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The material in this chapter has been published as the following article: T,
. Mayer, R. E. Contributions of cogniti?e science and related research on
’ e o -
learning to the design’of computqpﬂiitgrécy‘curricula. -In R. J.
Seidel, R. E. Anderson, -& B. Huan% (Edg;%; Computer Literacy:
Issues and Directions for 1985. New York: Academic Press, 1982,
i - N ,' - . .
- 129-161. ' v\ ) :d
¢+ This réport was also.published as a technical report:' T . .

-

Mayer, R, E.” Contributions of cognitive science and related research on
% . learning to the design of computer literacy hurgicula. _Technigal

. Report No. 81~1. Santa Barbara: University of %aiifornia, 1981.
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The goal of.this paper is to examine techniques for increasing the

-

novice’s understandlng of computers and computer programming. In particular,

thfs paper examlnes 1he potentlal usefulness of five recommendations ‘concern-

-
*

ing the design of computer literacy curricula, as listed below.
3 . . i

f (1) Provide. the learner with a concrete model of the computer.

-

} (2% Encourage the learner to actively restate the new technical
! ¢ H
iﬁformation in his or her ‘own words. ’ T

/ - v’ .

; (3) Assess the leatner's existing intuitions about computer operation
f;nd try to build on them, o; modify them, as needed. _‘

(B Provide the learner with methods fe} chunking statements into a ,

-
- A

larger, single, meaningful unit.

1 0 ’ ‘ £ . 1
(5) Provide the learner with methods for analyzing statements into

.'& ‘ ~
smal]er, meannngful parts. o
For each recommendation, this paper wnll provide a clear statement of the,

» L4 . s
issue, an example, relevant background and a brief review of relevant’

o J

research 1iterature.

o

. , N -
As can be seen, each recommendatiof,is concerned with increasing the

meaningfulness of learning new computer information bx?novices. For pur-
) s o . et ~
poses of the present paper, meaningful learning .is viewed as a process in

which the Jearner connects new material with knowledge .that already.exists

in memory (Branstord 1979) Figure 1 proyides a general framework for
dlscu551ng ;;e condltlons of meanlngful learnlng (see’ Mayer, 1975, 1979a).
The figure shows-.that lnformatlon ‘enters the human cognitive system from
the outs{de (e.g., through text or lectgres, etc.), and must go through the
follewing steps: (n Reception. Fifst, the learner must pay attention to-

" the incoming information so that it reaches working memory, as indicated

by arrow a. (2) Availability.” Second, the 4eaqeer must possess appropriate

- . .
. * .
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prerequisite concepts in long term memory to use in assimilating the new K

L

. _information, as indicated by point b. (3) “Activation. Finally, the ,
. . = N v
learner must actively use this prerequisite knowledge during learning so’ |
5 -, .
that the new material may be connected with it, as indicated by arrow c .

—~—
o

from long term memory to working memory. Thus, in the course of meaningful
learning, the learner must come into contact with the new material (by
+ bringing it into working memory), then must search long .term memory for

what Ausubel (1968) calls ''appropriate anchoring ideas', and then must

5
-

transfer those ideas to working memory so they can be combined with the new oo
. L - ) * Lad
information in working memory. . Each recommendation is aimed at insuring o

one or more ¢f these conditions is met.

- . .
The traditional way’gf evaluating meaningful learning is 'té test

whether learners can transfer what they have .learned to new situations. For ,

} >

' exampfe, Wetheimer (1959) taught students how to find_the area of a parallel-

* ogram usnng a rote method (l e., memorizing a formula) or 2 meanlngful method

(i.e., involving the structure of the figure): Although both groups performed

equally well on problems like those'gfven during instruction, Wertheigij/”*{

| claimed that the meaningful learners were able to solve unusual problems
| ‘ PR . ‘ .
| : requiring creative transtir. Thus, this paper will focus on transfer as a

measure of meannngfu] learning of computer programmlng. . - . . L

o o
| 1. “WSE CONCRETE MODELS '
| . . .o ,

Statement of the Problem .o
l " ﬁ‘&ovices_tend to lack domain specific knowledge (Greeno, 1980; Simon,

T -4 . - .

; . 19804 Spilich, Vesonder, Chiesi & Voss, 1979). Thus, one technique for, -
. smprovnng the novice's understanding of new technical |nformat|on is to’

provide them with a domain-specnflc framework that can be used for assimi=~ .o

Q ) 1
« lating new lnFormatlonw-i e. by a]lownng for ailability" as indicated
; e '

.
* [l " > PR
\ b4 . . « K]
\ . . N a9
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. by point b in Flgure 1. The present section focuses on the effects of con- L,

crete models on peop]e@s ugderstandlng of computers .and cdmputer programming.

Example

A For example,” in our own work on teaching a simple BASIC~-1like language

) to novices, we presented a model of the computer such as shown in Figure

2. The model provides concrete ‘analogies for four functional units of the

~ . . . e
e computer: (1) input is represented as a ticket window in which data is

lined up waiting to be processed and is placed in the finished pile after

being processed, (2) output is representedeas a messagé note pad with one
J S A

. . . . ¥
message written per liney (3) memory is represented as an erasable scoreboard

in which there is natural destructive read-in but non-destructive read-out,
- i

.and (&) executive control is represented as a recipe or shopping list with

-

a pointer arrow to indicate the llne belng processed "This model may be

) presented to the learner either as a dlqgram or as an attual board contain- -
. + i s St
ing these useab]e parts. _// 7

* Background - .

7

There i's ample evidence that concrete models are widely used in mathe-
matics instruction. For example, early work by Brownell & Moser (J9h§e . C e
ihdicatedothat children who learned subtraction algorithms with the aid of

N ]
. "bundles of sticks' were better able to.transfer to new problems than
‘; ] - Y
children who were given the rules for subtraction.in, abstract form with
\
plenty of "hands on' experience in executing the procedures. More M

recently; the impertant role of "manipulatives'’ such as coins, sticks, .

blocks, etc., has been documented by Weaver & Suydam (1972) and by Resnitk

& Ford (1980). BN

i N
There is also some evidence that concrete models may enhance compre-

hension of text.. For example, students' recall of an ambiguous passage

O was enhanced when a title or diagram or introductory sentence was given

RN -8 -
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prior to reading but not when given after reading (Bransford & Johnson,

' !
) 1972; Dooling & Lachman, 1971; Dooling & Mul!et, 1373). Similarly,.Ausubel B

(1963, 19§0, 1968) has provided some evidenceithat expository learning may

. {
be enhanced by using an."advance organizer"--a~short, expository introduc- gi?
v
t|on//presented prior to the text, contalnlng no spec1f|c content from the

“text and providing a_general framework for. subsumlng the lnformafion in

the text. More recent reviews of the ‘advance organfzer literature reveal

’

that advance organizerssrtend to have their strongest effects in situations

- .

where learners*are unlikely to already possess useful prerequisite concepts--

namely, for technical or unfamiliar material, for low ability subjects,

and‘when ‘the test nnvolves transfen to new situations (Mayer lS%Sa, ]979b) .
Royer and his coP]eagues (Royer ¢ Ezble? 1975, 1976) have jﬁmonccrated

that concrete models may serve as effective advance organfierslln learning

new}scientific }nfor@ation. For example, the concrete anaWOQxiof e]ectrical ,

conduction as a chain of falling dominoes, influenced subse&ﬁ!ﬂt\learning.

stmilarly, White & Mayer (1980). analyzed the concrete mode}s used by .

' physics textbooks. For example, Ohm's Law i's described Lh.terms of water

-

flowing.in pipes, a boy pushing a heavy joad up an |nclﬁhed street, cr
electron flow in a circuit. Recent results by Cook 3 Mayer C1980) show

that when concrete analogies are embedded'ln a technical text, novices tend
!

ltk perform best on recalling these familiar models and tend to recognize

the information related to the models. ) '

DuBoulay and his colleagues (PuBoulay 8.0'§hea, 19763 6uBoulay, 0'Shea
& Monk, 1980) have distinguished between'two aPproaches'to lea(nihg computer -
programminge In the black box approach, theugberat}ons of the computer are

LI

-hidden‘to the learner so. that the learner has no idea of what goes on inside

* the computer. In the glass box approac&f the user is able to understand




o 6

v ~
- o

the changes that occur inside the computer for ‘each statement. Although the

Y

description need not, indeed should not, be on a machine language level, -

DuBoulay et. al. (1980) suggeat two properties for making the hidden oper-=

ations of a computer language more clear to the novice: simplicity--there
should.be a ”§mall number-of Patts that interact in ways that can be

easily uaderstood”, an&‘Visibilitx—-novices should Le able to ‘''view
selected parts and processes of this notational machine in action'. .

DuBoulay et* al. have imp lemen ted these suggestions in an instructional

course in LOGO, since each statement is related to a concrete model called

P ™~

'the LOGO machine''. -However, there is yet no emﬁirical test concerning the

effects of the LOGO machine on learning. i

Research of Concrete Models

& . » ‘
Transfer. In order to provide some information concerning the role of
—_—

. . S

models on learning computer prégramming, a series of studies was conducted
(Mayer, 1975). In the studies, subjecte were either given,a concrete model
of ghe éomputer (such as shown in Figure 1) or not;’ then, all subjects read
a 10- page manual describing seven BASIC-1ike statements (see Table 1).
Following reading, subJects took a test that consnsted of sxx types of
pr9blems ﬂas shown in Table 2). For generate problems, the subject had to

write a program; for interpret problems, the subject had to describe what

- v

.
k}

the prdgram would do. . »

A . & . ?

of Table 3. As can be seen, the control grOpu performs ‘well on ﬁroblems

that are very much’1ike the material in the instructional text, e. g.,

-

generate~statement and generate-nonloop. However, on problems that requ:re

moderate amounts of transfer--e.g., generate-loop and the shorter interp
Lt ’ ‘ ¥

4

<problems; the model group.excels. This difference in the pattern of
N .

«»The proportion correct response by type of problem is given in the top




-

~of Jearning.

| . T

-
-

.

performance suggests that models enhance transfer performance buf not
- - % o

fimple retention of presentced materigl. Apparently, the-model p}ovided an

assimilative context in which novices could relate new technical informa-

Ztion'in the booklet to a familiar analogy. This assimilative process

resulted in a broader learning outcome that supported moderate, transfer.

Locus of the effect. One‘problem with the above study is that the
: . ‘

model subjects receiVed,more information than controls. Therefore,

d )

another series of studies was conducted (Mayer, 1976a) in which all sub-

‘

jects read the same BASIC-1like manual, but some’subjects were given a

concrete mode] of the computer before reading while others were given the

same model after reading the manual. <

The ‘proportion correct response @y type of problem for the twoy

groups is shown in the bottom of Table 3. *As in the previous study, the

(2% -

N K M - .. » '

before group-excels.on creative transfer to new situations but the after
v oy . .

group excels on simple retention of the .presented material. Thus, as

predicted by assimilation theory, the model sérves as an assimilative .

cantext for learning only if it is available to the learner at the time

& ™ e,
» .
+

-

Recall. The above'studies used transfer tests as measures of what

© %

is learned under different instructional treatments. In a follow-up study

(Mayer & Bromage, 1980), subjects read the manual and were given model

¥

either before or after the reading as in the previous study. However, as

a test, subjects were asked to recall all they could about certain portiéns

~

of the manual. - .
A

In order to score the protocols, the information in the manual was
N \
broken down into idea.units. Each idea unit expressed one major idea or

A=

action. Thergvnne three kinds of idea .units in the manual: (1) conceptual

11

' »
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idea units related to the péternal operation of the computer, (%)wtethn}cal

idea units gave examples of code, and -(3) format idea units gave grammer

rules. Table 4 gives examples of»each type of idea unit. .
3 " » h < : ~
. Table 5 shows the-average number of idea units recalled from each .

category by the two groups.. As can be seen, the before group reGalls more

conceptual information while the after .group excels on recall of technxpal

.

and format informatfon. Thns pattern is consistent wnth the idea goqd
retention requires recaldl of specific code, but good transfer requires .
' . ' A

understanding of conceptual ideas. Also, the hefore group included more -

F g
N

intrusions about the model and other sections of the manuai, sugdesting

they integrated the infqrmation more broadly.

. * -

Different language. Although the ‘above results are consistent and

were obtained in a leng series of studies, their generality is limited ¢ .,
! A chie: .
N oo .

by the fact that just one type of language was? used. Thus, a follow-up

study was condu;ted {(Mayer, 1980a) in which subJects learned a file manage~

" ment language (Gould & Ascher, 1974) either with or without a concrete

4 .
model. Table 6 lists the eight statements that were described in ti:"

instructional manuaJ. Figure 3/sh6Ws the concrete model that was used:

. 1/‘ -

long-term memory |s represented as g file cabinet; the sortlng functlon is .

”epresent,d as an in-basket, out- -bsket and save basket' temporary memor,

-

is represented as an erasable scoreboard‘ executlve control is represented

. 4 : .
as a list and pointer arrow; output is represented as a message pad After

instruction, all subjects took a transfer test lﬁ%ﬁUdlng simple retentlon-like

problems {sort-1)and proBlems.that required putting all of the Learnedy-,

commands together in a novei way. (compute-1 and 2). (See Table 7.)

-

Table 8 g}ves the proportion correct response by type of problem for
-~ x / - <

. X R «
the two treatment groups. As in the previous studigs, the control group .

~ s

1%

=]
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'pérfonmé bestdbn,simple problems like ‘those in the manual, but the model

™~ group excels on longer problems “that require creative integration. Thus,

+

- s » ~ “ - - 1Y 'Y -
¢ . previous- fesults and conclusicn seem to generalize to this new domain.

t

’ Ability. The pattern of result described:above tended to be strongest
: . .
for low ability subjects (Mayer, 1975) where ability is defined in terms

" of Mathematics SAT scores. Apparently, high ability learners already

~ possessed their own useful 'models'" for thtnkipg about how a computer worﬁs,

.. but low abilit§ students would be more likely to lack useful prerequisite

knowledge. ) T ¥

2

Y Text organization. The pattern of results described above also

tended to be strongest when mater{al was poorly organized (Meyer, 1978).

o Apparently, the model is more useful when material is poorly structured

y
- because it helps the readegﬁfo hold the information together.
= g }

lear and consistent evidence that

N

a concrete analogical model can have a strong effect.on the encoding of

* v

new technical information in novices. These results provide empirical

Evaluation. These results provide

support to the claims of DuBoulay & 0'Shea (1976, 1978) that allowi;g T
-

novices to ''see the works'' allows them to encode infO{mation in a more
coherent and useful way. When appropr{été models are used, tﬁe.learne}

i seems to be able to assimilate each new statement to his or her image of
the computer system. Thus, one stra?ghtfofwagd\implication is: if your
goal is to produce learners who will not n;ed to uséAtH; language creative-
}y, then no model is needed; if your goal is to produce learners who will
be able to come up with creative solutions to novel (for them) p}oblems,
then a concrete model early in learning is quite useful. More reséarcﬁ is

/
needed in order to determine the specific effects of concrete models on

wh7f is learned, and to determ’ne the characteristics of a useful model.

] ‘ B ] \\‘\ 13 . ‘ 9 | .




.questions'' which ask the learner to relate one part of the material to

10

2. ENCOURAGE LEARNERS TO "'PUT IT IN THEIR OWN WORDS"

Statement,o{ the Problem

A second technique for increasing the meahingfu}hess of technical in-

* formation is elaboration--encouraging the learner to explain’the informa-

tion in his or her own words and to verbally relate the material to other
congepts or ideas. Elaboration techniques may influence meaningful

-~

learning: because they encourage the activation of existing knowledge that

e o

L8

is relevant for comprehendlng the presented material--i.e. eIaBbratlon

may affect the activation process as |nchated by the arrongpfg Figure l

o

Example . -, - : ’ e

< -

. * - .
For example, in our’own research, we have taught subjects a simple file
management language as described in the previous section (see Tables 6 and

7). In order to encourage subjects to .elaborate o e material, ‘we pre-
. ) : '

sented questions after each page of the instructional booklet. Table 9
h Cv-
gives examples of 'model elaboration questions'' which ask the learner to
0]

relate the mater}al to a familiar context, and licompall'ative'elaboratio_n .

”
- v

“another. | ) ‘ ' ,

Background \ ) ‘
! * g B <

There is some evidence that asking subjects to put ideas into their
own words%ﬂnﬁng learning can enhance the breadth of‘learning. For example,
Gagne & Smith (1962) found that subjects who were required to give a
; < /

i
verbal rationalization for each move as they learned to solve a new problem
"~ . #

z

resulted in longer learning time but better transfer performance than non-

r

verbalizers. Results By seidel & Hunter (1970) suggest that verbalization
3 » B

per se may not signffi;antly enhanég computer programming perfSYmance.

More recently, Wittrock (1974) has proposed the !'generative hypothesis''-~

° . . .
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d.e. ]aarning 6éEﬁfa when the.learée;,activaly §§§é€ates as§ociation§
" between ahat is presenie; and what he or‘éhe‘a1?aady has in memory. For
" . / ,
;examale, whap school children wexg“asgad Ialgénerate a one-sentence Sum- 7
mary for each paragraph in a prose paééage, Wittrock (1974) found that

recall was nearly double that of a controf group; Appayently,.when stu-

dents are encouraged to actively put in;brmation in théir own words, they

are able to better connect new information to*éx?stfﬁg knowledge. ’ Y
- .
Elaboration technlques have long been used to enhance learnlng of .

paired associates. For example, when students are “asked to actlvely form >

-

imagés or sentences involving word paifs, paired assoc?age recall is

greatly enhanced (Bower, 1972; Paivio, 1969). More recent!y, elaboration

technlqyes have been used in school currlcula (see Dansereau, 1978; TN\

Wennsteln, 1978). Several researchers have argued that students should be

- * . 74

given explicit training in "'learning strategies*--i.e. how to actively -

%

process new material {see O'Neill, 1978). IR
Transfer. In a typical study, (Mayer, 1980a) subjects read the instruc-

tional booklet .covering a simple file manageient language, with some sub-

o

jects having. an elaboration pag§ after each page in the Bokaét (model - <

elaboration), and others not (control). A second study followed the same

procedure but there wis a comparative elaboration page aft.r each page
! »

for half the subjects. ' : .

°

On a subsequent transfer test, using problems described in Table 7,

>

the controf groups parformed well on simplea retention—l?kgrpfoblems but

the elaboration groups {both model and comparatTVe) perform better on pro-

Iy .,

blems requiring creative' tranéfer Table 10 shows the proportion correct

by type of problem for four treatment groups. Thus, there is evidence

that requcring the learners to put technical 1nformation ‘in their own

»

[




’ t
words through. relating the material to a familiar situation or through mak-

ing comparisons, results in broader learning. !

o2 . .
E -
Recall. In order to assess the~generality=of these findings, the

-

studies,were replicated using recall as the test (Mayer, 1980a). For

-

scorlng, the manual was lelded into idea units. Some idea units described

Fa— ,
/‘ : »
how the computer operated (conceptual idea units) and others emphasized the

grammar and technical aspects of each statement (technical idea Units). |~

» &

Table 11 shows the average number of idea units reca}#ed by type for
model: elaboratlon, comparnsonfe]aboratlon, and controf grpups. As can be

seen, the control group tends to recall equal amQunts of both types of |nfor-

. e -

matloq, but the e]aboratlon gréupc tend to emphasuze recall of conceptual

[y

‘as compared to technical lnformat?on. This pattern is consnstent with,

the idea that conceptual emphasis is likely to support transfer performance.
o

Notetaking. In order to provide further;generallty, an additional series'

PUVE

of studies was conducted (Peper & Mayer, 1978) using a different language
(a BASIC-Tike language) and. a different elaboration actlvnty“(note-taking).

Subjects watched a 20 minute videotape lecture describing seven BASIC- llke

L
N

statements similar to the manual described earlier. Some SUbJeCtS were asked

Sy ~
-

to take, notes by putting the-basic information in their own words. Others
, : : i
1]

stmply viewed the lecture without'tdking notes. As aotcst some subjects were

given transfer problems and some were asked to recall portions of the lesson.
As in preyvious studies; there was a pattern in which note—taking improved

performancelon far transfer problems but not on_simple retention problems.

. 5 . .
Similarly, there was a pattern in which note-takers performed better on recall

of concegtual information but not technlcal lnformatnon. These patters were
/

observed for: subJects scoring low in Mathematlcs SAT, but not for hxgh ability

subjects. Presumably high ability learners already possess strategies for

16
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7

c

.Bayman, 1980; 90ung, 1980)25 ) . ‘

Example . ’ s

. . * -\ N
. : .. ///f 13
putting new lﬁTormation into their own words. . .

Evaluatlon. Unfq;tunately, there is no fop] proof way to desngn elabor-

ation activities. However, it is important to keep in mind that ‘the goal of

elaboration is to%help the learner be able to dgsgribe the key concepts in
his or her own words, using existing kndwledge.' Emphasis on farmat or

grammatical details, and emphasis on eirorless verbatim re§all of gtateménts i N
wi'll not produce the desired effects. The learner should be able to

describe the effects of each statement in his or her own words.

- - . - : s - >
B - » - ¥ -
5 _— 2
¢ *
.

3. ASSESS AND BUFLD ON LEARNERS''INTU!TIONS

L
Statement of the Problem

e S Y

+ . « o

. - » . * .0‘ *> EE
Learners come to the learning situat.on with certain.existing expecta-

Y N
»

tions and intuitions about how tc interact with computers. For example,

- -*, °

since students have experience with conversations in English, they are  :
. ¢ . - t,

likely to try to view computer conversations in the same way (Miller & Thomas,

v ]

1977; Sackman, 1970).». Si;.nila;ly,'\g,ince most users aré‘fgmilian with celcu- l

- et

L

_.lators, they may view interactions with comﬁuferstin the same way (Mayer &

>

For most users, ca]cﬁiétors ?eprgseﬁt the first exposure to interacdting

with a computational°machine. Ihus, Intuntlons that are establlshed may be

Lk ‘!.. -

important for later learning of computer programming Ianguagesﬁ “For examp1e, 7z
consider the keystrokes: ., . o , " -t
1 .
7+=‘r} - \ 7

»

" If subjects have a conception of incremedti?g internal registers, they .
. -4

might supposé that this sequence would result inylh4 being displayed. HéweVer,

less sophisticated intuitions-ﬁigbt predict that the display would show 7

FER S

or 0. . : 1Y




Background ‘ ‘ .

. are easier

N L]
~There is a growing interest in using word§,apd_1ogicaT strictures . that
¢ : ’ . ’

are similar to everyday Englfsﬂ."For.example, Ledgard, Whiteside, Singer

.

& Seymour (1980) found that text editing systems that use Jnatural language'’
i 4 P Py
to learn than those that use ''computerese' for commands;

Similarly, Shneiderman. (1980) reports that meaningful or mnemonic variable

. L J

names may affect programming performance. Finally, there is evidence that’

branehlng structures used in BASIC are not as intuitive or as easy to

learn as other branching structures (Green, 1977 Mayer, 1976b; Sime, Green

& Guest, 1977; Sime, Arblaster & Green, 1977l.

3

More recently, Young (1980) has deve]eped mental models' of calcul§§ors-- '

-

) CoL /
i.e. represeritations of the interndl compoments that a learner needs to

Scandura, Lowerre & Veneski (1976) haVe |nterv1ewed chlldren who

~

understand,

learned to use caltulators. through "hands on experience''. Many develop .

bizzarre Intuitions even though they can use the ‘calculator to solve routine

Rroblems. Thus, in order to build on the ]eargers intuitipns, and modify

them as%peeded; one must assess what those intuitions are, In other words,

N ¢
ot
¥

tﬁe instructor should have techniques for detérmining the learﬁer's;“mental
: " — 3 - . .' .
t x ( 7 -

.

model!, o

Intuitions of Calculat8r Operations .

Analysis of Users'

A series of studies was conducted (Mayer & Bayman, 1980) in order to
determine the intuitions that novice and expert users have conéerning how*

pocket calculaters.operate. The novices were college students with no

experience with computers or computer prograrming, while the experts were

£ ’ — 5
intermediate leVel computerasefence students.

Each subject was given a li-page
4

questionnaire with 88 problems. Each problem listed a sefies of key presses

and askedﬂthe student to fredict what number would be in the display,

*

T . [

o .

-

~

-

-




4 xa ’ 9‘ ’ L3
. .
.

>

assuming a standard four-function calculator.was being used.

Thé subjects differed greafly with respect to when they thought ‘an

- I

expression should be evaluated. - For example, consider the,Bréblems,
2+ 3 o -
2+ 3+ - - ‘ .
. NG ) . ‘ ‘ : R
2+3+7 : : 7
2+ 3)i\z/ﬁ, : : R
Some subjects behaved as if an expressigﬁ was evaluated only when an equals )

‘ was préssed; thus, the answers were 3, 3, 7, 12. Othérs behaved as if an

. .

express{on'has evaluated as soon as”an operatokx key was pressed, yielding

~ < 3

answers of 3, 5, 7, 12. Finally, some subjects behaved as if an expressiéh
- ”

3

;:;uevaluated as soon as a number was-pressed, giving answers of 5, 5, 12, 12.

. ~
sults indicated significant differences between experts.and novices, with

most experts opting for gecond approach while novices were;fairfy split .
2 . . .

>

among all three app;oaches. There also were impég’ant differences concerning

1Y

héw to evaluate a chaiﬁ of arithmetie such as, 2 + 3 x 7 =, and how to"handle p

- - .

non-standard sequencesOAych as 2 + = + =,

*

Evaluation. We are just bedinning ‘to develop techniques for éestribing .

o
.

users' intuitions, e.g., users' mental models of computational machines. ///

w . ‘. v e . .
Howevér, as techniques become.available, teachers may’ use them to diagnose

4 . . .

. " . . oo, : s
whether students have acquired useful intuitions, and to remediate where needed.

v

~ -~
- . B
. .

- .

-k, PROVIDE TRAINING IN CHUNKING

3

Statement of the Problem

One technique for méking storage of information easier is to form méaning-

fuf chunks of schemas (Bransford, 1979). Within the context of computer

programming, this means that Tearners shoufd develop the ability to view a

- ‘ N "% %

.
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cluster of statements as a single unit that accomplishes some namable goal.

* -

. Example

.* For example, Atwood & Raﬁsey (1978) Euggqst_that_experienced program-

mers encode a segment such as,

SUM = 0

SUM = SUM + () ””//l/,a,r—'“ ;
1 CONTINUE ! v
as ""CALCULATE THE SUM-OF ARRAY X.’ ‘
Bq;kground . ) ¢ N

. .

There is some evidence that experts and novides .in a particular domain

differ with respect to how they organize information .in memory, with experts

P

. using more efficient chunking techniques (Larkin, McDermott, Simon & Simon,
1980). In recent reviews'of research on how to teach people to becone

better problem solvers, Greeno (1980). and Simon (1980) conclude that good

P

problem.solving performance }edﬁices that the user has large amounts of ,
= “

domain specific knowledge organized into chunks. For example, Simon (1980)

estifates that a person needs 50,000 chunks of domain specific know]sdge
’ ‘ " LY .: ;
(e.g., such as the example given above) to become an expert. )

-

I a classic study, Chase & Simon (1973) asked subjects to view
briefly presented chess board configurations and then try to reconstruct 135.\

*yhem. Chess master§ performed better than less experienced players in re-
constructing positions from actual games, but the advantage was 10st when J il
random boara positigns were presented. ln‘an analogous studY'reggrted by : (,
Shneidgrmaﬁ (1980) ,- experienced and inéxperiehced programme}s were given (1

programs to study. The experts remembered more than the novices when actua)

programs were presented but not for random Tines of code. These finq)ngs
s "
) 20 - .
SR | f

DO11=1,N . -
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suggest that experts have a large repertcire of many meaningful chunks, i.e.
Qays of groupkpér;any lines of cede iete}a,single meaningfﬁ] uéf;:~ Hore
: recently, Mayet\(IQZSC, 1980b) has suggested that highly Qsed'chunké, such
» as lopping structures, should be explicitly taught and labeled as part of
lnstructlon. For example, frequent looplng structures in BASIC include

"repeating a READ“, "waiting. for-a. data ‘numter®, "waiting for a €ounter',

ll""~ "
and ''branching down". .

5. PROVIDE TRAINING 'FN ANALYSIS OF 'STATEMENTS

©

Statement of the Problem .
4

- ’ ~ - M I3 I3 .

- What does it fean to "'understand'’ a statement' In many psycholinguistic

<

)

theorieé, comprehension involves relating a statement tQ its underlying case
B . . . - .

grammar (see Kintsch, 1974).

* \ . w v

Example ) . o,

-
» - .
-

In a previous paper (Mayer, 1979c), | have suggested a possible case

-+

grammar for BASIC, Each statement mey be described as a list of transactgens.

. [ \ ” -
A transaction consisti of an action applied to some object at some location

-

fn the computer For example, the statement, LET X = 5, consists of six .

. -
. -

jx‘ : ‘
transactions

1. Find the number indicated oh the right of the equals.

-

2. Find the number’ in the memory space ﬁndicated on the left of the equals.

‘4 . ~

3. Erase the number in that memory $pace. W~ .

L, Write the new number in that stace. R -

5. Go or_to the next ;t;tement. -
_ 6. Do what ithsays; .
Background . X r: . x )
) An implication of the ”transaction“ approach is that the same statement’

) '

. - ~ [y

-

ERIC | : ’1
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v \
names may acggajly refer to several differentﬂtypes of transactions. For
example, we have shown that a counter set LET such as LET X = 5 is differ-

€t from an arithmetic LET such’as LET X =

10/2 (Mayer,

1979¢,* 1980c).

t

Explicit naming and describing of different types of statements with the

same keyword may become a useful part of computer literacy curricula. More*

recently this. approach has been successfully applied té;%hp analysis of

commands in ''calculator language'' (Mayer & Bayman,

v

1980) and text editor’
languages (Card, Moran & Newell, “1980). - N

‘ ‘ ﬁ\ ) o
CONCLUS 1 ON .

This papet has prov:ded five tentative recommendat:ons, Visted in

5 »
Ay ¥

the iptroductio for increasing the meanlngfqlness of computer concepts

for novices. .Reviews of cognitive research indicate that there is qualified

support for the first two recommendations, and that active research is needed

concerning the latter three recommendations. #’2 . . )
Note / . .

1.wish to thank Bob Seidel and‘Ron Anderson for their useful cdmmedts on an

earlier version of this manuscript. A more detailed version of this paper

¥

is availabfe as a technical report from the author.  Much of the work cited

I

in this paper was supported by grant SED77 19875 from the National Science
Foundation and grant NIE~-G80-0118 from the National lnstltuteaof Education. %
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. -Table 1~ - . ‘ ' ’ .
* Seven Statements. Used in BASIC-like l'nst.ructiona] Booklet ' g
X o ' ) Name _ 4 Ex‘amplen_ o .
\ READ ° Pi  READ (A1) o
WRITE" . P2 WRITE (A1)
- EQUALs P3 Al =.88 - ]
. CALCULATE . Phi Al = Al + 12 A
GOTO ' P6 GO TO PI
B (I ’ P5 IF (Al =00) GO 0Py :

S
-~ o——t

STOP - P9 STOP




»

Generation-Statement »

4

Given a number in memory space
A5, write a statement to change

that number to zero.

£

Table 2

26

> IS
N
s
. ° »

Examples pf Six Types of Test Problems for a BASIC-like Language

»

”

. : ~ -
Generatjon-Nonloop o~

. 1] N
® Given a card with a number
on it is input, write a
program to-print out its

- square.

_ Generation-Looping
T~

~

GiQéh\a\Ej]e of data cards

is input, write a program to

1

print out "each number and s£85§
when it gets to card with 88

on it. .

-~

2 Interpretation-Statement
A5 =0 ¢
& <&

Interpretation-Nonloop

Pl

. 2

P3

ph

7

.READ (A1)
Al = Al % Al =

WRITE (Al) .-

STOP

Interpretation-Looping

Pl

READ (A1)

P2 IF(Al = 88) GO TO P5

P4 GO TO P1 .

£3_WRITE (A1)

—~— »

.
L4

P5 STOP ‘




‘Proportion Correct on Transfer Test by Type of Problem for Model vs. o

4Tab1e 3

-

-

[}

*

°

A\
\

.

ntrolﬁGroups, and Before vs After Groups

-

. ) éenéré?qu . . }ntergret%}ion AJf"‘ :
. Staigment Ngnlqpp Looping ﬁ__,///[ Statement Nonlgop ' Looping .
- ; - AN ’ * s l ".- r, A
. G, ‘ — L
“Mode! vs. Control ) o] —"~} & o )
Model .63 37 A 30 : .62 .62 .09
Coégrol' .67 .52 .2 T 42 .32. .l? to
Before vs. After ’
-Before .57 .50 .20 47 .63 - 17 ? <
‘ Aftef ;77 .63 . .13 - ‘ - .27 .ho .17 ’ ) .
h‘i )

- AT

Note.® For model vs., control, n = 20 ber'group; intéraction between treatment and problem’??ge, p < .05.

For before vs, after, n = 20 per group; interaction between treatment an

Jem type, p < ;05. -

*

e
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. Table Y ’ -
A ST o )
; N T L3
Examples of ‘fest Problems for a Iile. Management Language
Sort 1 = - - T T
List the owners' names for all " FROM AUTOMOBILE =~ ~/
: . : FOR WEIGHT IS "CALLED 3000 OR FIORE )
cars weighing 3000 pounds or more. LIST NAME F N
. L ""—‘0 .
Sort 2 _ ) - o we
List the owners' names for all late 'FROM- AU AUTOMOBILE ' .
. ‘FOR- YEAR IS CALLED 1976 OR MORE
model green Fords. AND FOR COLOR IS CALLED GREEN
o . . . - AND FOR MAI\E IS CALLED FORD
, LIST NAME L ¢ 0T
Count . ) . -
- (o)
How many cars are registered in FROM AUTOMOBILE a
L ' FOR HOME COUNTY IS CALLED SANTA BAPBARA
Santa Barbara County? ) ‘COUNT i
, LIST COUNT .
f Compute 1 S ' ' ’ , Y -
_What is ‘the average current value : FROM'AUT(I?;MOBILE )
: . COUNT . !
of all cards? . *  TOTAL CURRENT VALUE -
- LET TOTAL # COUNT BE CALLED AVERAGE
LIST AVERAGE |
% %
Compute 2 .
What pergenta'ge of 1977 cars are FROM AUTGMOBILE . ' -
’ . FOR "YEAR . IS CALLED 1977 ‘
.Chevrolets? ’ - COUNT . .
* : . LET THIS BE ‘CALLED COUNT 1 )
) AND ¥OR MAKE IS CALLED CHEVROLET )
v oo COUNT, ‘

A LET THIS BE CALLED COUNT 2
LET COUNT. 2 + COUNT 1 BE CALLED AVERAGE

LIST AVERAGE




LY
Y o ;
N : . " Table 5- "
. Average Number of Recalled ldeg Units” for the Before and After Groups
L Idea Units . ’ . .'” Intrusions

Technical Format Conceptual " Inappropriate Appropriate ~Model—
: . T
. Béfore . 5.0 .._._L3 6.6 S TN S IS 3.0

After 6.0 209 | ‘b9 f( . .~ 2.5 .8 .5

‘l R -.

.
-

" "

Note. N = 30.per group; Interaction between treatment and type of score, p < .05,

& . . )
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- Table 6

Eight Statements Used in File Management Ladguage Booklet

_N_a_ﬂ;_t.?.: \ Exan;gle
FROM FROM AUTOMOBILE
FOR FOR WEIGHT #5 CALLED 3000 OR MORE
AND FOR - AND ¥OR COLOR IS CALLED GREEN ,
OR FOR : OR FOR MAKE IS CALLED FORD
LIST . . . . LIST _@1_1«; -
COUNT ~ COUNT \
TOTAL ’ . * TOTAL CURRENT VALUE.
LET e LET TOTAL %+ COUNT BE CALLED AVI-;RAGE
'
Py o d

30

PR
Y




- Type

Technicdal

- Format
Format
Conceptual
Conceptual

L

Technical
Technical
Cohceptual
Conceptual

'Conceptual

Conceptual

.Conceptual

.

Conceptual

.

Example of Conceptual, Fbrpat, and Technical idea

Idea Unit

f/} Table 7

Units

3

>

READ is one kind of statement.
The format is READ ( ). - !

An: address néme goes in the parenthesis.

An address name is a space in the computer's memoxy .

-

TherYe are 8 memory spaces.

‘The spaces are called Al, A2 ....

An example is, READ (A2)..

First, the computer checks the number from the top data card.

A
S

Then, that number is stored in space A2,
The previous number in AZ is destroyed. . e

Then the data card is sent out of the computer.
. .

This reduces the pile of data card by 1.

v .

Then, go on to the next statements.

Ax




Table 8

Y

P}oportion £g4rect on Transfer Test for Model and Control Groups--

» <
-

File Management Landuage

Type of Test Problem-

IO 3

Sort-1 Sort-2 Count {Computer-1 Compute-2

. = Ny o
; Model .66 #_.66 .63 .58 45

Control .63 7 b A3 .33 .22

»

Note. N = 20 per group; freatment x problem type interaction, p < .07.
v : ! :~\
/ .




) Tabl€ 9

Example of the Elaboration Exercise in the Programming Text

Model Elaboration ) ) ' - ,

Consider the following situation. An office clerk has. an .in-basket, a save , -

basket, a discard basket, and a sorting aréa on the desk. Thé'fn-basket is

*

*»

full of records.. Each one can be examined individually in the sorting aréa

of the desk and then placed in either the save or discard basket. Describe

2

the FOR statement in terms of what operation§ the clerk would perform using

the in-basket, discard basket, savé:basket, and sorting area.

. I .

Comparative Elaboration

I

»

How is’fﬁs FOR commard like the FROM command?
How is the FOR command different than the FROM command? °
; 4
- ;
, » 3
- &
3s
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Table 10 ) ¢
Proportion Correct on Transfer Test by Type 6f Problem for Model Elaboration vs.

Contrel Groups and Comparative E]aboraxjnn vs. Control Groups

Type of Test Problem

‘Model vs. Control . Sort-1 Sort-2 ‘Count Compute-1 Computer-2
Model Elaboration .65 .55 .6h 6h b5
Controt L 66 .64 28 .27

~

.Compa;ative_Elaboration

Comparative Elaboration .30 .90 1.00 .75 .55
Control - .90 .90 .65 .65 25
4 - ‘ : * -

-~

~
-

Note. For model elabordtion vs. control, n-= 20 per group; treatment

<

" - x.problem t¥pe interaction, p < .05. For comparative

elaboration vs. control, 1 =13 per broup; treatment x
€
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ERIC

Aruitoxt provided by Eic:

o

- § . . . . . s ‘ ,
) ‘ . " ~ Table N1 ! . o
. Averaé;e °l*l\'umbefq oj‘ Bec,alled Idea Units for Mo.del Elabor%ti.op, e
Cc\;mpérat‘,ive Elaboration an‘d Contr[lf;i”‘GFoups
: Type of . IQearl‘J.ni-‘t':'s' ©
‘ - “ - Tethnical " conceptual
quel Elaboration . 5.3 o l§9 . .
Combar.ative‘ Elaboration .9.14' o 14.1 ‘
* - Control . 7.5 - | 7.5

-

Note. N = 20 per group; treatment x type.interaction, p < .05 for low
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FROM . . ' L e,
-+ .. .| « PERCEPTION. : — () :
: . S SHORT-TERM _ "] WORKING
: MEMORY ° MEMORY
. . - . (STM) - . {(Wm}.
‘ . : o {c) -
) - LLONG-TERM. MEMORY ‘
: . o] ,
{ {INCLUDES MEANINGFUL .
: s | CONCEPTS-(b)) =

. "‘
oy e
‘.
& S x..,

Figure 1: Some infdtmétio.n ﬁfzocessing components of meaningful learning. Condition
(a) is transfer oflnew knowledge to WM. Condition (b) is availability of [

. i assimilative context in LIM. Condition (c) is activation and transfer of
‘”“’”‘“—'w«————u_h_._qld knowledge to WM. : ‘ . -
- ]
. < .
o »
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_Figure 2: A concrete model of the computer for a BAS-IC-vlike language. ’.
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FILE CABINET _ .
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 STUDENTS IN BASKET
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, OUTPUT PAD
928288,
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Figure 3.

PROGRAM LIST

POINTER
* ARROW
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bl ]

*

SORTING AREA SAVE . DISCARD
L

MsMonYécogsaomo-. )

«COUNTT ‘[-roTatt T AveracEl

COUNT.2 T Toratz AVERAGE2

COUNT3 TOTAL3 AyEnAess

COUNT TOTAL AVERAGE -

A concrete model of the computer for a file -management Ianguago; * '
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Abstract
'? : ‘ A3
This paper presents a framework for describing users' knéwledge of how a

- S
simple four-function calculator operates. Data are summarized concerning

differences among novices and %xperts in their conceptions of *what goes on
' ’ ) . | S
_inside the calculator" for various sequences of button presses. Individual

differences include: different view on when an expression is evaluated,

different procedures for evalﬁating a chéin of aniéﬁﬁetic, and different

» -

rules for evaluating unusual sequences of key presses.
: AR ;

A
% .

. -
~

Key Words and Phrases: calculator, learnfhg, instrqctibh; pSychology
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- M N 1

A major goal of this article is to prqyide a framewofk for describing , AN

users' knowledge of &alculator language, i.e., users’ iqtuitions concerning the
underlying logic of a siqgle four~function calculator vhen a series of buttons

<

are pressed. Another major goal is to use this techniqqe for pinpointing some,
; X

of the differences among actﬁal users in their knowledge of calculator language. .

N 1]

The first section of this paper provides a rationale and a brief literature \

N
w

review. " The second section describes the transaction approach for analyzing '

A .

calqulator langudge. . The third section summarizes a study of individual dif-
ferences amoné users in their knowlegge of calctlator language. The final
section provides a summary and a set of tentative recommendations. . -

—_— T - -

Rationale - Y ‘ »

Performance versus compeéence. A basic idea in this-article is that the

traditional distinction between performance and competence can and should be .

— T

<

rapplied to users! learning of calculator language. Performance, of course,

. 4 )
refers to what the user cin do, such as compute answers for a class of problems;

. ¥

. - . v /
competence refers to what the user knows, such as the user's mental model of
the cal&ulator. 5.

0 ' ’ % <

~ It is possible for two users to both give identical answers to simple ,

“~

arithmetic computation problems, but‘?osséss vastly different underlying knowl-

edge of talculatot language. For example, ‘in pilot studies we found that a
H .

subject believed the calculator had the answer for each problem already stofed\\
¢ - , o \

- . »

in memory. This subject would claim that to find the answer for 22 x 114, the

%

calculator simply "looks up'' the answer for that problem in its memory. Another

3

subject assumed that the calculator used "internal registers," and followed

certain "contrdl procedures." .For 22 x 114, the calculator would store. the . .

s “ , -

numbers 22 dnd 114 in memory, and would use the multiplicatién algorithm to workd
.- , s ‘ .
on them. These two subjects seem to have had different "mental models" for the ) -

°




calculator.

o

formance.
oo,

Black bex versus glass box.

¢

\
Y "

v ”~

L

A

users, we must be able to describe the users'
of instruction rather than focusing solely on "behavioxal objectives" of instruction.

learning by memorizing versus learning bp‘dnderstanding [15].
this distlncthn4to the learning of calculator language{ we can point to the .
difference between the "black box approach" and the "gl;ss box approach.”" 1In
the’blaék box:approach to learning galculator lapguage, the user focuses only on
the external features of calculator language—-you put in a sequence of key»
presses and out comes the answer as if by magic.

‘calculator are hidden from the user, forcing the user to treat thé calculator as

42

B
K2
hS

Thus, for a complete descripticn of "what is learned" .by different

~

competence as wéll as their per-

A

Similarly, Greeno [3] has argued for emphasis on "cognitive objectivéss

A second, impoxtant distinction concerns¥

When we .apply

t},/"

.

@ 3
R
+

The operations inside the |

Va

a black box that cannot be understood.

A user who learns by the black box

o .
method is forced to memorize sequences of key presses for each type of problgm,

For example, some

- At

manuals describe how to use a constant.

without understanding what the key presses actually mean.,

Let s say you want to multiply a set of

»

numbers by 2.3.

The manual may instruct you to enter the sequence 2.3 x x; .

-«

-

tHen,"for any number you want multiplied by 2.3 you just enter that number

§ollowed by am equals (=). Although memorized procedures, such as the "con-

stant"

&

the user i$§ not able to relate the sequence of key strokes to an understanding

sequence, maihwork in the sense that they generate the'desired ansWer;

AR Y

8f what gges on inside the calculator. ﬁuBoulay ﬁ 0'Shea [1] have noted a

»

similar phenomenon-with respect to children learning LOGO; some users act as if

the internal operations of the macpine are hidden and not understandable.
. ] ) .
In the glass box approach [2], the user is able to see how a sequence of

.

' hd AY - B
key strokes is related to change in the internal state of the calculatoxn, and

s .
o‘ . . .
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how these changes are related to the finhl answer. Each command--in this case,

each key stroke~—results in some change inside the calculator and these changes

can be described and understood. For example, the user who learns by the glass

box approach may be able to describe why the "constant" procedure wbrks, by
. . . s
describing the nature of internal displays and incrementing operations.

o

The level of description of events in the glass‘box'approach need not,’,

+

indeed should not, be at the "blood and guts" level. By this we‘mfan that useérs
need not become electronic,experts. There is an appropriate.level of descrip-
tion that Young [16] refers-to as the user's "mental model" of the calculator:

“"For an interactive'system to be satisfactory, ‘it is important that its intended

»

users be able to form a model of the system.which enables them to predict its
/
behavior." i T
DuBoulay, 0'Shea & Monk [2] have suggested that novices should be exposed to

2 "notational machine'" -- i.e. Yan idealized model of the computer implied by the
4

-

'constraints of the programming languages" and which is analogous to "other mech-

anisms with which the novice s more familiar . As an example, duBoulay & O’Shea
T1] have developed a "LOGO machine! to represent the 1nternal'actions that occux y
for, LOGO statements. Further, duBoulay, O'Shea & Monk [2] have offered two '

important properties for selecting a model that clarifies the hidden operations,

~

FJ ,
of - language: (l) simplicity—-there should b2 a, "small number of parts that

interact in ways that can be easily understood", and (2). visibillty--novices ’

should be able to see ''selected parts and processes of this notational machine in
T T i o o et :

- . - .
~

action".

As an example, let's suppose that we want studeﬁts_tg,learn how to solve
simple axithmetic problems vith a calculator. We could .give them;plenty of

hands~on experience, without any. guidance about what goes on inside the cal-

culator, until they were all able ro solve simple problems. However, Scandura,

. : ‘ 4“5 .




'ZLowere, Veneski & Scandura [13] found that studépts who taught themselves to use

B

v

o
.

calculators often developed bizzare intuitions; one student, for example, con-

cluded that the plus (+) and equals (=) keys did nothing since they caused no,

7 visible change ip the display. Instruction that emphasises the understanding of

~

how the machine operates on a sequence of button presses might provide a better

base on which to‘bqild further computer concepts.
What are the benefits of instruéfion Ehatwfoster glass box 1earning”rather .
. « 7
tnan black box learning? Past reséarch by Gestalt psychologists [15] suggest

”fhat learning by understanding, such as in the glass box procedure, should lead
. o - . - o v ‘

0
~

to superior long-term retention and superior transfer to novel problems. In

addition, the glass box approach.may influence’ attitudes coneerning the "under-
standability" of computers and caléulators. AlthougH'thgre is promising §uppo;t
’

for these assertions in studies of how novices.learn simple programming/lan—

guages [4, 5, 6, 7, 9], TUCh more research is negdea concerning'the role of

‘thiass box instruction for calculators.

Computér literacy. The previous sectidﬁs havé presented two ways of

describing "what is learned" (i.e., pefformancé vs. competence) and two ways of
g .

teaching how to use calculators fi
A

important to focus on h

.e., black box vs. glasé box). Why is it

»

ents learn and represent knowledge about calcu-
lators? The reason isgthg;/calcu ators (as well as electronic games) usually

involve a user's first exposure to a~computational machine and a language.
* ~

Thus, calculators ,could provide the first step in the development of a user's

.

computer literacy--the understanéing of how to interact with computational
mach;nes. . .
In addition, calcuiators have become a part of society, infiltrating the

home, work, and school lives of ordinary people (10). 1In our schools, for
2 .




example, teachers [11] have recognized calculators as necessary tools in our

.society: "The Natiomal Council of Teachers of Mathematics recommends that

*

mathematics programs take full advantage of the power of calculators and com—

‘puters at all grade leyels." Howéver, in spite of the potential for using
also the

calculators’ as the first step towards computer literacy, there is

potential that they will be used as tools whose operations must be blindly

-

memorized. For example, duBoulay, O'Shea &,Monk (2) .recently pointed out:

"T?e manuals accompanying certain makes of pocket calculators make no attempt
* ¢ ° “
to explain the reason why given sequences of button presses carry out the

givenucomputafions. The user must follow the manual:s instcuctions Slindly

because it is difficult for him té imagine what kind of uaderlying machine

. ‘ s \
b could be inside that demands these\particular sequences of presses. During

. \ .
the course of a calcqlation, hé has to guess the current state of the device....

because the device gives little or no exterhal indications of its intérmal

. states"
Unfortunately, the research community has been very slow in providing
ihformat@on that would be useful in this impending calculator~curriculum revo-

lution. For example, most experimental studies have been concerned with whether

(3]

_ using calculators in the classroom affects overall achievement and/or’ attitude x

-

in mathematics [see 12, 14]; but as Roberts [12] recently concluded, "the re- ’ .

. 1 .
search literature offers no guidan&e" cénceqning how to incorporace calculators
H ? . :

i sol ¢ ; 3 : ¢
into school curricula. ; . :

The development of a theory of how users conceptualize calculator 1angg:ge
= f e
has implications for the design of calcuiator laﬂéuages, for instructional

protedures, and for integration of calculators into school curricula; This °

paper is based on the idea that calculators are here to stay, that $argg numbers
”*

‘e
T

o o0 - SN
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v

,of ordinary-(non-programmers) people will be using them, and that calculators

provide most users with their first introduction to computer concepts. Such

-

users will inevitably develop attitudes and approaches to human/computer‘inter~

action in the course of learning to use their calculator even if the users are
) . . ’
self-taught. This _paper provides some information that may be relevant to

understanding what intuitions individual users have about calculators. _Thus,

*

this paper is a start towards the goal of helping users to make the most of

their calculators and computers in general. )
. P .

A Transaction Analysis of Calculator Language .

The goal of this section. is, to develop an appropriate level of describing
1what happens inside the calcu}ator for each type of key press, based on DuBoulay,
O'Shea & Monk's, [2], criteria of simplicity and visibility. ‘In particular,
this section, applies the transaction approach to the operating szstemliof
: 4 -

electronic calculators, or to what can be called calculator language. The

ggal,is not to provide a formal,‘mathematiéal representation of the calcu- . ﬁ§‘f"

. lator's operating system, but rather to provide an idealized model of the

calculator that‘can be used to describe users' knowledge and to,help novices
understand calculagbr ianguage. gt should hé{ppinted Qut that the trans-
action approach may serve both:as (1) a descriptive model of the users'
knowledge of calculator lanéuage, and (2) a prescriptive moder for curriculum
development. This paper presents data concerning the first impleméntation, but
also suggests implications concerning the second.

For purposes of this analysis we assume that each.user's.conception of

calculator language can be specified as a set of productions; or condition-

action pairs. The conditioﬁ refers to some key press (i.e., some command) and

the action refers to one or more transactions (i.e., an operation applied to an

> -




“

object at a location in the calculator). Thus, the transaction agproagh in-

volves locating the transaction (or list of transactions) that a user

o .

)

‘associates with a given command.
A previous paper [6] summarized a conceptual analysis of BASIC that em-

phasized "transactions" for describing the language in.a\simplelahd visible

way. A model was constructed’that génsisted 6g a ticket,window to renres:;t the

input function, a note had to represent'the output gunction, almenory scoreboard

to represent the memory function, a scratch pad to represent the logic-and
&

-

arithmetic function, a shopping list witn pointer arrow to represent executive

.
s o -

control. Each elementary BASIC statement was described as a list of trans-
actions, and each transaction consisted of some operation applied to some object
at some location in the computer. Using a smallhcollection of transactions it
was possible to describe each of the elementary BASIC statements. Further,
there is substantial evidence that instruction‘in hASIC which enphasizés the
transaction level of description, results in superidr performance in-creative
program writing and interpretiné written programs [4,‘5, 7, 91.

The pelevant conditions (or commands) for the present analysis are based opn,

pressing keys on the calculator's keyboard. The keys.relevant to a very simple

4

’four~function calculator‘are number keys (i.e., 0, 1, 2, 3, 4, 5, 6; 7, 8, 9),
operation keys, (i.e., +, -, x, %),‘equals key (=), dezimal key (.) and‘clear
key (CLR). For the present study we assumed that the calculator used arith~

metic logic (rather than algebraic or reverse Polish notation) and we focused.

on only three number keys (i. e., 2,3, and 7), two operation keys (i.e., +

‘and x), and the equals key =). ) , v o

U

-
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“Thus, at first blush it seems the basic conditions are each of the single key '
presses, such as pressing a number key, pressing an operation key, and so on.

However, interviews with users suggest that key presses have different "mean-

ings" depending on the imﬁédiately preceding key press; for example, preséing a

<«

plus key after pressiqg)g/num er key has a different effect than pressing a

plus key affer pressing an equals‘kgy, for some usefé. Thus, the conditions

(or user commands) can be listed as some key being*pressed éiven that some key

was pressed immediately before. For example, typical commends in the present

- v .

analysis are listed in Table 1. There are certainly many othey possible
. < - s i

comr.nds, but we have focused on this set of 16 elementary calculatgr comnands
as an example. .

* .

N =

Insert Table 1 abouq&hgre

To describe the actidfis that occur for any command, the transaction

approach [6] requires that we specifyzthe triplet. of location, object, and

PR

o . ~d
operation. The possible locations within the calculator are:
: ]

«B) Display -—- The egtern#i display normally ébnsigts of at leas’

’ ‘ eight spaces, wh;;e’a place'can hold one digit. The
display fills frdﬁ,?ﬁe rightf‘ : |

_(2) Register -—- An internal rggister is inside the calculator and con-
sists of a series of subregisters that hold in&vidual.
numbers and operators. : Expressions’ are helg in the ordgrf ’
of‘inéut, with thé first number ¢f thé left, followe&‘ .

by #irst operator, aed w;th new number's and operators

. ) entered to the right of existed filled subregisters.

*
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s ) ¥
.- .’iS

. ° - "

3) Keyboard -- The exterual set of keys includes number, operation,

) | and equals keys: .
.Tﬁe‘ﬁbssible objects include: _ ‘ . ' .
(1) Numbers —- .A number is any single or mulfiple digit sequence such,
as 2, 14, or 156. - ‘; - * f
'(2) Operation.-- An overation is a mathematicél syﬁbol fbi someqarith— - . e

0 - >

metic computation such as add%&ibh“6+) or multipli~
e

. - ..

cation (x). ", i .

- LY

(5} \\’Expressioni-e An expréssion is a sequence consisting of numbers aﬁd

. " > .

\\\ ‘" operators such as, 2+ 3 or 2+ or 2 + 3'x 7.

-
>

Some operations that are relevant to computer language are:
N\ ~ -

~
1y Find == Locate a particular object; e.g., find a number that.was
. juét entered from the keyboard. ‘ ) i
2) Destroy -- A number or exéression is'érased from the display or j
.‘ regiséer; e.g:, when yAu pre%s thé equals key the *
p&e;;ous number in QQS‘Fisplgy is erased (and replaced “
. : _‘with a new one). t . .
(3). Create -- A number ox expression is placed in a disg%ay or

-~ ¥
' register; e.g., when you pxess a number key that
! ) oo

number apbeéps in the display.

(4) . Evaluation -~ An expression from the register is ébqve;ted into a
: ) ‘single number u§ing the rules of arithmetic;-e.gs, t:he~
v évaluation cf 3 + Z\is 5.0 (For the.curfent discﬁss;o¥,

evaluation of a numﬂer or numb;rs followé&xby anroper;
ééion is the number; i.e.,fe;aluat%on 6f 3is 3 or ‘

évaluation of 3 + is 3). It is also.jnssible to

. evaluate'expréssions from the register and display

- L)
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. etqggther; for example, the evaluation of 2 + in

. . ,the register and 3 in the 5isp1ay may be 5. .
v P . )
Table g gives a summary of some typical actions that might occur with the

-
[y

* calcuiatgrx Each is expressed as a Iist of transactions; for example, D = R

consists of four separate transactions, while D = D requires only one. A user's

-

conception of what;a particular command means can be expressed as a prdduction; . \;

K " for example, the production,

~

o _ P2 If £ after+ Then D = # and R = "R + #"

-

b

means .that when number key is pressed after a plus key, the user assumes that

s

* the calc%lator executes the four transactions for D = # and the, three transactions,
L™, ’

»

-for R = R + " ag listed in Table 2. Thus, for the sequence 7 + 3, when the 3

o *

’ Inse}t Table 2 about hére &
' ammll ";“’ﬁ’ﬂ . Lt
; ) key._is presséd_fhe display,is changed to 3 and the regis 's expression is
/,/”‘ g = . .
— 'changed$to "7+ 3". A ﬁsér:s intuitions concerning calculation languare can
. . . .
thus he expressed as a list of productions such as the one given above. ,
" Empirical Studiés ' ' ) . ] -
., There has not been adequate research concerqiqg/h6;;students c;me to ‘

- \ . ‘ - )
understand the operatidn of calculators. As‘noted earlier, almost all be~

-

T, .
of whether the availability of calculators in the clas

¥

mathematics, achigvement or attitude [see 11, 14]: The present study addresses
+ ‘b

oom has any effect on

~ M

a different issue, namely what types of hypotheses do people have concerning ,
‘ L .

how c§1cuiétoxs operate. The goal of this research is ‘to determine whether .
. ‘l - = : ' N )
the transaction approach can be successfully used as a framework for de-

,scribing differences in users’ knowlgdge. The goal of these studies is not

"o * L
-~

Lo -
. - . ,
- . ’
. M e
. N N
. - .e J . .
- o > -
v -
.

% .« r
.
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to test the transaction approach -as a "theory," since it is used here only as a
p . .
framework for describing what is learned. For more detail concerning the

L4

methodology and data analyses see Mayer & Bayman [8].. .

»

Method. Our study involved 33 college students who had no computer pro-

gramming experience ('novices") and 33 college students who were enrolled in

<

advanced programming courses ("experts")z. Subjects participated in oérder

¢ to fullfill a course requirement. Each student was given a four page question~

< " - 4
naire with 88 problems. Each problem listed a series of key presses and asked .

-

* the studept to predict what number would be in the display, éséﬁming a standard

four~function caléhlatdf was being used. In addition, subjections were'given
A * . .
.2 questionnaire asking how many hours a week they used a calculator;.how many

¢ 1

years they had been using a calculator, what kind of calculators they Rnow?

" X
and which calculator model(s) they owned, if any.

Standard sequences: Iﬂgﬂ@ to evaluate. Our subjects differed greatly with

respect to when they thought an expression should be evaluated. For example,

- consider the sequence,
) t .

H

2 +’3

Some subjects answered "3" and some answered "S". Those who gave 5 seeﬁ to be
using what we called "immediate evaluation" for # after +. Whenever a number
key is pressed aftef a'plus key, the entire egi;ession is evaluated and dis-
played. However, those who gave 3 as an answer seem to be using "delayed(
evaluatic?" for’# after +. They wait for some other key press (such as an
equals or a plus or a multiply) befo;g_pﬂey e;aluate and display. How would a
subject predict the calculator would respend to ‘

24+3+7

The answer was 12 for the "immediate evaluators" and 7 for the subjects who

relied on delayed evaluation for # aftef +. Our subjects were very consistent,

-

- a0




, ‘ 52

Y

-

although experts we¥e significantly more ‘consistent than noviceisgfjudgments
E -

Y

/l
Some subjects gave/S as the answer while others gave 3. Those who gave 3 act

such as these. . -, =
Now consider the|problem, +
N C _
2+3+ : . ’ -

b i

as if there is "delayed evaluation" for + after 3. For those who gave 5 as'an

*s T .
answer, if they also gave 5 as an answer to problems like 2 + 3, they are not

. 14
evaluating for + after # either; however, if they gaVe 3 as an answer for 2 +
s - I3
3, then they seem to opt for "immediate evaluation" for + after #. Similarly,

a sequence like, . : “a

2x3+ ) .
results in 6 for subjeets who rely on immediate evaluation for + after #, but

\

in 3 for those who rely on '"delayed evaluation' for + after f#. '(Note.that if

<

our éubject relies on immediate evaldation for # after x then the answer will'

4

also be 6.) . .

Finally,-consider the problem, * .

243 = N )

All subjects gave 5 as an answer. Or conslder the problem,

3‘2+3+7= - )
¥ 3 I
All subjects gave 12 as an answer. However, if our subfbcts were delayed

"

evaluatlon for # after +.and delayed evaluation for + after # theép we know

P
v

they wait for an equals sign before .they evaluate, thus, these subj : (Puld
opt fo;]"fhmediate'evaluation" for = after #. .

Based on a Systémaiic analysis of our subjects' performanee, as suggested

"y

in the examples above, e noted three basic strategies for determining when to

evaluate an expression-—for a number key, or for an operation key, or for an

/.‘

equals key, Ihese concept;one are summarized in Table 3. As can be seen, the.




N - h
. -

consensus of the experts is that a calculator should evaluate when an operation

S

Y ‘ .
,‘key is pressed after a number, as_is common in most but not all calculators.

;- . -

Novices tend to have much more dlverse conceptions, and are significantly

»

different from experts.3 It may also be pointed out that we found no relation

between the conceptions'of our subJects and the operating systems of their own

calculators, nor between the conceptions of our subJects and the amount of time

L

soent each week with a calculator.4 o . -

~

..

Insert Tabke 3 about here

[ ‘\

Standard sequences: Chains of arithmetic. How would you predict a cal-

culator would answer,

2+3x7= : .
How’about the problem,
2x3+7=. - e :

y . .
Our subjects varied with respect to how they evaluated a chain o{ arithmetic.

° v . . .
. 3 £

The vast majority of subjects executed the operations in order from left to

i

-

right, yielding answers of.35‘and 13 respectively for the abovelproblems.
Some subjects tended to opt’for multiplication being carried out before addi-.
tion, yielding answers of 23 and 13 respectively.» Some subjects tended to Opt
for addition being carried out before multiplication, yielding 35 and 20

respectively. Some subjects opted for carrying out the secondvoperation first,

yielding 23 and 20 respectiyely. Finally, some subjects simplywignored all but

.the last chmputation, yielding 21 and 10 respectively. ‘Table 4 summarizes the
? . *

. . . . fe "
major strategies for evaluating a chain, based on an analysis of each subject's

R
L]

performance on several problems. As can be seen, most subjects opted for left~

to-right evaluation of a chain, although a substantial minority of experts

\‘ 'Y

e

b
153
-

,,
X
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~as5sumed muitiplications were carried out before additioﬁ. This procedure is
characteristic of some‘sophisg;cated calculators and computer cc..mands. s

. 7

Iﬁégét Table 4 about here ’ TN -
/ + ’ :
i h

]

Non-standard sequences: Equals after operator. The foregoing two sec—

“ “

tions demonstrated that there are considerable differences among subjects’

» » -

interpretations of calculator operations even for standard sequences'of key

-

strokes. A standard sequence is defined as one that begins with a number and

in which an oper;tor (11ke‘+ or x) or equals (=)'may only follow a number. In

the present section we explore subjects' conceptions of how the calculator

-

responds to non-standard sequences of key strokes. A non-standard sequence

4 >

violates the above ''grammatical rule of arithmetic" by having two or more
operators (+ or x) and/or equal sign (=) in sequence. Users' predictions

concerning non-standard sequences are useful because they allow us to 'diagnose
users'~conceptions of the internal operation of the calculator.

For example, consider the sequence,

N

Vs

7+ = :
or, consider the Sequence, ‘

. 7 x= . -
e

How do subjects interpret the calculator's.operations? Some subjects assume .

»

that a non-standard sequence results inafhe display.being reset; for example,
if resettiné thg display means setting it to zero thén subjects'give 0 as the
answer to éhe above problemé. Arother version of'the reset éttategy isato
assume tﬁat the caicplato; will éhoﬁ an E in the display, or that it yill flash

on and off. A second group of subjects act as if the calculator simply ignores

/
the non-standard sequence; in this case, the calculator display has 7 in it for

i

A

: 99

LY
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each of the above seq&ences. Finally, a third major group acts as if a number
. O
‘has been inserted between the operator and the display; ‘€egey they treat 7 + =

-

as 7 + 7= and g1ve an answér of 14, or they treat 7 x = as 7 x 7 = and give an

.

answer of 49. We call these subjects "increménting display" subjects because

-~

they act as if the number in the display is added to the number iIn the internal

register. There are several variations on the incrementing display strategy;

for example, 2 + 3 + = can result in 10 or in 8 depending on the subject's

b AP

conception of when evaluation occurs. * . .

€
¢

Table 5 summarizes these three maJor*conceptions of what happens when equals

follows an operation' as can be seen, the strategy of ignoring the non—standard

%

sequence is the most common but experts are far more_likely to opt for the

incrementing display conceptualization. The incrementing procedure is a
. o
feature of some more sophisticated calculators and reflects a more sophisti-

cated understanding of internal registers.

’0

Insert Table 5 about here

.

<
Non-standard sequences: Two consecutive operators. Another non-standard

sequence is to have two consecutive operators, such as, '
L] M .) ////, '
. . 2 + 4= ) nd . e
2 xx=
N 4/

The same strategies werikobtained as in the previous section. One subject

;thought the display would be reset, e.g., the answers would be O for each

. #

problem, Some subjects ignored the non~standard sequence; thus the display
would say 2 for each problem‘ For example, 2 + + was treated as if it was 2 +

and, hence, 2 would be displayed. Finally, some subjects used an incrementing

strategy; e.g., 2 + = could be interpreted as 2 + 2 + 2 = thus yielding an
- -

{ -
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answer of 6, and 2 x x = could be interpreted as 2 x 2 x 2 = yielding an answer
of 8, A variation of this sfrategy isifo‘;reat 2+ + = as
3"+ 2 =4 and 4 + 4 = 8 yielding an answer of 8; similarly 2 x x = is treated

as 2 x 2 =4 and 4 x 4 = 16 yielding an answer of 16, These dffférences‘may be

’

T, ¢ R i
formalized in terms of how the internal registers are evaluated and used (see

Mayer & Bayhan, 8).  Table 6 summarizes these strategies, and shows that most

-

subjects opted for ignoring the non-standard sequence, but experts were far .
more likely to conceive of incrementing operétionsm Since incrementing is a

featuré of more sophisticated operating systems, this difference between ex- .

»

* perts and noviges'is sgpsible.

~ » -

$imilér results were obtained for sequences such as,

L 4

2x+ 3% . A )
2+x3= , . ' '

Most ghbjects iénored the first operator, yielding answers of 5 and 6 respec-

. ‘tively. gome subjects reset the display;‘qﬁteh yielding an answer of 0 for‘
each problem. ‘Soﬁe subjects used the incrementing strategy, e.g.,.with answers
of 7.ahé 12, respectively. There was aiao a sébject who ignored the second

s operator, yieldi;g~answer§ of 6 and 5, %éspectively; and there was a éubject
who preferred multiplication to addition, yielding answers of 6 to both_p;ob;
lems. fhe broportions of.igpore, reset, and inéfement conceptionslfor ﬁovices

. 3

and experts were quite simifar to those shown in Table 6. .

Insert Table 6 about héfe . ) ’ .
ol M N ‘

.

' . « _ Wb . " )
Non-standard sequences: Operator after equals. Suppose the following key
- : 2

T e,

-

strokes were entered, R §

61 . 0
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2 x=x . . L

8

SubJects who use the ignore conception of nonfstandard sequences act as if this

sequence is 2 x, thus the answer is 2. Subjects who use the reset strategx~
A\ . .

give 0 as an answer. Subjects who use an increment strategy, give answers 11ke

S

8, 16 or 4 depending on the particular kind of incrementing system and the

subject's conception of when an expression is evaluated. Table 7 symmarizes

~

these three strategies and shows that while most subjects rely on the ignore °

o

conception, a substantial minority of experts rely on increment strategies and

) N ) .
. a'substantial minority of novices rely on a reset strategy.

-
-

»
i 4

Insert Tahie‘7 about here

Production systems. One goal of the study was to formally describe the

-

intuitions of each subject as a list of 13 productions, i.e., 13 condition-

action pairs.4 The left side of Table 8 {or 9) lists the 13 conditions thaq
were present in the 88 problems we asked subjects to solve. For example, #

after + means "pressing a number key after pressing an equals key" such as the
*

1ast two keystrokes in the sequence 2 + 3. The preceding sections have summar-

7 -
ized the different possible actions in general terms. The right side of Table -
(4
8 (or 9) gives the actions that may be associated with each condition. Actions -
L 3 »
-are indicated as changes in the display (represented as D) or in the register

(represented as R).

Table 8 represents ome of our novices.6 The subject evaluatesionly when anhe
"equals key is pressed (as indicated by P7), but does not evaluate an exggession
when a number key is pressed (as in P2 and P10) nor when an operation key is
pressed (as in P4 and P11)? The subject evaluates an arithmetin chain in

W

' . »
order from left-to~right; thus, for each action involving eval the prccedure

6

Do




58

is left-to-right. The subJect ignores all non~standard sequences (as indicated
co &
in P5, P6, P8, P12, P13, P14, P15, P16). For example, on the problem,

2+3+7-=

the subject begins by setting D = 2, R = 2. Then for the + key, P4 days that

2 + 3. For +,

D=2, and R = 2 +. For the 3 key, P2 says that D = 3 and R

L o

P4 says D =3,R=2+3 +. For 7, P2-says that D = 7 and R

2+ 3+7.

Finally, when = is pressed, P7 says D = 12 and R = 12. As another example,

~
A ]
¢

consider tbe problem g o
7T+ + =
First, D65:7 and:R = 7. Then when the éirst + is pressed, P4 results in D=7
and:R =7 +, ‘;hen, uhen the second + is pré;sed P5 results in no change so D
=7 and R = 7 +, Finally, when = is pressed, P8 results in evaluation of 7 +
which is 7; thus D = 7 and R = 7.
Table 9 represents one of our experts. The subject evaluates when an

operatiou or an equals key is pressed (as in P4 and P11) rather than waiting

' ¢

for an equal key to be pressed (as in P7), but does hot evaluate for pressing a
number key (as in P2 and Plb). The subject evaluates an arithmetic chain

-

by performing multipl;cation befdre addition; thus for eacﬁlaction involving
eval the procedure is multiply before add. The subject ‘uses an incrementing
procedure for most non-standard sequences (as indicated in P5, P6 P8, ‘P12
P13, P14, P15, P16). For example, on the problem

© 2+ 3+7= " ‘ ‘
the subject begins by setting D 2 and R = 2. Then for the + key, P4 says
that D = 2 and, R =2 +: After 3 is pressed, P2 says D= 3, R = 2 j-3. After +

is pressqg P4 says that D=5 and R & 5 4+, TFor 7, P2 yields D = 7,

= 5+ 7. Finally, when = is pressed P7 yields D = 12, R = 12. As another

%

oS
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example consider the problem, '

7+ +=

©

First, we begin with D = 7 and R = 7. For the first +, P4 results in D = 7 and B
R =7 +; For the second +, the number in the di%play (7) is added to the value

in the register (7) to yield a value of 14 so D = 14 and R = 7. For the

.

equals, the number in the display (14) is added to the number in the register

>

(7). to yield 14 soD =21 and R = 7. ] ) .

Insert Tables 8 .& 9 abbut here

£

{

General Summary and Recommendations .

o~

. ’ s » . . {
The results show, that even though people are able to usé their calculators
a “a

to solve arithmetic Brobleﬁs, there are important indibidual differences in

people's understanding of calculator lgnguégg. Ik this paper, we have summar-

ized differences .in people's concgption of when to evaluate an expression

(immediately when a number key is pressed, when an operation key is pressed, or
+ o * ]
when an equals key is pressed), how to evaluate an arithmetic chain (left-to-

right, multiplication-before-addition, etc.), how to evaluate non-standard.
sequences (ignore, reset, and increment). - X

. In addition, there was a tendency for experts to differ from novices in
the foilowing ways. (1) Experts were more consistent than’novices. (2) Experts
tended to evaluate expressions when an operator key was pressed more than
novices. (3) Experts tended to evaluate ultlpllcation—before-addition in a
chain more than novices. (4) Experts tended to increment the display for non-
standard sequences more than novices. fhug, the present paper. provides some

[}

evidence that it is possible to degpribe user's conception of hov calculator

o

language works; in fact, in another péper [8] we provide production model

representations for each subject. The fact that people have different
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‘coﬁceptions of calculator operation, and that experts tend to develop more

soPhisticated'ideas than novices, have implicéticns for the design of sal~

culator operating systems and instruction.

In a sense, this paper has been a plea for the use of "cognitive ob-

jectives" as well as "behavioral objectives" in users' learning of caléu%ator

languages. We need to be able to specify what we want the user to know about

s ¥ L

how the language works, as well as what we want the user to be able to do. The

4
transaction approach provides a technique_.for describing the knowledge that a

user currently possesses, and the knowledge that we would likg‘the'user to

_acquirq. One implication of this approach that warrants further studx is that

.

explicit training in the objects, locationms, and operations (perhaps using a

; & . -~
concrete modél of the calculator) will enhance development of our_ cognitive
. S0

~—

objectives. The data presented in this paper are preliminary, but they'provide

2

clear evidence that people's knowledge can be described (based on simple

<

prediétion tésts) and there are large individual ‘differences among users in

what they "know" about calculator language.

-~

The following recommendatidns are based on the idea that there should be

-

as close a match~”as possible between the user's conception of how the calcu-
. -

lator should foperate and the actual operating system of the calculator.

endation. should be viewed as a tentative hypothesis that is
subject to much future research, rather than a fact that has been es-

" tablished through existing~re§earqh.

(1) Choose a calculator that corresponds to the intuitions of the user.

The most obvious recommendation is to choose a calculator that works the.way'

-

o

tha& the user thinks a célculator should work, i.e., match the characteristics

of the machine to the intuitions of the.user. In our study of 33 novice and 33

experts, we found that Texas Instruments calculators gave answers that were
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most ¢ sisteﬂt with answers given by our subjects. However, therg wére dis-'; )
" agreement between our subjects' answers and TI's answers on about 20% of the
"p%obIems for both expért; and novices. Rockwell and Sharp gave even boorer ¢
matches to ourﬁiUbjecﬁsw,performance on the problems wWe used [sée 8]. Far .\ .

’ mofeAstudy is required using more problems, different tyﬁes of calculators,

and more subjects, before any definitive conclusions can be made concerning

which calculators have the most intuitive operating system. Thus, it is

beyond the scope of this paper to provide endorsements for specific calculators.

However, the present study suggests that we cannot rely on choosing an "intuitive"

*

calculator as the solution to all our problems, because.gven the best fitting

calculator (i.e,, in this case, TI) is considerably different in performanc

]
from what,our subjects expect. Thus, there is need for instruction that helps
j

produce user conceptions that are more consistent with the way calculators

work. . - .

‘ (2) Instruct users in the concepts underlying calculator 1anguage.‘ In
- LY

particular, users should be able to relate each botton push to a ‘series

. €

transactions, i.e., t; a description of events takipg flace in display‘and
registers. The transaction approach advocated earlier [6] for BASIC apgears
to apply equally well to calculator 1angua§e. The locations'shéuld be made
.explicit and visible to the 1eargér, perhaps by providing an erasable "score-
goard" éor-the display and internal registers;' For each press, the learner

should be able to alter the contents of the internal registers and display in

accordance with the actual transactions.

»

3. Provide diagnostic tests and remediation based on_the user's ‘under-

1ying concepts. The present study has shown that zlthough two users méy be

equally proficient at using their calculators te solve standard arithmetic

4 Lo .
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H

problems;\they may differ greatly in their conception of the.calculator's oper-

ating system, Thus, a purely performance-based test of calculator skill does

3 ’ ~

not tell a teacher what the user "knows". Instead, diagnostic tests shpuld be'
&
: . = ¢
carried out at .the transaction level €.8,y asking the user to state what,oper-

ations are applied to what objects at which locations in the .calculator for

each key press. Then, remediation can be provided at the transaction level,

l?

For ekample, if a user indicates that the register izcleared to zero for any

»

non-standard sequence, this can be corrected by showing exactly what happens at

a transaction level. Again, a concrete model (such as erasable display and ot

registers scoreboard) could be used. ’ ‘ 3’2

'4. Challenge users to develep procedures for complex problems. Once 13

uSers have mastered the basics ofﬁéalculator language, and have developed
- N -

appropriate conceptions of the underlying transactions, students should be
encouraged to transfer their knowledge to more challenging probléms. For ex~ :

ample, a student who understands the transactions involved Jn incrementing

¥

display" could be asked to figure a way to multiply a series of numbers, each

by theé same constant. Or, the user.could be given a problem that involves a

.
% N . >

geometric progression, etc. Many exercise books aré¢ available [10, 14], but

few provide any training. on the principles underlying successful performance on.

creative problems. ) \ -

’
. =

5. Build on calculator’language as a means to teach other Qlanguages such

as BASIC. Students have intuitions about how calculatoxrs work. This study has

shown that the intuitions of any individual user are fairl& consistent., A

teacher can build on these intuitions, and use them for transfer to programmable

[

calculators, to BASIC and other languages.

. R * -

’ N . ]
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" 5 * ¢ R s . .
6. Use the calculator as a starting point for the developnment of cdmputer

xiiteracz. - Through interactions with calculators the user may develop either 4,
‘ -
It is important to start early

black box or a glass box approach to computeré.

- . .

in‘helping'children (and adqlts) see,that calculators can be understood, for.

.
*

such an,attitude is likely to transfer to other human/machine interactions.
. , DA

*

A

Mastery of the concepts undgrlyjng calculators is

.
e
Vg

Just a first step dovmn thy

1]

« v
road to computer literacy. , . -
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. P . Footnotes
. s.‘
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”
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be sent tot. Richard E. Maxer, Department of ﬁsycholog;, University of California,
Santa;Barhara, CA ﬂ93;"6¥. e . . . - o ‘ °
1. We use the‘term "operating system! in the most general sense to

- e

t’"’ . - N N .
refer to a program thatxestablishes the mode of user~machine interaction and
» s s f
provides for,efficient control of system components. Thus, in the present

7

“ . N
. article, the terms control program" or ‘instruction‘set"_could be substituted

' L

for "operating system". The way we*use the term in this article does not fit

MY
s - v

the strict definition of "operating system”, i.e. a system for mediating among

¥ *
*
» 1

2. The main difference betweén experts and novices is that all of the

‘experts had formal instruction in computer programming and had sowe introduction
. 1

to operating systems while none‘of the novices did. As might be expected,

.

there were other demographic differences between the groups: experté were
‘older, t(60) = 2.66, p.<01! and experts scored higher in SAT~Mathematics, t

fLhy o= 4.63, p < .001. Thus, whilé the main comparison was between "liberal

arts" students whoé had no formal programming experlénce and engineering . f’
- * ‘ q <
students who had formal training in programming, any c0mparisons between the =
e 3 .
twe groups must be made in light' of other group differences such as age and »

SAT scores. Individual analysis of the performance of nov1ces who scored

nigh in SAT revealed that they did not perform any more like the ‘experts as

compared to the novices who scored low in SAT. Coel ) °

T 3. The categorization of subJects as indicated in Tables 3 through 7,

‘was based on an analysis of all the problems (i.e, 88 responses) rather than
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just the few examples given in the text of this report. Subiects were classified

- 3

using a forced choice procedure, so that_each subject was placed into the
category that was most consistent with data that he or she provided us with.

Chi square tests were conducted on the data in each of the Tables. 3 through 7,

using a 2 x 2 contingency table and Yates corrective. *he expected frequencies

.

were based ofi the overall mean for each category, and tested the null hypothesis
that there was no difference between experts and novices in the pattern of .

category frequencies.
N ]

4. For ékample, the most frequently owned calculators were Texas Instruments,

L]

. Rockwell, and Sharp. The answers given by each of these calculators for each of

.

the 88 problems was compared to the answers given by each subject. Difference

¥

scores were computed by counting the number of times that the subject gave an

ansver, that was different from a given brand. For novices who owned TI

calﬁulators the difference score was the lowest for TI (8.0) and the highest
for the Rockwell (20.0), Sharp (14.1) models being in between. However,

. ‘ )
for students who owned calculators other than TIs the same pattern was

- 3

4 [

obtained with the lowest difference score for TI (9:8) and higher scores
for Rockwell (21.6) and Sharp (15.8). A similar patter;xﬁgs obtained
among experts: for TI owners and non—-owners their predictions most

<o

closely corresponded to thé performance of a TI calculator rather than
. .

I

other "brands. Analyses of variance indicated no differences between TI-

owners and owners of other brands.

5. There are 13% rather than 16, productions because productions
P1l, P3, and P9 were never inéorparg;ed to the 88 test problems.

"6. Tables 8 and 9 describe production systems for actual individual

subject rather than composite:

-
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Name °

P1
2
P3
P4
PS5
P6
P7

P8

#
#

Command

after
after
after
after
aftef
after
after
after
aftér
after
af;er
after
after
after
after

atter

it

+

X

X

<4

A

»

Table 1

. Sixteen Eleméntary Calculator Commands

A .

a number ke& after pressing a number key.
a number key after pressing‘a plus kgy.
aumbexr kex after pressing an equals key.
a plus key after pressing 5 number key.‘

a plus key after pressing a plus key.

a plus key after pressing an equals key.
an equals key after preséing a nﬁmber key.
an equals ke? after pressing a plus key.
an equals kéy after pressing.a? eqqéls key.
a number key after pressing a times key.

é times key after pressing a number kef.
an egquals #éy after pressing a timés key.
a times key after_pféssing an equals key.A
a times key after pressing a times key.

a plus key after pressing a times key.

Example Descriﬁtion
2 3 Pfessing
+ 3 " Pressing
= 3 Pressing «
2 + Pre;sing
+ o+ Pressing
= -+ Pressing
3 = Pressing
+ ="' Pressiné
=-'= Pressing
N

x 3 } Pressing
2 x Pressing
X = Pressing
= X Pressing
X X Pééssing
x + Pressing
+ x Pressing

a times key after pressing a plus key.

@

-~

-




Some Possible Transactions in Computer Language

Table 2

Transaction Locétion Object Operation péscrigt;on . .
D=D display number novéhange No change in the displgy. ) N
_ : £
D=3 display number find Find the g}d number in the display. -
dispT:y number destroy Erase it.
keyboard number find Find the number that has peen entered in the keyboard.
display‘ number create ‘iut new number in display. '
D=R .display number find Find the old ﬁ&mber in the display.
display .number destroy Era;e it.
régister number find Find the number currently in the register (but'do
‘ no; destroy it)
display numberr create Copy the number from the regi?ter into the dlsplay.
D = eval (R) display number find Find the old number in the display.
i dispiay numbex destroy Erase it. x o
register expression find | Find the expression in the register.
register expression evaluate Evalulte the exp“essioﬁdin the register (but do not
. destfoy it).
display number crsfte Put the evalLated value of the registér in the display.

75,




Some Possible Transactions in Computer Language

Table* 2 (Continued)

.
:i

*

14

in the.register.

'

"ol

Transaction Location thggé\ Operation Description
D = eval (D + R) d;splay number find o Find tﬁe number éurreptiy in the display
register number find Find the‘numBer currently in %e register (but do not
. alter it).
register . expression evaluate Evaluate the value of the disélay plus the.fgéistefh
display number create Put the new sum in the display. | .
R=R ‘ register expression no change No cﬁange in the rej,ister.
) regiéter~ expression find Find the old expression in’ the register.,
R=# register equapélon destroy Erase the old expression from the register.
keyboard number " find Find the number that has beeén entered in phe keyboard.
" register number create Put the new number from the keyboard in the register..
N / . ) . -
R="R+" register expression  find Retain the existing expre'ssion that is in the register.
register operator create Place a plus sign to the right of the.expression in
the register.
R = "R + #" register expression  find Retain the existing expression that i; in the register.
’ keyboard' number ‘find Find the nqmbe£.zhat has just been entered in the
. = keyboard.
register‘ number create Place the number to the right of the expression in

“

77
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Table 2 (Centinued)

<

Some Possible Transactions in Computer Language

—

. '

Transactién Locatign Object Operation Description
= eval (R) register expression fimpd Find the current expression or n&mb;r in the regisﬁér.
. registe; expression evaluate Eval&ate that éxpression or number. '
¥ register expressidn aestréyv Erase the expression from the register.
register number create ) Replace it witﬁ the evaluation of the old number or
expression. R
R = eval (D + R) display number ' find Find the number currently in the disp}ay.
R register number £ind ?ind the numﬂer curfently in thé_register.
registe%’ expression evaluate Add them togeéher.
register numbex create ‘ Replace it with the sum. :
R = eval (R'+ R) register numbexr find ‘ Find the number in the regi;tef. )
registef expression 'evaluate Add the number to itself.
register number destroy Erasé the old nimber from the registet.
register number create Replace it with the new sum.
R=20 register expréssion find /4%ind the éxisting number ?r!éépression in the register.
register _expression destroy ‘/// Erase that e*preggion or numbé;.
’ register number crea;e/‘ Replace it with‘zero.

»




i __ Table 3 ) ) o , d
T'hreeo Major‘:Co.nceptions of When to .Evalixate An Expression .
. : Example . . Proportion of subjects
Conception ° . Problem Answer Novices Experts
Evaluate as soon as a number key is pressed ‘24 3 5 . ..
243+ 5 g1 .06
} ' ~
- : B 2+ 3= 5 e .
' F‘I ' » i * > . b Y
Evaluate as soon as an operation key is pres§ed- 2+ 3 3
. : 2+ 3+ 5 : 390 L .73 ’
. 2+3= 5 : : ’ ]
Evaluate as soon as an equals key is pressed. 24+ 3. 3
« - 4 . i v
2+ 3+ 3 .39 .21
v, . oo .
. - .24+ 3= 5 '
Note. — For 2 x 2 contingency table, x% = 7.44, df = 1, p < 01

oo

<
Qo
oo s
[4A
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.

Conception -

-

Evaluate in order from left to right.

Evaiuate backwards from right to left.

¢

©

Nx

Evaluate only the last computation.

e

Evaluate'multiplication before addiiton.

P

Evaluate addition before multiplication.

F)

¢

*,_Note. - For 2'x 2 centingengy table, x% = 6.98,

|
I

Taﬁié 4.

" 'Example
Prob}em Answer
2+3x7=" 35
2%34+7= 13
243x7= 23
2x3%7= 20

243x7= 21 .
2x3+7= 10

24+3x7=

2x3+7=.

g+3x7=

2x3+7=

*

23

13

35
20

df = 1, p < .0L.

Five Coﬁceptions of How to Evaluate an Arithmetic Chain

-

. Prqpértion of Subjects

Novices

.88 °

.03

.03

"~ .03

.03

Experts
.70

.00

.00

.30




Table 5

Y ) . .
Three Major Conceptions of How to _Evaluate,Equﬁls After Operator

Example f Proportion of Subjects '
Conception Prol;lem Answer Novices Experts
Ignore the non-standard seqﬁengg. H= - 7 .82 .76
Tx= 7
Reset the display. ‘ = "0 -.09 . .06
Ix= 0 ®
Increment the display. . ) ' 7= 14 ’ .09 ‘ .18
Tx= 49 - .
- ; ~ -
. &*’/ A
Note, ~ For 2 x 2 contingency table, x2 = .52, df = 1, p = n.s. é : -

*
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: _ Table 6 .
C—z [ . .- ~
Three Major Conceptions of How to Evaluate Two Consecutive Operators . ,
- - i Example . Proportion of Subjects
Conception : Problem Answer Novices Experts
¥ Ignore the non-standard sequence. . 244= 2 .85+ .73
2xx= 2 ' ‘
Reset the display. . 2= 0
2xx= 0
Increment the display. ‘2= T 6or 8.._ ...

-
*

2xx= . 8 or 16

Note. - For 2 x 2 contingency tablé;‘xz = 1.53, df = 1,,p = n.s. . : .




Table 7

Three Major Conceptions of How to Evaluaie Operation Following Equals

Concegtién

Ignore the non-standard sequence.

Reset the display.

Increment the di8p1ay.

Note, ~ For 2 x 2 contingency table, x2 = 4.58, df = 1. p < ,05.

&«

o]

Example

Problem

Answer

2%=x

4 or 8 or 16

Proportion

Novices

.85

.15

.00

of Subjects -
il
Experts

.82
.00

.18




Table 8

Production System for Subject N

Production ) . _— ,___*_-:L—~
ﬁumber Condition Action Description }

P2 If # aéter + then Set D={, Set R="%+#" Deléied ?valuation and display.

£4 If + after # then Set D=D, Set R=eval (R)+ Delayed display and immediately evaluated register.

P5 . IE + after + then Set D=D, Set Ri=R+ | - No change in display or‘register.

P6 If + after = then Set D=D, Set R=R+ No change in dispiay, plus added to register;

P7 If = after # then Set D=eval (R), Set R=eval kRD Immediate evaiuation-and display. i;'

P8 If = after g: then Set D=eval (R), Set R=eval (R) Immediate evaluation and display. o :
P10 If # after x . then Set D=, R = "R&j" Delayed evaluatich and display.

. Pil If x after # th;n Set D=D, Set R=eval (R)* Delayéd'display and immediately evaluated register.
P12 If = after x then Set D=eval (R), Set R=eval (g) Immediate evaluatiSn‘and display. vl :
P13 If x after = then Set D=D, Set R=R¥ ‘ ‘ Delayed. evaluation aad--displays———— — """ 77"
P14 " If x after x then Set D=D, Set R=R¥ No change in display of register. . "
P15 If + after x then Set 5=D, Set R*=R+ Set reg?ster sign to add. i -

P16 If x after + then set D=D, Set R+=ﬁ* Set register sign to multiply.

-
s

NOTE.-- Subject evaluates for equals sign only; subject ignores non:standard sequences. Quote marks on the right

-

side of an equality means that the entire express.’on ig held in the register; eval (R) on the right side .

of an equals means that a single value is substituted for the expression previously_in the register.

4 ) ' ; )
~ 9i




4 L
e \
N Tabie 9 ‘ *
. Pr.;ductiori System for Subject E . i
Production . ] ‘
/k _ Number Condition Action . g Description
P2 If # after + then Set D=if, Set R="R+i" ; Same as subject N.
P4 If + after # thenr Set D=eval (R) ,~ Set R=eval (li) Immed:‘Late incrementing d?.splay. \ N
' - a ]
_,—--—‘““PS; - If + after + then Sét D=eval (DH+R), Set R=R ‘ ) . Tmmediate incrementing display..
| P6 ) If + after ~= then Set D=D, Set R=R+ ‘/'é' ST :Same as subject N. ] : ' -
P7 If = after # then Set D=eval (R), Set R=eval (R) Same ;s subject N.
P8 If = af'ter +— then Set D=eval (DHR), Set R=eval (Nﬁ) Immedizte incrementing display and r:agister.
P10 .If, # after x then Set D=i, Set R="R¥j#'" Same as Subject N. -
P11 If x after f# ! then Set D=eval (R), S=t R=eval (R)* Immediate evaluation and disp\i.ay.
T P12 If = after x theﬁ Set D=eval (D*R), Set R=eval (D*R) Imme;iate incrementing displaf““ and register.
| ’PlB If x after = then Set D=eval (D*R), S;t R=eval (D#*R) Immedi;te incrementing display"and reg‘;‘Lster.
P14 If x after x then Set D=eval (D*R), Set R=eval (D*R)* Immediate incrementing display and régister.
P15 If + after x thenw Set D=D, Set R+=R¥ . Same as subject N. o
PL6 If x after +  thepn Set D=D, Set R*=R+‘ . Same as subject N.
, , | |
NOTE.-~Subject evaluates for operation or equals sign; subject increments for some non-standard sequences.
3¢
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DIAGNOSIS AND REMEDIATION OF BUGS IN BASIC v
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Note \\\ o .
The material in this cﬁﬁpger was published as the following article{

. Mayer, R. E., & Bayman,\P. Users' ﬁ&agg:;:ztions of BASIC computer
LY AN 1 >
N B I3 ) x
programming statements. Communicatidas of the’' Association for

*Computigé Machinery, in press. s . - <
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Abstract
) SR %._ .

'1n the process, of learning a cnmputer language, beginning programmers may
7 S
develop mental models for the lapguage. A mental model refers to the user:s

S .

L conception of the "invisible" inférmation processing that occurs inside the
computer between input. and output. In this study, thirty undergraduates

4

learned BASIC through(a self-paced, mastery manual and simultaneousﬁz had

-

hands-on access to an Apple'II computer, After instruction, the students were

tested on their mental models for the execution of each of nine BASIC

ks ( .
o statements. The results show that beginning programmers--although able to’
= i . . ;
perform adequately on mastery tests i.. nrogram generation--possessed a wide

range of misconéeptions cohicerning the statements they had learned. For

»

e ,
example, the maJority of the beginning programmers had either incorrect .

= v

conceptions for or no conceptions of statements such as INPUT A, READ A; and

.PRINT C. This paper presents a catalogue of beginning programmers
conceptions of "what goes on inside the computer' for each of nine BASIC

statements. . . L
‘a

Key Words and Phrase: 'programming, BASIC, novices, man-machine interface.

CR Categories: 1.5, 3.66, 4.2

|
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.I. Introduction .

[N ! . ‘ i M -
* The main focus of this papet concergys "what is learned” when a beginning
» A

R
* user is taught a computer programming language such‘zg BASIC. The outcome of
. learnidg can be viewed in two distinct ways: (1) Learning BASIC involves tbe .
» * acquisition of new information and new rules, such as when to use quotes in a

< Al

2 .

PRINT statement ox<how to producé a conditional loop using an IF statement, ¢

*

(2) Learning BASIC involves the acquisition of a mental model, such as the

-
. -
’

idea of memory spaces for holding’ numbers. :

‘The present study explores the idea that:learning of BASIC involves more
. . . %
thanp the acquisition of specific facts, rules, and skills. Begiftning . . '

programmérs also develop mental models for the language in the process of
learning the essentials of BASIC. Moranéi6) suggests that the user develops a

"conceptual modél" of the system as he or she learns to use it. Moran defines .
s ¢ ¢ : - ’f
the user's conceptual model as the knowledge that organizes how the system

works. Users' models may not be accurate or useful representations of "what
is going on ibside the computer.' However, most instructional effort is
£ '

directed solely at helping the learner acquire the new information and

behaviors without giving much guidance to the learner Tor the acquisition of

. . , ‘]
. useful mental models.

x
« ‘

Mayer (3) has suggested a framework for describing 'the internal

transformations that occur for elementary BASIC statements. 1In particular,

any BASIC statement can be conceptualized -as a list of transactions., A
‘ b

transaction is a simple proposition asserting some action performed on some o

.

object at some lqpa;idn in the computef. For example, LET D = 0 involves ‘the,

following transactions: Find the number is memory spéce‘A. Erase the number
in memory space A, Find the number indicated on the right of the equals,aign;

Write this number in memory space A. Find the next statement in the program.

<& -~ O .
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O

ERIC

Aruitoxt provided by Eic

. Experts and novices afe likely-to differ with respect to their mental
models for programming statements. For example, an expert programmer may have

developed an accurate conception for a counter set LEI, such as the one given

- ~

above’, However, the novice may lack a coherent mental model or may possess
incorrect coanceptions for BASIC statements. In a recént study, Mayer & Bayman

(5) found that novice and expert calculator users differed greatly in their
N ' ?

conceptions of "what goes on inside the calculator" for various key presses.

® A

Hoq‘much training one needs to acquire a conceptual model (or mental

%ddre551ng this

model) has not yet. been explored in research. A first step in
- . > . . "‘_}

issue is to stuq; novice users' upderstandiég of newly learned programming

-
statements. In this paper, we describe novice users' conception of nine BASIC

¢ . M

statements, using a transactional analysis, -

-
* »

II. Method . ) . . -
The subjects were 30 college undergraduates who had, no prior>exgerience-
with computers or computer programmingtN\The subJects took a modlrled version -

of a self-instruction, self-paced, masteny course called BASIC in Six Hours*

3
-

(2) that is widely used for teaching BASIC in—the Hicrocomputer Laboratoty of

P 7

]
the University of Californla, Santa Barbara. The instruction oEcurred over

o

,thesfourse of three sessions and 1nvolved both a programmed manual and

hands-on access to an Apple-II computer. Subjects were required to pass

mastery tests over one section before moving on to the next section of the

v .

manual.

A% .

Following successful completion of the course, the users were given a

e

procedure specification test. For each of nine statements (from the
instructional course) subjects were asked to write, in plain English, the
a ) = <

steps that the computer would carry out for each statement. Usegs were

L]

instructed to write each step on a separate line of the test sheet, The

‘
. -




(-2 * .

method also 1nvolved additional tests which are described in a more detailed
0

report of this study (l) i . 7
\ .
III. Results o . ) e
A.  Scoring . . ) . t i . .
N Each user's protocol for each of the nine statements was broken down into

. . .

a list of transactions by two scorers, as descrlbed in an ear11er paper (3)
Three types of transactions were “observed for each statement: (1) cor- ,

rect transactions--For example, the key correct transaction for LB A =B + 1

is "store the value of B plus 1 in nemory space A". KZ),incomglete . .

transactions--I'cy example, a uSer's answer for LET A = B + 1 could include .
- - r-4 “ “

“store th: vslue of B + 1 in memory." (3) incorrect transaction--For example, O

3 .
+ -

a user's answer for LET A = B + 1 could include "store the equation A=B +1 -
- ) "‘ M - ?
in memory." ) : o .

" B. Differences among statements.

’

In order to make comparisons of users' conceptions among the nine
s .

statements, each user's verbal protocol for each statement was categorized as

r ¢ ‘ .
correct, incomplete, empty, or incorrect. x\The criteria for classifying

< protocols were: correct—4if the user's protocol included the key correct
P correct: P .

v

transactfbn(s) and no incorrect transactions, incomglete—-if the user produced

incomplete versions of the key transaction(s) and no incorrect transaction,

)

f‘\\\ and empty--if the subject produced no correct or incomplete version of the key

"transactlon(s) and no incorrect transaction, and incorrect--if the subject \<:\'

—t

produce& one or more incorrect transactions. Table I presents a summary of

o

l“ ¢ )
the percencage of users who produced each type of conception for each of the

nine BASIC statements. Table I presents the nine statements in order of

Hiff%cult& based on proportion correct conceptions.
X
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Insexrg Table I about here - S

- L J
Vo

nNe

N .

L4

- qJ 1 <
Al - v <2
E]

C. Frequency of Misconceptions / _ Z o . -

£

For each of the niné statement®; a frequency table was generated By .
. » »

t : \
tallying the number of occurrences of each correct, incomplete, and incorrect '.\

~\
transaction in the protocols ¢of the 30 users. Table II lists the key correct ,\\\

- ? transaction(s) and the three most common incorrect or incomplete transactions
. .. . g % . ’ ~
gi.e., misconceptions) for each of the pine statements. R
4 N
- ) . . . » @
~_ . S / ;
Insert Table II about here t

5 0
- .Y \ ) -

-

L3 .,ﬂ-“‘ s 4 -
JV. Summary and Recommendations ’ . .

. . .
Users' lack of understanding and misconceptions cdn be summarized as
M . B

t v
«

) follows: ) ) . _ ~ .

1. INPUT Statements. Users.have difficulty in conceiving where the
- . [

w ns

to-be-input data comes from (i.e., the keyboard) and}how it "is stored in

S - i -

memory (i.e., in the indicated memory space). Furthermore, many users fail to
. : . v

understand ,the nature of executive ,control~-i.e., that the computer will

- . N

"wait", for input from the keyboard as cued by the question mark on the screen.
< — P - M

A major misconception is that "INPUT A" means that the letter A is irpit and

stored in memory. These users need expiicit training goncerning the role of

?

the input terminal, the wait-run control, and the memory. spaces. T

o e g

., 2. READ-DATA Statements. Users have difficulty in conceiving of where

Al .

the to-be-read data comes from (i.e., the input queue or DATA state@ent) and
[ v

+

’

l how it is storéd in peﬁory (i.e., in a spécified memory space). For examplie,

a major misconception is that "20 DATA 80, 90, 99" means that the numbers are
P ’ ’ . o

-~

“

~ ' - [

g ¢ . . | S}E?
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B pléced irito memory or printed on the °screen; another major misconception is

< . » .
that "30 KEAD A" means to find the value of A and print that value on the

screen., Subjects need explicit training concerning the data stack .and memory

1, . -
spaces. S . .

3. Conditional and Simple GOTO Statements. Users' major difficulty with

. -

the GOTO statement is that they do not understand what wiil happen next, éften
.progrém execution mgves on ‘to the.desired line. Also, with the conditional

GOTO, users have difficulty‘jn understanding what to do if the condition,is

&

false. Misconceptions include thinking that "60° GOTO 30" means to find the

»

number 30 (rather than line 30) and "IF A < B GOTO 99" means move to line 99

4 ) - : ’ :
(without a test). Hence, beginners need training in executive control of the

€

- . . ’ . 4

' .

order of execution~of statements in a program.

o .

Sl »

v

4. LET Statements. Users seem to get confused between colving or
. } ™~

storing ah equation (i.e., treaéingxghe equal sign as an equality) and making

- \«,

"an assignment. Those .who. seem to underétaqg the assignment property in the
N ’ H ¥

. N

statement still have difficultiessin gonceiving whg;e tg store the assign?d
value. For, exémple, 3 ‘major misconception for “LET A\éleixih ér “"LET D = O"
is to think that the equation is stored in memory. Beginniné.ﬁrogrammer§ need
expifcit training concerning memory locations and under what éonditiong values
stored in_théée 1oéationS'éet repléced.‘

. . . ,,;,_.'
- 5. PRINT Statements. Users seem to confuse the function of PRINT C and

PRINT}"C". Also, users hdve difficulty in eonceiving that these statements

simply display on the screen what is asked to be printed; users incorrectly
N « - [y

, assume that the computer keeps a record of what is printed somewhere in

- menory. Beginning programmers need explicit training in comparing the types

‘of PRINT statements.

o ¢
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The present study provides evidence that '"hands-on experierce" is not

*

sufficient for the productive learning .0f computer programming by novices.

» te
Users tend to develop conceptions of the statements that either fail to

»
.

include the main idea or that include outright misconceptions. Ezplicit

training is needed includ}ng the introduction of a concrete model showing the
‘ . RY

“

computer (e.g., memory spaces, input stack, etc.), verbal
»

and "visual descriptions of the key transactions for each statement, and

key locations in the

B .

encou?fgement of the user to role play "what the computer is doing" for

statements and programs. These techniques are reviewed elsewhere (4).
v < - ¢

R
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‘ Table I
. Percentage of U'sgrs with Cc;rrect, Incompletga; Incorrect, an'dA_ Empt‘y
Conceptions for ‘the Nine BASIC Statements . |
{ . .
i - Conceptions {l
‘ Statements Correct Incomplete 4 Incorrect y Empty
y ! -
S INPUT A e 3% 30% 30% 37%
rd ’ \A
30 READ A 10% " 27% 17% 47%
IF A < B GOTO 99 27% 27% 40% %
"LET A =B + 1 27% 10% 6oz 4 _ 3%
» »
20 DATA 80, 90, 99 27% 17% 137% 43%
T 60 GOTO 30 . 27% 56% 10% 7%
PRINT C 33% 0% 47% . 20%
,
LET D=0 437 3% L 53% 0%
‘ v PRINT "C" 802 ,.+ 7 \«0,4 137 77
- e
* - k]
: -
: \
A
, . . N N A
-.;.' ! . hd
e ™~

<
o
o

[}
1 4




' e , |
‘ ' ¢ Table 1 .
A . Percentage of Users Who ?roduceg Key‘Cofr%ct an§ Incorrect or Incomplete~ :
K ; - ) Transactionilfor Nine ﬁAéIC Statements ‘ - : k ﬁ
. - ’//f;//// | Percentage of 42 K .
Transaction . ) Users : . “
INPUT A" " ' . >
- , : ‘ Voo
*Print ? on the screen. ‘ i 7% .
o ?ait for a number and <CR> to be entered g 23% .
“#Write ‘the entered number in memé y space A, 3z - .
Qrite‘A‘%n memory for a data 1i§[). . . 30%
Wait for a.certain number or letter. ‘ - 137 . I
. ‘Priné A on*the ;creen. . , . 3% » >
"30 READ A S /
. *Write next number from DATA inlﬁémory space A. i 1072,
; Print value of A on the screen. | y . 107 ¢
Write letter A in wmemory. 5 \ - 3%
Wait for'humber to be enéered from keyboard ’ | 3% . -

IF A < B- GOTO 99

*If the value of A is less than B, then move ' ) 637%
to line 99 in the program,.*
n
*If the value of A is more than or equal to B, then 337
- * move on to the next statement in the program.
Move to line 9% (without test). ) . 10%
Print the number 99 or line 99 on the screen. 10%
Write A or B or A<B or a number in‘-memory.’ 10% m '%
' )

’ '

ot K ‘ 104 !




o TABLE I1 (contihued) .
B X i ‘ : Percentage of
- “Transaction L « ., Users -
LET A =B + 1 . ' .
) *Write the o#btaiped value in memo‘ry space A, SRR ‘ 307
. Write the eqtfatiqn J;x; .mezixory.- Cl. “ . 437
Write B + 1 in memory space A. - \ ) . 33%
/ " “Print A=B+1 or A or the value of A on. the screen. - 23%
20 DATA 80, 90, 99 . )
. ¥Put numbers in input/queue, : N 1);~ ) - 27%
Put numbers in memory.. . « 209 .
Print numbers’ -on screen. =>. ’ 13%
. . Put numbers in memory space A.. ! 7%
60 GOTO 30 ‘ ) .
' Hoid to line 30 in the program. 67%
*bqntfinue from there. . 37%
Fi}ld the numbex_30. ‘ ) i . _ 107
- Mc;ve to line 30 if A dp’es not ‘equal ,a."certain value. B ! 71%.
Print line 30 :;n screen. . ’ ' 3%
PRINT C . -
‘ *I;rint number (or 0) én screen. % T I;OZ
) Print the letter C on thehfsc‘:r‘een. ' . 33%
o - Write thc; letter.C in memory. s-\ . ' 7%
) ’ ) Print either "error" or nothing on the 'screen. . 7%
s
, . >




: ! - -~ x ) .
v 3 TABLE YI (continued) 4. . R o " a

. ) . E ' . o Percentages of - !
' 4  ° Transaction , . ., Users
LETD =0 - - oo ' o o
& - R ‘ ) ) i \ ¢ ' .
. *Jrite zero in memory spaca D. _ - o 677 : : .
L . - ! R & *
Write the equation in memory.. , ., YA ‘
) ° . . . .o% . e v LY N
. Write,D or O in memory. - E . T 13% .
¢ s . - o . ’ . * R
) Print the equafion on ‘the screen. . . ‘ ¢ EEE XA & ;
. o i " - : -. K ) . .. N v . ,." v
. 3 . ‘ ‘- , I ) . . .
; PRINT "C" - AR T ; )
el ., .5 *Print the letter C on the scfeen. - - ' 83% . .
- ) . P > . h '. R - -
’ S e ' R . sl e g '
b Write the letter C inm memory. - : : ., 1% .
. . . * . " d al . . -
Print .the vdlue of C.on the‘'sdreen, ' : 7% . s
R VN . . .
- Find the number in memory space Ca 1 : P R R '
- o . R N - ‘
4 . - i > - .. . ‘ " ‘J
.. . . .
- Iy . . . ) . AN ] \J‘
ﬁote.——Asterishw(*) iddicates Key corzect transactien for each statement.
. , Sl . . ) ‘e
o e " They three most common incorrect or incomplete transactidéns are.also /)
- ¢ . - . ” * ’ - . S . .
. ! listed for each. statement.

A Full Text Provided by ERIC -
{

t .




