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The nature of novice programmers' mental models for

BASIC staterents following preliminary BASIC instruction was assessed
with 30 undergraduates who were taught BASIC through a self-paced,
mastery manual and who were simultaneously given hands-on access to
an Apple Il microcomputer. Following instruction, the students were
tested to determine their conceptions of what goes on inside the
computer during the execution of each of nine BASIC statements: (1)

LET A =B + 1;

(2) PRINT C;: (3) LET D = O; (4) PRINT "C": (5) IF A IS

LESS THAN B GOTO 99; (6) INPUT A; (7) 20 DATA 80, 90, 99; (8) 30 READ
A; and (9) 60 GOTO 30. Data gathering instruments included a
guestionnaire to obtain information on the subject's demographic
characteristics and background in mathematics and/or computer

programming;

the IBM Programmer Aptitude Test; and both verbal and
visual (diagram) tests on the nine statements.

Results showed that

despite adequate performance on program generation mastery tests,
students po~sessed a wide range of misconceptions concerning the
statements they had learned. This paper presents a catalog of the
subjects' mental models for each of the statements, frequency tables
showing incorrect or incomplete transactions produced for each
Statements, and a six-item reference list. Appendices include

instructions,

a sample page, and a sample protccol from each of the

two tests on the BASIC statements. (Author/LMM)
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Ahetract

In the precess of learning a computer language. beginning programmers may
develop mental rodels for the language. A mental model refers to the user's
ccnception of the "invisible" informat ion processing that occurs inside the
computer between input and output. In this study, thirty undergruduates
lesrned BASIC through a self-paced, mastery manual and simultanecusly had
hanu-—on access to an Apple 11 computrr. After instruction, the students
were tested on their mental models for the execution of each of nine BASIC
stateuents. The results show that beginning programmers—-although able «n
perferm adecuately on mastery tests in program generation-~possessed a wide
range ©f misconceptions concerning the statements they had learned. For
ewample, the majerity of the beginning programmers had either incorrect
conceptions for or no conceptions of statements such as INPUT A, READ A, and
FRINT €. This paper presents a catalogue of beginning programmers'’
conceptions of 'what goes con inside the computer" for each of nine BASIC

ctatements.
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Novice Users' Micconceptions of BASIC Programming Statement e

lesrning BASTC

This paper provides nev intornation cencerning how begivming programmers
learn BAZTC.  Suppose that you were going to teach a beginning programucr how
to use a prograwming language such as BASTC. The typical instructional
sequence iavolves an orderly presentation of the elementary statenents. For

ach statement, the follooing information is generally presented:

definition, grammar, format specificaticns, example programs, and printouts.
The zpparent goal of most instructional sequences is to teach the user to
perform. The typical instructional sequence occasionally includes partial
descriptions of int~rnal processes or states in the computer--such as memory
lecations, input stacks, etc.--but such descri: ticns are relatively rare and
unsystenntic., Thus, relatively little attention s to be paid to the

instructional goal of teaching the user to understaad.

What is lLearned

The main focus of this paper concerns ''what is learned” when a beginning
prograrrer is taught a computer prograrming language such as BASIC, following
a typical instruction sequence.

The outcoze of learning--vhat is learned--can be viewed in two distinct
vayrs:

Learning 1A51C involves acquisition of new information. This idea

asserts that learning a computer programming language is like learning any
subject matter; the learner must acquire specific facts, skills, and rules.
For example, the learner acquires new information such as format rules for

when to use quotes in a PRINT statement or how to produce a conditioual loop

‘t
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uslingoan byostatenent. Acquisition of specitic intormation is generally the
ceplicit ebjective of instruction,

rearping BASIC involves acquisition of a wental medel.  This idea
ssseris that, during the course of learnirg, ¢ user develops a conception of
thie invisible actions and states that occur ia the computer between input and
ontput.  For example, the learner acquires new mental ncedels such as the idea
of mezory spaces for helding numbers as in a counter set LET statenment,
Acquisition of wmental models is generally not an exp’icit objective of
instruction.

T{ we conceive of the learner as an active, thinking individual, then
the acquisition of new information and the acquisition of a mental model can
be Yooked upon as complementary processes that occur in the course of
learning. Most instructional effort is directed towarcs the acquisiticn of
nevw inforcation. However, understanding of how mental models are acquired in
the process of learning the new information might be useful for the
instructor as well as the designer. One hypothesis is that basic trairing in
the essential information coupled with the opportunity to practicce at a
couputer terminal will naturally lead to the acquisition of "useful" mental
models--models that can enhance understanding of the computer language. The
present study aims to explore this hypothesis.

Mental Models for BASIC

The present study explores the idea that learring of BASIC involves more
than the acquisition of specific facts, rules, and skills. Beginning
prograrriers also develop mental models for the language in the process of
learning the essentials of BA3IC. Users' models, however, may not be

accurate or useful ones. That is, users develop individual conceptions of

i
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what 3o poing on incide the covputer o wvell ao Teavn specific racts,

Yover (197¢)Y hos supnesrtod o frocework for deccoribing the internal
tvan. format fons that occur tory elesentary BAs it tatoment s« fn particular,

any BASTC etatement can be conceptualized as o list of transactions. A
Fransaction is a sivple statement asserting some action performed on secne
A

Qe

ject at some location in the computer. For exanple, the following set of
transactions deseribes what happens Inside the computer when the staterment
10 LET A = 0 is executed:
(1) ¥ind the - wber in memory space A (ACTION: Find; OBJECT: Number;
LOCATIOND . DN
(2) Erise the nuuber in memory space A (ACTTON:  tkracse; ORIHCT:
Number; TNOCATION: Memory).
(3) Find the number indicated on the right of the equal sign (ACTION:
Find; ORJLCT: Number; LOCATION:  Statement),
(4) write this nurmber in menory space & (ACTION: Write; OBJIRECT:
Number; LOCATION: Memory).
(%) rind the next statement in the program (ACTION: Finc; OBJECT:
Statement; LOCATION: Program).

Fxperts and novices are likely to differ with respect to their mental
modelz for a programning language. For example, an evpert programmer may
have developed an accurate conception for a counter set LET, such as the one
given above. That is, the expert knows that the value in memory space A is
replazed by 0. However, the novice may lack a coherent mer.tal model or may
possess incorrect ones for BASIC statements.

In a recent study, Mayer & Bayman (1981) asked novice and expert
ralculaior users to predict the answer that would be displayed for a series

cf probiems such as 2+3+ or 2+++=. Subjects' responses were matched to

™
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transactional expressicns tor each barten press.  Results dndicated that
subjects differed preatly in their conceptions ot "what goes or dingide the
calculator™ for each bFey press, with experts possessing wore sophicticated
conceptions than novices. Thus, although all subjects were able to use
calculators to solve bhasic math problems--i.e. all users had acquired the
basic infurmation for rortormance--they differed greatly in how sophistirated
a mental model they possessed. This work with calculators suggests that
learning of the basic information about how to use a language does not
guarantee that a user has also acyuired a us. ful mental model for the
language.

Moran (1981) suggests that the user develops a "conceptual model" of tu~
systenr as he or she learns and uses it. He defines the user's conceptual
model 2s the knowledge that organizes how the system works and how it can be
used to accomplish tasks. How much training one needs to acquire a
concep:unl rodel has not been explored yet. Studying novices' understanding
oS the prograrming statements constitutes the first step in addressing this
jszue. In this paper, we describe novice programmers' conceptions of
elementary BASIC statements, using a transaction analysis. There is yet no
empirical evidence on novices' mental nodels of the statements of BASIC, at
thie level of detail.

Method

The goal of this study is to assess the nature of aovice programmers’'
nontal models for BASIC statements, followiag preliminary instruction in
B\SIC. 1In particular, this study assesses the transactions that each subject
attributes to each of nine BASIC statements, following instruction in how to
use these statements. Some transactions are essential for understanding a

statement. We will determine the number of subjects who show evidence of

~I
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troansact foun are jncorrect, sneroas thinedng that READ A dnvelves printing
out o nerber, We wiil deterrmine the nusber o ubhfeote whoe shiow evidoners of
jtcorvect trancactions for each statenernes The ftinal product of thiz otod,

will be a frequency table tor cach statemart, showiny the number of cubjecte
possesaing each major transaction.
fubjects

The subjects were 30 undergraduates at the Uriversity of California,
fanta barbara who had no prior knowledge about computer programming.
Perticipat . n in the study was partial fulfilluent of the requirements for
the intreductory psychology course that they were taking.

Materials and Apparatus

4

Questionnaire. The questionnaire was an 8§.x11 cheet of puaper consistiag
¢! typed questions regarding: (1) the subject's mathematics background; such
ne geomatiy, algebra, and calculus courses the individual had taken in high
school and in college, (2) the subject's demographic characteristics; such as
academic major, age, sex, GPA and SAT-Verbal and SAT-Math scores, and (3) the
subject's conmputer programming background, such as whether the individual
Lknew how to program a calculator ard whether the individual had ever typed at
& corputer terminal,

+
L

2¥ Cc.puter Programmer Aptitude Test. This pretest consisted of five

£ +v11 inch sheets of paper based on a shortened version of the thiee-part IBEM
Computer Programmer Aptitude Sample Test (Luftig, 1980). Part I (PAT-1)
censisted of 25 number series problems, with & 5-minute time limit. Part II
(PAT-2) consisted of 18 picture analogies, with ar. 8-minute time 1limit. Part

171 (PAT-3) consisted of 12 arithmetic story problems, with an 8-minute time

limit.

(o))
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Cor i e e s e i o b wr ton preblems s with o an S-emiaunte tTre Tipig,
Tres v, Poth T son L ot deecc T vere corpencd tron e

celt arnctruvtion . coli=paced, tastory toext called

Hours (arens,
1oy that 1 videly used i Gooching BASTC in the Microcomputer Laboratory
of the tniversity of Calitornia, santa Barbara. The cext required that the
vt Las hands-on socess to oan Apple-11 Covputer,  The text dd inelide
Lastery tests at the end of cach lesson but did not provide any conzeptual
vodels to cxplain the staterents.

Tesson 1. This eleven page typewritten lesson covered statement
crecntion in the immediate mode. The statements taught were the PRINT, LuT,

and TF=THIN stetenepts. There were exercises for doing simple arithmetic

culaticns, for having character strirgs printed on the display screen, and

-
~

ey aseigning values to nurerical and character string variables. The use of
tho soriceleons and cerunas for spacing on the screen, the use of the colen for
stotement stacsking and the u.o of the command NEW were taught in conjunction
with the statewents. The lesson ended with a 10-minute self test that
covercd the essential information taught in the booklet.

lLesson 11. This fourteen page, typed lesson covered program
preparation, adding cor deleting statements in a program, obtaining the list
of statements on the displav screen, and how to run a program. Also the
lessen covered the uce of the GOTO statements, the TF statement, the
numerical and character <iring INFUT statemerts, and the READ and DATA
statements. Several sample programs were included, and there was a 10-pinut2
self test at tne end of the lesson.

Posttests. Tl.: study involved two posttests--verbal test and visual

. 2
test--with the same nine statements tested in each.

)



O

ERIC

Aruitoxt provided by Eic:

Misconceptione of BASTC

\Ll_ki,‘,l(‘tﬁ Hll‘ L ln\i ! ‘\*"\t{ 0 1 k\»’l,\; ! i
: Te staterent tented ool [ L tot wt in the tert were (in
Gl TR tene Lo

SR Bos

PRINT

AN | (i

l:“:":i "(\\'I

I A -~ B GOTO 99
INPUT A
20 DATA fu, 90, 99
30 READ A
60 CoTu 30
The frmediate node statements were presented one on a sheet, with & carriage

return (indicated by <CK*) after each; the line nurbered statewments were

o

prosented within a simple program. tror both, subjects were instructed tn

v-ite, in plain Englich, the steps that the computer would carry out f{or ecach
starterent.  They were instrucrted to write each step on a separate line of the
test sheet. Subjects were instructed to work on the statements in the given
order znd were not allowed to skip ahead or go back to the previcus page.
Visual Test. This test involved the same nine statements as in the
verbal test. presented in the same order and format. 1In addition, this test
begun with a three page typed introduction, which presented a visual diagram
of the computer. The diagram was based on earlier experiments (Mayer, 1981)
and consisted of four parts——the display screen with keyboard, the memory,
the input system, and the contrcl system. For each of the nine stateaments,

subjects were asked to indicate the state of each of the four components of

the couputer after a particular statement was executed. For each statement
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theeve o o drageraw thet shoved th tate ot the conputer beiore th.
ctoterent Vo esocuted and anotlor dioaan thet o vas Tett bioowojoe

cohect to tilb i,

Apparatus.  Spparstus consisted or otour Apple TT Plus corputer , vith

W of merery, aud with Apdel 107 orodel 1G9 B/W ronitors,

Crocodure

The study consisted of «i¥ seasions, In the first cession, subjecrs in

wipy of up to six filled out the quectionnaire, veceived a brief
desceription of the stady, signed up for times feor the next five sescions, and
took the cories of the four pretests. Tests were admiristered in the order,
pan =l PAT-D, PAT-3 and Minnesota Yaper Yorm Board Test, with time liait: of
, 8, and 8 mirutes, respectively. 1n the following three seccions ecach

1

uoioct worked on the two lessens at his or her own pace.  Subjects worted

.. , 1 . .
Sandioiiunallvoat the Micrecomputer Laboratory, wusing Apple 11 computers in

)
i

Sotioa with the text. tollowing cach lesson, subjects' performionce or
tho o=wl7 test was checked, they were asked to work on the questions they
1is<ec ntil they passed the test. In the final two sessions subjccts took
the posttects at their own pace, in groups of no more than five pecorle at one
tire. The verbal test was aiways given befeore the visual test.

Scoring

Fach subject's protoco’ for each of the nine statements on the verbal

test was scored by two judges. Fach protocol was broken down into a list of

¢

ransactions. A transaction expresses some action performed on some object
ar sore location in the computer (see Mayer, 1979). For example, one
subject's protocol for LET A = B + 1 was:

1. Prints what is typed on screen
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N Pten Gl vt the werd ; Lo
Y. Lo the emntion with fntormatiog piven
L. Gives oosoluticn te probler
The oo slepa oo Teotranslated into the  ollowivy e avtion

PRINT 1TFT A=B+1 on the sereen,

FIND the statement that was ju: U enterved,

SOIVE the equation that was juct entered.

PRINT the solution on the screen,
Di: .greecwents between judges were rare and were settlad by consensus,

Fach subject's diagram for each of the nine srarements in the visual
3

test was scoered by one judge. The judge noted the specifiec contents of e~ch
of the four memory spaces, the specific contents of the display screen, the
roatents of the input system, and the direction of the arrow ir the ¢ ntrol
cvetemn.  (Note that ewecutive contrel of ovder ot line exceutien could not be
veters ired in this test—-so key aspects of IF and GOTO statements could not
b ccored.) Pach subject's diagram was converted into a list of transnctions

hv comparing the initial state of each component and the state of each

3

conponent follewing statement execution as produced by the subject. For
exwample, e subject fi11ls in the components of the computer diagram for LET
A =05+ 1 as shown in Appendix F. As can be seen, the four memory spaces
contain A = B + 1, 0, 21, 15, respectively (as compared to the initial
contents of 0, 21, 15, 66, respectively), the dispiay screen is intact
showing READY followed by the cursor and the command LET A=B+l, the input
system contains 5, 99, 6, and 7 in each case and the control arrow points to
WAIT (as compared to RUN in the initial diagram). The transactions indicaled
by this subject are:

For the memory spaces —:-— Write A = B + 1 in memory space A.

[ 7Y
&



O

ERIC

Aruitoxt provided by Eic:

Misconceptions of BASIC
11

Move the numbers in each space to

the next memory space.,

For th o centrol aysten —-- Wait for the next statement to be entered

from the keyboard.

For ecach of the nine statements a list of correct transactions was
pencrated, bosed on an earlier analysis of Mayer (1979). The correct
transactions represent the events which are essential for describing the
execution of the statement. For example, the correct transactions for
13T A = B + 1 are as follows:

1. Find the number in memory space A,

[

Erase that number,

3. Find the number in memory space B,

4. +dd one to that number.,

5. VWrite the obtained value in memory space A.

f. Find ti. next statemeat thet is entered at the keyboard.
The hev transaction(s) for each statement were determined by two judges,
hased o the most characteristic event(s) in the statement. For example, the
Ley trancaction for LET A = B + 1 is, "Write the obtained value in memory
space Al

For each statement, a2 list of alternative transactions was also
generated, based on the subjects' answers. Some of the transactions were
unnecessary, such as printing the statement on the screen. Some of the
transactions were incomplete, such as writing B + 1 in memory space A.
Incomplete versions of key transactions, such as the previous example, were
also identified. Some of the transactions were incorrect, such as writing
A =B + 1 in memory or printing the value of A on the screen. The incorrect

transactions represent students' misconceptions of the events involved for a

statement.
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Proquenc of Misconceptions
For each of the nine statements, ¢ frequency table was generated by
tallyiag each subject's answer on the verbal test and on the visual test

against the list of all pessible corvect, unnecessary, incomplete and
incorrect transactions. Tables 1 through 9 presents summaries of the data
for each of the nine statements, respectively. Hence, each table lists only
the major transactions for a given statement,4 znd shows the proportion of
subjects who pruduced each transaction on the verbal test and on the visual
rest. Proportions are reported separately for the verbal and visual tests.
Th- missing proportions for a transaction on either test indicates that the
tr.nsaction could not be detected from that test. For example, transfer of
control from one line to another cannot be detected from the visual test.

"he trancactions in the tables are stated in plain English. Key transactions

are indicated by double asterisks(*%*).

Note that on the verbal test subjects are asked to write the steps that
the conputer goes through in executing the programming statement. In
contrast, on the visual test subjects are asked to fill in the four-component
computer diagram indicating the changes that occur due to the execution of
the statement. The following expository discussion of results is based on
the subjects' answers in both of the tests but focuses on the data from the
verbal test. This is done because the verbal test allows a more detailed
description of subjects' answers than the visual test, the verbal test was
administered before the visual test, and the visual test did not Provide

information on transfer of comtrol.
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LUT A-p+l. The major mivcenceptions tor this stateuient can oo jprovped
into thiee categories: (1) That the computer writes A=b+1 in pewory or in
remory apace A, Forty-seven percent of the subjects thought that tie
comnuter stored the equation instead of the value obtained from BE+l.

(2) That the computer prints the equation or A or the value of A on the
screen. Twenty—three percent of the subjects answered this way. (3) That
the computer solves the equation A=B+1l., Thirteen percent of the subjects
belicved that this is the case.

Only 39% of the subjects' answers included the key tramsaction that the
compnter would store the value from B+l for the variable A.

Table 1 gives the specific proportions produced by subjects' ancwers of
the major incorrect and incomplete transactions as well as of the set of
correct tramsactions.

(2) LFT D=0. The major misconceptions for this statement can be grouped
into three categories: (1) That the computer writes the equation in memoiry.,
jertv-seven percent of the subjects opted for this idea. (2) That the
corputer solves the equation. Seven percent of the subjects answered this
wav. (3) That the computer prints the equation on the screen. Seven
percent of the subjects thought this might happen.

The key transaction that the computer writes the value zero in its
memory for the variable D is given by 47 percent of the subjects.

For more detailed descript.on of the subjects' answers refer to Table 2

<

which includes proportions produced for an incompleie transaction and for the
cet of correct transactlons besides proportions for the major incorrect
transactions described above.

(3) PRTNT C. The major misconceptions for this statement can also be

grouped into three categories: (1) That the computer prints the letter C on

15
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fie coteen.  dhire—three poroent of the seloects dncorrectly answered this
cave 7)) That the computer prints either ercor or nothing on the screen.
Goven pervent of the subjeor had thin particular cenception, (3) That the

corputer writes € in its v or

. Seven percent of the subjects held this
idea.

The key transaction that the computer would print the value of the
variable C on the screen was given by 40 percent of the subject population.

Sev Table 3 for more detailed classification of the subjects' answers
for this statement.

(4) PRINT "(C". Three major misconceptions for this statement are:
(1) That the computer prints the value of the variable C on the screen.
Seven percent of the subjects answered this way. (2) Tha. the computer

writes € in its memory. Again 7 percent of the subjects thought this was the

case.  (3) That the computer 7inds the number in memory space C. Only one
s fect answered this way.

Figlity—-three percent of the subject population stated the key

(a4

rersaction that the computer would print C on the screen.
Sce Table 4 for more detailed information on the subjects' answers for
this statement.

{5) INPUT A. The major misconceptions for this statement are: (1) That
the conputer writes A in a data list or memory. Thirty percent of the
subjects' answers fell in this category. (2) That the data or A will be
srinted cn the screen. Only one subject held this conceptinn.

There are three key transactions for the INPUT statement: (1) That the
corputer prints a question mark on the screen. GSeven percent of the subject
ropulation stated this transaction. (2) That the computer waits for the

A

salue of A and <CR> to be entered from the keyboard. Twenty-three percent of

ERIC 15
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the subjects' answers implied this conception. (3) That the computer stores
the vntered value in nemory space Ao Only one subject held this conception.
See Table 5 for the proportiens produced b ~ubjects' answers for the

wajor transactions for this statement.

(6) 1T A<B GOTO 99. The major misconceptions can be grouped into four

categories: (1) That the computer prints number .. or line 99 or an error on
the screen. Twenty percent of the subject population believed this wus the
case. (2) That the computer finds number 99 i’ is less than B. Thirteen
percent of the subjects answered this way. (3) That the computer writes A or
B or A is less than B in memory. Ten percent of the subjects’' answers fell
in this category. (4) That the computer moves to line 99 without anv test cf
whether the condition A<B is true. Ten percent of the subjects thought that
this vas the case.

There are two key transactions for the conditional GOTO statement: (1)

“hat execution would move to line 99 in the prograw if the value of A is less

]

tha

. the value of B. Sixty-three of the subjects held this conception. (2)

That execution would continue with the next statement in the progran if the
value of A is not less than the value of B. Only 33 percent of the subject
population stated this conception in their protocols.

For nore detailed 1list of the transactions and the corresponding
proportions of subjects' answers see Table 6.

(7) 20 DATA 80, 90, 99. The major misconception for the DATA statement

is that the computer prints the numbers on the screen. Thirteen percent of
the subject population answered this way.

Only 27 percent of the subjects gave the precise answer that the numbers
20, 90, 99 would be put in wemory or the input queue.

See Table 7 for more detailed categorization of the subjects' answers.
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() 30 BEAD A, Tne major misconception: for the PFaAD statemont can be
grenmed into three categorics: (1) That the computers prints the value of A
or the screen. den pereent of the subjects believed in this idea. @2) That

&

the cowputer writes A in mewory. One subject stated this conception.  (3)
That the computer waits for a value to be entered from the keyboard. Again,
only one subject held this wrong conception.

Only 10 percent of the subject population answered that the first date
value from the DATA statement would be written in memory space A.

See Table 8 for more detailed description of the subjects' answers for

the READ statement.

(9) 60 GOTO 30, The major misconceptions are: (1) That the computer

finds 30 if A is not equal to some number. Seven percent of the subjects

answered this way. (2) That the computer prints line 30 on the sci.en. ly
cne subject gu.o th.  sver,
There are two key transactions for the simple COTO statement: (1) Tiat

the computer moves program execution to line 30 in the program. Sixty-seven
percent of the subject population held this conception. (2) That the
computer continues with program execution frem that line. Only 37 percent of
the subjects' answers implied that they had this fdea. .
Table 9 lists these transactions and proportions corresponding to each

transaction.

Differences among statements. In order to make comparisons of subjects'’

conceptions among the nine statements, each subject's verbal protocol for

each statement was categorized as correct, incomplete, empty, or incorrect.
The criteria for classifying protocols were: (1) correct——if the subject's
protocol included the key transaction(s) &nd no incorrect transactions, (2)

incomplete--if the subject produced one or more incomplete versions of the

ERIC 1

Aruitoxt provided by Eic:
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Lev troncac ion(s) ane no imcorrect transactions, (3) incorrect--if the
cub ject produced cne or wmore incorrect transactions, and (4) empty--if the
cubject produced no key transactions, no incomplete version of a correct
tronsaction, and no incorrect transaction. Table 10 presents a summary of
the proportion of users producing each type of conception for cach of the
nine BASIC statements.

Table 10 presents the nine statements in order of difficulty based cn
proportion correct conceptions. As can be seen, PRINT "C" is the best
comprehended statement—-with 80% of the subjects expressing the correct
conception—--while INPUT A is the worst understood statement--with only one
subject indicating a correct conception. It should also be noted that
~ubstantial numbers of subjects hold "empty" conceptions for the READ, DATA,
INPUT, and PRINT C statements.

A corresponding summary table based on the visual test was also
prepared. Table 11 presents seven of the nine statements in order of
difficulty based on proportion correct statements for this test. Data for
*he 1IF aand CGOTO statements has been excluded because the visual test did not
allow for expressing transfer of control adequately. Although there seews to
be general similarity in the patterns of performance between the two tests,
.1king specific comparisons between them is not appropriate because of the
1$ffercnces in the nature of the tests. Note that the verbal test allowed
-ukjects to exhibit incomplete and empty conceptions; 1in contrast, the visual

¢ :s- with its four-part computer diagram forced subjects to be specific.



O

ERIC

Aruitoxt provided by Eic:

Misconceptions of BASIC
18

Pretests. An additional analysis was performed in order to determine
whether performance on the pretests was related to development of the correct
conceptions of the BASIC statements. iirst, correlations were run between
each pretest score (MPFBT, PAT-1, PAT-2, and PAT-3) and the total number of
correct conceptions for the nine BASIC statements. Table 12 shows the
correlation matrix, with significant r values marked with an asterisk(*). Ar
can be secen, only PAT-2--a spatial reasoning test--seems to be significantly
related to having correct conceptions for the BASIC statements fr = .43, p <
.02). Also, the two spatial reasoning tests, MPFBT and Pat-2, show a
signif.cant correlation (r = .49, p < .01) as well as PAT-2 and PAT-3 (r =
.39, p < .05). TIn addition, a stepwise regression analysis was performeld
.:ith each of the four pretest scores as the independen. variables and the
total number of correct conceptions of statements as the dependent variable,
bte resulting equation selected only one variable--PAT-2--and accounted for
18 percent of the variance in the dependent measure. These analyses suggest
that the PAT-2 test was the only test that was related to understanding of

the EASIC statements, although the relationship is rather mild.

Conclusions and Recommendations

in this study we attempted to evaluate the mental models acquired by
wovices following several hours of learning and practice in BASIC. It is

important to note that we focused on novices' learning of mental models
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cether than learning of specitic infor: ttione  dn order to evaluate went.]d
podels, wo adopted o detailed Teve! of analysivn--transactieon analyoic (Mayer,
1%79). This analysis bas allowed us to ident ity the misconceptions and
rissing concepticus in novices' understanding of the conceptual modale
underlying elementary BASLC statements.

The results of the study indicate that mastery of the iInformaticn in the
instructional booklet does not guurantee that users will acquire usef{ul
rental models for how the BASIC statements function. Although all of the
subjects in this study were able to adequately answer the questions on the
mastery test at the end of each lesson, only abeut one-third of the subjects
were able to produce correct conceptual descriptions of an average statement
cuach as PRINT C or LET A=B+l and more than one-half of the subjects genciated
‘ncerrect or empty conceptual descriptions.

Not surprisingly, the nature of the misconceptions ave found to aiffer
froo ssotoment to statement; some statements being more diffic 't to grasp
than others. The programming statements in order of difficulty (based on tle
verbal test) can be listed as: INFUT A, 30 READ A, TF A<B GOTO 99,

LET A =5 + 1, 20 DATA 80, 90, 99, 60 GOTO 30, PRINT C, LET D = O, =and PRINT
"C". Hosever, this part of the results should not be taken as corlusive
cince we not only used a selective number of programming statements but
presented thenm with a specific order in the testing sessions. One needs to
compcse an exhaustive list of the programming statements of BASIC and use
different presentation orders to be able to make conclusive remarks zbout the
relative comprehensibility of each statement.

In this paper, we analyzed beginning programmers'as a group so that we
coull focus on the most common misconceptions. There seems to be sufficient

cvidence for specific recommendations to be made for each statement included

in this study.

24
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'LL‘_RCCULf:thltiCPH ES“CClEjlWL_EiiVI' Subjects have ditticulty in
e iving where the to-be-input date cones 1rvow and how it ie ctered in
corury.  Many subjects fall to understand the nature of execurive
control-—i.e. that the computer will "wait" tor input from the kevhoasd.

These learners need explicit traiaing concerning the role of input terminal,
the wait~run control, and the memory spaces——including visual
representations, verbal descriptions of key transactions (as listed in Table
T

5Y, and role playing by the learner.

2. Recommendations concerning READ-DATA statementS. Subjects have

difficulty in conceiving where the to-be-read data comes frow and how it is
stored in memory. Subjects need explicit training concerning the data stack

and the merory spaces-—-—including visual representations, verbal descriptions

[]

of the key transacticus (as listed in Tables 7 and 8), and role playing by

the learner.

3. Recommendations concerning the conditional GOTO and simple GOTO.
Subjects' major difficulty with the GOTO is that they cannot conceive of what
vill happenr next after program execution moves on to the desired line¢. Also,
with the conditional GOTO, they seem to have difficulty in conceiving what
vwould happen next if the condition is false. Hence, beginners need training
ar the terminal to observe execution control, explicit training with verbal
descriptions of° the key transactions (as listed in Tables 6 and 9) &and role
playing to get a feel for execution control.

4, Recommendations concerning LET statements. Subjects seem to get

confused between solving an equation (i.e. treating the equal sign as an
equality) and making an assignment. Those who seem to understand the
assignment property in the statement still have difficulties in conceiving

where to store the assigned values. Beginning learners need explicit

™o
X

O
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troinins concertiiny the specitic ronory docarions and under what cornditions
Valnes storved in o those Tocations get revlaced. AVicual representaticns,

verbal desoriptions ccusisting o the set of correct transactions (7o lisred
I Tebles 1and U), and role playing by the learner are ways to overcome
beginners difficultices,

5. hLecommendations concerning the PRINT statements. Subjects seem to

confuse the function of PRINT C and PRINT "C". Also, subjects have
difficulty in conceiving that these statcements simply display on the screen
whit is asked to be printed; they incorrectly assume that the computer keeps
a record of what is printed somewhere in its memory. Beginning propgrammers
necd explicit comparative training for the two types of PRINT staterents,
Training can be at the terminal so that learners observe the differences in
atput; training can include visual representations for memory spaces showing
no chunge aiter stateront execution, verbal descriptions of the key
trancactions {(as listed in Tables 3 and 4), and role playing by the learner.
il precent study has focused on diagnosis of bugs in nevices' mental
nodele for RASTC stutenments. The specific diagnosis of what users do not
bnow—=-at the level of nmissing or incoerrect transartions--allows us to develop
irdividual instructional techniques for remediation. Thus, the next logical
step in this preject is to determine whether instructional techniques can be

developed to correct users' mental models for BASIC.

oo
C.

ERIC
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Fooltnates
P oot wan supperted by Groso Lie-GEo=011R from the Nationad
inatitate oo rducation, Proprar in Teaching and Learning.  Richard Welber
soeiated in ogata tabulation.  Heguosts 1or reprints should be sent to:

riraye Davaoen or Richard F. Maver, Denartment of Psvchology, University of

Califoernia, Santa Parbara, €A 93106,

1 H. cr N ¢ .

We wish to thank Jefirey Marcus and the staff of the Microcomputer
Iaboratary oo the Universicy of California, Santa Barbara, for thelir
ascintance on this project.,

“The test booklets used in this study included additicnal questions that
wore ot analwroed, and do not influence the present results. Appendices
include iustructions for the posttests as well as & sample page and a sample
h

protocce! from eithev pro-ttest.

7‘ . - . .
“since scoving was literal, there was no need for an additicnal judge.
S.7e unnecessary, incenpliete and incorrect transactions are excluded

Jor purnose of clarity. However, detailed versions of these tables can be

cined from the authors upon request.
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sheerrect draneaction:

Lrite Akl odr memory 01 dn iemory
space A,

I'rint A=B+1 or A or the value of A

on the screen.

Solve the equation in the statement,

Incomplete Transaction

Write B+1 in memory space A.

Set of Correct Transactions

Find the number in memory space A.
Lrase the number in memory space A.
Find the number in nemory space B.

Add 1 to the number in memory space B.
Write the obtained value in mewmory
space A.

Find (wait for) the next statement to

be entered in the keyboard.

- Dcuble asterisk(**) indicates the key correct transaction.

Dash (---) indicates transaction cculd not be evaluated from the

test.
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Table 2

Projportion of Leers Who Produced Pach Transaction tor LET beo
Vegbal Test Visunl Test
Incorrect Transactions
A .10 Write the equation in memory.
L0 —— Solve the equation in the statement.
.07 .13 Print the equation on the screen.
Incompiete Transaction
.13 .03 Write D or O in memory.
Set of Correct Transactions
L0 —— ¥ind the number in memory space D.
OO - Erase the number in memory space D.
Ry T *#{rite O in memory space D.
1T - Find rhe next statement to be entered
1n the keyboard.
Note. ~-Double asterisk(**) indicates the key correct fransaction.
Dash (---) indicates traasaction could not be evaluated from the

test,

ERIC 24
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rope o ot User o Ve Produ S0 bach tranaaction tor PRI C

Incorrect Transactions

L .10 Print the letter C on the screen.

07 ——— Print either error or nothing on the
screet.

L0 .17 Write C in memory.

Incomplete Transaction

L03 ——— Print

Set of Correct Transactions

17 - Find the number in memory space C.

L NS ** Print the number or zero on the
screen.

Ll — Find the next statement to be

entered in the keyboard.

v

Note. - Double asterisk (**%) indicates the key correct transaction.
Dash (---=) indicates transaction could not be evaluated from the

test.

ERIC
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Verbal Test

.07

.07

.07

.07
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Table 4

Pach Transaction for PrinT "¢

lncorrect Transactions

Print the value of C on the screen
Write C in memory

Find the number in memory space C

Incompliete Transaction

Do not print the value of C on the
screen.

Set of Correct Transactions

Find the letter C in quotes in the

statement.

**pPrint C on the screen.

Find the next statemenc to be

entered in the keyboard.

Duuble asterisk (**) indicates the key correct transaction.

Dash (---) indicates transaction could not be evaluated from the
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Thable H

Proportion of Users wlho Produced Tach Transacticn tov el A

l:iibfiy~£i2i£ Visual Test

Incorrect Transaction

<30 17 Write A in mcmory or data list.

.03 .20 Print the data or A on the screen.
Incomplete Transactions

.13 ——— Wait for some data or number or A.

.07 .10 Write a number.
Set of Correct Transactions

LG7 10 *% Print 7 on the screen

.23 - ** Wait for the number and the <CR> to be
entered from the keyboard.

Lo - ¥ind the number entered in the
keyboard.

.07 -~ Find the number in memory space A.

.03 - Frase the number 1in memory space A.

.03 _—— #% WYrite the number just entered in
memory space A.

.10 - Find the next statement to be entered
in the keyboard.

lnte. - Double asterisl (**) indicates the key correct transaction.

Dash (---) indicates transaction could not be evaluated from the

ERIC 3u
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Table 6

Propostion of Peers Uho Produced Faclo Transaction for 1F A covn 4o

verbel Test o Visual Test
Incorrect Transactions
20 .13 Print number 99, line 99, or error or the
screen.,
i3 - If A is less than B, then find number 99§
L0 .03 Write A or B or A is less than B in uemory.
.10 ——— Find line 99 in the program
Set of Correct Transactions
.13 - Find the number in memory space A.
.33 -——- Find the number in memory spacec B.
Ay —— Test if the number in memory space A is
less than the number in memory space B.
L6058 ——— ** 1f the value of A is less than the value
in B, then move to line 99 in the program.
L3 —— ** 1f the value of A is not less than the
value of B, then move on to the next
statement in the pi.gram.
.33 —-— Continue with the execution of the program
from there.
wo=2. -— Double asterisk (**) indicates the key correct tramnsaction.
Dash (---) indicates transaction could not be evaluated from the
test.
o - 3i
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Tabie 7/

Progortion of Users Who Produced Each Transaction for 20 DATA 80, 90, 99

Ycrhal Test Visual Test

Incorrect Transaction

.13 .13 Print the numbers on the screen.

Inconplete Transacticn

.27 .30 Put the data in memory ace A or ii. memory

3

Set of Correct Transactions

.03 - Find the numbers in the statement
.27 .60 **Put the numbers in memory or in the input
queue.
.00 -~ Find the next statement in the program.
Note. —-Double asterisk (**) indicates the key correct transaction.
Dash (---) indicates transaction could not be evaluated from the
test.

ERIC 3<
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Table &

Propertion of Users Who Produced rFach firans:ction for READ A

Verbal Test Visual Test
Incorrect Transactions
.10 .07 Print the value of A on the screen.
.03 .07 Write A in merory.
.03 —_— Wait for a value to be entered from
the keyboard.
Set of Correct Transactions
.07 —_— Find the DATA statement in the
program.
.07 -~ Find the number in memory space A.
.00 —_— Erase the number in memory space A.
, L0 .13 **Write the first number from the DATA
statement in memory space A.
.10 - Find the next statement in the program
Note. —-- Dnuble asterisk (**) indicates the key correct transaction.
Dash (---) indicates transaction could not be evaluated from the
test.

ERIC 33
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T:4b1e 9

Proportion of Veers Whe Produced fach Transaction for 60 GOTO R

Verboel Tent  Visnel Test
Tncorrect Transa-tions
07 - 1f A does not equal to X or 99 find 30.
.03 .10 Print line 30 on the screer.
Set of Correct Transactions
.00 —-——- Find the line number in the statement.
.67 - **Move to line 30 in the program.
37 —— %*Continue with program execution from that

line.

Note. --Double asterisk (*%) indicates the key correct transaction.
Dash (---) indicates transaction could not be evaluated from the

test.

ERIC 34
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Table 10
Proportion of Users witl: Correct, Incomplete, lucorrect, and Frpty

Conceptions tor the Nine PASIC Staterents frem the Verbal Test

Conceptions

Statements Correct Incomplete lacorrect Empty
INPUT A .03 .30 .30 .37
30 READ A .10 .27 .17 LA7
IF A < B COTO 94 .27 27 .40 .07
LT A= B+ 1 .27 .10 .60 .03
2C DATA 80, 90, 99 .27 .17 .13 L43
60 GOTO 30 .27 .56 .10 .07
PPINT C .33 .00 LA .20
1T D = 0 43 .03 .53 .00
PRINT "' C" .80 .00 .13 .07
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veble 11
Proporticen of Users with Correct, Tnoomplete, lncorrect, ara Lupty

tenveptions ;. the Sever BASIC Staterents frem the Vieunal et

Conceptions

Statements Correct Incomplete Tncorrect Fmpty
INPUT A .00 Q0 vy .23
30 READ A .13 .Q7 .43 .37
LET A = B+ 1 .30 .20 .43 .07
PRINT "C" .37 .00 .53 .10
PRINT C .50 .00 ) .03
111 D= G . 60 .07 .30 .03
Y0 DATA 80, 90, 69 .60 17 .17 .07

o
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/ . cod toers

Spvendia A dnetractionn tor the Verbal Test.
Sepcndis B A sawple page of the Verbal Test,
fopendix € A sample protocol from the Verbal Test.
Appendin D Instructions for the Visual Test.
Arpendix F: A sample page of the Visual Test.

Apperdix F: o A sample protocol from the Visual Test,

(%)
C
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Appendix A

Senpooae thoatoyet Uy ot o oee i cornand the corputer oy board,

o e e o the FLTL .Lk“'," NN
PRINT 3 + 3 <CR>

Can you list, in English, all of the steps that the computer must go
through in order to carry out your cowmand?  Your job is to translate the
BASIC command into a list of steps written in plain English., List the
stepn in English sentences, as if you were telling the computer what to do,
wrep by step. Try to break the command down so that each step involves
just one simple action.

For example, try to list the steps for the command PRINT 3 + 3, by
fi1ling in as many of the following lines as you necd:

1.

~
Lo

)

I~

(Gl

Wiite each step as an English sentence. Write the first step as a
sentcnze on line one; write the next step as a sentence on line two, and
«¢ ©~. Use as many linecs as you necd. I1f you need more lines, just add

o2 to the sheet; if you need less, just ignore the extra lines.

In a moment, you will be given a booklet of problems. Each page con-
(aine one BASIC command. Assume that you type in that command followed by
& RETURN key. Your job is to li~t all of the steps that the computer must
56 through in order to carry out the command. List the steps in plain
English, with each step giving one simple action, as if you were telling
the computer what to do. Feel free to use less or more lines than are
given for each problem. When you finish listing the steps for one command,
rurn the page and go on to the next. Assume that you are starting fresh
on each command and that the computer has no memory for earlier pages in
the booklet. Once you go on to a new problem you may not go back to any
nrevious problem. There is no time limit. Please take as much time as you

need to do a complete and accurate job. Do you have any guestions?



Appendix B

Ao ot you type in this command, foilowed oy RETURN.

LET A =B + 1 <CRD

The stops carried out for this command arc:

1.

2.

(1f you need more lines just add th: ¢ this sheet; if you nced less,
just ignore thc extra jines.)
WHEN YOU FINISH THIS PROBLEM GO 01 70 THE NEXT PAGE.

YOU MAY NOT SKIP AHEAD OR GO BACK 7. - 0US PAGES.
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' Cuootyd i Pooconr ancth, tolbowed by KETURN.
LiT A - B+ 1 R
Pies atupw carrievd out for this command are:
\
1. \k:> \;sﬁx;\lk AN A&uéﬁ\JLz>\ W ARl .
~j\\‘;\QJ‘JL4XA\Q)V7 bj{_D;& A= \)rﬂrvéx‘ \;gs:“\}kllk-m
; SﬂdQJbl/‘ KOO~ JZJ\¢&93¥1Ay~w At . \U\gjsv“*+ﬁdkﬂxrv\ 7raéutxa,
6.
;.

(tf you need more lines just add them to this sheet; if you need less,

just ignore the extra lines.)
WHEN YOU FINISH THIS PROBLEM GO ON TO THE NEXT PAGE.

YOU MAY NOT SKIP AHEAD OR GO BACK TO PREVIOUS PAGES.

4i
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ac:aagna o000,

ORI A ode0c,
———

The display screen may look Tike the above, where ''READY' indicates that
the compuler is ready to accept any command or information that you might type
and the cursor 1" indicetes where you are on the screen. Whatever you type
in urd whetever the computer replies with get displayed through this screen,

The keyboard is like a typewriter., 1t consists of keys for letters;
digit.; special characters, such as =, +, =, and so on; and special commands,
“uct . RETURM and COHIROL.

2. T ismory

Al 1B c _gj

o 21 1S 66

Su,pesce that the memory of the computer consists of boxes labeled A, B,

€, D, end so on, with a number or some other information stored in each.

y

In the above diagram, box labeled A contains the number 0, box labeled B
cotitain. the number 21, box C contains the number 15, and box D contains
the number 65,

3. The input systen:

5,99 i@\r—‘mnsﬂao AREA
7

Numbers wait in line to be processed in the input system. Vhen a number
is processed it drops down to the finished area. In the above diagram, the
numbers G, 99, 6 are waiting to be processed, whereas the number 7 has already

been processed. The next number in line to be processed is 6.

ERIC 4.z
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\

RUFJﬂJ

When the computer is waiting for yeu to type in something, the arrow points
(o WAIT and when the computer is busy carrying out commands, the arrow points

to RUN.  In the above diagram, the computer is "running''.

Now that you have been introduced to four parts of the computer, you are
ready to try a problem. Suppose that you typed in a one line command at the

conynter kevboard, and then pressed the RETU™. key, such as,

PRINT 3 + 3 (CRD

Before the computer carries out this command {(i.c., right after you oress

PETHRN), the parts of the computer look like this:

READY

2 PRINT 3+3 5,9%:6 —

T

WAIT

RUN

Can y.u indicate how the parts of the computer will look like after this
conmand has been carried out? Just fill in the diagram on the next page.

You should feel free to write in numbers in the memory part and the input
pirt, to move the direction of the arrow in the control part, and write in
nunbers and/or words in the display screen. Your job is to describe what you
would see in each part of the computer after the command has been carried out.
0f course, some parts may not change . en though the command has been executed.

Also, feel free to add any comments.

ERIC 45
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St Uhatoy st Uy, oo FRENT O3 003 and Uher g ased the RETURN hey.

o ——“_—ﬁrﬁ_r_——“\\\\\\__,_—____,.
. T w;‘jn
il

In a moment, you will be given hooklet of problems. Each page contains

one  BASIC command. Assume that you type in the command followed by RETURN
cach time. Your job is to fill in the diagram so that it corresponds to the
way the parts of the computer will look like after the commani is executed.
When vou finish filling in the diagram, tu n the page and go on to the next
probles.  Assume that you are starting out fresh on each command and that the
cornuter has no memory for earlier pages in the booklet. Once you ¢o on to

a ne. problen you may not go back to any previous problem.  There is no time
lioit. Pleaso take as much time as you nced to do a complete and accurate

ivb. Do you have any questions?

O ‘ . 4‘;
ERIC
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A, uie that you type in this command, followed by RETURN.

LET A =B+ 1 LCR>

Before this command is executed (right after you press RETURN), the parts

of the computer look like this:

READY —
JLETA=B+ 559796
T

f\j EmEED! WAIT
o215 [ee|  [ab

After this command has been executed, the parts of the computer look like

.

taia

) ——
——‘~\\\~___,___—___.

WAIT
AT o0 (e ol ,
RN |

WHEN YOU FINISH THIS PROBLEM GO ON TO THE NEXT PAGE.

vOU MAY NOT SKIP AHEAD OR GO BACK TO PREVIOUS PAGES.

(A
[YaN
Ch




Appendix F

Aot that you type i Ui command, folloued by RETURN.

LET A =B+ 1 CRY

Before this command is executed (right after you press RETURN), the parts

of the computer look like this:

READ
jELETYA‘—BH 5597, 6 N\
7

X _EJ S,J 5 WP;T
0|21 |15 |66 Ron

Afrer this command has been exccuted, the parts of the computer look Tike

this:
Re ;DY ‘Squ/ P2
TLET A = &4 ~_ 7
, WAIT |
DRINCND) X
| 0|2V 1D RUN

WHEN YOU FINISH THIS PROBLEM GO ON TO THE NEXW PAGE.

YOU MAY NOT SKIP AHEAD OR GO BACK TO PREVIOUS PAGES.
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