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A. Objectives and Plan of Attack o ‘ ‘ S

Although it seems clear that computer programing ‘will play an in-
creasing role in education, 1ittle is presently knoyn concerning how )
novice. students learn to interact with a computer (Weinberg, 19T1;
Papert, 1971; Miller, 1971) nor how to develop technical instruction
which results in meeningful learning (Mayer, 1972)." During the past ye
some attention has been directed towards proposing or conducting pre-
liminary studies of the cognitive processes involved in’learning a
computer programming language by novices (SimSTJCreen & Guest, 1973;
Weisman, 197k; Gould, 19T4; Kreitzberg & Swanson, 19T4; Shniederman &
Ho, 197h4). ' ‘ { o

. i

Voo

"~ The present study attempted to provide a further modest step by .
conducting a series of laboratory studies concerning how meaningful
learning is influenced by & diagram model of the computer which is
expressed in familiar terms, by various types of practice exercises,
and by the learner's abilities. : <

°

] .
One factor in the acquisition of new technical information is the
availability of a body of existing, familiar experience in memory -=- a

- meaningful learning set —- which may be ‘used during learning to assimilate

new material (Ausubel, 1968; Piaget, 1970; Brownell, 1935).  In particu-
lar, the work of David Ausubel (1968)'points to the importance of a
learner's sssimilative set §s a determinant of the learning outcome;

his distipction between "mesningful" vs. "rote léarning sets" -as an

internal factor.influencingt1earn1né has added a new — albeit not’ fully,
understood —- dimension to'the problem of providing-instruction which
results in meaningful learning. ST

'

—

The present study provides some information on the question of what
kind of pre-requisite knowledge must be available in a»lgarner'sAmemory
before and during-instructie¢n. More specifically, do . subjécts who have
the model available during learning perform differently on a posttest
than those who do not? ’ T

A second important factor is that thejpre—requisite experience not
only be available during learning, but that it is actively processed and
used during learning (e.g.), Roughead & Scandura, 1968; Gagne & Browm,
1961). The work of Rothkopf and his associates (Rothkopf, 1970) has
pointed, for example, to Yhe importance ¥f question answering activity

during learning as a "nathemagenic activity'; one aspect of this, as of
‘yet poorly understood, copcept seems to be the activation of existing

k]

experience which cen be r| latied to new materiel.

The presengistudy P ovides information on the question of how to °
activate pre~requisite‘k owledge so that new .material may be assimilated
to it during learning. peéifically, does the amount or type of practice -
questions asked during 1 artihg influence posttest performance, and
does it have different effects under different instructional treatments?.

| s =
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' . ' . {:’V L8 . s . .. :
The need to invesgtigate the availabifity and the activation of -
- existing assimilatixg sets as possible conditions for meaningful learning

vas summarized by Mayer & Greeno (1972, p. 166); :

———— e v

«+. different instructional procedures .could activate Qifferent'
aspects of existing cognitive structure. And since the outcome

of learping is determined by the new material and the structure *
to whith it is assimilated, the'use of different prdcedures [could
lea@’to the development  of markedly different structures during
ledrning of ‘the same concept. )

v

A final question, suggested by investigations of aptitude x treat-
ment interaction (Cromback & Snow, 1969; Bracht, 1970) concerns whether
/léarners with different ability levels learn better under different instruc-
“tional methods. For example, do high mathematics sbility learners already
+/ podeess a "meaningful learning set" which may conflict with the model while
/£ low ability learners possess very little relﬁvant’knowledge and are aidédd by

*  the model? _ _ . o e

» .
’ e o

. B. Changes to the Original Plans . -
, —=

* Each of the studies in the original proposel, and outlined above’, has
been completed and full reports of the work are available in the form of a
separate technical report, "Instructional Variables in Meaningful Learning
..of Computer Programming”, Indiana University Mathematical Psychology Program,
. 5?eport No. T5-1, 1975. The studies focused on the effeqts of diagram models
of thé computer as an aid in learning, the role ol different types of prac-
tice in learning programming, and the effects of learners' aptitudes on the
smount and quality of learning. o
In hddition, as cited in the original proposal, several supplemental
studies were completed which compliment the main studies.. These supplemental
studies involved effects of program representation, e.g., how to develop a
+ computer programming language that is easy for novices to understand, and
effects of computational vs. meaningful practice in programmed instruction,
e.g., wvhat type and how much practice should be used in teaching technical
information to novices. '

C. Significant Outcomes SO

, The experiments conducted under this grant provided several important
‘new contributions to our understanding of how non-programmers learn computer
programming and the results, have implications for the design of instruction
of technical information for non-professionals. These findings are particu-
larly important in light of the increasing need of non-programmers and non-
professionals to interact with computers and other technicel systems,

%+ including the increasing use of computer technology in education.
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The main/results were: (a) A model which presents the computer as<i-
familiar analogy (e.g., eraseable scoreboard for the cortputer's memoty) °
presented prior to learning results in better ability.to write long programs
and understgnd writtem programs while no-experience with the model results
in a much more specific learning of how to write programs like those in the
instructiopal text. (b) Practice on writing simple’ programs aids subjects
given the model, wvhile practice on interpreting programs (requiring more

.~ thinking)’aids non-model learners most. (e¢) Performance on pretests is

correlated to specific types of errors in learning and thus may be used as
én aid in determining where to emphasize instruction for different students.
(d) Subtle differences in the conventions of the programming language have
large effects for novices. (&) "Rigid, computational/practice may result
in’lea;ning that limits the learner's ability to trafsfer to new situations.

'

4\ﬂbatracts of these findings ére givenlbelow{

Effects of models, practice questions and aptitude.

‘ " .One-hundred seventy six non-programmers 1earned:é computer programming
language either within the context of a diagram model of a computer expressed
in familiar terms or with no model, and then practiced on exercises and took

-8 pesttest. In learning and posttest performance, Model Ss excelled on

1]

¢

9

straightforwarl generation of programs. The model was especially helpful
for low ability 8s. Practice in interpretation helped Non-Model Ss most -
and practice in writing simple programs helped Model Ss most. The roles of
the model in establishing a meaningful learning set, and of practice on
mathémagenic activity, were discussed. : .

P . . . .

- Effects of Program Representation.

A program-like branchi&g system describing what prizes (A through F)
were awarded for particular outcomes of a tournament of games among three
teams were presentzgtto 200 subjects as either a verbal list with "go to"
structure (Jump), a'shortened verbal 1ist (Short-Jump), nested verbal
paragraphs with "if -... then ... elge" structure {Nest), a matrix table
(Example), or as a diagrammatic representation of.each of these. In
tests of comprehension, the ¢verall performance increased from lowest to
highest as fellows: Jump, ShortwJump, Nest, Examﬁle; and this order was
particularly strong for performance on complex quédtions relative to less
complex questions. Jump and Short-Jump performance was relatively higher/
with diagrams and Example’was lower with diagrams. Implications for a
theory of problem representation and for development of computer pro-
gramming languages were discussed.

R
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Effects of. compﬁtational VS. meaningful pfactice in'programmed instruction.

Eighty subJects read six passages that were supplemented by questions
asking for the following: formal definitions (Def:.nition), calculating a
L value/( alculating), applying a conceptual model to a problem (Model), all
_ three/(A11l), or no questions (None). Results op tests containing all three
- question types given after Passages T and 8 indicated an.overall superiority
©of Group All over Group None, a Treatment X Question Type interaction in
vwhich Group Model excelled on all questions but Groups Calculating and

Definition did not, and no difference b en subjects who hpd answered

. questions and thpse who simply read them in earlier Passages Implications
Tor the acquisition processes were discussed. kR <

/  D._ Published and Delivered Papers . ~

v .
The following papers report the work conducted under this grant gnd.

acknowledge N.S.F. support.

Effects ©f models, practice questions ehd aptitude.

Mayer, R.E. Different proﬁiem solving competencies established in learning
computer programming with and without a meaningful model. Journal of
Educational Psychology, ‘accepted and in press. -

Mayer, R.E. Instructional variables'in meaningful learning of computer
programming. Indiana University: Indiana Mathematical Psychology
Report Serieas, Report T5-1, 1975. :an\ucv.d @3 Appendix :

‘Mayer, R.E. Instructional variables in meaningful learning of comphter
progr ng. Paper read as annual meeting of AmeriCan Educational .
» Resea Association, April, 1975.

Effects of program representation.

Mayer, R.E. Comprehension as affected by’itructure of problem representa—
tion. Memory and Cogniition, accepted and in press.

... Effects of computational vs. meaningful practice.

Mayer, R.E. " Forward transfer of different reading strategies evoked‘by
testlike events in mathematics text. Journal of Educationel
Psychology, 1975, 67, 175-169. -

2

Mayer, R.E. Do practice problems and objJectives linit a subject's
learning set? Paper read as annual meeting of American Psychological
Association, September, 1975.
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_ in computer programming,

PREFACE ° ., S

: . ‘/‘ - ( el /
O 3
‘ This is a report of a program of research on instruc?ional va; ables

/

NSF Grant EC-4L020 to the a.uthor, and monitored by the Oﬂ'ice or Experimenta.l

ProJects and Programs, Tbchnological Innovations in Educnticn.
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Instructional Variables in Meaningful Learning !

.of Computer Programming
Abstract ~
w3

-

One hundred seventy six non-programmers learned a computer programming

"language either within the context. of a diagram model of a computer exﬂressed

. y

'in familiar terms or with no model and then practiced on exercises and took
a posttest. In learning and posttest performance Model Ss performed best

Jon problems requiring interpretation while Non—Model Ss excelled on straight-
forward generation of programs. The model was elpecially helpful for low- ‘k

\

Aability‘cs. Practice in interpretatiOn helped Non-Model Ss most and practicea

'in writing simple programs hélped Model Ss most. ‘The -roles of Eze model in -t

establishinp a meaningful learninp set, and of practicé. on mathemagenic .

v

activity, vere discussed. e T,

(

‘. * -
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Do / . 4 .
Altth;h it seems clear that computer programming wiil play‘an increaging

role in education, little is presgently known concerning how novice étudents-

learn to interact with a-computer (Weinberu, 191 ; Papert, 1971; Millgr 1071)

' nor how to develop. technical instruction which results in meaningful learninp

(Mayer l972) During the past year, some attention has been directed towards

-— -

proposing or conducting preliminary studies of the cognitive processes fnvolved
in learning a computer programming language by novices_(Simé} Green &k Guest,
1973; Weisman, lali%;Gould, 197h; Kreitzberg & Swanson, 19Th; Shniederman & o,

/

197“)
The present study attempted to provide a further modest atep by conducting

a series of labor tory stuiies concerning how meaningful 1earning is influenced
by a diagram‘model of the compyter which is eﬁpressed in familiar terms, by
various types of practice exercises, and by the le\\ner 8 abilities.

One factdr in ‘the acquisition of new technical information is the availa-

bilityfof a body of existing, familiar experience in me_ ry --. 8 megnihgfui

learning set -- which may be"used‘during learning to asYimilate new materiaL

. {Ausubel, 1968; Piaget 1970; Brownell 1935) “In phrticular, the work of

M

David Ausubel (1968) poings to the importance of & learner's assimilative

set as a determinant of the learning outcome his distinction between meaning
ful" vs. "rote learning sets" as an internal factor influencing learﬂinp has

 added a new -- albeit not fully understood - dimension to the problem of
i

providing instruction which results in meaningful learning. , :%

- v
|l 3 i n)

The preaent study provides some information on the questionmof What

kind of pre-requisite knowledge’must bedavailable in a'learner 8 memony before

. -
N o

\
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and during instruction,; More specifically,‘do subJects‘vho;have the model ' //’

available during learning perform differentljion a'posttest than those who

do not? ’ ' o o / ' .

. ‘ o
A second important factor is that the 4re-requisite experienbe not only

be availabie during learning, but that it is/actively processed and used

“during learning (e°g., Roughead & Scandura, 1968; Gagne & Brown, 196l)

.

work of Rothkopf and his associates (Rothkopf 1970) has poinhed for

o

[ R
example, to the importance of question ansvering act vity during learning as

The

a "mathemapenic activity"; one aspect of this, as of yet ‘poorly un?erstood,

concept ‘seems to be the actiyvation of existing experience which can be relate?li
/

‘..
i

to ne“material..,, ' ' l/>‘ / . - ) . T

, THe present study provides information on the question of how to activate e

Y

pre-requisite knowledge so that new material may be aaaiﬁilated to it during

learning. Specifically, does the amount or type of. practice questiohs asked

during learning influence posttest pfrformance ‘and does it have different

effects under dirrerent instructional treatments?

The need,to investigate the avaI

by Mayer & Greeno {1972, p. 166);

e diff&rent instructional pro'edures could agtivate different -

aspects of existing cognitive structure. And since the outcome .

. of learning is rmi by the new material and the structure
to which it is ggz: ated, the use of different procedures could
lead to the development of marﬁedly different structures during
learning of the sane concept.;/

A fina;/éuestion, suggested by/investigations of sptitude»x treatment

4nteraction/(8ronback & Snov,‘lQéQJ:Braéht, 1970) concerns whether learners

A~ 4
L4

o

- -

’

4 e

/‘
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methods. - For. example do high mathematics abflity learne : ready possess a' };;

i

Ean

! meaningful Iearning set" which may conflict with the model while low ability ‘ -{f .f'

learnens possess very littlefrelevant knowledge and are’ aided by the model’ ¥ »'_

._;"::,v o o { EXPERIMENT I 5,7‘

4 PR E— . . :
* ! s

In Experiment I, nov1ce;programmers learned a simple computer programming

language from text that either presented a pictorial model of. the computer T
. Lk =, i o L ) ’ »' o o .}"«
and explained hog the computer model functioned in relation to each program—.

- ming statement (Model Group) or. one which prov1ded 1dehtical definitions and

* :!

examples of each statement but without ‘any model (Rule Group) Half the
: subjects in each group received as part of their texts an example program

_which exemplified each of the to«be-learned statements (Program Aid) Follow-
.ing 1nstruction, all subjects practiced vith feedbac;:- nd to & criterion of &
,“lfour in a row correct on two successive exercise sets.. Both sets contained
exercises 1n writing a program to solve a given problem (Generation Problem)

: /
and 1n interpreting what a. given pfogram would do - (Interpre%atién Problems)

f‘but Set l dealt only wlth one line statements, and Set 2 with non-looping
1bprograms : Follow1ng practice subjects received a transfer posttest consistlnp
) fuof six generation and six 1nterpretation problemsg given with feedback but

not to any criterion, and which required a "looping" program.

- . . ) ) e \\.,

"W

Method

Subjects and design The subjects were forty Indiana U -students

who participated in the experiment in order to fulfill a equirement for the1r

- introductory psychology course. The main between subjects factor was

)




B

instruction 1 method (Model vs. Rule) but half ‘the subJects in each grOup

- ? received ad additional example of how the statements went together to fbrm
B § P
18 program tProgram vs. No Program) and half the subJects in each sub~group

.scored high 1n Math SAT and half scored lqw (High vs. Low Ability) Every

‘ subject received the same two practice sets and the same posttest set vith two
',
i types of questions in each (Generation Interpretation) qgiﬁhe comparison
ke

giq . across type of problem was a within subject comparison.
i i

Materials. In order to ‘teach a simplified version of FORTRAN two main

presented the traditional definitions and examples of seven programming state-

-

ments (READ WRITE GO TO If“véTOP Arithmetic Statements, Counter Set State-
ments) andnthe appropriate grammatical rules (e g., counter namedi pointer

o names, formatinotation) Booklets were organized in the following ma?%er.

e S e o,

. The Model text began with aédiagram of the inside working compoq@nts 4
~f

- of the computer showing "input window" (described ag a ticket window) "out-
., 4

k as an e1ght space, erasable scoreboard) and program ist with pointer arrow"

(described]as a'shopping list), EaiE;:Q\seven programming statements was
defined, exemplified and eXplained within the contéxt of the diagram with an

attempt to help the learner "role play" what the computer does for each

>~
L3

statemgkt. ‘For example,&the statement
P6 GO TO Ph e :
S could be related to the model by noting that the pointer arrow would move
from the_sixth atatement to the fourth.statement on the list and the computer‘

would do vhatever Pk says. Similarly, the statement

'-u‘;Y"

instructional booklets and three problem sets were - constructed. Both booklets

put pad" (described%as a pad of message paper), memorz scoreboard”‘(described )

o




A3 . R - ) ;.\»::“_»»:““\:“_p““-V- ..... _.»,;,__‘. )

. could be related to the model by noting that the computer would ‘erase what- » a affi_

ever it had .on the memory scoreboard at’space A3 and write in Z%ro instead: ’ Q@;

el

et “The organization of the Model textéwas as follows' diagram and explanation.. (

N

St ~ of the diagram, input—output functions (givlng definitions and examples of

READ and WRITE),.memory functions (giving definitions‘and examples of Arith- 4 o

7

fietic and Counter Set statenents),.and program control functions (givinp

. R " o,
K _ Rule text contained the seven statements defined and exemplified on ‘ B

' ,k"—“ Sevén separate pages but there was no concentual framework added ‘The organi- ,»;%////9#7

. zation was: brief introduction, definition and examples of READ WRITE, - - f”?-

s definitlons and examples.of GO TO, IF and STGP). SN b Y o

v

"”CounterﬁSet,.Arithmetic, GO TO, IF and oTOP statements. The definitions and

exémples'were idéntical in all booklets, and only the conceptuai‘framework

ts . -~
Pl
p
i

(Model)Was varied

Half the. subJects in each group received an additional pape at tﬂ% front
of their booklet (Proyram Aid) which presented anfexample seven line program >
- J’ f‘—— containing each of the seven tvpes of programminp statements. Instruc—

tional texts yxth ‘the Program A1d presented the statements in the order 1n

which they‘%ppeared in the example-?rogram (Counter,Set, READ,-IF, Arithmetic;

[T

. GO TO, WRITE, STOP) R o _ L
[ ~ ‘ o : . «’
o T A series of three sets of exercises vere constructed Practice Set 1 :

0“1 consisted of 2k single statements,Practice Set 2 cOnsisted of 2k ,non-looping

-programs, and the Posttest set consisted of 12 QQQping'programs. For each

e exercise item, a statement of the problem in Fnglish was typed on one 3x5

'card,'and the correct program to solve'the problem was typed in computer
L ) . ' _ g
language on the other side. ' N :




‘Thns‘in each exercise set two'iypes'of*Questions coﬁld be asked for
each item. Generation Exercises gave a problem in English and asked the : !

" subject, to write a progﬁam to solve: it " An e£‘mp1e from Set 1 (Statements)'

%

is: "Given a number is in me?ory space A6, write a statement to incr%ase "QU -

- that number by 1." An exampye from Set 2° (Non—LOOplng Program) is: "Given - .;1-'
!

that a'card with a number onfit is input, write a- program to print out that

number’ unless it iS'zero i An example from the Posttest Set (L00ping Program)
: - @ w‘ - / v
is: "Given a pile of ‘date cards with a number on each is input write a o

programﬂto print out the! square of each number and.to stop when it gets to - .

.

card with a zero on it." T
) . . 7 %
Interpretation Exercises, op the other hand, presented a program and

4, .

asked the subject to write in English what problem it would solve. For
examplezjin Set 1, given the statement, o . . o .

An

or

S would write the problem that it solves (see first example above).
example from Set 2‘is, piven the program, |

i - P1 READ(Al) , °
{ P2 IF(A1=0)IGo TO Ph
P3 WRITE(Al)
- Pl STOP
N\ _ '
* write the problem it solves (see second example above). An -example from the
posttest is to write the problem (see third example abpve) which is solved
by the program, ' e |

P1 READ(Al) . o

P2 IF(A1=0) GO TO P6

P3 Al=A1%A1 - '
_ P4 WRITE(AL) . - _ | : _ -
¢ PS5 GO. TO P1 . : - ’

‘ " P6 STOP . h !




Tbra problems (e

: // ,
Find Y. ) and answer/sheets for the exercisfsw

Procedure. Subjects were run in sma. groups of 2to b with several f
rocedure, . &
r

airf nt inst&uction%l treatments represe(ted within each session. First if .
i

led out & short questionnaire

-

" which asked for math SAT score and which soiicited 1nformation concerning
/

'experience with computer programming. When ll subJects were finished

21l subJects took an algebra pretest and f

instructions were read with subJects again béing ‘asked to indicate famlliarity
with computer programming,}and the instructioTal booklets were passed out«r/
Subjects were told to reag through the booklets at their own rates and to
"try to understand ‘what it is talkinp about" '% as to be prepared for a "test".‘
When a subject finished ‘reading his booklet the\procedure for the three \:
' exercise sets vas explained ‘and the subject was given an answer sheet gnd a °*
pile of exercise cards for Set 1, The items wére rsndOmly anranped except

]

for the constraint that the type of problem (1. e., Generation or interpretation)
al&grnated for each item. No two items were identical. The subject was
instructed to pick the first card; if it stated‘a problem, to write a profram
to solve it,+and if it stated.a program, to wfite a problem it would solve:

" to then flip over the card to find the correct response, to write a "C" if
he was correct and to.write the correct ansWer on the ripht side of the answer
sheet if his answer was not correct, and to then go on to the next card and

'so on, When the subject correctly answered four problems in o row (i.e.,

two exercises of each type) he went on to Set 2, and when he correctly




answered four items in a row

he continued for all 12 item

P

_ four subjects were unable t

test, and 2 bub;eéts were

2 hours. Data for these sul

'+ their P’lace.h. Subjects indicat

as High Abjlity and those wit

vach‘subjeci's response fc

condition (one, card, two cards,

in/ a sentence (e.g., '"coupt the

Ould_;ead to writing the targ

_posttest, step-by-step translaf

ith. feedback on each.

~ failed to express the fact that

—— ‘ o,

Set 2, he went on to the posttestﬁ&hfﬁh.

o
v - l

P
* [ LY [ e L .
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d . 7,

brevious expgrience'with computefxpréé:amming,

sblve 3 of the 6 problems on the algebra pre-

N

able to reach Eriterioh’oq’Set 1 or'§etk2.within :

o

ing MSAT scores

qf 566 or above weri/59untéd.

K

scores beloﬁ 560 were counted/gs Low Ability.

ored as. elther

r each exercise item was
’ N

correct or incorrect. InterpreLation answers conveying the correct initial

number of cards until a 99 appears") that

t prograh were scored as correct.
i fa
ions of each statement’, or responses which

a pile of cards and looping was involved

In the

< Y
were counted as incorréct. Ge|

B

{(A1=3) instead of IF (Al=3) GO

card was involved in Interpretation items.

eration answers were counﬁ%d correct if they

coﬁia;hed the right statement$ in the right order even-if format errors

‘(e.g., WRITE Al instead of WRITE (Al)) or grammar errors (e.g., GO TO P3 IF

TO P3) were present. In the posttest, the

most frEquent errors fhat resulted in being counted as incorrect were &
failure to include a GO TO statement that would allgw looping for Generation

items, and a failure to indicate a pile of cards fatngr"fﬁ;n Just one

7

-

. B - .
- : ORI L o ’
. i . i

etts were eliminated(and”new ones were run in Jﬁ

or a pile pf’cgfag)-and stating the problem . -

=
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Since the posttest consisted of items s1milar to those commonly used .
in programming workbooks, and since all subJects had reached reasonéble
criterion of learning on the seven basic programming stateme s before hegin—
ning the posttest the main interest of this experiment was whether subJects
initial ;nstructional booklet would influence transfer:of learning of the
posttest. The proportion correctngesponse on the posttest by type of exercise
%or each instructional group is giyen in Table 1, and an analysis of variance
‘was performed-on the data. There was no main effect due to presence of Model
Text (F(I;32)'<ii;OOTAP=n'S'0 but'there was a~reliable negative effect due
to presence of the Program Aid (F(1,32) = 5.80,‘p < ,025). Apparently, intro- -
ducing a complex program before'subJects vere familiar‘with the basic state-
ments'confusedvsubjects and made it more difficult for them to acquire the

. ney statements in (zeneralizable form. The only other reliable effect is a‘
+Model x Tvperf Problem~interaction (F(1,32) = 5.67, p < .025) with subjects
vho received instruction that involved the diagram model (Model Text ) per-
| forming better than subjects who did not (Rule Text) on. Interpretation items
but ‘werse on Generation jtems. These results support the idea that subjects
in the two'instructional groups acquired learninm outcomes that differed in
- structural or qualitative ways that cannot be explained in terms of transfer
of specific information in the text. .
_There was also & slikht tendency for instruction that involveaithe model

to improve perfdrmance for low ability subJects'compared with non-model texts- ﬂq

(8% correct vs. k2% correct overall reepectivelv) and the reverse was true
for high ability subJects (51% vs. “53% correct overall, respectively); however,
the Model x Ability interaction failed to reach even a marpinally reliable level

(F(l,32) < 1.00, p = n.s.).

19
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S | Table 1

Proportion Correct Response on/Transfer Posttest for

Two Instructional Grpupsj%y Type of Probl

fy

- /- { IR
// K
Instructional - | i - Broblem Type
t Group : - Generatiqn interpretatién

oy ] - e . .
Rule A7 11
Model 27 27
h o

Note. - Main effect of instructional treatment, p = n.s.;

treatment x type of problem interaction, p < .025.

[
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When performance, i.e., number of errors, was/£:mmarized over all three

]

aets of exercises the Model x Type of Exercise interaction was reta1ned .
(F(l 32) = 6 97, p < .025) with Model subjects averaging less errors than '
non-Model subJects on Interpretation items (8.6 vs. 10. 5 respectively) and
averaging more errors on Generation items (8 L vs. 6.5 reSpectively) In
_addition the Moiel X Ability interaction reached statistical reliability

(F = ¥.23.idf -1/32, p < .05) with Model Texts regnlting in fewer errors .
for low ability Ss than non-Model Texts (7.8 vs. 10.3 respectively) but the
reverse is true for high ability Ss (9.2 vs. 6.9 errors respectively) Thus
there s mild support for the suggestion that high ability subJects;already . /

‘had their own "models" while low ability subjects did not.

A;!mg B . ' ’ - ‘ e

Table 1 gbout here .

‘.
EXPERIMENT 2
In Experiment.z; eachfsubject read an instructional booklet and thert -
took an 18-item posttest. In addition to the Model Text and the Rule Text
used in the previous study, Experiment 2 also involved two new instructional
booklets .-- Flow Text which introduced flow chart symbols and explained each
tatement in the context of writing a flow chart, and Both Text which containedv
both the Model and the Flow booklets. Half the sub1ects in each instructional
Rroup were given practice with feedback in writing and interpretinm statements,
and ﬁon-looping programs and half the subJecta in each group received no prac-
tice. All subjects were given ‘the same posttest, consigting of generating
and interpreting'statémente, non-loopiné’prograns and looping programs, and

o

unlike the previous studies subjects received no feedback on the posttest.

W
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~ Method V4 » :

. LS . ' : o _
Subjects and desigﬁZ The. subjects were 80 Indiana University students

L . V o o _; . .
 drawn from the same population as in Experiment 1. Each subject served in
; . . o ) : e . ..
_one cell of a'h x 2 x 2 factorial design, with the first factor being method ' .

of instruction (Médel Rule; Fiow Both), the secénd factor being general
mathematicel ability (High MSAT score vs. Low MSAT scére) end the third factor
being amount of practlce in 1earning (Eractice, vs. No Practice) Since all
ugubjects'received the same‘pdbttest, compnrieons across txpe o; posttest- o
.xfitem were within'subJect.coméerisons. ' - l\ ' . : ~
Materials: Two of the four instructional booklets we;é the Mocel'and
the Rule Texts (withcut fprogram ald") used in the pfevious study. In |
- addition, the Flow Text was nearly identical to the Rule Text exceptothat an
" introductory page presented each of the basic flow chart symbols with an |
example flow chart conteining all of the seven to-be-learned statements, and
each statement was discussed in the text within the context of where it rit . e
‘in the flow chart. Finally, the Both Text contained both:the Flow and the

" Model booklet. ) s -

A deck of eight practice cards (with correct answers on the baek of each)

e -
""""""

was constructed consisting of two generation\and two interpretation items »
gselected from Set 1 used in the previous study and,two generation aqé/fGO |
interpretation items selected Trom Set,e. An’ I//item posttest deck was also
» constructed using a 2 x 3 design, sf?h the‘first factor being type of
problem {Interpretation or Genert;}ppf and the second factor being complexity
of problem (Statement, an-yggping Prograﬁ, Looping Program). There were , -

three problems for -each cell, each typed on a 3 x 5 card as in previous’




»

different:from those given in the practice deck. ,' )

. '
2. First subjects complq&ed the pre-experimental questlonnaird Then

2

scoring low on the pretest vere retained. For purposes of an-ANOVA, subjegts

' ,
q . 4 ©
'x

experiment but with no indication of the correct answer, and with all items

. ‘
{ 4 .

, The same Pre-ExPerimental Queationnaire and Pre-Test were uded ‘as in
sxpertnent 1. B S R

Procedure SubJects were run in small groups of 2 to h a* in Fxperiment
hY

Ve

instructions were passed out and subjects vere given instructiohal booklets

L]

as in Experiment 1. When the subJect finished readlng, he was yiven the deck
of eight practice problems and an answer sheet to work pn if;he wag in the
Practice Group. Subjtcts received feedbuck but there was no learninp cri-
terion. When the subject finished all eight practice items or~if he was

in the No Practice Group, he was given an ansver sheet ‘and 18 problem ca;ds
*or the posttest. UnlikeAthe previous experiment, no feedback (i.e., no

knowledge of correct response) was given on the posttest. Aftef_reading the

booklet and again at the end of the”experiment, each subject was asked to

indicate familiarity with the concepts presented. .

Results,

The posttest performance was scored as in the previous experiment. As.

in Experiment 1, data for subjects who indicated fam¥liarity with computer

.

propramming were eliminated from the experiment (N=5): however, subjects

-

-

in each of the four treatment groups were divided into low genera® math ability

(MSAT below 560) and high general math ability (MSAT of 560 or above).
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. Table 2 shows the performence of the two instructionel groups on esch

-of the six kinds of posttest items."There was no oversll effect due to
/}’ i

practice (F < 1.00) snd ell intersctions involving this fsctov produced F { S )

values less than 1; therefore. the dutd’for practiced and nonjprscticed ) :f&i
subjects has been merged. ?racti/e may hsve had no effect in ‘Experiment 2°
because it was on very simple/kﬁnd few) problems and not msintsined to cri- 4

_ teriont vherees practice was fsr more sophisticsted in the'previous experi—.;;

EEIEN
: ‘e
Ex

ment, - . , ' S SN N

.\,,,‘

" . -

There was sn oversll s periopity of subJects who received the model either'

in the Model Text or in th Both Text over those who did not (F(l,72) = 9, 15,

\

P < .Ol) however, as in previous experiments there was no overall difference
_ " v

between the Model and the Rule groups (F(l,32) = 1.32, p = n.s.).thus frus-
trating the question of which method is" best As in Experiment 1 thére vas

reliable intersction involving method of instruction and type of posttest
> s
problem, with the two groups thst received the model excelling on Interpre-

-

tation items and the two groups not receiving the model excelling on Gener-
ation items {F(l T2) = T.63, p. < Ol) In sddition there was reliable three .
way interaction involving method of instruction, type of problem, snd complexity
of problem, in which the proups exposed to the model excelled especislly on

far transfer such ss Looping Generstion snd Non-looping Interpretstion and 4
the groups not exposed'towthe model excelled on the most strsightforward
problems, the Non—looping Generation itemsg(F(2,lhh) 6. 96 p < .01).

These intersctions/suggest, as in Experiment 1, that instruction which involved

pre-exposure to s model and reference to it during learning resulfed in a -
, . . R v ; . N
qualitatively different learning outéome than non-modet methods.

’)
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‘.~ Looping  Program
Program. . '

. Looping,

Group Program

po¢

- : - y D“ . :{:':.w-; e ;:".
S b/7 Type and Complexity of . Problem o 4
, .- Generation’ . Interpretation
""Instrii'ctional""" States  Non- LJOﬁ'ing State- Non  + Loopimg | s
) ‘ . ment, . ment

Progran. §. -

B v
¢

e
.62
.18

6 52
'63 | ‘;‘-37

Mod T -
sy |

Rule .32

;162 )

12

.09

Main effect of Flow, p = n.s. Flow x Problem Type interaction3 pe 0L;

-Flow x Problem Type x Problem Complexity, p < .025

o

K]

&

- Flow .55 Co8 ‘,loi :l .05 rdﬁ é
‘Both . | .78 67" .25 R T TS
- k ' : 2 b, mn --"'LTV"'-—;-‘-‘ . *.- - i . N:
| L , 'J,_"'T . L . ;
ﬁote. - Main effect of Model, P = Nn.8.; Model x Problem mype interection, _ i
p < OS Model x Problem Type x Problem Complexity interection, P < ,001. : i
i ,




"- of encoding‘of nevw informetion.*j‘ S . IR T

| ‘fbetween general mathematics ahility and instructional method which was found

. may be'due to the fact that.in Experiment 2, subJects wvere given no reedheck v"71

4 . ) B .
v B N . . M »
- v . .

'\ Comparisons between the two groups'vhich received the Flow Chart -aid.

(Flow and ;Both Text) apnd the two groups 'which did not (Rule and Model Text) Lo

“)

. 4
of instruction, type -of prohlem and complexity of problem (F(? lhh) = h 69,

P ( 025) However, these interactions suggest that the flow chnrt aid -~

unl%h% the model aid -~ reSulted in poorer performance on far transfer items

[t

%
such%ﬁs Interpretation items or Looping items and better relative performanoe
on.nedr»tnansfer such as Generation and Non-looping items. Apparently, the

" Flow Chart Aid like the Program Aid in Experiment 1 restrained the depth .

L

V. ﬂ . T eemm———————— —— S R
L . e ‘Table 2 gbout here - - ///i‘w S, o
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. y . .
AR St} . - n . e P ~,

'Althongh-there was‘en overall superioritonf snbjects scoring high in '” ' s
'MSAT over subJects scoring low (F(1,72) = 6,00, p < .025), the interactlon'

v 2

' in khe previous experiment was ot present in Fxperiment 2 (F < 1. 00) Thig
’ . <

4 on.the correctness of their responses-on the'posttest, while i;:Experiment 1. . .
f5¢he feedhack‘mhioh.was given may have helped mos%:the Low Ability Rule Tekt%?;; .

subJects‘ i.e..\sanects who by virtue of their instruction and pregious

: S . -~ .
experience had the mqgst to gain,from this ‘manipulation, - - R ..

/ . . o . ; .
K . ' N\ . N ~

.uupﬁlemental Annlysis of Experimént 2 - - . et

#
In order to determine tﬁe role of a learner 8 ahility,; four tests were

/

given to subjects in Expériment 2 prior to instrugtion. The four tests were
N ] .

PEE T




ﬁ(a) Algehra Computation Test'consisfed of'six items Which asked

R TN PO

'as follow5'-

¢

v?.for solutions to formal algebraic equations, e.g:, "If X=Y +’20 Y=A-3,
L ‘a:Find the value of X in terms.of A, B and/or C." .(b) Alpebra Story: Test con-
f_;. L lsisted of 81th story problemS»which asked for the production of ‘a solution ;
R | formula, e.g., "Aicar rental service charges eight llars 8- day and fiue
.centsra mile to rentpa/car, Find the expression for total cost C in dollars,
of renting a caerfdays'to'travel‘ﬂ"miles. (c) Organization of Permutations
Test consisted of asking the subject to write all possible arrangements of
123k as described by Leskow and Smock (1970) (d) Grganization of Cards Test
:presented four Katona (l9h0) card trick problems, e.g., 'quppose I had a )

« deck of six,cards, half red‘aﬂd half black and that I alternately place one

| -éapd on the table and .one on the_hottom of the decks__If the cards appeared
“on the table in the order R,B,K;B,R,B what was the original order. of the six-
.card.deck°" : ) N o i o N _.'.;_v 1 '-;"Af I “- : ‘i T o fﬁié

R

N The Organizationiof Permutations Test was scored by a manner sen51tive - o
e LD
‘to how orderly ar systematicatiy the subject produced permutations (see Leskow

'and'Smock, l970). The other tests were scored by a straightforward (strict)'

" key, 'with answers cdiinted either asecorrect or incorrect. Separate analyses .

. of varianceyfailed to revesal a reliable pattern efsgptitudsfi/freatment inter-

dgction for any of the tests - including the MSAT score *-- thus suggesting

that the- ability level effected performance under each 1nstructionalitreatment

L]

in similai‘ways. sl . ‘ | .

- In order to determine the relationships between each preteSt measure and

@

performance on each kind of posttest item, cdrrelation coefficients were

' computed for each instructional group (N = 20) and for all subJects (N = 80) )




-

e

Since no reliable differences vere obtainedaamoné the groups'on key corre~

‘lationfcoefficients;'only-the.érouped‘data is 5nown-1;.¢a;15t3:' Fortthis §
'sample size, correlations above r= .22'are r;liable at‘p Kz.ostand corre-v'
lations above r -A.30 are reliable at p < .0L. Ae might be expected all

“five pretest measures correlated positively and reliably with overall post- :
test score. Since the MSAT is a general test of many types of mathematical
reasoning ability it is not surpri31ng that it correlates at moderate. levels.
with performance on all six kinds of posttest tasks, althougn it is interesting
to note that it correlates mor; highly with Geheration than-® Interpretation

1tems. " Apparently, the strongest overall pretest predictor in this study

" was the Algebra Story Test -- g test requiring subJects to translate story

problems into formulds. This skill seems closely .related to. skills required

™ . »

in.computer proéramming‘in general_and;the high correlations with performance

_for all six posttest“tasksisupports this view.

N

-, The other three tests appear to be more specialized and therefore of .
1\4. /

value in diagnosing potential learning difficulties. ' The Algebra Solution B

. Test ' =- requiring straightforward solution of formal algebraic equations -

- correlates well only with the most straightforward posttest tasks, i.e., -

memory ‘of statements and generation of simple non—looping programs. The two
= -

tests which require more iﬁterpretation and some concept o;jlooping in solv1ng
a problem ~- the Permutations and the Card Tests - correlate poorly wvith
the posttest tasks that the Algebra Solutions Test correlates with and

correlate more’ strongly with far transfer items such as Looping items.

2
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: Q\; ‘ ' Table 3 about here




o

Coi'relq.tions Among Pretest m"xd Posttest'ééorgﬂ

for A1l Subjects (N = 80)

R T

4
e ; vPostteaf Varidbies
.. Generation 11nterpfe£ixion *
Pretest State-  Non~ State - Non-.  Loaping TOTAL |
Varisbles nent Looping Program ment. Looping Progrnmr~~g°;:t:st_
et Jn,. Program - I _{ Program _ cores |
MSAT .39 .37 26 ~ .30 | b5
Algebra Solution| .40 .26 36 .19 .3h
o | _ 1
Algebra Story | .6 .52 L6 .35 ".61
~ Permutations . .05 Al .16 .13 .23
Cards B! .21 .32 27 do |39

Note - All correlations are positive.

- r > ,30 is reliable at p < .01.

<9

For N = 80, r > .22 is reliable at p <

053
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- R . EXPERIMENT 3 T ,

Experiment 3 used the Model- Text and the Rule Text as in Experiment l,

-
‘A

however, no Program or Flow Aid was given and half the subJects in each instruc-
s !

tional group received only Interpretation exercises in Practice Sets 1. and 2

I3

(Interpretation Practice) and half received only Generation items (Generation AN

PraCtice). All subjects rece}#Ed/poth kinds of problems in the posttest, as

in Experiment 1. o o 3 YR

’ ~

A3

Methodlt. : .

v . ———. . s ' " ) . N ) . . \i.
o . t .

Subjacts and design. The - subJects vere 56 Indiana University students

who participated in the experiment in order to fulfill a requirement for
their introductory'psychology course. Each subJect_served in one cell of a-
2x2x2 desiyn with the .first factor being instructional text (Vodel vs. Rule | T
- Text) the second factor being type exercises given in qet 1 and 2 (Interpre- -
tation vs. Generation Practice), and’ the third factor'being\m/”hematical -
ability as measured by MSAT score (High vs. Low Ability). Since all subJects
8

receivcu a posttest consisting of both types of exercises, comparisons by

type of problem (Generation vs. Interpretation Exercises) werg within subJects

o

-

comparisons. , . S -
! : . : ~ : -

Materials. The Model Text and Rule Text, the three sets of exercises,

*the answer sheets,,the Pre—Experimental Questionnaire, and the Algebra Pre-

Test were all identical to or’sliphtly revised from’those used in Experiment l;

Procedure. As in Fxperiment l, subJects were run in small groups of 2

to i and bepan by completing the Pre—Fxperimental Questionnaire and Algebra ‘J

,Pre-Test.-;Egllowinn instructions, each subject was given his instructional

4
Ve, . -




' Av " . 5 .- . ‘_,f
text -- either Model or Rule Text -- and reed it/as in Experiment 1.  The

”orogram-aid" and "flow aid" were not included., Then eath subject was miven
\.ﬁ .

Exercise Set 1 followed by Set 2, as in Fxperiment 1, except that all iteme_
in the first two sets were of same type (either ali Generation or all Inter-
///pretation Practice) and the subject continued on G ‘set’ to g3 criterion of 6

'out of 8 correct (rather than 4 in a row)y After reaching criterion on the

.-’,;

first two sets ofvexeréises. the subject was giveq;the third 8et (stttest)

,ari?nged

v ‘Two subJects indicat d\previous experience with computer proprnmming,

3 subJects were unable to solve 3 out of’ 6 problems on +he algebra preteet,
\) .

~ and b4 subJects were unable to reach:criterion on Set 1 or Set 2 within 2 hours.
' At

-

The data for these subJects were eliminated ‘and new subJects were run in the1r

SRR

places. Subjects indicating MSAT scores of//60 or above were counted as High

Ability and those with scores below 560 were counted as Low Abillty. The .

performance on’ the exercises was scored as in Experiment l

The proportion correct response on the posttest for the two instructional

groups by type of practice experience (on Sets 1 and 2) and by-mathematical

sbility is given in Table h. As can be seen, and as is indicated by an ANOVA,

the Model x Type of Practice interaction is reliable (F(i,hB)‘= 6;50;;p < .025),
indicating that for Model subJecte practice on generating programs helped '~
most on increasing performance on the posttest, but for Rule subJects practice
on interpretatiomn of programs,heiped mout: In this study, practice seems to

have the effects of "filling in" on material not emphasized in the text.
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Proportion Correct Re‘spohse on Transfer Posttest for

Table b

Four Instructional x PractiecelGroup.s

Note. - Main effect of Model, p = n.s.: main effect of type

N .
Instructional | Type of »Practi‘ce BN
".-»\,\,“‘Grpup Generation Interpretation - ) )

High Apility ,

Rule .67 ’ .60 -, 6k

. | :
) . * .l h .
Model A~ 59 ! 51
) - A \‘

Low l)bility -

Rllle . ‘ . 3h v ) . 56‘ . ] . l’vs
" Model - L6 S 36 .50

a

of practice,

p = n.s.; Model x Practice in‘treraction-,' p < .025; Model x Ability inter-

action, p < .15; Model x Practice x Ability interaction; p < .10.

.32
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There were two marginally reliable effects involving ability. /

-3'\-

he

+

Model x Ability interaction (r(1, k8) 2, 3b, P < .15) showed the séme general
pattern as‘}n Experiment -1 wiﬁh Model Text reaulting in higherkp oportion

0 correct response than Rule Text for Low Ability subjects (55% VS. 45% correct

‘ resPectively) and the reverse true for High Ability subjects (Sln vs. 64% )
: correct respectively). In addition, the marginally reliaole Model x Type of

Practice x Ability interaction shown in Table 4 (F(1,48) # 3. 66, p < .lO)

‘v

-

) [ 4
suggests the Model x Type of Practice interaction is muéh more pronounced

for Low Ability subjects. than for High Ability subjects. These‘findinps are

‘consistent with the idea that the model text provides subjects with 8 meaning-

ful model which is especially important- for Low ability subjlects, but which

o . ) . B -

may interfere with High ability subjects.

e s ot e i e B P A . O e e e O

Unlike Experiment 1, there was no reliable Model X Type of Problem
. ~—
Interaction (F < l.OO) however, an investigation of subJects receiving fener-

ation practice -~ a sort of neutral exercise -- did provide a hint of the

interaction with.Model‘subjects‘excelling on Interpretation items and Non-

_'Model subJects excelling on Generation items. '

-

GENERAL DISCUSSION

Availability of learninp set. These results provide -important new infor-

mation concerning the conditions of meaninrful learning of technical material,

Ausubel's distinction between meaningful and rote learning set seems to be
exemplified by differences between Model and Non-Model treatments. Model

5
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instruction provides the learner with?w rich‘set.of prior experiences which
are familiar to he learner and by which new information may be understood

and organized- since the model is presented first and new material ia then

] ]

frelaked~to it, it~shares some of the characteristics of Ausubel'_ "advance L e
organize%6

The [results allow some understanding of what makes a g;ood advance organizer.

I

The program aid (Experiment 1) and the flow chart (Experiment 2) aid not seem

~ to Gerve as useful advance organizers -for subJacts in our experiments, i €.,

.

they d’ .not provide a meaningful assimilative set. The program ald was not
familiar to learners and " althouph it provided "orpanization for the seven, ;
statements, it‘ﬂid not provide subjects with a means of tying new irformation
to existing knowledpe. The flow chart aid presented geometric symbols which
bwere apparentlyr&amiNiar to subjects but *he symbols thenselvea provided only
\a second layer of code (i e., translating statements to arbitrary symbols)

rather than an organizing superstructure. The model ald, on the other hand,
N /‘
provided ] superstructure already familiar to learners-and to~which-new infor-:
. n.,..p .
mation ‘could be systematically related; non—m el subJects including those given : -

the program or flow chart aids apparently had’to use a rote learning set which

- a
lacked a rich set of relevant experience. i
. .-’

" In previous studies (Mayer & Greeno, 1972 Mayer, 197h) we have noted two

: structural variables in the acquisition gf new knowledge. External.gonnections

refer to links between new material and’a system of knowledge already: in 8

_learner 8 cognitive structure. This\rich set of experiences is what Ausubel
calls & meaningful learning set or Greeno (1972) terms "semantic memory". For e

example, understanding of the relation hetween: counter set statements and the

»
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memory scoreboard is an example,of external connection. Internal connections

refers to}links between one aspect of new material and anotner éspect aof new
meterial which retains the original structure o?‘the,material. These kinds
of\links may be acquired when.a.leagner'lacne & rich set of reievnnt experi~.

" ence, i,e.,, what Ausubel calls rote learning set or dhat(Greeno terms "algor- |

ithmic knowledge". An example is knowing that in counter eet}statements‘the

4

memory space is always on the teft of the equals sign and the number 1is always

on the right is an example of internal connection. -

-

-In the present exberiments it seems reasonable to propose that Model

’
2 B

subJecta‘had a meaningful learning set active duriné learning and so acquired -

2ognitive structure with strong external connections but veak internal connec-

/’tions;”on the other hand, Non-~Model subjects used only a rote learninn set

“ -

. of- experiénce with arithmetic‘nnd technical systems andvso acquire&r%?ﬁhitiVQ -
. ° - :
structure with etrong internul und veok external connectionq.

| 'This interpretation is consistent with the results of Experiments 1 and 2

~in which Model subjecte excelled on learning and on transfer to problems re-
quiring interpretation and extension of preeented material while Non—Model
subjects excel}ed;on straightforward generation of programS'similar to those

.in the booklet. The different patterns of pccttest performunce‘for Model

and Non—Model groups is reminiscent of earlier results with mathematice learninp,
., {(Mayer & Greeno, 1972; Mayer, 197h) and suggests that the two groups acquired
learning outcomes which differed in qunlitntive or structural ways. These

0

results provide an important extension of earlier findinrs bccause thev deal
vith a new type of subject matter (technical'instruction for computer program-

Lafy . .
" ming) and because they more clearly demonstrate that an important variable in
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inatruction - iniadditibn o the mresentation of needed facts -~ is the

| presence or absence of a conceptual model These results support the idea that
instruction for technical information canﬁbe made "meaningful” for novices, |

and that the effects of. meaningful learning ‘can be assessed in “terms of atruc—.

turally different learning outcomes .“;

- Effects of question ansvering activity. The answering of - practice exer—

cises'was varied in preriments 2 and“3~, In Experiment 2, varying the'amount
cf practice before the posttest had no observable effect on posttest perfor-
mance, although this may be due to the fact that differences in the amount of
‘practice were not large. However in Experiment 3 varying the t;Rg.of practice\
before the posttest -~ i.e., practice\on generation ys. practice on interpre-

‘" tation _:k??p(;qtereating/effecta;» Generatiqn*practiceeincreased‘nerformance__
most for the Model groups‘and interpretation practice increased performance’
most for the Non-Model subjects (especialiy on interpretive items). These
results are consistent with the'noticn that practice may serve.to direct the
‘learner's attention to aspects of~material not emphasized. in instruction,
especially helping the Non-Model subjects'to work on extending and interpreting
preaented material One suggestion is that, during practice,‘aubJects learn
td "£i11- in" abilities not acquired in instruction and thus eliminate dif-
ferences in "what is learned" by activating complimentary learning sets. In
the present study, however, only the "backhards effects" of practice -- i.e.,’
as & review -- vere infgbtigatedlaince no text erer follswed bractice; further

work should investigate both forward and backwards effects as suggested by

Frase (1068) and McGrav & Grotelueschen (1972).
!
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7 Effect of learner aptitude.  Subjects with prior experience in mathe-

‘ .

matice, and other areas related to computer programming, may possess a meaning-~ -

K
-

“ful learning set independent of the model presented in instruction. n1nc97the
model may be a rather arbitrary and contrived crutch for learners, it may

actually interfere with high ability learners-who already have e rich set of |

" , _ ) .
more sophisticated knowledge, while.at the same time providing a meaningful

learning set‘to learners low in ability.

_Only weak support for this idea was provided in the present experiments.
Slight or marginally reliable interactions involvinp aptitude and treatment
(ATI) were obtained in E;pe;iments 1l and 3 with Hodel inst;uction raisinp the
scores of low math ability sub1ects most and Non-Model instructions hélpinp
raise poattfmﬂrrcores ogrhiph ability lear;ers most. However, preriment 2
which investirated five tyvpes of abilities failed to yield any reliable iqter-'
actions involving ability. Thus, there is only weak support for the idea that
: hiph mathematics abilitv may function in the same way as an experimentally
induced meaningful learninr set, and further work is required in this area.

- The - analysi% of tests in preriment 2 did however vield an interestinm
posslbillty that learniny problems can be predicted bv appropriate pretests
and instruction emphasized in these areas., Further work should investiuate
the role of specifically relevant skills and of traditional computer programming

»aptitude tests such as those used in the selection of computer proprammers

(Luftig, ;973) .
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" How Does a Computer Operate? " . . \“; "
| .“:‘3‘9 SWOREBOARD - ?f”g”t;us’ o
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1% OUTPUT HERE

7

The f;gure ‘above represents a simple computer system which will be explained

to you in this booklet. It is made up of three majn parts: (1) INPUT & OUTPUT
which allows communication between the computer's memory and the outside world,
(2) MEMORY which stores information.in the computer, and (3) PROGRAM which tells

the computer what to do and ‘what order to go ‘in. Each of these three parts will
_ now be explained.. .

_INPUT-& OUTPUT: .Notice that to the far left is an inpiit window divided, into ¢

two parts. A pile of computer cards with numbers purched into them can be put

in the.left part of the window; as the computer finishes processing each card -

it puts it on the right side of the input vindow. Thus when the computer needs

to find the next data card, it takes the top card in the left side ofthe input

window; when it is done with the card it puts it on the right side.wgh

o
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"On the far right is the output windov. This is where printed messages (in
-this case, only numbers can be printed) from the computer's memory to the
outside world appear. Each line on the printout is a. nev message (i e.,

‘& new number).

' Thus the computer can stQre a number in memory that- is on a card at the input
wwindow or it can print out what it has in memory onto & printout at the output
 window. ~nThe statements which put the input and output -windows to work are

READ and WRITE statements and each will be explained later on. -

MEMORY : ‘Inside the computer is a large ‘scoreboard dalled MEMORY. Notice
’ that it is divided into eight spaces with room for one score (i.e., one number)

in each space. Also notice that each space is labeled with a name -- "Al, A2,

. A3, Ab, AS,\QG AT, A8. These labels or names for each space aré called.

”"addresses*’and edach. of the eight addresses ‘always has some number (score)

. should work on.

' READ and WRITE Statements - L

" indicated in its space. For example, right now in our figure Al shows a score

of 81 A2 shows -a score of 1T, etc. o
s v - ~ . . @

It is possible to change the score. in any of the eight spaces, for example,
the score in box Al ¢an be changed to O and you will learn how to’ change
scores in memory later on when ve discusa EQUALS statements and ARITHMLTIC

.sta ements.

PROGRAM Inside the fcomputer to the right of the MEMORY scoreboard (with
its eig eight address-score pairs), is a place to put a list of things to do
called PROGRAM and an arrow which indicates what step in the- list the co

-
-

Notice that each line in PROGRAM has h number with the first line called P1,
the second step called P2, and so on. When a program is inserted the step
indicator arrow will point to the first line (Pl); when the first step is
finished the arrow will go to the next step on the list (P2),,and so on down
the list. The pointer arrow will .follow this procedure of pointing to the
steps in-order, from the top down, unless it comes to a step which tells

it to point’to some other step —- then it will go to that step and accomplish
it, and start working down the list from there: This is called "looping"
because the arrow is not going in a‘straight line. For example, the pointer

‘may first point to Pl then the computer will finish step P1, then the

pointer will shift to P2 and the computer will finigh step P2, then the pointer
will shift to P3 but P3 may say to go to. step PT in which ¢ase 4¢he pointer - °
will shift to PT (skipping P4, PS5 and P6) and the computer will do PT, then

P8, and so on. You will learn how to control the order of steps in the program
later on when the IF statement and GO TO statement and STOP statements are .
discussed. ] . 0

N

o,

First theﬁ/}ntements that have to do with INPUT and OUTPUT will be presented.

.
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: means that BEFORE this statement there is a pile of cards (i.e., at least

- o .~ . B A

-~ The input statement . duplicates a number which is on a data ‘card into a,memory u' -
~‘space (1. e., ; scoreboard box) and is in the form, I :

. where an address name goes inside the parentheses. Remember that an’ address

name is jJust a space in the memory scoreboard,-and in this experiment we will .

. assume there are eight memory spaces called Al A2 A3, Alb, AS,- A6, AT, A8.

For example, the statement o e S ;“ S .
READ (A2) PR C

one) waiting in the left side of the input window and some unknown number is
being stored in memory scorehbsard space A2, but AFTER this statement is
finished the top data card has moved to the right half of the input window .

. and the number which was punched in this card is now stored on the scoreboard

at space A2 (instead of vhatever score was there before) o o N

In terms of what operations are performed the statement ’ v

= READ (A2) -

means: (Assume a pile of data cards has been put onthe left side of the
input window.). (1) Take the top card from the pile of cards in the input’
window and ¢heck to see the first number punched into it. (2) Store that

number in a place on the memory scoreboard called A2, destroying any . previous

number vhich was storedsat A2. (3) Send that data card ‘to the right side of

the input window reducing the pile of cards to-be—processed by one. ’ ' K

The output statement on the other hand duplicatea a number that is on the

memory scoreboard onto a printout at the output window, and is in the form, - A
WRITE ( ) : . ..

wvhere an address name goes in the parentheses. Remember that an address name
is Just a space on the memory scoreboard and that there are ‘eight of them:

_Aly A2, A3, Ab, AS, A6, A?. A8, .

For ex&mple, the statement = ' ' ‘ -
WRITE (Al) -

meens that BEFORE this statement there is a number stored on the memory score-

board at box Al, but after this statement is finished the number is still on

the scoreboard as before and it is also printed out on one line of a piece of

paper at the output window. :

In terms of the operations performed the statement

WRITE (A1) : w -
means: (1) Check the scoreboard to see vhat number is in box Al but do not
alter it. (2) Print out that number on & piece of paper and send it out the
output window. :

EQUALS and ARITHMETIC Statements

Now, that you have some idea how statements effect INPUT & OUTPUT,\you will
learn about two program statements which effect MEMORY - -especially changes
in the scores on the memory scoreboard.

[,




One kind of statement that can change the number stored in memory (without ',"_')‘
READing a card) is expressed in the form,

where “the 1 first irst blank Is an address name (i e.; a box on the scoreboard)
and the blank to the right of the equals sign is either another address name
or a number. : . .

 For example, . the statement
L |
"means that BEFORE this statement some unknown number is being stored on the : -
scoreboard in space Al but AFTER this statement, is finished the number zero
is being stored in space Al (instead of whatever other score vas there before).

~

In terms of what operations are performed rthe statement

Al=0 = .
means: . (1) Destroy vhatever was previously stored on the scoreboard at .
memory space Al. (2) Store the number zero in memory space Al. . e

Anothar example s the/stateﬁént o .
" Ab=AS Lo
which means that BEFORE this statement some number is stored on the scoreboard
in memory spece A4 and some riumber is s ed on A5, but. AFTER this’ statement o
is finished‘the original number is g} s _gy-A5-%nd it Us also now showing- " .
at box A4 (instead of whatgmer’iig:there “before). In terms of what operatiag
" are performed this statements means: (1) Destroy whatever number was store
at memory space Al. (2) See the number,which is stored in memory space AS,

and Jithout altering it, . store it also in memory . space Ak, T

“Another statement that changes the menmory scoreboard (without RhADing ina
card) is jJust like the EQUALS statement except that a computation is indfcated
on the right of the equals 8ign. The statement is

vhere the first blank (on the left of the equals) is an address name, the
first blank on the right of the equals is either a number. or an address name,
the second blank on the right of the eouals is an operation (addition, sub-
traction, multiplication, division) and the third blapk on the right is either
& number or an address name. The four arithmetic operations are expressed

as follows: + means add, ~ means subtract, * means multiply, and / means
divide. . ' ' .

a

For example, the statement

Al=A1+A2 :
means that BEFORE the statement some number is on the scorebdard in memory
box Al and some number is also on the board in box A2, but AFTER the statement
is finished the original number is still in box A2 but the number now on the
scoreboard in space Al is the sum of the original number in Al and the number
in A2,

«
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In terms of the operetions performed “the atetement . o

‘Al=A1+A2 _
_ , meens ) Check to see vwhat' number is on the scoreboard at box Al and whet , .
~. number is in box A2 but do not alter these scores. (2) Add these two numbers ~ ., :

together. (3) Teke down and destroy the number thet vas on the board at Al
and put this: ‘new sum in box Al inetead.

GO Jro «m and STOPgtetements ., - - o

' Now thet you have some idea ebout statements that effect INPUT & OUTPUT
v and statements that effect changing MEMORY, you will learn-about etetemente

which effect the PROGRAM part of the computer -- the order in which statements
- will be carried out.

Nornally vhen a list of statemente is put together into e'progrem and inserted
-into the PROGRAM part of the computer; .tlie arrow will point to the first state-
ment in the list, weit for it to be carried out, then point to the second and
8o on down the list., However, it is possible to tell the pointer arrow to

point to,some other stetement rether than the, one directly below it, .
Q.:

r.

N : \ '
An.example is, the stetement, : ' : ' . S -

GO TO .
where a statement number goee in the blank. Remember that éach statement in
‘r a progrhm has its .own 1line and is given a number such that the first statement - . *

1 is called P1, the second statement is P2, the third is P3 and so on; the
statement number goes in(the margin Jjust to the left of the statement.
’ L3 . .

For.example, the statement

GO TO P2 :
means that BEFORE the statement *the arrow was pointing to and the computer
was finishing work on the statement above "GO TO P2" in the program, and
AFTER the statement is completed the arrow is pointing to the statement at P2

-- 1.e., the second one in the list -- and the computer will begin working )
on it.

\. . w
In terms of the operations involved, the statement ’ :

_ GO TO P2 N - :
f means: (Assume the computer has just finished the statement before "GO T0 pP2"
: in the PROGRAM.) (1) Do not point the arrow to nor work on the statement
' that comes right after "GO TO P3" in the program as normally would be dome.
(2) Instead, shift the arrow to the second statement in the PROGRAM list and
start working on it. (And then &0 on down the line to P3 and so on from there,) o

1

: The last kind of statement that controle vhere ‘the arrow points on the PROGRAM
list is one that comes at the end of the liet and means work on the program
» 1s over. This is the statement, o
STOP. :

[




For example, the statement ) : ' .
IR STOP ' //// C o
means that BEFORE the statement the computer has just finished ‘the statement
above "STOP" (or has been directed to the STOP statement by a GO TO state-
ment ), and AFTER the statement has been finished the -computer is finished °
with the’ present PROGRAM list and ready for a nev one, i.e., the row is
.‘finished pointing to statementsﬂ ‘ . éi

N

In terms of operations the statement
STOP - | '

means : (1) You've come to the end of things to do with this program s0 keep

the arrow still end stop working on it. (2) Start looking for a new PROGRAM .

list to work on. . ' ST

, : A

Remember that the computer will work on whatever statement the arrow points

to on PROGRAM and that once the computer finishes one statement,.the arrow will.

shift to the next statement in line unless it_comes to a statement that tells
the arrow to "GO TO" some other statement. Tt is also possible to tell the

" arrow to "GO TO" some other statement under certain conditions and to go to

the next statement in 1ine'under other conditiona.

This is done by using the statement

- IF( ) 6o TO ' '
vhere the first blank in the parentheses after IF is an address nam
middle blank is a relationship (1less than, less than or equa qual, greater
than or equal, greater than), the third blank er, and the blank after
GO TO is a statement numberi. The symbols or the five relationships are: ‘
< means less than, § means less than or equal = means equal, 2> means greater e
than or equal, > means greater than.

For'example, the statement
IF(A2=99) GO TO PT
means that BEFORE this statement there is a number stored in memory box A2
arfid the arrow was pointing at the statement just above this one in PROGRAM,
and AFTER this statement is finished the arrow will be pointing to the seventh
statement in the program (PT) if the number stored in memory space A2 is 99
or it will be pointing to the statement just below this IF statement ir the
‘number in A2 is not 99. ° .
In terms of the operations involved, the statement
IF(A2-99) GO TO PT '
means: (Assume the arrow has Just finished pointing to the statement above
this one.) (1) Check to see what number is stored in memory box A2 but do
not change it. (2) If the number is not 99, Just shift the arrow normally
to the statement that comes after the IF statement in the program. (3) If,
however, the number is 99 shift the arrow to the seventh statement in the
program (ignoring all others inbetween).

]




' space A2 &nd the computer has just finished working on the statement ‘before

~ in memory space A2 but do not alter it.- (2) If the number 'is not greater

YOIPROIOIR TS SO

Wnuiehnopklet:}

What is a éaﬁputgg Language?
. ]

" READ Statements S

memory spaces called Al, A2, A3, Ak, A5, A6, AT, A8.

- means: (Assume a pile of data cards has been input to the computer.)

"Another exgmple_iartﬁe statément'\'. . o -
~ IF(A225) GO TO P2 . I A 0
which neans that BEFORE this statement there is a number stored at memory .

the IF statement in the program, but AFTER this statement is finished the P Loy
computer will be working on the second statement in the PROGRAM 1list (P2) if ST
the number stored in A2 is greater than or:equal to 5 or it will be working = o
on the statement just below this IF statement if the number is not. In terms '
of operations this statement means: (1) Check to see what®’number is stored

than or equal.to 5, continue normally with ‘the statement that comes just o
after the IF statement in the program. (3) However, if the number is greater .
than or equal to 5, start working on the second statement in the program. ’

[N

In this booklet you Qil&\lgarqfhow to write seven different kinds of computer
statements, and vhat they mean ‘in ordinary English. You can think of each

statement as a kind of senﬁq§ce written in computer language, which tells

the computer to perform certain operations. Statemerits can be put together ,

in various ways into lists, with one statement per line; these lists are —_— -
called programs because they tell the computer to perform a whole series of

tasks in a certain order. 1In order to write programs, you must first learn -
about each of seven statements that can be put into a program. h e

Each of the seven statements will now be explained. . : ' -

L]

° 2 R 1'.
The first kind of statément is
READ ( ) = : . .
vhere "address" name goes inside the parentheses. An address name is ¢

Just-a space.in the computer's memory, and in this éxperiment there are eight

For -example, the statement . . . . . e
READ (A2) ‘

(1) Take the top card from the pile of cards input to the computer and check

to see the first number punched into it.. (2) Store that number in a place :

in memory called A2, destroying any previous number which was stored at A2. s
(3) Send that data card out of the computer reéducing the size of the pile

of cards by one. _

el
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WRITE Statementsj

vhere an address name goes in“the parentheses. Remember that an address
name is Just.a space in'me ry and that there are eight of them in our
¢; A5, A6, AT, _A8,

Al, buy AFTE h1s statement is finished the number is still in memory space
Al ang is printed out on one line of a piece of paper which is output.

In ¢ rms of the operations performed the statement o
. WRITE (A1) H
means: (1) Check to see what fumber is stored;in memory at space Al, leaving

. number unchanged.” (2) Print out that number on a piece of paper and

, se_d it out the output wifidow. - , .

kY

.~ b1

L] . r

EQ sLS Statements

'_Thefnext kind'of'Statement you will 1earn about is express%d in-the form,

where the first irst blank is an address label .and the second blank (i.e., the -
- blank to the right of the equals sign) is‘either a number or another address
name. ‘
For exampie, the statement
Al=0 ' ) ' R
means that BEFORE this statement some unknown number is being stored in space
Al but AFTER thisg statement is finished the number zero is being stored in space

Al (instead of whatever was there before).

In terms of what operations are performed, the statement

Al=0 - -
means: (1) Destroy vhatever number was previously stored.at memory space Al.
(2) store _the number zero in memory space Al. :

Another example is the statement o . ~ o .
Ab=A5 o : ‘ o

which meang that BEFORE this statement some number is stored in memory space

. Al and some number is stored at A5, but AFTER this statement is finished the
original number is still stored at AS and it is now also stored at Ab (instead
of what was there before). In terms of what operations are performed this
statement means: (1) Destroy whatever number was stored at memory space Ak.

. (2) See the number which is stored in memory space A5 and without destroyiny -

’ it, stéore it also in memory space Alb. . . .

.
L.




'ARITHHETIC Statements

The next kind of stetement iarjﬁst like the EQUALS statement except that
a computation is indicated on the right side of the equals sign. The state-

.
= T

ment is .y . ' /A‘

where the blank on the left of the equals sign is an address name, the tirst

blank on the right of the'equels is either a number or an address name; the

. second blank on the right is~gn operation @either addition, subtraction,,
“multiplication, division) and the third blan¥ on the right is either a fumber

or an address label. The four arithmetic operations are expressed as follows:

+ means add, - means subtract, * meens multiply, and /' means divide.

For example the statement . R v ..

Al=A1+A2 e
means that BEFORE the statement some number is- stored in memory apace Al and
some number- is stored incmemory space A2, but AFTER the statement is finished

" the original number if still in A2 but the number now stored in Al . is the

-~

sum of the original number in A2 plus the number in A2,

In terms of the operations performed the statement (

Al=A1+A2 " - ‘ s
means: (1) Check to see what number is stored at memory space Al and what
number is stored at memory space A2 but do not alter them. (2) Add these tvo
numbers together. (3) Now destroy, whatever number was stored at Al and put
~ this new sum in Al instead. .

.

GO TO Statements ' ' o

Normally when .a list of' statements is put together into a progrem, the computer
will complete the first statement, then go on to the one direc¢tly below it

and so on down the list. However, it is possible to tell the computer to /.,'

g to some other statement rather than the one directly below it. /
An example is the statement - J -
GO TO _ - ' ‘

vhere a statement number goes in the blank. Each statement in a program has;
its own line and it is given a number such that the first statement is called
Pl, the.second statement is called P2, the third is P3 and so on; the statement
number goes in the margin just to the left of the statement,.

-

o -

For example, the statement
GO TO P2 ‘

means that BEFORE the statemint the computer has finished the statement Just

above "GO TO P2" on the program, and AFTER the statement is completed t

computer will begin working on whatever statement is the second one in the

program (1.e., statement P2). :

¢ [

.
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-, equal.

In terms of the operationa involved the statement - .
‘GO TO P2 ‘

\‘m\means (Assume the computer has just finished the statement before "GO TO

P2".) (1) Do not work on the statement that comes Just after "Go 7o P2" in
the~program as normally would be done. (2) Instead work on the statement = '
numbered P2 —- the second statement in the program (and then go to P3 and

80 on e . e

S

IF Statements CNG e :-.;

Remember that once a computer finishes one statement it will go on to work
on the statement that comes direeséy after (i.e., below) it on the program,
unless that statement tells.the puter to "GO TO'! some other statement.
It is also possible to tell the: compate: to "GO TO" some other statement
number under certain circumstances and to\gQAon to the next statement in

line under other circumstances. ~\\\;\ . S . -

This is done by using the statement ~ o . ‘ S
- IF(C - ) GO TO.___ - ' N -7
vhere  the first t blank in the parentheses after the IF ia n address name,
‘the middle blank is a relationahip {either less than, 1eas han or equal, S
- equal, greater tlan or equal, greater ‘than), the, third blank the paren- N
theses is & number, and. the’ blank after GD- To,ie a statement n b\‘ - The
symbols for the five relations ‘are:. ,< means less than, & means s than
or equal _= means equal > means greater than; and > meana-greater than or

v . . -
.

For example, the statement Y R

v IF(A2=99) GO TO P7 -
means that BEFORE this statement'there is a number stored At memory space A
and the statement Jﬁst-above this one in the program has been completed and’
AFTER this statement is- completed the computer will be working on the seventh
- gtatement in the program if the number stored in memory gpace A2 is 99.or it
will be working on the statement Just below this IF statement if the number
in A2 is not 99. et ) .

+

"In terms of the operations involved, the statement. . T ,
IF (A2=99) GO TO PT - .
means: - (Assume the computer has just finished the statement above this L.

one in the program ) (1) Check to see what number is stored in memory ‘space
A2 but do not change it. (2) If the number is not 99, just continue normally

with the statement that comes after the IF statement in the program., (3) How- ,

‘o oever, "if the number is 99, start workinp on the seventh statement (iknoring
all others in between). . . i .
1 . , 2 .
Another example is the statement '
IF(:A225) CO TO P2
which means that BEFORE this statement there is a number stored at memo
apace A2'and the«computer has Just finished the statement directly befote

3

o




“stored in space A2 is greater than or equal to 5 or it will be working. S
the statement jJust below this IF statement if the number is less than 5. fhx
~terms of operations this statement means: (1) Check to see vhat number is = -
‘stored in memory space A2 but do not alter it. (2) If the number is not greater
than or equal to 5, continue normally with the statement that comes just )
after the IF statement. (3).However, if the number is greatér thun or equal
- to 5, start working on the- second ﬁtutement in the program.

’
<.
. 1]

v

. STOP Statements yd

”

The last kind of statem t/that you will learn about todey is.one that comes
“‘at the end of a progr and means the program is over. This is
‘ STOP. e L .
- !/
. . W . o .

For example, the'etatement & e R . . o ;

STOP - ' " o '
means that BEFORE the statement the computer has just finished the statement
above it (or has been directed to the STOP statement) by a GO TO statement),
and AFTER the statement has‘been finished the computer 1s finished with the

entire program and ready: for a new ore.

o
’

‘In terms of operatione the statement , .

N STOP L7 . |

means: (1) You've come to the end “of ‘things to do with this program so stop
working on it. (2) Start looking for some other program that/needs to be -
started,




- APPENDIX B
<.
. Typical Practice and Test-Questions

’

e - ! . 4

-Generation—Ststemeﬁt:
- Given the computer has just finished statement P2- in a program and & number
is in memory space A8, write a statement to get the computer to statement
VP7 if the number is equu% to 8 an o statement Pk if it is not.

[ g - % n .

k
Given & number in memory space A6 vrite a statement to increase that
number, by l., - o

P ] PR
A

Given a computer has Just finished statement P? on a program, write a
statement to get the computer immediately to the third statement (P3).

Given a number in memory space. Al and’ a ‘number in memory space A2, write
a statement to find their product and store tham number in space A2

Given a ‘number in memory space A3, write' sta&ement to change that
number to 5. T ‘

'
e

Given a data card with a number on it is input write a statement to
get that number into memory space AS. - . -

'Given a number in memory space A?, wvrite a program to decrease that
number by 1. - A ®

Given “the computer nasdgust finished” statement PT7 in a program and a'

rdumber is in memory space Al, wiite a statemerdt to get the computer to :
statement P2°if the number is equal to 5 dnd to statement PJ if it'is
_ not., .
Given the coniputef has Just finighed statement P3 on a program, write a
statement to get'the computer imme@iately to the seventh statement (P?).

Given a nzmber in memory space I and a number in memory 'space A2, write
N1 stateme t to find the sum 'of those two numbers and store the sum in
Al. . . ™

-




5,

- ;vx. . ¥ ‘ .
e . R . .
¢ Interpretation-Statement: S _ 0 - e’ |
" .1. P3 IF(AB=8) GO TO B ‘ PR SR
e 2. “FEAD (A1) " : ‘o B ‘
‘. w . K - ! o . .Y » - . ‘ . )
: 3. As’o . .V . _ ' . . R4 . 'l . - "
", . A6=A6+L
5. P8 GO TO P3 )
6. Ae=A1®MAZ - |
7. A3=5 ' .
8. READ (A5) f '
9. AT=AT-1 ' . . o R
10. P8 IF(Al=5) GO TO P2 ' ‘ ' | X .
11, Ph GOTOPT . . ey o '
. . . ’ . . k) . L - -
, 12, © Al=A1+A2 o ’ ' L e
P . M . . . ‘ »
/. L P . . X
GbneratiOn-Linear Program: ' v,
A Ay .
1. Given & card with a_ number on it is input, write a progrnm to print out
its square.
2. Glven two cards with a number on each are input,. vrite a program to find

that number unless it is zero.

their sum. _ ) . .
"\Biifn .a card with a number on 1t is input "write a/péogram to print'out

Given “that a number is stored in memory space A2-and that a card with a
Jinunbér on it is input, write a program to find the product of the two
“numbers.' .

.
[

Given 2’ number is stored in memory space A6, write a program to. print out

¢ that sumber unless it is 99.

&

Given' a, card with a numbér on it is input write a program to print out
that number minus one. ) ' ’

Given two ‘cards with a number on each are input, write a program to find’
their product. ‘ H

' ,
~ .
L . . y

\/ ‘ ¢ *

e
a

“u




Gimen a ca.rd with a number on it is\input write a program to
twice that number. ) -
Given that a- number is stored in memory spe.ce Al and tha.t a ca.rd with* )
number on it is. input, write a progra.m to find the’ sum of the two numbers,
Given a card with .a number on if/ is input write a program to print out
_ : ‘;' °
ber -on it is input “write a program to print out
> H . " 0 N .
3 @en a nunfber is stored in memory space Al, write a progra.m to: print out
s the\number unless it ‘is greater tha.n 5 T
S 3 . ) .
SR Ihter‘gretatio:u-Line&E:o : . . '
¥ 1.,.P1 READ (A1) & ‘
. © P2 AL=A1%AL y
. * P3' WRITE (Al)
N Ph STOP o
P o . ., ” 4 *
. 2. Pl_ READ (A1) . ,
. . P2 READ (A2) . - ‘
A “y P3 AL=Al+A2 ~ 4
v Ph  WRITE (A1)* - : L b
‘ . P5 - STOP . S ' < SRR
N ] o R - . : »
= 3.7-P1 READ (A1) -~ . N _
; P2 'IF(A1=C) GO TO Pk e . K : S
T P3 WRITE (A1) - ‘ - _ o -
= : Ph STOP o : , -
4, P READ (AL) - T
) P2 Al=A1%A2 . » "
-P3- WRITE (A1) -~ ° -
.t Pho.sTOP o _ g
© . 5. "PL.IF (A6=99) GO.TO P3N - S .
P2 "WRITE (A6) L - , : - - o
P3’ STOR S , | N '
16, P READ (AD)S |
P2 Al-Al-; '
P3 WRITE (A1)
Pb °’I‘0P
7. Pl READ (A1) = o s
P2 READ (A2) (“\L .
X P3" Al=A1*A2 _ i
. Bk WRITE (A1) . o -
S  STOP , - R -

' ",‘(;

3
;
Ca-
L,
E (._
;
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T g B
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R
-
e




. lOZu

1.

-

8.\ PL
CLp2
‘ Ph

£
Pl

e Ph

)

12,

READ (A1) . g -
STOP . i . -‘ . .. P N T e ) - i

PR3

.BEAD (A2) S e e
‘Al=Al+A2 | E T KN :
WRITE (A1) B
stop . : S T o

R
" P2

Pl
‘P2
- P3

READ(ﬂM) - _ IR T e
A1=Al/2 e ' ‘ . - . .
WRITE (A1) = . . - /

STOP - . , '

o0
P2
P3
PL -

READ (A1) o - o L
_IF. (A1<2) GO TO Ph o : R
- WRITE (A1) o o .
STOP - R

P1 IF (A1>5) GO TO P3

" P2 WRITE (A1)
P3 sToP -~

.\~

Generation-LoopingpProgram

1.

Q

Given that a pile of data cards is input write a program to.print out

only numbers greater than 5 and to stop when it géts to a number greater
than SO. . \ ) ® . - 2 3 . . ) )

Given a pile of cards is input, write a program to count (and store in
-memory) how many cards there\are before a card with & 10 appears.

Given a pile of data cards with a ‘number on each is input write a program
to print out the double of each ﬂumber and to stop when it gets to'a card )
with e 0 on it,

leen a pile of data cards is input, write a program to print out each
number and stop when it gets to a card with 88 on it.

;‘Given a pile of date cards is input and that a number is atored in memory
' space A6, write a program to print out the. difference between each number
and A6. and to stop when it gets to a card with 99 on it.

Given a pile of cards is ‘input, write 4 program to count (and store in
“memory ) how many cards there are before ) cArd with a 99 appears.

Given a pile of data cards is input write a program to print out only
’xumbers ‘greater than 8 and to stop when it gets to as number less than
“or equal to 2. . : o




-~ ‘ v - : s ot

Given a.pile of data cards with a number on each is input write a.program _
to print out the square of. each number and stop when it gets to a card
with 99 on it. : :

Given that a pile of data cards is 1nput and a number is stored: 1n memory
space A2, write a program to' print out each number plus vhatever is in
A2 and to stop when it gets to a card with 77 on 1t .

Giv a pile of data cards is input, write a program to print out half of
eac number and gtop when it gets to a card with 77 on it. - :

- Interpretation—Lon g,Programs', ‘ : ' R _ .

.lo
.- P2°

P3

Pk
P6

2. P1
- P2

P3

Ph

. P5

P6

3. .P1
. P2
P3

Pl

P5

. P6

h, p1
, P2

P3

Pl
P5

5. »P1
r P2
P3

PL

P5

P6

Pl READ (A1) e

IF (A1>50) GO TO P6
+ IF (A1¢5) GO TO P,

WRITE (Al)

GO TO P1

STOP

Al=0 :

READ (A2)

"IF (A2-107\GO TO P6
'Al-Al+l

GO TO P2

sTop - . -

READ (A1) °

IF (A1=0) GO TO P6
Al=A1%2

WRITE (A1)

GO TO PL

STOP

READ (Al)

_IF (A1=88) ‘GO ¢TO P5
"WRITE (A1)

"GO TO P1

STOP "~

READ (AY)

IF (al=99) GO TO P6
Al=A6-A1 - :
WRITE (Al)

G0 TOPL -

CTOP

IS

"%




v. . |

1‘ . <l N
Y ’ 9.

i
|
i
:
\

- P1

P2
P3
P4 -
P5

.. P&

Pl
P2

P3

Pk
P5

PL

P2
P3
- Pk

P5
P6

10.° P1

P2
P3

M1=p1/2

48

A1=0

'READ (A2) :
IF (A2-99) 6o TO P6 -
Al=A1+1 ,
GO TO P2 . - .
STOP ' :
READ. (Al) , -

IF (Al¢2) GO TO.P5 - )
IF (A1¢8) GO’ TO P1 I
WRITE (A1) ~ )

GO TO P1 -

: : - P6. STOP

.~ 7 8. P1 READ (A1)

. P2 .IF (A1=99) GO'TO P6 ; .
3 . P3 msA1*AL O
»* Ph WRITE (Al) " ‘
| : P5° GO TO P1°

- . " P6 STOP

|

READ (Al)

IF (A1=TT) GO TO P6

Al=A1+A2 : L
WRITE (A1) . ,

GO TO P1 . : .
STOP '

'READ (A1) SR

IF (A1=TT) GO TO P6 o

‘a.
5y
.
P
}
. s
.. ‘.
- . R
f
A
b
'
’-
.-
.
[
s
(4
:

-~ Ph 'WRITE (A1)
F5 .GO TO PL , e
P6 STOP . : -

’ @ i3
A
i
-
. -
p) ’ 5&
-3 .
@ , . ,Qﬁ.
. L% ;
‘ ©
v
g 4 . N
A .
&
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s » . e
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-Pre;téat'li

. APPENDIX C

- ) I B B . ’
. Four Pre-tegts Used in Experiment II : d

1§;g;bra Solution Test

IS

1.

‘Y=X+5X=5 Y= | ~ ;.. ) _/éf/’

. a-x x-m Y= - ’ S
3. oY +/3 =T, Y= _ ,
b Y¥-6=10, Y= . I
2 X>=~x +ac, Y =.A - B, X= | (in terns of A, B and/or C) %
é;- X =:62 - Y"Z =B - 1, ¥=4,x= . ( in terms of A, B and/or c) z
w o . _ :
<€re-téak 2: Algebra Story Test 1 »

A taxicab charges 25¢ for the first fifth of a mile and five cents for , o

each additional fifth of a mile.
dollars.of'goingvM miles by taxi.

]

B}

Find the formula for the cost C in
Assume M is greater than 1/5.

(l) ) 4 : ) [

> dollars D if you have P pounds,

Find the total cost C of the same trip if a 15% tip is added.

(2)

A car rental service charges eight dollars a day and five cents a mile to.

rent a car.  Find the expression for total cost C in dollars, of rentirg
a car for D days to travel M miles. .

\ (3)

~

Find the total cost of the same trip as in question 3 if a
P percent is applied.
o (W)

sales tax of

There are 12
expression for

An English penny is currently worth 1.25 cents, lets say.
pence to a shilling and 20 shillings to a pound. -Find the
S shillings and C Pence.

-, (5)

— e s, ot e i S0 et O VAb—




h:f" ) '6y‘_Find the expreégion for dollars “in question 5 1f the pound is devalued ;f L
SRR bw 25% ¥ . : 6 a S : : o ,
* 7. A carton contains S spools of threag. F feet of thread are wound upon

each spool. Write an algebraic formula for T the total number of yards'l R
jof thread contained in the carton. : : , v R A

f;‘ o Tgf | . " (7 e .

8. What is the formula for VW, the number of’ feet of thread contained in &’ !
: stockroom housing C auch cartona as described in question 7. '

- . 1

(8) ", : ‘ P

_ Pre-test 3: 'PermutationaTest L | ‘ . : o

~ Suppose.you are making license platea for a certain. town. Each plate is )
. four digits long and contains one each of the digita 1, 2, 3, and b, List

all the possible arrangements of 1234, . o . .
1e3y . | b L o
Pre-test b: Card Test - : , o v

1. Suppose I have a deck of four cards containing 2 red cards and 2 black -
cards, I take the top card from the deck and place it (face up) on the . L. o
table. It is a red card. Then I take the next card and put it on the LT

. bottom of the deck without determining what it is. I place the third card
on the table. It is a black card. The following card I put undetermined
below the others; while the next card, which is red, I put on the table.,-
The procedure of alternutely putting one card on the table and one on .
the bottom of the deck is continued until all the cards of the deck are. -
piaced on the table. The cards cn the iable appeared in this order:
Red, Black, Red, Black. What was the order of the-original deck?

* (Put R or B iél%ach space)

Top Bottom <' )
2. Suppose I had a deck with 6 cards, half red and half black, and alternate N
placed one on the table and one on the bottom of the deck as above. If the
cards appeared on the table in the order R,B,R,B,R,B, what’ was the order _
of the original deck? ' o : _ , .

. . " (Put R or B in each space)
Top : . Bottom . ~ o v

. . . .
X . . &)
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N °
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3. Suppose I had a deck of 8 cards, half red and half black and I alter- .
. nately placed one on the table and one on the bottom of the deck as above.

If the cards apgeared on the table in the order R,B,R,B, R B RfB what . .
was the order of the original deck?: e “ N ‘ :
‘ , . - (Put .R or B .in each L=
~ Top ' o Bgttom space) ;

Suppose I hed a deck of 8 cards, the ace through the 8 of clubs, and I

alternately placed one on the table and one ‘on the bottom of the deck as
_above, If the cards appeared on the table in the oner A,2,3,4,5,6,7,8,
" what was the order of the original deck?

RN ) ’
. >

vy
S (Put A,1,2,3,4,5,6,7T,
Top g Bottom or 8 in each space)
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