called building "external connections" (Mayer
6 Green°, 1972). Subjects exposed to the same material, but lacking a rich
set of existing experiencos,must encode the Aterial without relating it to other
ideas (low "external connections") but probably bald structures which retain
more of the detail of the material exactly as it was presented what We'have
called building strong "internal connections" (Mayer 6 Green°, 1'972)..- This
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estinction is consistent with the learning outcomes observed0for the two groups:
subjects who had accAs`ta a mepingful learning set developed learning outtomei
which supported interOetation and transfer to'differentvsituations; subjects
WIrilacked a rich'ifs,pimilative set developed learning ouicohes Which best supported
direct' application of learned'rxlesTor writing simple program*eand statements.
When subjects have alxeady had Tome experiencp.in a certain area the importance .

of providing a "models' prior tb instruction is certainly diminished and may actually
, conflict with a learner's established Imowledge; however, in a situation suc4 as

the ,present experiment where npsubjects had had any.prionexilerience with'-computers,
at all, the need to explicItly present a set of familiar experiencei prior to
instruction is significanei, Practice items eeem to have had the effect of directing
the leiLmers attention to'hreas which were not emphasized in instruction. In other
words, I subjects were g' en instructions which emphasized the building of external
connections ('code2) then practice in building internal connections.(7,eneration) seems
most helpful; while subjects given instruction emphasizing internal connections
(Rule) excelled most if given pradtice in building external connections (Interpretation).
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