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: / cot ABSTRACT

. Production and Evaluation of a Self-Instructional Module for
Teaching the Fundamentals of ‘Computer Programming
in the BASIC Language.

Jonathon Marsh \ . l
This thesis equivalent presents the design and eQalu-
ation of a self-instructional module used in an -undergradu--
ate comphter'literdcy course at Concordia University. The"

. materials produced héd to meet the following general goéls:

R '\\% i. - S .
1) provide an introduction to programmingé?n general,
3 B o kY
2) provide instruction on programming tasks in BASIC up °.
"to but excluding file management, - s -

3) provide instruction on the use and design ‘of flow

charts. 7

Design and evaluation was conducted according to tﬁel-
method prescribed b} Dick and Carey.(1978) with some elabo:
rations derived'from the. techniques outlined by Romizowski
(1981). The~package consisted of a compilatioft of existing
text! vid%o, and computér based materials reworked into a
stand-alone self instructional format. o

l Becausé this was to be the last module in tbe course
the evaluation ‘was conducted in two staggé. The first .

_ involved the piloting ofy the course wherein the materials

( . | | \ {(iii) o
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were assessed for sequencing, cgherence, timing, and

completion rate. Subsequently the second stagé was E
implemented, which involved ‘two levels of evaluation. At _the

first data were drawn from em%;added exercises, pqsttest'

,» scores, and on location observation of ttfe entire

enrollment. At the second, a more’detailed evaluation of a
’representative subgroup was condu-cted based upon data drawn
- -from demog‘raphic ar;d course gvaluation questiqnnaireé, and
.pre/post/delayed test scores. Based’ on a 76/20vmastery.
criteria only 5 of the 10 subor:d'inate‘obj‘;at’:tivés were
successfully met. However, 100% mastery was achieved on both
terminal objectives. In the conclusion the sttengths and -
weaknesses of the materials are discussed and

recommendations f'or‘ revisions are presented. N

Y uw
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P Ty Computer Programming in BASIC

«CHAPTER ONE

.

. Statement of the Problem

It was Epe purpd%e qf this project to design and evalu-
ate a self-instructional 1earning module on the topic of
introductory’programming in the BASIC coﬁputer language. The
context in which the .module was to be implemented was ‘as the

» .
last unit of instruction in an introductory course in micro-

‘Eomputer liperaey'targeted at undergraduate students in the

arte and SciencegFaehlty of Concor%ia University, Montrealf
Quebec, Canada.

The course as a whole was experimental in that it was
the 3ﬂ1y CAf based,. self -instructional, in—house program of
study . available at the University. It covers a regular thir-
teen‘weekﬁsemester and carries with it the standard credit

value of fhe University for a single semester course. The

"content required for the course was determined by an organ-

izing committee to.include a& introduction to:
1),  the machine (the components and disk operatingr
| system) ;
2) word-processing,;
. 3) electronic spreadsheetiﬁg, '
4) _ databasé management;
5) breblem'solviag; and - .
6) ‘graphrc;‘and listhandling programming

in BASI? and LOGO.
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.administrators judgment. Consequently, to enhance

Computer Programmihg in BASIC

Sequencing of materials was left up to the course

ingtructional effecti#engis the course was organized into

the following .lesson structure.

v

LESSON 6 - BASIC programming;

LESSON 1(:\Int;oducﬁion to computer architecture (the
machine), .

LESSON’z - Wordstar'2000 (word—pgocessing),

LESSON 3 - SuperCalc 3 (spreadsheeting),

LESSON 4 - DBASE ‘ITT (database management),Review
module, ) - v

MIDTERM EXAM ' u - ‘

LESSON 5 - Problem sclving module, P;ogramming in LOGO,

i

FINAL EXAM ' v
W Lo

Accordingly the course,ahn be said to be divided into three

-

generallconceptual,categories. i ‘

1) , Computer architecture (lesson 1); which 'addresses

the machine components, floppy disk design, binary

" logic, and the concepts needed to understand the

~

. function of a disk operating system
2)" Application software (lessons 2 4) 7 -which i é
addresses common areas of non-expert computer ' .
usage. - ! o ,
3) Programming languages (lessons 5-6);.which ad
“dfesses thé conceots inherent. t¢ the development
and use of the logical sequences the computer

~  invokes in order to solve problems.

- ’ . L
]
% 2 . . .



‘Compiter Programming in BASIC
Committee specification with redatd to admissible con-
tent along with ;his topic structure-impoeed’several con-
straints upon the 'design, implementation, and evaluation of
the module on BASIC programming. These are,as,;:&loqs;
. 1) It must have .an introduction to programming in

general. i | '

2) It must include instructional materials sufficient
to enable the student to perform general
programming tasks up to but not inclﬁding file

¢

“management.,
3) It must provide a contex;ual ocus for the
concebts learned previously in the course.
. 4) It must require no more then‘fou; lab sessions, of
/four'hours each, to complete it.
_ 5)  All the work relevant to boﬁplétdon of the
requirements must be conducted in the computer lab.

[ 4
Given these consﬁraints, the choice of ins“ructional

materials was 1eft up to the discretion of the instructional
designer, subject to approval by the course administrator.
The only requirement was that- a multi-média formap be used
with a'etrong°em§hasis on CAI tutorials and hands-on -
.combuter based practice exercises.

4
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CHAPTER TWO
w

Rationale

Basic Programming and Computer Literacy

It was not within the jurisdiction of the instructional
designer fdr the BASIC mndule to .decide upon éhe merit of
including programming skills in the requirements for the
computer liteiacy conrsé within which it is situated. The
arguments both for nndmagainst such inclusion are.strong and
the debate remains unresolved. There isKhowevér a prevailing
attitude that the.gecision to include programminé should be
largely determined by the specific‘requirements of the given
instructional context'(Shively; 1984). Most of the
literature reviewed, in particular the HumRRO (1982) and
MECC i1982) prbjects emphasized the'inclusion ofhsome form
of pnogramming within the computer literacy curf culum.
However such’a curriculum is usually viewed as a'multi year
process with an increase in sﬁecialization at the higher
grade levels. Little argument exists for or against its .
' inclusion in a single course. Notably all the existing
courses examined did include programming with the large
majority - of them utilizing BASIC. This sont of precedgnce in‘
and of itself would help to legitimate the use of BASIC
‘here, however it affords us no insight into how best to
design nge»module. As such some ennminaticn of the arguments

_in favour of its inclusion was here necessary in order to

.
' « . - -

o~ 4
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help identify an 6ptima1 instructional approach.

The question was not whether or not programming skills
represent an inherently valuable aspect of computer liter-
acy. It was rather, given that programming was required, how
to ensure that thelappropriate concepts are identified and
emphasized in such a manner és to maximize both the stu-
dents’ overafl learning gain and the coherence of thé course’

at large. , {
J . .

To accomplish this end if is necessary to organize
these concepts so as to facilitate meaningful le;rning as
much as possible. In order fbr meaningfui learning to occur
it is important that the learner be able to connect new in-
formation to related or-domain specific knowledge already
existing in memory (Bransford, 1979). This body of knowledge
can then form’what Ausubel (1968) terms “appropriate anchor-
ing ideas” upon which to moor incoming information and ac-
cording to which it can be manipﬁlated. Novices by defini-
fion tend to lack domain specific'knowledge (Spilich, Veson-
der, Chiesi, & Voss, 1980; Greeno, 1980; Simon, 1980). As a
result it is necessary, as Mayer (1980) points out, fo build

first the,conceptdal framework needed for the assimilation

of new information. It is not difficult to imagine a design

- for the proposed module which does not address this need.

. To illustrate, it is possible to envision this module
designed so ‘as to emphasize the proper syntactic form of a
language while ignoring the very important aspect of its

semantic structure; which ingolves an understanding of good

5
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problem solving and logical'sequencing'techniques. A funic-

tional understanding of programming syntax is dependent upon
a previously\established goSd understanding of the semantic
struct&ies used in programgiqg/languages (Schneiderman,
1980) . The understanding-o% semantic structure can be seen
to represent the -set of anchoring ideas ﬁﬁon which the as-
similatioﬁ of the hew syntactic forms can be established.
Any instructional design whigch seeks to legitimately

placé emphasis on syntactic form must assume a good under-
standing of semantic structure'as a prerequisite character-
istic of the target population. Such an approach which may
have merit for the somewhat more -advanced computer science, '
student wgdla*ie discontinuous with the objeétives of the
course within which this modulé is situated. Furthermore,
because of the increase in spgcificit&, Wh;ch is a necessary
consequénce of such/a design, it would ngt serve the over-
all aim J% general computer literacy as it is’qonceived of
here. !

QOncerning the notion of computer literacy, it should
be noted that, as Seidel (1982) points out, the concept of
computer literacy is time bound in a rather more severe
sense than other forms of.literacy are. That is to say the
concept itself is evolving as rapidly as the technology to
which it refers. Hence, in order to maximize the usefulnéss
of this module, not only in terms. of quality and quantity of

informagion ﬁresented but also over time in the face of

rapid changes in the technology, it is important to

6
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establish a clear definition of what is meant here by

Computer Programming in BASIC
computer literacy.

To date any attempt to provide a general'definition 6f
the term has generated much debate. Anderson (1982)'argues
that much of this: co?flict may stem from.variance concerning
the definition of the term “literacy" ftself He indicates
that the term “literate” is generally used to indicate some
arbitrary threshold on the litetacy continuum. Just where
this threshold lies seems to vary with the contextiof its
use. When we speak of a literate individual we ma{ymean any-
thing from a general capacity to.read and write to.an indi-
vidual who,is.yell read and well spoken. The literacy
threshold thus seems to fluctuate between minimal and
maximal levéls of dompetency depending upon the context in

which it is being evaluated On this note Anderson and Klas-

sen (1980) have tentatively defined literacy as the ability //

to function effectively within a given role. The author doeé
not entirely agree with this definition as it would appear
to be a better definition of competence than of literacy. It
is quite possible to conceive of an individual who is’fully
cognizant of all the required information particulaf to a
.given role but is unable to function within that. role due to
reasons of physical or emotional inadequacy. However this
definition does allow for a varying literacy threshold and
does afford us a flexible starting point, while endless dis-
seasion will afford us no workable solution whatsoever. As

Deringer and Molnar (1981) point out:

/

/
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“Diversity of opinion and even fervent advocacy is a
«characteristic of any rapidly advancing field and
shgyld be viewed as an opportunity. It shoﬁld not be
used as an excuse for lack of action.queas should be
adﬁanced, debeloped, and disseminated for“hsers to
judge their worth end value.” (p. 3)

i

Given a recognition of the above stated reservation, it
is in this spirit of advancement and development that the
author here adopts Anderson and Klassen'é definition of 1lit-
eracy and attempts to identify a threshold appropriéfe to
Ehe given mandate of this course.

In its gimplest form the primary.directive of the
course %s to provide the individual with a comprehension of
the various work areas in which computer technology, and‘in
" particular micro-computers, may’pe of everyday use. This
directive parallels,closely the generally held belief
(Deringer and Molnar 1981) that the demand for computer
;iteracy derives from a rapidly increasing‘need to deal
efchtively with the information handling techﬁologf which
is permeating business, indgstry, government, and even our
homes_ind schools. In order to meet(the above stated
directive this course mﬁst take into account not only the:
;ndividual's need for an understanding of information
handling technology but also of the impact it’s permeation
intqtfociety has on the individual (which is furthered as’ a

consequence of just such an under§tanding). It is with

8
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respect to consideratlons such as these that Seidel (1982)
proposed a breakdown of the informetion'handling curriculum@@#
into three general'areas in order to'enable the design of
effective domain'speoific instructional materiale.
1) ‘Awareness.ofhthe social impact of infbrmation
handling technology. |
2) General information concerning the functions and
processes . of the technology itself. )
3) Specific knowledge regarding the use of the
technology.
Item three ls further reduced to three subcategories.
o a) knowledge of application software (i e. what the
. computer ‘can do);
b) specific knowledge, and/or skill in the use of
| aﬁplication software; and |
c)'skill development with regard to system procedures
and progremming. ‘
The declgfbn‘about which of these to include in a given

course depends upon the course objectives but all of them

are important with regard to an overall literaoy curriculum.

‘As the course, with which we .are here concerned, is the only

one of its kind available within the institution, it is
important that it address each of these aspects.
Interestingly enough, as it stands, Seidel's categorization
is strongly/feflected by the course structure recommended by
the organizing committee. Seidel ?lso argues that regardless

of the -ambiguities surrounding the concept of computer
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literacy there are three areas of general agreement concern-
ing it;s requirements. All three combine to indicate a
qualitative change for the individual who seeks to become
computer literate. They are as follows: — JE

1) our society qollectively’and individually, must
handle‘increasing amouhts of information;
2) individuals need to become better problem solvers

in order to deal with the issues raised by an

increase in information; and

4
s

3) computers are a major’ébmponent of the work
environme with regard to helping solve problems
and handling Mnformation;, therefore all people

should become computer literate.

-

[ . 4

The &ualitative change implied for us as individuals
has to do with the role we play Qithin the work environment.
Information handling technology affords us more information
upon which to base our decision making processes. However,
as in the case of an ungoverned positive feedback loop this
information influx may easily become overwhelming causing
the processing of it to breakdown altogether. In order to
work effectively with this information, we must be able to
manipulate the very technology which is bringing it.to us in
such a fashion as to maintain order and facilitate decision

making. This implies that, while at one t;me our problem

solving activity was reserved soley for dealing with issues .

directly related to the “stuff” of our working environment,

10 -
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now to an ever increasiné degree.iﬁ is becoming once
removed. Now we must be able to,apply our problem solving
abilities to the manipulation of the new technology itself
in order to maximize our efficiency. Thus it would seem that
an increase in problem soiving ability lies at the cfux of
the computer literacy issue.

As was previously stated the purpose of this exaﬁihar
tion of some of the issues invo}ved in the concept of com-
puter literacy was to hélp identify an optimal instructional
approachogiven the requirements and constraints of the
course. ff we acceﬁt that prob;gm solving is a crucial as-
pect of computer. literacy then with respect to the question
as to what role programming in BASIC is to play wé must sub-
ggquently examine the follow%ng thrée hierarchically related
issues: 1) the relationsﬁip between Q{Pblém solving. skills
and prograhming;skills in genéral (this in ordeg to estab-
lish that there is some merit in including pr&éramming in
the curriculum); 2) the relationship between problem solving
and BASIC programming in particular (this in order to demon-~
‘strate that there is legitimate reason for favouring BASIC;
over other programming languages); and 3) the relationship
between the development of both problem solving and program-
ming skills and the prScess of ;earning itself (this to as-
- 8ist us in deriving a viable organization of concepts upon
which to establish a method of instruction).

With regard to'the first of these issues there is a general

intuition prevalent among computer scientists, particularly

11
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-

those involved in educational applications, that hands on pro-

gramming does encourage the development of problem solving

~ - v
skills. Papert (1979), Bork (1981), Luehrmann (1972), Howe &

Duboulay (1979), and Bell‘(1978) are certainly proponents of
this viewpoint’;ill of them adhere to the notion that the
activity of probfﬁhming, due to the combination of required
logical rigour 'and the interactive qualities of the machine,
afford students a dynamic context in- which to first experi-
ence the techniques of good problem solving and then to ex-
ercise‘and elaborate upon their understanding of them. The
underlying support for their position 4is that educational
researchers in general recognize the importance of dynamic
interaction between the learner and the subject matter (the-
subject matter in this instance being p;leem solving it-
self) . In the case of computing, the problem solving power
of the machine is inherently reflected in the sttucture of
any programming language.

These 1angu§ges would-not serve their pPrpose if they did
not adhere to the principles of good xiroblem solving. Indeed the
various commands and ‘functions ava;lable in any high 1level
language are usually established on the basis of the frequency
with thch problems are encountered,'which require their

particular characteristics to provide a solution. given these

‘considerations, while not conclusive, it-is not unreasonable

- to posit a strong structural relationship between good problem

solving and the effective manipulation of a programming

langﬁage.

12
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* The question remains as to whether or not people with
programming skills are better problem solvers in 1) the.
domain of computer usage, and 2) in other domains related to
" their work environment.'Mayer’s (1982) research, while fer
from comprehensivg, would seem to provide at least some
preliminéry indication that there is indeed a relationship
between competency as a .programmer and the ability to ,
maximally utilize the problem solving power of the machine,
particularly when working with various kinds of-application
softwere. Similarly positive results in the research |
conducted by Howe, O’Shea, & Plane (1979) and $910way,
Lochead, & CIememt (1982) on the relationship betwien
programming skills and the ability to solve algebraic
problens, alom; with ‘the work of Skulicz (1984) on the
- relationship between programming and writing well structured -
Englieh prose, woulc seem to provice us with some
preliminary indication of the tran;ferability of computer'
related problem solvi;g skills to applications in other
domains. While none of these researchers have produced
results substantial enough to entirely legitimate either
claim, the results they have produced, when combined with‘(
the intuitive considerations mentionee earlier argue
strongly fpr the inclusion of programming of some sort in
any computer literacy course; particularly one which has the
development of problem solving skills ;s a critical

. dbijective.

br

13
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The question as to the merit of teachiﬁg BASIC over

» other ianguages is a subject of much debate among 1ndividu*.
als eencerned with'computers iﬁ education. The arguments

both for and against its use are Equally substantive and it

LY

is not the intention here to join in the dialogue; rather it
is simply to point out some of BASIC’s more valuable assets.
,Apart from the vefy pMagmatic virtue that BASIC is almost
uniyersally included in the,purqhase price of any micro- '
compqter, and that'instrﬁctional manuals and soft;are tuto-
‘rials are abundant and readily available, there is some ar-
gument that if may be structuraliy well suited to the needs

of the novice learner. *

b .It is the authors opinion that one of the primary -
benefits of teaching programming is that the student,

. particularly the novice, learns to identify and manipulate
\effectively all of the logical sequences relevant to: the

A}

ogfa‘given problem. In order to accomplish this

f-smeSt %gpdrtant that the student~}eatns the same
refinem t techniques as have been shown to be inherent to
good problem solving (Lo&head; 1981; Lochedd .& Clement,
1979; Whimbey, 1980; Whimbey & Lochead, 1981). While such |
practicetis inherent to the semantic. and s&ntaqtic structure
.ofaﬁost languages, BASIC requires  more explicit iterations. )
than most. Indeed it is often the case that more sophis-
ticated'fanguages are epnsidered to be better preeisely
because they ha%é avoided the neéd %or such‘expficit detail

13
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‘ Computer Programming ‘in’ BAle
While arguments"fayouring other languages emift:they
are often based on the assumption that the person learning
to ‘program is a student of computing in the formal sense.
They do nat seem to be directed at the stuydent: who is
leafning to program for more general reasons such as
develéping analétic skills or simnly to get a feel for the
machine. For examg}e Lewis.(1982) argues that students
should learn PASCAL because it -forces them from the outset
to learn the proper techniques and_concepts pertinent to
good structured programming. Doyle (1982) too recommends .
PASCAL pecauseastudents are more "likely to think a problem
through initially, due to the relative difficulty involved
in incorporating changes in a‘pfogfam. These arguments seem
to refer to the issue of efficiency in machine uti.lization
an& may well have relevance for the student specializing in
compgter science. They ‘do not seem to be at all concerned
with the’ broader educational concerns of the individual,
such as the suitability ofg@he learning environment
regarding learning style, or the establishment of a viable
cgghitive fraéewcrk within which to situate new concepts.
Seloway. et al. (1982) have indicated that novice students
learning PASCAJL QEre easily confused’about even the simple
iteration constructs of ghe language. Students either made
' exp&icit those functions which are implicitly performed
(e.g.’loop—end testing, index variable incrementing) or they
assuméd that more'actions would be performed than actually

:l were (e.g. incrementing the index variable in the “WHILE”
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construet). These authers argue that such students do not
have an adequate conceptual model of the primitive logical

' constructs which compose these more sophisticated operations
and are as a result reduced to rote learning with iittle
dynamic comprehension. The implication is that .explicit
iteration should be taught first .using all the,prinitives
(such as ‘are availabIe in BASIC), in order to develop a
suitable conceptual framework upon which to base further
learning. Then, after appropriate evaluation of the student,
a slow graduation into more abstract and complex syntactical
constructions may be implemented which would includé the |
introduction of other lanéuages. -

It may be noted here that the semantic and syntactical
structure of a language such as FORTRAN would‘fulfill all
the above mentioned reqnirements and perhaps be of greater
‘use in the work force. In the author’s opinion such is not
the case,. if simply “for the reason of BASIC'S ubiquity in
the world of micro- computing. This combined with the
availability of tutorfal texts and software, as well as with'
the increased computing capnbility found in neeer versions -
of BASIC,"more_than compensates for any utilitarian .
advantages learning FORTRAN ma; offer. Fﬁrthermore it is .

commonly held to be true that learning one language greatly

facilitates the learning of a second, particularly when they
are structurally similar ($chneiderman, 1980). Having taken
advantage of all that Bgé}c has to offer it should be a
relatively simple matter, should the need arise, fo; an

¢a . <
.
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individual to acquire a knowledge of\FqggRAN at a later
v

date.
. S

There is one last consider?ﬁion concerning the impor-
tance of including prog;amming in a cahputer literacy éourse
which derives from the socio-economic realm. Watt (1982)
points out that theré is an increasigg danger of r%;nforcing
soqial éegregation on the basis of computer competency. ’///A‘v
Higher income learnérs tend to have greater access, both in’ -
terﬁsuof time and facilities, to computer technology. Thus
they are more likely to learn more comprehensively about
computers and are more likely to dévelop more highly refinéd
utilization habits, including/fhe ability to program, than
are the less fortunate. This ié because, given limited user
access due to economic restrictions and thewelack of avail-
able equipment, instruction for<}ower income students éends
to focus around the ab;lity to wprk with application soft-
ware. This in order to maximize the utility of their shorter
‘and more sﬁoradic hands on computer experience; Learn;né to
program is time consdmipg and the turn around time with re-'
gard to being able to apply newly acquired knowledge t; a )
problem situation is long when compared to that of ready to
use application software (e.g., word-processo;s, spread-
sheets, and database managers). Thus the lower income '
learner (due to these restrictions and because it is in the’
nature of application softwaref;o ﬁe to a greater or;leésé¥.

degree user friendly) is more likely tp perceive the com- -

puter as a machine which can be of assistance only in so far

17



Coitputerjro"qranming' in BASIC
as he or she is capable of following the instructions output
by the softwaré'he or she wishes to use. It is possible that
the learner will learn to perceiye himself or herself as
doing what the machine says té do and not as telling the
machine what to do. Such a percept%oh could severely limit
the séope of mach;pe‘utilization and subsequently restrict
j;he amount of iﬂformation which can be manipﬁlated or to
which access may be had. It is not diffiQUlg to see how this
form of restriction could result in a means .by which class
diﬁcrimipat{on,may be further established within a techno-
logical soci;ty kWatt, 1982; Turkle, 1980).h .

Much work has been conducted on fhe;subject of the

social and psychological impact of information ﬁechnology on

modern socliety. Notable among researchers, in the field are
Pape?t;. (1981), Wejyzenbaum (1976), Wessel (197}1), and
;articular;y Turkle (1980), who in her work faiges a numbér
of questions specifically addressed ﬁéward computer literaéy
educators. However th?se concerns afe‘largely béyond the
scope of this document except in“sq far as they relate to
the issues of including prograﬁming in the computer literacy
curriculum .and the design of compﬁﬁer literacy course
material.'ﬁith regagd to the programming issue even ékb .
possibility of a computer related'form‘of soci;l discrim-
ination, in as much as it 1is counter productive to th;\:f%s
of education in general, represents a sﬁroqg argument for,
not only it’s”inclusion, bug for it’s primacy of importanée

over other areas of computer use. With regard to the,désign
. 1)

18
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Computer l?rogramni“ng in BASIC
of courseware, the socio-psychological impact of infofmation
technology‘must be examined in the light of vafious
observable response patterns, how they relate to le ng “
styles, and how best to accommodate a maximum Yi;ie:;Eif
styles within the design.'This is an issue pariicularly‘
pertinent to this c?urse given the wide variety of student
types represented by the target population. While specific
information is not available concerning these patterns it is
possible to accommoéate a wide variety student types through
the use of a spiral curriculum. This subject will be
discussed at greater length in due course.

. To recapitulate, it is interesting to note that after
surveying numerous ?omputer literacy courses, similar"in
intent to this one, all of them included programming of some
sort, with a large majority using BASIC. Rationale for it’s
inclusion has varied somewhat with the specific directives
of each course but it has been possible to identify five
commonly cited items.‘Thesé five account -for most of the
| previously discussed issues and together compose the légiti—
mation for including BASIC in this course %s well as the
basis upon which the instructional design was established.
Briefly, they are as follows: '

b

_ ~3) Programming skills are an integral part of
computer use qithout which the user’s under
standiq? of how thé machine solves
probléms will be severely impeded.

2) Understanding the machine’s problem solQing

19



3)

4)

5)

Computer Programming in BASIC

processes -is important to the development of a
clear understanding of the machines capabilities
even for high level usage.

In order to obtain optimum value from computer
usage thé user‘must be able to analyse the
;nternal strucﬁure of a problem in such a manner 0o
as to allow- him or her' to enter it in a computer
compatiﬁle format. The development of such a
cgpability ié faciliggied by exposure to the
rigours of 1o§ic_inhefgnt to any programming
language.

An understanding of the general concepts inherent
to any form of application software is fdcilifated

oty

by an exposure to the way in which such software

is created. !

The BASIC language was favoured because of its
ubiquity and the utility of its detailed
iterations in facilitating the development of a

viable conceptual framework.

Educational Considerations - '

It may be noted from the afofementioned five

considerations that the BASIC module may act as a powerful

L;Z focusing agent for the concepts encountered previously in

the course. As such it was scheduled-as the last module. A

spiral curriculum, in both the Deweyan and the Brunerian

sense of the term, was consequently implied for the design

20
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of both the course in general and the BASIC module itself.
The Deweyan influence derives from Dewey’s (1938) .
argument that growth in learning'is dependent upon the
stident’s use of intellect to overcome difficulties arising
ff m experience. As the 1earner'utilizes intelligence to
come such difficulties new ideas are generated causing
ncrease in intellectual power. This increase then
provides the basis for overcoming new problemélwhich a;ise
from ongoing experience. By engaging in this process the .
student -becomes aware of the interrelationships between
areds of knowledge as well as the wider soc}al applications
of Any particular knowledge gained; Dewey (1938) saw this
proce as a continual spiral and believed that it should

begin with learner experience and not from organized subjeét
mattef. This belief is reflected in the structure of this
course in so far as the students’ initial exposure to
concepts such as DOS,. RAM, ROM, editing, spreaasheeting, and
database manipulation is very much situated fwithin an .
exploratory, pragmatic, hands on experience |of the machine.
Having héd this expefience to bolster confidence, the
student will be better able to utilize the concepts learned
from this experience when dealing with the more complicated,
and abstract world of programming. 1
The Brunerian influence, on the other hand, stems from
the fact that while he, like Dewey, believes that the under-
* standing of concepts emerges from the learner%#gXperience,

he also believes that the manner in which the internal

21
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Computer Programming in BASIC
structure of a ;opic is expressed or encountered will have a
large effect on'the quality of the learning experience. In
other words, unlike Dewey, he places equal weight aon content
gresentation and the proceéss of learning with regard to the
efficiency of a‘learning experiencei From an instfhctf:;;l
design‘standpqint this allows for greater specificity with
regard to the content sequence without sacrificing flexibil-
ity and the ability to generalize. The Brunerian version of
Ehe_spiral curriculum is constructed such that the ideas
which lie at the heart'of any'topic area, and which form its
skeletal structure, should'pé presented developmentally in'a

way that enables the learner to assimilate them through a

_process of multiple exposures at ever deepening and more

complicated levels of understandingNand use. As Bruner
'(1960) states “a curriculum as it develops should revisit
these basic ideas repeatedly, building upon them until the
student has grasped the full formal agggéstus that goes w%th

them.” This. process of revisiting ideas 1is not simply one of

levels of expe-‘
rience; the enagpive, the iconic, akhd the symbolic. At the
enactive level the learner experiences concept in as tan-
gible a form as possible, at the iconif level the experience
is pictorial or directly representational, finally at the
symbolic level it is ébstfact or indirectly representa-
tiéﬁaif Winer and Schmid (1986) indicate that it 4s not nec-
essarily the case that in any given sequence of instruction

all three stages of development be addressed. Rather it is
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of the utmost importancé,.in order for the Brunerian model
to be effective, that the learner characteristics be care-
fully identified with regard to prior experience in the
topic area. “In a ca where a learner’s prior knowledge is
sufficiéntly high that the referents are self evideﬁt, the
instruction does not have to lead’the leagqer explicitly
,ﬁnrough the stagés. If, however, thé learner does not have.
.the capability of generatiné enactive or iconic reprgseﬁta-
tions of the concept, the instruction must either provide '
them or, preferably, guide the student to discover them via
an instructional sequence from concrete to‘abstract” (Wiqer
& Schmid, 1986, p. 155). ‘

With regard to the design of thg materials for the BASIC
module it can be argued that the previous modules in the
course serve to provide the learner with bofﬁhenactive and
some iconic experiencés of the concepts inherent to general
computer literacy as it has beén here defined, particularly
of the sub-concepfs,necessary,to efficient machine
utiliﬁation and‘good problem solving. For example the text
and computer based tutorials in everything from DOS

functions through to database management can be said to

provide the learner with an enactive level experience of:xhed'

machine and 1it’s utilitarian problem solving capabilities
without requirigg a great deal of unassisted creative
activity on the part of the learner. The use of strate-
gically interspersed video based instruction com@ined with -

the instruction on graphics programming in the LOGO language

23
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may serve to generate iconic level experiencé of these same
concepts but with less emphasis on application and moregon
the structure and technique of good problem solv}ng,itﬁelf.
The Brunerian model was further utilized within the module
itself to provide the learner with some more iconic level
representations, such as are to be found in tﬁe inétruc;ion
'on flpwchartingnqig well aélgymbolic representations,~such
as are to be found in the form of instruction ‘and exercises
pert%nent to the writing of ﬁisthahdling programsg. Winer and
Schmid (1986) further identify three educational require-.
ments which should be met by any self instructional package
ufilizing Brunesian theory as a support for it’s design:

1) Bypass of remedial content for weaker students

[ 3

‘must be easily accessible to stronger students.
2) Primary céﬁtent presentation must be ‘
standardized consistent with the supporting
learning theory. . |
3) The materials must be amenable to widespread
dissemination (i.e. usable by a 1$rge variety of
learner types).
The latter point was of particular significance for the
dgsign of this module as homogeneity of learner
charaéteristics was not expeétéd within the target
popﬁiation. ,
In light of these design considerations it must be

noted that the content parameters were clearly predefined

for this module. Originally they were specified to include;

<
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1) - an introduction to general concepts in
programming,

2) an introduction to programming tools, such as
flowcharts and psuedocodes, and their relationship
to structured problem solving techniques, \

3) instruction on, and practice in, writing =
listhandling “program? in BASIC. )

?) instruction on, and‘fgkactice in, writing graphics
programs in BASIC.' .

The module requirements were subsequently revised to eliminate

graphics prbgramming as it was seen as unnecessarily redun-

dant to the concepts learned in the previous module on LOGO
graphics, and because the overall materia;s for the course

"?ﬁere too lengthy to be covered in a single semester.

In addition to these delimiters strong emphasis was
placed, by the course administrator on the use of a self
instructional format which would minimize the need for
classtime input by an instructor_ana/or lab assistant. The~
implication was that a strongly integrated multimodal in-
structional format be used following a lihear progression
through the required content. How best to orgénize the con-
tent so as to opfimize the educational value of this pro;
gression was seen as the task of the instructional designer.
This task was further restricted by the fact that there was
little rooml;or lateral exploration and enrichment due to

time requirements (although such materia%\gould be refer-

enced for students who wish toado out of lab work).

25
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..Lastly, there were demographic considerations with regerd to
the target populatien whic%iwere seen as possible sources of
bias within the evaluation process. Tpese‘were as follows:
1) There were no pierequisites for the course as g
f entry skills were zero based. However studente may
have had a variety of exposures to computing at
- the secondary five and collegial leveIs'cgeating
difficulty' in ensuring evaluative accufacy.
- 2) Similarly some students may have entered the
course with advanced typing skills allowing them . - -
to move more rapidly through the materials thus
reducing the likelihood of them experiencihg
excessive frustration of boredom and increasing
the likelihood of them scoring higher than others
not 'so endowed. A
’ 3). Becausemlgﬂs course was open to all arts and
| science faculty students a 1arge variation in-

academic background and linguistic ability was to

e

{\\\ : L be expected (for example, as Concordia University
" is located in a largely French speaking province
many of its students are francophones who are
being educated in their 'second language). As such,
because of the semi technical nature of the
subject matter. and the ﬁnfamiliar terminology

involved, comprehension may be easier for some i

.students for strictly linguistic reasons.
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CHAPTER THREE

. Instructional Design

Thes design process used for this module was primarily ,
based on the model prescribed' by Dick and Carey (1978), with

some modifications drawn from Romizowski (1981),

. particularly with regard to the process of selecting domain

specific performance objectives and the use of a less linear
4

approach to the identification of relationshipsiampng

|
concepts and groups of concepts within the instructional

'
a

analysis.

¢

&

Instrucéioqal‘ Goals

,The materials producedpfor this module were used as the
second stage of instruction in compute; programming (the
first stage being an introduct?gn to problem solving and

LOGO graphics progfamming prov}ded in the modulée prior to

- this oﬂe). The broad goals spécified by the course adminis-

trator were discussed in detail in Chaptefs 1 and 2 of this

.hocument. Stated here as terminal objectives, they are as

follows: s ' .
1) Given‘a°list of Simplé problems the student ﬁili

.
.be able to demonstrate their ability to utilize

good structured ‘problem sblving techniques by

generating a logically valid flowchart using the

ANSI standard potation.

°
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2) From the flowchart described in the previous
&

v

objeé%ive the stqunt.will be able to'demonstrate '

their understanding of rudimentary BASIC syntgctic

debugging a~siﬁble listhandling program to solve
thé same problem. -
An-:instructional analysis was subsequéntly performed to
delimit the concept field, identify thé relationships

bétween‘speéific,subskills, and determine entry behaviors.

\

Behavioral objectives were written for each of the
identified subskills and criterion referenced test items

were constfﬁcted for each behavioral objective.:

L
3

Target ‘Bopulation - S

As mentioned earlier the module was designed for
- b o

4 X
undergraduate students in the Faculty of Arts and Science at
Concordia University. Because of the var}eéy éf expected
student backyrounds regarding computer usage, math, and/or

critical thinking skills, entry skills with regard to these

< .
areas were restricted to concepts learned in the previous

modules of the course. Entry skill with specific regard to

previous exposure to the BASIC language were zero-based.”

——

However, because of the strong.possibilitflthat many of ‘the
students, especially the younger ones, may have had previous
_exposure durfng high séhoo} or CEGEP, the use of a pretest
was necessitated (this will be further discussed in the
chapter on evaluation). ) ’

&

“4 ‘
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Because this was to be the last module in the course

and because of the relatively high level of education
S e e
achieved by the targeted population, a bette; .than average

abi}ity to correlate and process information from a variety

of sources was an assumed characteristic. Better than
average ability {té concentrate'o‘ver the four hour required
lab time was also assﬁmed.' :Finally because of the pragmatic

value of the material covered as well as the novelty of both

the course materials and the mode of delivery high levels of
- s

hymotivation were e:ip_ected.

A

- g
Media

Romiszowski (1981) notes that from a simplistic view-

§

" point “any media of communication c;ari teach ény lesson con-

tent within broad limit$ and the only important factors in

media’ sele;:tion are the economical and practiéal constraints
that exist in ahy giver; situation”- (p.304). However he fur- .
tl;er note; as do others (Weston and Cranton, 1986; Dick and
Carey, 1979; Gagne and Dick, 1983) that not all types of
media 'a,i'ep equally effecfive and efficient in t;eachi}xg any’

given-topic ar}d‘ some consid’eration must be given to‘matching

the use of a paﬁtlcul.ar medium to the complex'ity of the. sub-

" Ject, matter and the cognitive levels addressed by thﬁ;r,‘ course

objectives. .With'thié in mind the. earlier mentioned.restric-
tions ifnposed. upon the design process were re-examined.
The module had to be self instructional with a strong

emphésis placed on.a multi-media approach (particularly “the

"o
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use of computer based instruction). This implied that not

only must all instruction,: gujidance, remediation, and . -

o
enrichment be contained in the package, but -all information

pertinent to the access and operation of various media must
also be integrated into it. Furthermore this had to be dokne.
in. such a fashion as to guarantee a smooth tran(siition from

one delivery mode tc; the next without any loss of éonceptual
continuity within the course content’;’. To minimize the possi-

bility of confusion due to an inapproprﬁia'te.media mix the

.decision was made to utilize particular media forms only

within specific, learning con}:exts. Hence standard line}:/r
video, beca’t?zse 6f it’s characteristic of non.-interaictiaive
unidirectional t?ar;Smission, was used ohly as a means to
reinforce and/or demonstratively facilitate.the iconic rep®
resentation of concepts. The\only content relevant computer
based tutorials available were stronéz on drill and p;.'actice
with‘limitéd tutorial characteristics, ‘as such‘ they were
‘bsed only for instruction on lower order concepts (such as
k;nowledge. and compréhensioﬁ type concepts iden;ified accord-
ing to the taxonomi( defined by Bloom ,'eto -al, ‘1956) —régérding
the syn‘tactic and semantic struct;uré of the languag—e; Text
and embedded exercises were used as a means to teach‘higher
orderp concepts ‘(those conqepté which involve rule retenti.v::ﬁ"
and manipulation in order to be understood) beca&se of their
flexibility in terms of revision and speed of a.ccess. ﬁedi,a

were selected on the basis of Romizowski’s (1981) procedure

for selection‘by rejection whereby items were selected on
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the basis of suitability, availébility, distribution poten-
tial,'and;cost. ‘ - )

Two computer based tutorials (“Edubas I” and
“BasicTeach”) and one video (one episode of the TVO series
“Bits and Bytes”) were identified as being capable—bf

.meeting the behavioral objectives and weré targeted for use.
Preliminary evaluation of the.computer based tutorials was
conducted acqording\t; the procedures outlined by Bork
(19805 and they were found to be acceptéble. The video was

| chosen because it met the objectives and in order to
maintain continuity with. other episodes f;oﬁ the same series
used in other moddles.;n the course. 4

Due to time and cost constraints most of the Y
Iinstructional media included was researched and selected
from existiné materials. As suggested b§ Romi zowski (1961)
el;bg;ations weré made tolselected reédings iﬁ order to

‘y'streamline the overall flow of the module and to help ensuré
conceptual continuity. In all cases where unoriginal text
mater;als were usgd, driginal materials consisting of
emb;ddgd tésts, exercises, aﬁd connecting texts were added

in order to guarantee relevance to the course objectives.

i

L

Instructional Strategy
In lighy of the already discussed valué of a spiral -
, curriculum approach, and the value of advance,orgénizers as

*

a means of supplying effective anchoring ideas upon which to
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build a strong cognitivé framework, further %irategic
considerations were as follows.

An atteﬁpt to increase motivation and facilitate learn-
ing‘was'made by maintaining a close relationship between the
work performed here and the concepts learned in the preced-
ing course modules. This means that the same terminology and
conversational style were preserved wherever possible (as
the various modules of the course were designed independ-
ently by different gesigners this‘proved somewhat more dif-
ficult than expected). There was an underlying assumption
for this module which asserted that what had gone”befére had
been learned. Therefore less of a spoonféeding approach was
required and as a result the module was less detailed in
it’s step by stép explanations. For example it was assumed
that by this polnt students wpuld pot need to be reminded as
to the nature of random access memory when it was referred
to in ﬁhe instruction concerning how to load a BASIC file.
It was further assumed that a more technicél approach could
be utilized with a minimum of student discomfort.

As is desirabie for any self-instructional materlals,
student participation was not only encouraged, it was
required. Here it took the form of embedded exercisgs and
compufer based instruction. Personal initiative in problem
solving was also encouraged through the lack of feedback in
the form of supplied answers to questions (instead the
individual was referred back to the specific place i;‘:;e'

materials wheréfrom the answer may be derived) and through

]
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the use of enrichment exercises. These features wer&further
seen as. a means by which the student may monitor their own
progress and identify for\themsel\}es the measure to which’ v
remedial work should be engaged in. A five unit design was
used to’ facilit}ne remediation to specific areas and to
avoid initial discouragement due to zhe apparent quantity of
material, as well as to allow for ma/ximum flyexibility during }
the r_evision process. Key concepts and te;minology were

placed at the end of each unit to provide study guidance and

to minimize review time.

Co>1t\ent Outline

For Bruner (1966) any student' énly truly‘grasps the
structure of a topic when they understand it in such a way
that they are able to meaningfully relate many other things.
to it. For one to understand structure is to understand how
things are related. With this perspective in mind, 'and in
light of the previously outlined considerations, the 4
following module design was :[mplerpented. It was divided up
into five colnsecutive units. The first providéd a brief
overview of the module aslla whole including a general goal
statement, a rationale, and a description of; the content
covered in each of the ehsuing units. It also contained a
- quick reference guide throu"gh the module as a whole
(detailed instructions were provided with each unit). ToL
facilitate' the development of appropriate anchoring ideas,

as discussed in the previous section, this quick reference
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guide was designed in such a manner as to reflect the
structure and syntax of a BASIC program. It also served ‘as a
focusing agen; by identifying and situating the new concepts
to .be encountered through references to concepts previously
encountered in the course. Estimated compietion time
paraméters for each unit were also included here. \
Unit two consisted of a general look at programming
languageé.and how they re;ate to the .machine. Included was a
short reading reiterating some of the concepts encountered
in lesson one of the course (such as the machine components,
DOS,;gnd binary code) and expanding them by studying their
relationship to the differences between high and low level
languages, coméilers and interpreters, and machine and as-
sembly language. Subsequently there was a video covering
similar ma;érial to provide reinforcement and a visual
(iconic) context for these concepts. Learning objective§
were stated as a means for the student to focus on‘important
‘concepts in the material (this was true of all the units).
Unit three began with a reading covering the basic
~concepts—in flowcharting. This was meant to compliment and
focus the concepts encountered in the previous module on
'approaches to problem solving by teaching the student to map
out the‘decisions and procedures necessary to the solution of
a problem in an algorithmic format. The idea was to help the
student, through the use of graphic orgapizers, to be able to
identify the logical structure inherent tolthp solution of

any problem, and to familiarize the student with the kinds of
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logical procedures inherent to programming the computer in,
any language. An exercise followed in which the student was
required to generate two flowcharts for solving preset
problems. The secondiand more difficult of these became the
subject of the final‘programming assignment for the module.. -

Unit four represented the majority of the work for the
module and was divided into‘two sections. The first section'
concentrated on teaching the elementary system and program
commands necessary for accessing and manipulating programs
written in BASIC, as welll as the use of the BASIC editor fbr
w;iting and modifying pxogyams. It consisted of a reading
taken from the BASIC manual, which was included with the IBM
PC at the time of purchase, and the prepackaged software‘tu—
torial Basic Teach. Hands on exercises were provided in the
software tutorial. Section two focused on the elementary com-
mands necessary for writing listhandling programs up to and
including the use of the DIM(ension) command for array han-

- dling (instruction on file management was ﬁot}included). It
consisted of a reading ontthe use of subscripted variables
for array handling and some selected lessons from the Edubas
1 software tutorial.

The final unit consisted of instructions for the final
programming assignment and a memory jogger containing most of
the critical commands and concepts contained in the module.
This acted both as a means of review as well as a quick
command reference resource while programming. It was the

intention of the author to design the entire module in such a

35




Computer Programing in BASIC
fashion that each of the six units build one uSon the other.
This was.be accomplished through a hierarchical structuring
of the content, the Visual‘layout format of text matérials,

. and the étrategic plééement of both audio/visual materials
and hands .on exercises. Similarly review- and enrichment of
concepts previously encountered was provided for by the
insertion of foéusing agents throughdut the module.

deentification of the criteria for legitimately establishing

both advance organizers and focusing agents was drawn from a’

level two and three type analysis as prescribed by Romizowski
(1981) . a | "
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CHAPTER FOUR
Method

- 'Evaluation Questions

Romizowski (1981) states:

“Evaluating the outcomes of a course of instruction -
- has three functions:
1) To quantify them, for the pﬁrposes of student
certification or grading. o
2) To measure and improve the effectiveness of .
the course. « ' . A
3) To test out some hypothesis about the course
struéture and the processes ‘which may give us
. some insights into the general problems of
cburse design.” (p. 369)

Formative evaluation of the module was conducted so as
to fulfill these three 'functions. nglne very pragmatic issues
o% increasing the student’s understanding of programming
conpepts and ‘their hands on competence at prégramming were
the primary aims of the ',module.. As such there was no evalu-
ative measure specifically directed toward learning influ-
ences emerging from the affective domain. Instead measures
- - were directed largel,{r toward the achievement of the learning

objectives which were formulated according to the manner

o




Computer Programing in BASIC

scribed by Dick and Carey (1978). These measures did however

reflect some concern for noncontent based influences on in-

structional efficiency; such as those emerging from the demo-

Lo

graphic considerations mentioned earlier. The specific evalu-

ation questions addressed were as follows:

1)

2)

3)

4)

5)

6)

7)

8)

Were the overall learning gains statistically and"
substantively significant?

Were there statistically. significant learning
gains on egch behavioral‘objective? On a criterion
referenced basis which objectives were not met and
why?

Were there influerices on the successful

‘achievement of the terminal objectives due to

variations in population demographics?

Was the assumption of zero level entry skills
regarding the target population legitimate?'
Were the estimated timé requirements needed to
complete the material accurate? X

Was the use of a spiral curriculum ef{ective in
enabling the students to masterﬁthe terminal
objectives? °

Was the media-mix effective in supplying a means
for the student to achieve the specified goals?
Was the the decision to provide explicitly stated
learning objectives perceived by the students to

o

be advantageous to them.
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Instrumentation

Preliminary evaluation with regard to the sequencing,
the time per module requirements, timing and coherence of theu
course was conducted as part of a global course evaluation
immediately following the pilot session. Because revisions
made at this stage were pertinent to the overall course
design detailed discussion about them is not relevant here.

Instead‘a simple report is given itemizing the changes that

have been made as a result of the preliminary evaluation. t
Dick and Cdrey (1978) suggest that when deeling with
self instructional units using selected materials a full
- scale implementation of their evaluation.model need not be
used. Instead elements of the first two stages (one to onev
‘and small group) Qere modified and incorporated into the
field evaluation. In order to do this the sample population
was divided into two levels the second one being a subset of
the first. The larger group consisted of the majority of
students enrolled in the course at the time of the
evaluation; the smaller group, numbering forty subijects, ﬁas
selected at random from the larger group and tested for
representativeness on achievement, through a simple
comparison of scores en the final exam. The smaller group was
administered a variety of demographic and evaluative
questionnaires as well as content related test instruments;
the data from which were subsequently used for more detailed

statistical evaluation. Evaluation of the larger group was
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o

. i ’ -
evaluation measures are to be seen as strictly formative and

oriented toward isolating instructional content in need of

‘revision, re-design, or even eradication. Suggestions to

this effect will be forthcoming in the discussion.

1)

2)

3)

Embedded tgst ’exercises consisting of short answer
and multiple choice criterion referenced questions
were distributed throughout the module. 'I‘hese' were
back referenced to the appropriate sections of the

materials and were meant to be a means by which to"

. provide feedback to the student as well as to

identify areas of difficulty or contradiction in -
the content. ‘

An ongoing, on location, date specific observation
coinmentary was provided by the course monitors
through the use of observation sheets (see
Appendix E). These were used primarily as a meané
of identifying common areas of difficulty, as well
as inconsistencies in and between® the ~material’s
potentially leading to confusion and demotivation
in the student population. It also provided an
unstructured means by which to record student
reactions' to the material.‘ |

An evaluation of overall performance was conduct;ed
through the use of scores generated from thé final
exam (see Appendix I) for the course , one

third of which was dedicated to testing for

)
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knowledée of the materials found in the BASIC

médule . ™

4)

More detailed‘evaluation of the smaller group was con-

ducted using the following measures:

1)

2)

,group. This was done in order to broaden the scope

. the materials and the information gleaned from the

evaluation measure based on statistical m.ethods.j

One to one interviews with selected members of the

target population other than those in the smaller

of evaluative information without introducing any
source of bias on the posttest results. As Dié:k
and Carey (1978) point out, posttest scores ’
obtained - from individﬁals who have participated in
a one to one evaluation inten‘riew" may well be the

result of both the instructional effectiveness of

personal intervention involved in the interview.

Such scores should be avoided when applying an |

A frequency analysis of. demographic

characteristics (gathered with the questionnaire .

found in Appendix F) to identify prominent

subgroups within the population (e.g. students .
with strong mathematics backgrounds,l students
learning in a second language, etc.).

Score data from criterion referenced pretest,

posttest (quiz found in‘Appendix, C), and delayed

test (final exam found in Appendix I) were

collected and correlations and/or chi square |,
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analyses were performed to test immediately -
v evident areas of ‘possibie difference between the

¢

‘ . . identified subgroups.

-

L . 3) A non-parametric evaluation of student response to .

’ the materials through the use' of a questionnaire \

N given individually upon completion of the

materials. / i
*~. 4)" Obj’ectives mastery analysis ‘for/ all identifi&d
subskills (see Table 1 for objective/test item A
matchup with mastery criteria, see Appendix B for
list of ebjectives) . - ‘ a
. 5) 'Test item analysi$ was conducted on ‘all test jtems
:epresenting objeEtives for which mastery was not

achieved. -

Table 1 - L -

Test Items and Maste’ry Criterion for Subordinate Objectives

Objective | Pretest/Posttest - Mastery Score
¥ 1 | " 1a-b, 3 s -
2 1lc . ‘ '1/‘1 ' \
S '3 . 1/1 )
¢ a- ) 2 | '3/3
‘ 5 4, 5 . . 4/4
c 6 " e IV
F = “ 7 ' 6a-i . o 8/8 |
8 9 L 2/2
9 ga-h - - s/s.
10 , Tae . 10/10
{ . ) : (coi:i::imi/"ed on next pege) ~
g .
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Ob jectives evaluated by Assignments .
11 editing assignment '100% of requirements

12 editing assignment © 100% of géquirérﬁeqts
13 . " flowc¢harting assignment 100% of i<equirements
14 programming assignment . 100% of requirements

»

Note. Scoring criteria vary for each test item. Scoring codes are

LY

detailed in Appendix J. Appendix B lists the objectives. Appendix

C ‘contains the pretest/posttest.

A
. «

s

A
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Py , CHAPTER FIVE
Results
This chapter opens . with a short description of the
consideration and minor revisions which were noted and/or

»

. . implemented as a result of observations made by all the

v®

members of the design team prior to and durinq the initial
piloting of the course. Subsequently, the results' of the
.+ data, gathered with each of the evaluation instruments
during a full scale field trial, are presented in detail. A
" discussion concerning the implications of these results is
presented in Chapter 6.

¢

o

Preliminary - Developments

Re;isions made as a result of an- examination ny the
course administrator and the other‘instructional desidners
- oh the course development team were all either
typographical, syntactic, or organiaational with regard to
instructional consistency. As such they had little impact on
the‘overall design and 4111 not be discussed in detdil here.
However some concern Was expressed by memberé 0f the group
as to the clarity and complexity of the unit on
flowcharting. As a result this unit was flagged for ‘
particuiarly close scrutiny during ‘the subsequent evalnation
process. Some concern was also expressed by the |
instructional designers "that the language used in the

- &

selected‘readings was too-technical. It was suggested'that
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either they be rephrased or new readingé seiected.‘Again
this became a subject of particularly close scrutiny.

‘The course was piloted and a global evaluation was con-
ducted regérding it’s overall design. As a.result_it was
noted:that the generai timing of the course had been seri-
ously misjudged. The BASIC module being last, spfféredffhe
ﬁost from this with a completion rate of only iS% of the
total eﬁrollment. Less than 45% hanaged to complete even the
first unit. While some changes were implemegted ;n the
internal structurg of some of the earlier modules, as well
as to thé overall sequehce of the course, the only major.
modification made to the BAéIC module was the‘removai of the
initially proposed unit on graphics'programming. As men-
t%oned.earlier, this was done because graphics programming
had been in;;odubéd in the LOGO module and was seen as being
largely redundant hére.

The course was run fqr a second time thesfollowing
semester withfa ;ésulting increase in the completion rate.
This time 35% of the total enrollment completed the materi-
als with 62% finishing all the n@terials for the BASIC mod-
ule up to but not including the final assignment. At that
time an attempt was made at a formal evaluation of the mod-
ule, however the small group selected_at rar.dom for more
detailled eva£§ation contained only six people who completed
" the course. This proved problematic as the proposed evalu-
ation measures relied to a significént degree on materials

complétion. Consequently this was considered to be too small

®
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a sample upon which to base compreﬁensive data collection.
Furthermore any attempt to utilize the entire group of stu-
dents who comp;eted the course as the sample would répresent
a danger of biased results derived from data collected only
froq high achievers. Hence the decision was made to abandon
"the evaluation at that point. Instead mére minor revisions
were made to the course as a whoie in an attempt to better

" meet the time requiremgnts; Minor changes werévmade to the
BASIC m;dule on the basis of informat{pn gathered from the
observation sheets in an attempt to streamline it. In addi-
tion some strategically placed motivatio;al comments on the
importancg of finishing the materials were inserted. Also
implemented was an ongoing weekly posting 'in the classroom

as to what the students should be working on during each lab
time in order to remain on schedule. Students falling seri-
ously behind were actively encouraged to segk extra assiq-‘
tance. The coufse was run again with a resultant 85% comple- .

tion rate consequently enabling a detailed evaluation of the
BASIC module.

Formal Evaluation

The following procedures were carried out on the entire ¢ -
A . : - y
student population enrolled in the course at the time of the.

o

evaluation. -
Observation Sheets

Daily information from the lab assistants was gleaned
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‘through the use-of observgtion sheets (see Appen@ix E) which*
yvere dated and available in the lab at all times. They | ’
yielded interesting information on specific recurrent diffi-
cultiés being encountered within each ﬁnit of the module.
,Similar.cbmments for each unit were sorted into groups and
noted for their frequency. Table 2 (see next page) summa-
rizes. the information gathered.Comments which occurred m&re
'thgn three times were éonsidered to represent a definite
flaw in the materials. Comments occurring three or less
times were further sorted into three categories. Theée were
as follows: - ‘
1) Indicatoréxof‘obvious typographical, syntactic,
and orgaﬁizational typelerrors (items
la,1b,1c, 3b),
2) Items with a high propability that they were due
to learner error (items 3a, 4a, 4c, 49, 4h, 5¢, 59) ,
3) Items with a high probability that they were due
‘ to vague or‘confusiné instructional materials
(items .3c,4i,5b,5e,5h).

Categorization was madg on the basis of type of error
and‘the complexity of the concepts involved in the field of
error. Hence because iteﬁs related to the first category,
régardleés of their low frequency, were easily verifiable,
they were subject to .-immediate revision. The decision to
place items in the second and third categories was made on
the basis of three criteria: 1) their relative frequency,

2) the strength-of their relationship to identifiable -errors

47



Computer Programing in BASIC

Table 2 :
Summary of Observation 'Sheet Comments - °

Unit : Comment Frequency
1 a) I don't know if the reading is 1
. mandatory.
b) There are inconsistencies 1

between the naming and numbering of
readings and the way they are listed
in the guide.

‘¢c) Onscreen instructions for the software 1
are different from the ones found in

" the booklet . '
2 No comments : Y wfh//ﬂ\>

3 a) I don't understand the instructions 2

, ~ for the flowcharting exercise
+ b) There seems to be some contradictions 2
between the text and the "Buillding
a Snowman" example, with regard to-
the use of ANSI standard symbols.
c) I don't understand the value of 1
working from a maximum to a minimum
- value when flowcharting
4 a) I don't know how to erase a file 1
b) I don't know how to use the CONTROL/ . 15
BREAK key combination '
c) I don't know how to save a file 2
d) I don't understand how to dimension an 7
array -
e) I don't know how many lessons to -4
complete in the BASICTEACH software
f) The brackets surrounding the e 5

conversion formula in the second problem
of the editing exercise were included
in the program

g) I don't understand how the RENUM command 1
works

h) I don't understand when to use the -1
NEW command ' ' :

(continued on following page)

’
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i) I don't know how to return to the 2
EDUBAS software tutorial fx;om BASICA

5 a) I have problems using the READ/ 5
DATA statement pair
b) I have problems using the FOR/ 2
NEXT statement pair
c) I have problems using the. IF/ 1
- THEN statement pair
d) I have problems using the DIM 5
e) I have problems using the INPUT 2
statement '
f) I have problems using the 8
RESTORE statement '
g) I don't know how to.reload a file 1
h) I have problems with the GOSUB/ 2

RETURN statement pair

or fuzzy descriptions in the material (the weaker the
.relationship the mgfé likely the item would be included in
“the second category), and 3) the complexity of the concepts |
inbélved in the error (derived from the level of

abstraction, as per Bloom’s (1956) taxonomy,required to workl
with the concept and its location within the instructional
analysis). Hence, items in the second category were seen as
weak indicators of errors in the instructional design and in

need of strong confirmation from other aspects of the

evaluation before triggering‘revision.‘ While items in the
third category were seen as strong indicators of design
errors and, upon investigation of the pertinent areas,

likely to precipitate some form of change in the materials.
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Interview Results

One to one interviews were conducted with ten students

in which thg following questions were addressed.

1) |

2

3)
4)
5)

7)
8)
9)

.10)

11)

Why?

What are your overall comments on the value of
this module?

Which areas or concepts did you find difficult?

Which areés did you find too easy? Why?

Which areas did‘you enjoy the most? Why?

Did you find the transition from the previous modules
to this one difficult? Why?

How did thé lesson sequence help or hinder your
learning? . N A

How did tpe video segments help or hinder yoﬁ in
understanding the overall cpntgnt of moduleé

How effective were the reagiﬁé materials affect you?
Did you find them interesting?

How did the course guide in UNIT 1 help you or hinder
you in your progrd‘g through the materi;is?

Were the exercises and embedded tests relevant and
useful to you in assessing your understanding of_
the materials? How so0?

Were the key concepts and terminology supplied at
the end of each unit useful as a means of
reviewing the material? Were they comprehensive

enough?

Overall the module was perceived favourably although
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three of the ten interviewees complained that the material
was too difficult for a self instructional ﬁprmgi. They ar-
gued that while the materials themselves were not difficult
- to work through the solutions to the subtler problems which
arose when working alone on a program or exercise could have
‘béen more easily understood if an instéuctor were present.
Indeed, as was\evident from the evaluation questionnaire and
the observationﬁsheet data, most of the people in the course
resorted to querying the lab monitor as a means of relating
the information presented in the materials to the problems
encountered while working on thé final programming assign-
ment.

None of those interviewed objected to the sequencing of
the materials although five of the ten thought that flow-
charting would be better placed in the preceding module on
problem solving.

The video segments used Qere perceived as a good way to
break the tedium of otherwise uninterrupted reading of dry
text material. Although eight people commented upon the
video as being at times childish they all agreed upon the
overall validity and utility of the content covered therein.

The reading material was viewed almost universally (6ne'
person found them enjoyable) as a necessary evil; the
content being viewed as valid but the text too dry and
techfiical to be enjoyable. Three people commented that,
while they found the.content for each reading important and

internally coherent, they also found the transition from one
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s

reading to the next rough and discontinuous generating a
certain amount of confusion.

The module o i in UNIT 1 was perceived as useful
insofar as it providefi some perspeéctive on why iearning to
program was a valuable endeavor. However the attempt to de-
sign the course guide "as reflective of BASIC syntax went
largely unnoticed (two people acknowledged it) and all ten
people said they had found it confusing after using the ﬁage
by page instructional format utilized by the other modules
in the course.

Overall the exercises and embedded test questions were
perceived as helpful insofar as they provided a means for
self agsessment. Four people commented upon the usefulness
of being able to refer to the appropriate places in the ma-
terials where the answers could be found rather than being
simply provided with the correct answer. Two people argued
that this was a deterrent as they simply didn’t bother to
look up the answer due to feeling pressured for time.

The flowcharting exercise and the final programming
assignment were seen as being at once both the most
difficult and the most enjoyable aspects of the module.
Debﬁéging was seen as the most time consuming and difficult
aspect of the final assignment. All ten people believed that
their difficulty stemmed. from the sudden lack of further
support from the materials. Comments such as “feeling

suddenly alone” or “cast adrift” were typical despite the
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proﬁision of a memory joggér and some quick reference
materials which they felt were confusing and not
comprehensive eﬁough. People said that they felt themselves
unprepared psychologically for these less “cut and dried”,
and less guided problem solving activities. However, they
all fe;t that they enjoyed them most, precisely because they
afforded them the freedom to be somewhat creative within
very clear parameters. )

The transition from the previous module (LOGO p;oéram-
ming) into BASIC was perceived as difficult with eight
people commenting to tﬁe effect that they felt more under-
standing was assumed of the student than in previous mod-
ules. Six people reported difficulty with the transition
from the very detailed step by step approéch found in previ-
ous modules to this module’s less directive presentation of
information. Five of the six said that this was largely due
, to the fact that they had becoﬁe used to the other styie of
presentation and it took some time to adjust.

The only changes suggested were to resituate the
material on flowcharting into the problem solving module, .
and to -improve the readability of the text materials. Four
people expressed a need for more time in order to be more
relaxed abéut finishing the assignments. Two people sug-

gested that the module should be extended and made into an

independent course.
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Sub-Group Evaluation

[
—_—

Detailled evaluation of a representative sample selected
from the total student enrollment was conducted and is de-

scribed below.

Sampling Procedures

Because various statistical tests were used to evaluate
the data collected from this group kand because this was not
a small grou§ eéaluation if the sense that Dick and Carey
(1978) use the term) a slightly larger sample size of forty
students was seleéted rather than the ten to twenty sug-
gested for\small group evaluation. The group was selected at
random from the larger group through the ﬁse.of a random
number generator. The numbers thus generated were matched
with the corresponding record numbers of students in the
class database, maintaingd for record keeping purposes (re-
peated numbers were ignored). The sﬁbgroup was tested for
representativeness at the end of the course by a comparison'
between their delayéd test (final exam) scores and those  of

the larger group which showed no significant difference (un-

paired t- test, t ='.129) at p 2.05.

Pre, Post? Delayed Test Results

It was expected that the pretest would produce a dié-
tribution of scores at the loﬁ end of the scale, and that
scores of the posttest (quiz), delayed test (final exam),

and the sub-section of the delayed test pertinent to the
N

2

ok

|
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would emerge at the top end of the scale: %ulfillment of this
expectation is indicated in Table 3 by the results prdduced
frém an analysis of descriptive statiétic§ calculated on the
scores collected on all three tests and converted to percent-
aée scores. For additional information the scores were com-
pareﬁ for statistically significant differences. Tpe pre ahd
postest score gaih (paired t-test, t = 27.51) and the
post-delayed (BASIC only) test score gain (paired t-test;

t = 9.,738) were both found to be significant at p < .01.

Table 3
Percentage Scores on Pre, Post,‘aqd Delayed Tests .
. " Mean Range . sO
BASIC module
PRE _ 7.4 0-16 5.61
POST . " 67.85 50-96  11.49
DelayedkTest ) = »
Basic content 80.21  62086-97.14  9.04
Overall content - 82.45 66-95 6.7
A} ‘ I

Demographic Evaluation .

A background questionnaife (see appendix E) was
distributed to the students in the subgroup. Information was
collected with regard to age, sex, previous egperience,
typing skill, student status (regular or otherwise), mother

{

tongue, number of courses taken simultaneously, math
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background, faculty, and department. g

Frequency analysis on the data collected yielded the

following results;

1)

- 2)

3)

a) -

5)

6)

' 8)

were independent, and 7.5% were offcampus. 7~ 4

K

Out of the total population 90% was between 18 and
30 years of age.» S

Typing skills varied from very poor to very good
with 47.5# of the sample poﬁhlation claiming

moderate skill.

. Most of tHe students (97.5%) were Montreal

residents iiving wiﬁhin 30 minutés travel time.to

the university.‘ )
Tﬁe\majority'of the students (75%) were enrolied as

full time regular day students, 25% were enrolled as
independant students taking only dne or two .courses

for the:puréose of upgrading specigic professional

skills. “\ T
English was the pyedominant laﬁguage (12.5%L%%17;5%<

were French, and the rest werg from a varietngf

other nationalities. -

Only 5% were taking_sjother courses simultaneously,

27:5% were taking_4 other courses simulfaneously,

35% were taking 3, 25% we;é taking 2, and 7.5% ' &
only 1. . ' .

Most of the stud;nts (75%) were in the faculty of
Arts and Science, 7.5% were Fine Arts students, 10%

Students came from a broad rangenof thirteen

different departments yielding no specific -
: f € 7 g . e
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subgroubings large/enough to be meaningfully

compared. They wefe subsequently grouped into four

categories;.l) hard science debartments }cell size

= 10), 2) soft science departments (cell size =
©10), 3) humanities and fine arts (cell size = 12), %

4) Independant {(cell size = 8). ( .
Chi-square and/or t-test analyses were performed on all com-
binations of interest in an attempt to identify significant

differences either in performance on the terminal objectives

or in overall learning as represented by scores achieved on

either the post or the delayed tests.‘No'such'differences

were discovered (see appendix H for details) and as a result

no further multivariate statistical analyseg were pursued.

. Evaluation Questionnaire ‘f;kﬂ\ ”

Evaluation of item_response frequency was performed on .
an attitudinal evaluation questiOnnaire‘%see appendix D) in
an attempt to“identify an“ouerall picture of the student re—
sbonse to the materials. Observations derived from the re-
sults were as follows. Percentages where listed indicate the

number of students who faIl within the range of agreement to .

strong agreement. _ ' ‘ A\ }ﬁi:
1) - The mean time to completion of the materials was
15 15 hours. -
: « , &~

. 2[ Overall the product was ranked as good (60.9%) to .
fair (29.5%3, with the main criticisms being the

‘excessive length and lack of entertainment valSe,
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particularly with respect to the readings.

Overall the objectives were perceived to be

adequate (60.97%) to. clearly defined (29.26%)."

Eased on the résponses on the Likert scale used\lb

items 4-a through 4-0, stating the objectives for

each unit was perceived as a positive meens by
which to:

- identify what was needed to be known in order
to complete the materials (items A - 82. 91%,

J = 70.72%) .

- identify how well each task must be done in
order to meet the requirements of each
exercise (items B - 82.91, M - 80.49%,

K - 85.36%).
- self eyaluate progress thtpugh the module

(items C - 80.47%, I - 73.17%).

- identif} exactly how each aspect of the_

.lessgzﬁwould be evaluated’in order to
‘ facilitate stgd§ (items.f - 85.37%,
0 - 78.05%, L - 92. 68%)

- . identify aée;;ﬁin the materials vhich
conflicted with the achievement of the -
.objectives (none were noted) (items |
G - 83.95%, D - 82:91%, N - 8?.50%).

The content outline weﬁqidentified as detailed

enough detail and iogically presentegy with

-85.36% of the sample population identifying
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The activit
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cteristics. in item 5.

ies identified as being the most

enjoyable were, in order of preference, A) the

fin?l assig
exercise (1
(9.76%), D)
E) the vide

nment (63.41%), B) the floweharting
7.07%), C) the edifing exercises
the* computer based tutorials (4.88%),

os (4.88%), F) the readinés (0%) .

Program depugging was considered thé most

difficult activity, with 55% of the subjects

commenting to this effect. . ”

Practice and embedded exercise items were

pefteived to be adequate (73.17%), with 14.63%

thinking there were too few, 4.88% thinking there

were too ma

ny, and 7.32% arguing that they were

|

unrelated to the instructibnal sequence. Based on

an analysis

of the free form responses to item

fourteen, it seemed evident that some‘confusion

was experienced cdncerning the flowcharting

exercise pa

requirement

rn§cular1y with regard ﬁo the specific

s.

Of the test population 92.68% thouéht placement of

this module

at the end of the course was

appropriate.

Of the forty .people eValuating, 55% indicated that

overall they found the activities to be relatively

difficul;,

55% found them definitely interesting,
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22.5% felt there was too much to do;, 30% felt
there was too little, 13 said there was too much
theory, 10% thought the module was too easy, and
10% said they were bored. Assistance was needed at
one time or another by 70% mostly due'to the
difficulty of tﬁe material (31.14%) or the
specific activiiy required (26.83%), 24.4% did not
require assistance, and 4.9% did not answer the
question. Some help was required due to vague or
confusing directions (34.15%), but little was |
needed due té confusing directions or problems
locating required materials.

11) Overall only 17.97% had problems following
imstructions, only 12.19% ha§ difficulties
understanqing the diagrams, and nobody had
problems accessing and using the audio-viSual ;

materials. L

.Objective by Objective Analyéis ‘
Subordinate. Objectives 1 to 11. Performance of each
student on each objective was classified as eithe?fgiigery
or non-mastery. In order to maximize the inforﬁation
potential of test item analysis for those objectives not
mastered, test items on different objectives were evaluated
.according to a variety of specifications depending on the

complexity of the response required. Table 1 details the
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test items and their mastery score for each objective.

Appendix J details the evaluation code for each item. Fiéure

1 summarizes the results of the overall student performance

on each objective. -
; [ Ppretest

, [] posttest
100 | | | 1
90

80 . ,
[ ] . L
70 FtTt—————— o ———— = ——————}

60 | | m _ _
50
40 .

30

20 -—-*—-———-—-———-———— ot — e e e e b —— g qu—

0 | ™ ]

Figure 1.
Percentage of students mastering subordinate objectives 1

through 10. S .

Note: See Appendix B for list of objectives, Appendix C for

sample pretest/posttest, and Appendix J for test item

evaluation codes.

A non-parametric statistigal analysis was subsequently
performed using a Sign test for objectives measured by test
items yielding a binomial distribution (correct or incorrect)

and the Wilcoxon ranked-sign test for objectives measured by

N

f\m
Lt )
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test items which yielded integer scores grea&er than one.
Gains on all objectives were significant at p<.0l. Appendix K
details the test results for each objective.

Test item analysis was conducted‘according to the
procedures prescribed by Berk (1980). Because of the
assumption of zero based entry skills and the extreme variety
of learner types and characteristics inherent to the target
population, a somewhat libe¥a1 cbmparative‘standard of 20% -
70% was adopted as a means to identifying ;pjectives in need
of analysis. Thus the expectation was that less than 20% of
the subijects would démonstrate mastery on each objective in
the pretest while 70% or better would do so on the posttest.
As is evident from Figure‘l, objectives 3, 4, 5, 8, and 9 did
not meet these standards. Detailed results.of the test item

analysis for these items can be found in appendix G.

Subordinate Objective 11. Objective 11 was tested for
through the use of an embédded editing exercise and was
evaluated on the basis of a. completed or not completed

criteria. Mastery was 100% on this objective.

— Terminal Objectives 12 and 13. Both te;minal objectives
(see appendix B) were tested for through the use of in-class
projects. Evaluation of these assignments ylelded the results
listed in Tablé 4, Mastery on both objectives was 100% with

some secondary observations.
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Analysis of the Terminal Objectives

Results of Analysis

Obdjective
12 -

13 ¢~

100% mastery = BUT

-22.5% produced a logically
valid fiowchart with the
correct use of the ANSI .
standard symbols, howeQer

there were logical -errors in

the solution‘;o,the prleem

. itself.

\1005 mastery BUT

47.5% produced a éebugged,_
logicélly and syntactically
vaiid program with lbgical
errors in the solution Fo the

problem itself.
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CHAPTER SIX

Discussion

Information, derived from an analysis of the various
data gathered, indlcated that\on the whole the module was
guccessful i;imeétiné the objectives se?_for it. However
sdmedareas of weakness were identified and the pertinent °

2 v

materials were marked for revision. This chapter details the

.implications of the previously)itemized results with respect

to each of the evaluation questions.listed on pfges 34-35,

and identifies specific weaknesses. Suggestions for revi-

sions intended to address and correct these weaknesses will

be discussed in chapter seven.

Evaluation qustion l: Were the overall learning galins sta-
tistically and substantively significant?
Significant increases in the performance results be-

tween the pretest and both the posttest and delayed test for

- the entire sample population would indicate that overall

learning gains were in fact achieved. This conclusion is
further supported by Fhe unexpected occurrance of an overall
significant increase in score between the posttest and the
delayed test which was presumably a result of the students’
opportunity to study between the BASIC quiz (posttest) and
the final exam (delayed test). ,,

As the design of the module was heavily dependent upon

mastery of the objectives for its evaluative measures,
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significant differences in results on test performance were
expected and received (see Table 3) . Furthermore, obijective
by objective analysis, of performahce by the small group on_
criterion referenced items in both the pretest and posttest,
indicated a significant increase on all the performance
objectives tested for (see Appendix K)}JHowever the
assumption was 'made that performance objectives which were
being effectively addressed by the instructional materials
would show mastery performance by less than 20% of the group
before instruction and more than 70% after instruction. While
all objectives met the less than 20% pretést standard,‘
indicating some accuracy in the predicted level of entry
skills, the ;0% posttest standard was not met by objectives
' 2, 3, 5, 8, and 9. Subsequent item analysis revealed a{pumber
of fossible reasons for this failure which will be further
discussed in the objective by objective analysis. .
.Substahtively significant increases in learning were
evidenced by performance on the threé\assignments (objectives
11 through 14). All those evaluated showed no ability to meet

the requirements before instruction and all of them showed

100% mastery after instruction.

Evaluation Question 2: Was the learning gain statistically
significant for each objective? If not, on a criterion
referenced basis, which ones were not mét and why?
Objectives 1 ~ 10. As mentioned earlier, statistically

significant increases were achieved in learning gains on each
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performance ojective, however the 20/70 comparative mastery
standard for objectives 2, 3, 5, 8 and 9 was not met. Points
of possible explanation for this outcome are as follows:
Objectives 2 an& 3: Item analysis revealed that mﬂéh of
the difficulty here may be due to a lack of clarity in the
phrasing of the test item. Typically the question. evoked
résponses which were relevant only to the difference between
high and low level languages (objective 1) and not to the
advantages and disadyantages of each. Good overall
achievement on objective 1, which involved a similar level of
comprehension on a closely related topic, would indicate that
poor performance on objective 2 was unlikelwy to be causéd by
an inability to understand the material as presented. It is
more likely to be due to insufficient specificity in the test
item. Dick and Carey (1979) warn that criterion referenced
test items must be specific, unambiguous, and addressed to
only a single objective; whiie this is generally a
contentious issue, they do so precisely in order to avoid
this type of difficulty. The author originally felt thaé
because objectives 1, 2, and 3 were so closely related,
combining their evaluation into a single test item was a
reasonable way to test, not only comprehension, but also the
student’s ability‘to abstract_and synthesize by explaining
one newly acquired ‘concept in terms of another. The results
suggest that the test item failed to accomplish this end and

should be rejected in favour of separate items for each

objectivé.
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Another consideration regarding the poor performance
apparent on this objective is that, while some reference to
the concepts inherent to these objectives was made in the
introductory video, they were dealt with most substanéively
in the reading material found in Unit 2. Responses on both
the Interview and Evaluation Questionnairgs identified the
reading material as the least eﬁjoyable and most difficult
aspect of‘ﬁhe module to deal with. Preliminary observatioq&’%fg
from the other instructional designers on the course team .
also identified thése materials as being problematic due‘to
overly-technical language. Furthermore, the concepts
particular to ﬁhese objectives were neither referenced nor in
any ‘other way reinforced in any of the practice exercises
other than in a direct‘format through the use of embedded
‘test questions (for which the students were in no way held
accountable). The design assumptions for these objectives
were that the students would already have a solid under-
standing of related sub-concepts (e.g.: bina:& code,
programming languages, and disk opera;ing systems) as a
result of instruction in previous modules. It was felf that
the acquisition of the new concepts qoncerning the wvarilous
attributes and dispinctions between High and Low level
langagues wouid be relatively easy and in need of minimal
explanation. The poor results yielded by these objectives
indicate that either this assumption was in error and hence

.some adjustments to the instructional analysis was required,
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or else the analysis was sound and the error lay either in
the instructional strategy, particularly wi\h regard to the
mode of delivery, or in the means of evaluation. The /
positive commentary yielded by the Evaluation and Interview
Questionnaires on the overall congruency and consistency of
the material a§ well as the lack of overt difficulty
'expressed in the bbservation sheet would indicate that the
latter was more likely to be the case. ) |

Objectiké 5: The only expressed difficulty identified
.by the various measureﬁent instrumenﬁs, which could be
related‘td'poor performance on this objective, was again tﬁe
tendency for students to lose their attentiveness while “
working through the reédings:due'to ove;ly technical and
fediq;s language. On the whole Unit 3 generated comments
concerning confusing requirements and seemingly
contradictory instructions; as evidenced by the results on
Items 8 and 10 of the Evaluatién Questionnaire, response§ to
Questions 1 - 4, and the ch;nges suggested during the
interview. Test item analgs s showed that st;dents had
little d}fficulty identifying the flow chart from its
definition. However the term pseudocade remained
unfamiliar. It is assumed here that it is the lack of
retention on the concept of the pseudocode which accounts
for poor performance on this objective. As this concept is
dealt with in fgr less detail than is the concept‘of a flow
chart, and again‘is not reinforced in any of the practice

exercices, it is the opinion of the author that the concept ,
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is lost. Moreover the loss is most likely due to the strong
emphasis placed on learning to flowchart and the combination
of difficulty generated by having toc adapt to a new less-
directive style of instructional presentation, confusion i;
the instructions, and the dryness of the language used in the
readings.

Objectives 8& & 9. The prpplems on these objectives
would seem to be the result of th'e same textual problems out-
lined for Objectives 2, 3 and 5, with the added possibili'ty
of error in the instructional analysis. The instructiona‘l;
.analysis indicates a dir;ct hierarchal relatiénship between
an understanding of simple Basic qommands and the use of
arrays, without any intermediary sub-concepts (see
Appendix A). The excessive number pf queries on this subject
from students reported on the observation sheet, combined .
with the commentaries found in both the responses to the
Interview and Evaluation Questionnaire concerning the
difficulty' of the program and exercises, indicate an overly
large increment in learjning is required to master the
objectives. It would seem that the instruction provided 1is
not suitable to meet the néeds specified, inscfar as it lacks
both continuity and contiguity with previous instruction.‘
Test item’ analysis revealed that while only 42.5% of the
popqlation achieved mastery on objective 9, 75.5% scored at
least 1 mark indicating a good general ability to identify
array handling as being related to the representation of data

in a matrix. These results combined with a positive
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.correlation between -performance on Objective 8 and students
with a good math background indicate that instruction on the
concepts inherent to matrix behaviour is probably the miss-
ing element in the instructional analysis.

Analycis of item 8 on the pretest/posttest indicated a
good general ability to comprehend the basic syntax and
characteristics 'of an array. However uore complicated ~
representations showed poorer performance. This may be an
indication «0f the effectiveness of the materials im
imparting simple concepts, such as rudimiFtary syntactic
form (which involve only lower level cognitive processes
such as T@morization{. However they would seem to be less
effective in evoking the higﬁet order processing required to
apply the priuciples of array handling to, the process of
problem solving. |
Objectives 11 - 14. Each of these objectivco, which include"
the terminal objective, involve the production 'oﬁ a pre-
specified work assignment. All students reached mastery on
all of t?e objectives igdicating that while the errors found
regarding previous objectives were serious enough\to mer%t
cor;ection, they were not so sefious as to cripplc the ‘
students’ ability ‘to perform éh the terminal objéctives. |
Mastery was 100%, but-as was noted in Ecble'3 of. the
previous chapter, there was some observation which indicated
that some students suffered~diffiCulties. As the

difficulties encountered were relative to lower order
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/ . concepts, ‘a‘s described by Bloom (1956), 4t §§ possible these
-would be eradigfted by an effective respon

\
to the problems
cged' in reference to Objectives 1 - 10 k \

, '/ \
. Sy ( . A
Evaluation Question 3: Were there influences on the suc-
. . ‘ . v L4
: cessfwl achievement, of the terminal objectives due to

variations. in ‘the population demographics? - ' Ay
. . i . - ’

p The lack of any significant results being indicated on
: y /o . :

the battery of chi square and t-tests performed comparing
- »

‘ \}arious demographically defined sub-groups, indicates that
. *demOgraphic characteristics’ are not an issue with regards to
the performance of the module (See Appendix H) . .This

generated some surprise for the author as at least some 4

différence was expected to be evident between students with

Fd
- .a relatively strong math gndfor computer background and

those without.' In ret¥ospect, given a near zero drop out

'ER]

rate for “’the course, it is possible that the lack, of -

%évidence forthcoming was * to the effective orientation to

e "

ocomputing and problem solving acquired from the materials

R worked on in previous mod.ules‘. Another area of surprise was
' the apparent lack of di{ference ,bétween students operating
) " ".' in a second language anc& those not.. One passible

planation for the lack of di%ferencé may be tl}at such .

L4

\ students, particularly those whose mother tongue was French
(these students. have oth\er optidns available to them), by
virtue of the fact that they'have chosen to undertake the *

4 _ J .
difficult task of studying in a second language,, are more -
;o ‘t\ g -

| . ¢ ‘ . N . . h 71 * k ) \)
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likely to be high achievers and ﬁighly motivated. Lastly,

' contrary to expectations levels of typing skill showed no

difference. In retrospect fpis waéiassumed to be the case
most probably because speed of input is of little advantage
when an individual is impeded with unfamiliarity with the' .
structure and syntax of.the iﬁput. ' A

b

'

\‘Evalua{fon Question 4: Was the assumption of zero level *

.entry skills rega;ding‘the target jpppulation legitimate?
Extremely poof performante on the pretest, admidistered

to the sub-group, would indlcate that in fachFhe assumption .
) , %

of zero level entry 8xills for the population was 1egi§imate
(an entfy.skills test was not administered as it was assumed

that i¥ the student had completed the previous modules in the .

N

course then they« must have met the necessary entry

requirements).. The assumption concerning the sophistication

the studeng§ should possess with regard to their ability to <
integrate/hew copéepts into their e*&sting cognitlve
framework wopld‘seem to be supported by the high levél of
achievemenﬁ on all terminal objectives.  As predicted,
motivation‘levels'remainedagshh as indicated by regular ‘
attendance and uninterrubted activity during any given lab
se;sion. : ’ . ' 7

Evaluation Question 5: Were the estimated time requirements

needed to complete the module accurate?: ;.
Apart from the difficulties encountered during the _ \

; - ' ’
pilot run of the program, with regard to the overall timing-
Ll : N
© - . .
o2 ., ‘ .

«
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of the coufse; the timing of the basic module ifself was

A& extremely accurate. Estimated time for completion was four

{ lab sessions totalling 16 hours and the overall average time

" }t took aqtgal students to complete it was 15.5 houré, as

¥ | indicéted by the evaluation quesgfionnaire (See Appendix D). a
This reinforces the belief of the author that most of ‘the
difficulties encouptered during the runni;g of the pilot vere

' ' due‘toftiming errors in the early stages of-the course and

not during the basic module itself.

T

a

Evaluation Question 6: Was the use Of a\spiral curriculum
effective in ;nabling'the students to master the terminal .
' oéjectiveg?

While it is impo§sible to state that the successful per- )
formance results on the module’s terminal objectives indicaée
in any way that the use of a spirai curriculum outperforms
any other style ;} approach (no comparisons of this nature
were made), it is safe to say that insofar as it has been

/ implemented, ig has proven to be an effective mode of deliv-
> - ery. Fudrthermoxe there was a tendency for students t¢ per-

tter on objectives which involved an evident return to

ts, than they did on objeatives for which this
return was less evident. This phenomenon goes a long way to

support the notion that -the use of a spiral curriculum‘was a

t . .
contributing factor to the level of success achieved on those
. ]
objectives. o !
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Evaluation Question 7: Was the media mix effective in v
" ‘ .

'supplying the students with a means to accomplish the

Weston and Cranton (1986) identify three components of
instructional materials as 1) the delivery system; or that
which is te convey, 2)‘£he message, or that which is to be
conveyed, and 3) the form or condition of -abstractedness, the
degree to which the message 15 represented in reality at the
time of the conveyance (e.é. the use of a concrete model as
opposed to a verbal description). It is with regard to these
three components that the success of the media‘mix used in
the module is herein examined.

Given the overall success of the modgle in meeting the

terminal objectives, it would seem that the general -

" effectiveness of the media mix was acceptable. However in

light of Romiszowki’s comment, noted earlier, that any media
can be made to teach any subject, the appropriateness of the
mix bears some examination. Data collected from the

observation sﬁeet, evaluation queetionnaire, and the personal

interviews-showed very little evidence of overt difficulty

-with the relationship between the subject matter (message) W

and the delivery system. Typically learner responses, as
indicated by the opinions expressed during the interviews,

were coﬁgggent with those anticipated at the time of the

A\

media selection.

-~

The only commoniy expressed difficulty was with the °

overly technical nature oflthe reading mdterial. Romiszowski
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(1981) identifies two types of communication which occur
during the execution of an educational module; 1)
informational communication, which involves a unidirectional
transmission from the sender (teacher or package) to the
recelver (learner), and 2) instructional communicat%on, which
involves a bi-directjonal link in which both messages and
feedback are transmitted back and forth betwéen both parties.
As Weston and Cranton (1986) note both types have their place
in education; the former being more potent in the initial
disseﬁination of information, particularly with regard to
lower order concepts and seminal expressions of higher order
concepts; and thé latter being more effective as a means to
facilitating growth in the learner’s ability to synthesize
and abstract from concepts gained from informational
presentations. In the case of this module it was hoped that
the concepts presented in the negatively perceived
informational format of the readings (typically deemed a
necessary evil by the studenté) would be balanced and
clarified by the interspersion of more entertaining delivery
forms of -informatiunal communication, such as-the videos, and
the more interactivé instructional format of the computer
assisted instruction segments.lIt can be assumed by the
overall success rate and the positive results on the
evaluation questionnaire for items lé, 13, and 14 that this
attempt was at least partially successful. However confusion
generated by the difficult language, and the sudden switch toJ

a different textual léyout from that used in other modules,
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was noted in the results from all three of the above
mentioned evaluation instruments. This may indicate that,
while the delivery system was appropriate, the form of:the
delivery was somewhat lacking in p6wer. Poor performance on
pretest/poétest items soley addressed by difficult textual
passages (definition of psuedocode and the use of arrays)
would further support this position.

Generally the positive response on all three pertinent
evalﬁation instruments surrounding the ease of access and the
use of the various media would suggest that the overall
organization of the delivery system was efficient. However
some confusion expressed on the observation sheet concerning
instructions as to what to do next may imply again that some
changes are required in the form of the delivery; this time
with respect to the self administrative characteristics of\
the module. As mentioned earlier an attempt was made to
provide the sﬁudents with an advance orgédizer in the form of
a course guide written in the format of a BASIC psuedocode
and contained in a separate booklet. In the interest of
clarity many of the course instructions detailed in this
guide were reiterated at the beginning of each unit; again
each unit was contaiﬁed in a separate booklet.'The lab
monitors frequently noted informally that students were
getting bogged down in the process of having to be
continually cross referencing between many physically
distinct sources of information (add to this the féct that

several of the readings were also separate from the unit
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booklets). Furthermore students were encouraged to
communicate with each other and to work together to solve
problems encountered when attempting the assignments. This
led to an undocumented, but often observed tendency for
individuals to ask their neighbors what to do nexf rather
than read the instructions carefully. It is the opinion of
the author that this combination of characteristics in the
form of the administfative delivery system, while each valid ~
in its own right, served in reality to create unnecessary
(insofar as it- had to do with the administration of the
module and not the subject matter itself) diséonaﬁce for the
learnér. The importance of disfuptfons of this nafure cannot
be underestimated, for until'they are corrected it will be
impossible to assess how much of any individual’s inability
to meet a given objective is due, to weakness in the
presentation of the subject matter and how much is due to the

influence of these disruptions.

Evaluation Question 8: Was the decision to provide the
learner with exp}icitly stated learning objectives perceived
by the students to be advantageous to them? |

Responses on the Likert scale, used in items 4a through
40 on the evaluation questionnaire, supplied the only clear
evaluat}on results pertinent to this question. The items were
deliberately designed and sequenced in such a fashiqp fhat,
given a favoﬁrable attitude on the part .of the studént,

responses with a high value on the Likert scale would be

3
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generated for the first eight questions and responses with a
low value would be elicited on the remaining seven.
Duplication of itém content was to be found in both formats
(positive or negative phrasing) for each of the five
categories listed below: thus creating a built in check for
irresponsible answers. No instances of such behaviour -were
noted and the dagg gathered indicated an overwhelming
appreciation of tﬁe stated objectives as a means to:

1) identify exactly what they needed to learn;

2) ideptify exaqg}y how well they needed to perfoim

each task in order to complete each assignment

14

acceptably;
3) evaluate their own prodiress;
4) identify weaknesses or confusing aspects of the

materials; and

{

5) identify exactly how they were going to be evaluated.

It is £o be noted however that the measure used was a simple
evaluation questionnaire and was gn no way powerful enough to
indicate that stating the objectives was. in actual fact a
contributing faitor in the students success. This issue
repains a contentious one in the field of Educational
Technology (Gerlach et al, 1976) and represents a broad scope
of research questions; argument about which is well beyond-
the scope of this work. (Noée: Stated objectives can be found

at éhe beginning of each unit in the pilot version of the R

module found in Appendix L).
A4 \

¢
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CHAPTER SEVEN

Revisions and Recommendations

The overall effectiveness of the materials pYoduced by
the author has been shown to be acceptable: given the '
specifications originally outlined by the organizing
qpmmittee for the course (see Chapter 1). The design has
proven to be educationally sound with regard to enabling
individuals within the target population to, using a self- -
instructional format, develop the skills detailed in the
terminal objectives accordf;g to the criteria specified. The
materials used would seem to be appropriate for the -
specified population in spite of them beiﬁg identified; as
somewhat dry and overly technical in places. Furthermore
given the heterogeneity of the target population and the
typical transportability of a modular design it is highly
likely théﬁ the materials could be used in any of a variety
of settings meeting the basic'population requirements (ie.
office and industrial training scenarios).

In spite of the overall success of the module several
. weakness have been identified (see Chapter 6) and are in-

A}

dicative of areas in need of revision. These are as listed
)

' below:
. 1) Dry and overly technical language used in the
°
readings generating reduced interest and/or

confusion causing a tendency to skip over the

reading materials too quickly’

. —
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2) A possibly inappropriate placement of Unit 3 on.

flowcharting.

[

3) The ineffective use of a multi-booklet format.
4) The ineffective use of a psuedo-code format for

instructions in the iftroduction and course

e

!

overview. .

5) Clarification and/or stronger emppasié placed on
the value and use, of arrays.

6) Clearer degcriﬁtion of the relationship between
good sfructured problem solving, programming; and
the use of subroutines.

7) ° Weak test items for objectives 2,3,4,8, and 9.

8) Discordance between the style of p}esentation used
in this médule and that used in previous ones.

In order to facilitate specificity with regard to the

revisions intended to address these weaknesses‘and the mate-
~rials they relate to, recommendations will be made first
with regard to those changes which effect the overall de-
sign, and then with reference to each of the five units in

the module. ' ) C )

Changes. in the Overall Design ‘

fhree of the above listeé revision items are pertinent
té‘the overall designlof the module; items 1,3,\and 8. It is
the author’s view that revisions aimed at solving thé
problem referred to in item 8 (discofdance between

presentation styles) should be no more than epiphenomenal to

-

7 80



b

Computer Programing in BASIC

the revisions targeted at the problems addressed by items 1
(overly dry and technical language), and 3 (use of a multi
booklet format). This discordance was largely due to the
combined effect of a veiy short_al}otted initielvﬁtartup
time (1.5 months) and~litFle or no contact betwéén the
various instructional designers during that phase. It is
probable that items 1 and 3, in as much as they represent
deviations from fﬁe previous st&les of delivery, would go a '
long way to correct this discordance should they be
‘ adequately corrected for. Details as to how this could be
done will be considered in the foilowing Unit by Unit
bredkdown. o |
2 4

Unit 1: Introduction and Overview

Essentially items 3 and 4 in the above stated list of
weaknesses were pertinent to this unit. It had been hoped
that the use of a multi booklet format would ;llow the
student a great deal of flexibility in cross referencing
materials. It was also intended to reduce the anxiety
ﬁéturally generated in any student when confronted with an
apparently gnormoué amount of information for which they are
to be held accountable. However ‘this format proved more
trouble than it was worth both in terms of administering tye
materials anduin’terms of valﬁe to the student. Typically
students became unnecessarily confused and annoyed when
forced to deal with anywhere from two to four booklets

simultaneously within the confined space of a study carrel;
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already ldrgely occupied by the computer itself. This
problem was further exacerbated whenever a sﬁudent attempted
to reference materials from previous modules. It is the
author’s opinion that the materials for the entire course
should be combined into a single workbook. This in order to
minimize the space requirements of an individual and to
maximiz; the availability of cross referenced materials
(réelevant material from both within the module and from
previous modules could be easily page referenced within the
text and/or 1ocatea through the use of tables of coﬁtents
supplied for each module). The workbook could be sold to the
student allowing them to preview and/or review méterials at
their leisure hélping them to coﬁcentrate better on the
computer based activities during the allotted lab times.
This format may go a.long way to alleviating some of the
dissonance created by the dryness of the readiqg materials
(item 1) by affording the student more time to read and ’
‘,reread. Furthermore slower students would bé afforded the
means by which to accelerate their progress By working on

. assignments outside of lab times thys promoting course
completion for a-greéter number of students (materials
completionwgging a critical requirementvin a skills based
course). Lastly note' taking, while not particularly
encouraged in this course, may be made more relevant to
specific content by allowing the student to make notes

_ directly in the margins alongside the text: This could prove

to be a powerful means b§ which to enable the student to
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clearly relate information presented in the texts to
information encountered in the computer based tutorials.

Developing a single workbook format woul& render the
instructional outline written in the form of a psuedo-code
(item 4) entirely redundant. As students typically found
this form of presentation more confusing than helpful itJ
should be eradicated in favour of ongoing instructions
ingerspersed throughout the module. In the author’s opinion_
the psuedo-code_layobt should be maintained wherever
activity related instructions are inserted. However the
intended éﬁrpose should shift from that of an advance ‘
brganizer to that of a focusing or reinforcement agent.
Utilizing this somewhat more directive step by step approach
to the design of the module would render it a good d;al more
|like the previous modules, arnd perhaps alléviéte some.Bf the
difficulties encountered due to discordance between the
presentation styles. However, originally it was ‘the author’s
deliberate intentionm not to use a:strongly directive
approach in the hope that students would be forced to use
some of the problem solving skiils and independent thinking
capabilities built up during the early stqgeé of the course.
As this intention remains unchanged it is suggested)that theh
propésed re;isions to the presentational format not be
elaborated to such an extent as'to threaten this

characteristic of the module.

{
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dnit 2: Prog;amming Langﬁages a General Look
It was the authors original intention to use this pnit
-as a means to reiterate some of the concepts previously en-
countered in the course. It was further hoped that by re;
viewing concepts such as RAM, ROM, and DOS a context would
be created in which to introduce several nevel but related
concepts such as, compilers, interpreters, device drivers, K
and low and high level langhages. Although only limited stc-
cess,on objectives 1l throuéh 4 was achieved, test item
analysis revealed-significant weaknesses in the_construct;on
of the test items (see Appendik G) . Furthermore students
tgpically expressed enjoyment of the video based materials
~and little'difgiculty zith'the text material for this unit.
Given this and the marginal increase, in student achievement
scores needed to indicate mastery on these objectives the
author suggests that the test items be reconstructed to bet-
ter reflect the conceptual requirements of the objectives.
This change should be implemented and evaluated before' any
attempt is made to revise the instrucbional materials.
. | . e . ' | 4 \
Unit 3: Flowcharting i .
Despite the high overall success rate .on the flowchart- .
ing assignment far too much and too gréag%a'%éZiety of dif-
ficulties were encountered in this unit. “The author believes
’that this was due in part te incomplete text materials and

in part to the poor placement of the unit. Incompleteness of

the text is evidenced by poor performance on objective 5 0‘\§\
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with particular regard to the concept of psuedo-codes. Ex

+

&mination of the text by members of the .instructional design
team marked this reading as being plagued by unclear gcript
and _ poor examples as well as being somewhat incongruous with
previously encountered materials? This‘posiﬁion was burn‘out
bBoth by &dfiMents made on the eualuation questionnaire ad-
ministered to the small group, and by comments made by th;
individuals subjected to one to one interviews. |The strength
and frequenchOf these observations indicate that g complete
rewriting of this section is in order. It should include
substantial elaboration'on the concept of psuedo-codes and
their relationship to. both flowcharting and the programming .
process. New examples should be generated to.replace the
“Building a.Snowman” example currently being used as much
confusion was expressed concerning.the logical validity of
the solution presented therein;_Emphasis on the “no best )
representation” a:;ect of flowcbarting should be modified to * | ‘
clarify the point that the ANSI rules for flowcharting are «

best adhered to in the interests of consistency, but are by

no means unique or absolutely necessary Perhaps the idea of
mathematical elegance (i.e., the simpler the algorithm the

better) could be used here to clarify what is meant by ef-

fective flowcharting. Finally because of the conceptual .
contiguity inherent between the‘proceSS of flgwcharting and

. the process of problem solving, as discussed in the mcdule

on LOGo.prcgramming it is suggested that the unit on flow-.

charting either be removed altogether and placed in the LOGO
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module, o; else the rewrite should -use terminology which

strongly reiterates the terminology used therein. It is pos-
. ) Y "

sible that the exercises for .this module should be rewritten

to better accommodate-a variety of learning styles. Perhaps )

<,
<5

the first‘secﬁ;on of the assignment could be rewritten as a’

step py steb’example of how @o build a flowchart. Students | {
could be asked%to‘attempt the solution first on their own
anq then éupplféd with a step by step breakdown'qn how t6 do
it. This would enable more tactile of slower learners to
work through the problem witbout threatéhing their confi-
dence, as well as serve as a means to reinforce the impor-
tance of top/down and bottom/up analysis, identifying'deci-
sion points, and working from maximum to minimum Qalues
(these conceptg'should also be emphasized in greater.detail
in the foregoing text mate;igls), It is possible that the
test items on all the test fhstrumenﬁs pertinent to this
objective shouldfbe'reassessed for their accuracy ;n indi-
cating student comprehension of the concepts. However ;s the
need for another field test is obviated by the e#tensive
changes suggested such a reworking of the test items bould

be left until after the results of the new field‘test have

been gathered and analysed.

" Unit 4a: Fundamentals of Basic Progra}nming: ‘Writing and Editing

Of the five units of instruction contained‘in the .

modulé this unit appears to be the most problem free.

editing assignment was 100% and generally the

Mastery on the
.o s o

\
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students seemed ,to find the instructional materialtboth
effectiwe and enjoyable. The only consistent area of
difficulty had to do again with the dryness of the reading
found in the unit {in this case an excerpt from the IBM
Basic manual covering.editing features). Becaqsé this .
reading in particular had been singled out duriqg‘the
prelimihary evaluation by the other members of the
instrctional design team as geing overly‘difficu;t the
following flag was worked into the design in order to verify '
the accurécy of their observation. During the editing
asssignment the students we?e asked to load, modify, zrun,
and save a §er£es of three short Basic programs. The |
students had not yet acquired suffiéient knowledge of the
Basic language to be able to understana Qha&lexactly they
were doing; this was strictly a.“follow the ifstructions”
lesgon on how the Basic editor works. Two of the programs
contained infinite loop errors, in order to ‘escape from
which, the studeht needed to know about the CTRL =~ BgEAK key
stroke sequenge.- Information to this effect was only
supplied to them in the réading in question. it_was
anticipated that if the reading was as difficult and
uninteresting as - suggested then most students would skim it
or skip over it and consequently not know how to break out
of the loops when they -encountered them. (Note: Students
were even warned that the lgops existed and that they needed

to have read the reading in order to be able‘to complete. the

editting exercisg). As was noted from the observation sheet

Il
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1

fifteen knownJiistances of students having problems with
this item were recorded. This combined with many other
minor observations concerning weak use of the ed£39;7~acts
strongly to support ;he design teams comments concerning the
weakness of the réading. Again, the author suggests a
complete rewrite of the reading to e;cguragg a more hands on
approach to the mater%ai. While a less diréctive approach is
favoured for the module in general, it is possible that }/3
because it is strongly prerequisite to programming, each
aspect of the editor be explored more efficiently with a
step by step “do as you read” type of .layout. As well, more
comprehensive connecting text shoufd bé written, between the
CAI tutorial “BASICTEACH” and the readihg, detailing points
of commonality and places to pay particular at;éntion,

Item 6 on the revision 1list (relationship between good
structuréd problem solving. programming, and the use oﬁ sub-
routines) is also relevant to this module. The only in-
struction which the students received regarding the use of
subrpﬁfines was provided by the “BASICTEACH” CAI tutorial

L

(Disk 2, lesson 5). Unfortunately this tutoriai emphasizes
the use of subroutinés as a means to process many similar
operations with a minimum of code. It does not place\much_/
emphasis on the concept of structured programming aﬁd makes
no reference to the relationship between structured progran
ming and good problem solving techinques. Given that the

unit on flowcharting is revised to more closely parallel the

techniques inherent to gdbd problem solving, as discussed in *
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the module on problem solving, it would make sense to extend
this. connection to, include the notion of structured program-
ming (already a concept tacitly encountered in the Logo mod-
ule) és it applies to BASIC through the use of subroutines.
It is the author’s opinion that an additional step by step
text based exercise, similar to the one re;ommended for UNIT
3 on flowcharting, would be appropriate for this purpose.
This would encourage the learner to practice previously en-
+ countered concepts within é novel context. It woula also

" serve to cement concepts newly acquired from ghe “BA-
SICTEACH” tutorial by providing an opportunity to first at-
tempt é solution in its entirety, and then a step by step
comparison between their solution and a prewritten program

¥

(Note: again it must be made clear that there are no single

“best” solutions).

imit 4b: Fundamentals of BASIC Programming; Listhandling
Test item analysis (appendix 6) of items pertinent to
objectives 8 and 9 indicated a strong likelihood that there
wﬁs a general lack qf student comprehension on the topic of
dimensioning subscriéted variaples and array handling. 1In
the author’s opinion this was due to a lack of sufficient
detailhand péactice exercises in the UNIT. Because adding
such exercises would likely increase the length of an
alfeady long module, it-is suggested that insteaa an attempt
is made to more clearly relate the information presented in

L4

the texé material. to that found in the computer basgg
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tutorial Edubas I ;(1essons 8,12,13). Furthermore, although;
this unit’s text material was not singled oué as being
-particularly difficult, the studentg interest may be better
sustained if it were rewritten lo include exaﬁples which
more closed%§'ref1ect typical séudeqt concerns (e.q.

creating aﬁ‘l'::}ibliography).°

It is possible that thé level of cognitive processing

. required to fully comprehend the use of arrays is somewhat

J

more complicated than can possibly be addréssed by a singie
unit. It may be that it reqﬁires the equivalent of an
entire module of instruction, in which case due to time
constfaints it should be eradicated. However, before such a
decision ;s made itvis Suggested that 'the above mentioned
rev}sions are implemented and field tested to see if the

difficulties cannot be overcome within the existing

framework.

Unit 5: Final Assignment

No major revisions are réquired for this unit. ‘However
in the event the aforementioned instruction on array
handling is removed from the module, then the ;ss;gﬁ;ent
would need to be modified to ensure that each of the options
could be fulfilled without the use 'of subscripted variables
"(indeed two of them can be done without them as is).

The presence of the memory‘jogger seemed to be

generally appreciated however it may be made more effective

if it were redesigned to include page referencing - to the IBM
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. \ , /
BASIC manual for those in need of more detailed explanations
" (remediation), or who wish’ to try more sophisticated

applications (enrichment). ‘

. \ /
Overall Conclusiom

To the best of the author‘s knowledge consideration has.
been given to the ide£ of removing the module and ¢ eating a
seperate course entirely dedicaped to BASIC progr iné.
While such a move may have meri£ with regard to fferﬁng a
more detailed BASIC course to students pa££icul rly
interested in tpe language,‘éhe author feels it would be

injurious to the overall value offthetcompu;7r literacy

course. Teaching BASIC as a language {s so ething altogether

different from using BASIC as an instruct na} vehicle with
yhich to introduce students to the fundagental principles of
programming. The latter should be‘view d as an integral part
of minimal computer literacy while‘th former remains a
sg;cialized skill of real interest t( oniy a very small
proportion of the computer using populous. ' It @as the

intended purpose of this module, As:specified by the project

coordinator and the organizing cdommitee, to meet the latter
need. 1In the author‘s opinion/éhe materials produced were
successful in achieving the%f end and have proved their value

to the course as a wvwhole, §4d should be kept in place.
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Instructional analysis was conducted in two stages. The

'first recommended by Romis;owski (1981), invoived a process
of bfainstorming and free association which was initially
translated into a series of concept maps-’as typified by t?e k,
represéntation foung on page 95. Concepts were g;ouped into
relationships on the basis of similarity; and contiguity

with respect to the topics they addressed as well as the.the
level of conceptual difficulty involved (rated according to
Bloom’s Taxonomy as outlined in‘Romiszowski, 1981). Meta

concepts, being those conceptsqfingular in their identity

but encompassing most of the other concepts in a category,

were 1solated and used to identify possible‘links between
categories. Finally the relative importance of each concept

]

was determined by the observed density of relational lines
connected to/it." S -

In'the second stage information gleaned from the previ-
ous process’ was reworked into the more linear hierarchical
model, found on page 92, such as'is promoted by* Dick and
Carey (1978). This facilitated the sequencing of the materi-

- als and the specification ‘of objectives without losing sight

of the more associational relationships noted in stage one.

9
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14 o .
1S ABLE TO WRITE A
LISTRANDLING PROGRAM

12 .
-~ i CAN USE SYSTEM
’ 13 » COMMANDS

IS ABLE TO GENERATE A .
FLOWCHART USING ANSI SYMBOLS .

r
11
CAN EDIT PREWRITTEN
PROGRAMS

13a :
KNOWS THE ANSI SYMBOL SET

.

10
DEMONSTRATES KNOWLEDGE
OF PROPER BASIC
SYNTACTIC AND SEMANTIC
STRUCTURE

9
KNOWS THE PROPER SYNTAX
FOR DEFINING ARRAYS

8
CAN DEFINE AN ARRAY -

3 L]

|7
CAN IDENTIFY THE FUNCTION
OF MOST..SIMPLE BASIC
COMMANDS

'
| l
’ I

5 ' 6
KNOWS THE REM

CAN DISCRIMINATE

11a
UNDERSTANDS THE-CONCEPT OF .

BETWEEN A FLOWCHART
AND A PSUEDOCODE

STATEMENT

‘3

AN EDITOR

CAN DISCRIMINATE BETWEEN AN -

INTERPRETER AND A COMPILER

2
CAN STATE ADVANTAGE
- - OF USING HIGH LEVEL
LANGUAGES .

. |

3
CAN STATE ADVANTAGE .

OF USING LOW LEVEL
LANGUAGES -

| +

1

CAN STATE DIFFERENCE BEIWEEN

LOW AND HIGH LEVEL LANGUAGES

UNDERSTANDS THE °
TERM ALGORITHM

UNDERSTANDS THE

XNOWS THE TE&H DOs

CONCEPT OF '
A PRi)GRAM

[

UNDERSTANDS THE PROBLEM ~
SOLVING PROCESS

.

KNOWS THE DIFFERENCE
BETWEEN A PROGRAMMING

LANGUAGE AND
APPLICATI?N SOFTWARE

] -
KNOWS THE TERMS RAM AND ROM
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Computer Programing in BASIC

. GENERAL GOALS"

The overall aim of the module was to provide the student
with a thorough familiarity of the following concepts:

1) A programming language,

2) A hierarchy of ‘software categories (L.e. the
differences between varying kinds: of
languages). -

3) The fundamental syntax of the BASIC language.

LIST OF LEARNING OBJECTIVES
UNIT 2: (objectives 1 through 4)

Upon completion of this section the student will be able to

. correctly define the following concepts in a short answer

format and in accordance with the definitions found in
READING # 1.
™ l) the difference between a high and low level
language.
, 2) the advantages of using a high level language.
' 3) the advantages of using a low level language.
4) the difference between an interpreter and
compiler.

UNIT 3: (objectives 5, 6, and 13) o

After having completed thé materials found in UNIT 3 the .
learner will be able to,

5) given both definitions, correctly discriminate
between the definition of a flowchart and the
definition of a psuedocode as described in .
READING # 2. /

/
’

4

6) forrectly identify, from a list of descrip
tions, the function of the REM statement ‘in the
BASIC language as described in READING .# 2. 13)
. generate a logically valid graphic representa
b, tion of an algorithm to solve one of a set of
prespecified problems in the form of a flow
chart using the ANSI format.
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UNI@/Q:: (objectives 7, 11, and 12)
/.
i ?yén completion of the activities prescribed in UNIT 4a the
, ; learner will be able to,
7) given a list of 10 simple system and language
commands, identify the function of all 10 as
defined in the BASIC TEACH program, '

11) correctly enter and edit a short, prewritten
BASIC program such that it may be run without
error,

12) demonstrate a knowledge of BASIC system
commands by correctly loading (from diskette),,
listing, running and saving (to diskette) a
given program.

\

UNIT 4b: (objectives 8 through 10) .7
' Upon completing the materials for UNIT 4b the learner will
be able to,

'Q) in short answer format, correctly define what
is meant by array handling in adcordance with
the definition. provided in READING # 4,

9) given a list of BASIC -statements related to the
" dimensioning of subscripted variables,

correctly identify improper syntax for at least
70% of the items.

10)demonstrate a knowledge of proper semantic and
syntactic structure in BASIC by indicating in
writing
A) the correct output for a series of short
logically valid and syntactically correct
prewritten programs.
B) the errors in a series of logically and/or
syntactically incorrect programs. .

+

UNIT 5: (objective 14 - terminal objective)

14) Upon completion of all the materials found in

v 105
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. Computer Programing in BASIC

the previous UNITS (1-4), thé learner, with the
aid of a memory jogger related to proper
syntax, will be able to write a simple,
logically valid, bug free, listhandling program
in BASIC to execute the same algorithm -
represented by the flowchart genera)ted in

fulfillment of objective 13.
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. f Computer Programing in BASIC

’ LESSON V : QUIZ "

NAME :_. DATE

STUDENT # : ) — . -

- FACULTY =

‘ DEPARTMENT :_,

. \ - .
w - s
. .

ANSWER AS MANY OF THE FOLLOWING .GUESTIONS AS YOU CAN. PLEASE DO
NOT-REFER TO YOUR NOTES OR ANY OF THE COURSE MATERIALS DURING THE
_QuIz. ‘ - ' ‘
, T, . . ,
/ ) . 7
/ .

l)ﬂ@riefly describe the difference between a HIGH.and a LOW level
N . 5 N B

; language.____ : -

2

-

/ L]

T S

=

2) Briefly describe the difference between a compiler and an

intqrpreter; | ' /

A\

- |
/
3) The BASIC language can be said to be

: . A) a high level language
p B) a low létel language " t
c) applicaé;on soft&ére
D)uébjept code ‘e
; 108



4)

S)

6)

A §réphic representation of a problem solving algorithm is:

Computer Programing in BASIC

+

called a -

B .
A preliminary prdgéhm outline written in brief natural.

language (eg.%-English; French, German, etc.) phrases is

what is the BASIC language command required to fulfill each

/M.—-{ N
Ly

L

v

"called a .

(

of the followlng funct10ns°

A)

B)

J

F)

G)

H)

I)

J)

a

To look at the program procedures

To execute a program

To take a prégram from a disk and
place’ it in RAM ‘

To write a program to disk permanently

TO0 clear RAM to start work on a new
program -

To take information from a data list

prev1ously established in the current'

program -

To ask. for information from the user.

To change a variable from one value to
another.

Té output a result.

To place a descriptive comment in a
program which is not considered when
the program is run.

109
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7y What output would occur és a result of running the following

programs.

A) 5 X

ks

B)

c)

10
15
20
25
30

60

10
20
30
40
S0
60

10

. 20

30
40

- S0

D)

k3

60
70

10
20
30
40
SO
60
70
80
90
99

J
=1
IF X >= 4 GOTO 60
Y = 3%X"2
PRINT Y,
X = X+2
GOTO 10
END N

N

X =1

IF X = 10 GOTO SO
X = X+2 ‘
GOTO 20

PRINT X

END

READ B,C ]

A = B+C

READ C,D

E = C+D .
PRINT A,B,C,D,E
DATA 7,11,3,5
END

"DIM A(S), B(S)

FORX =1T0 5

A(X) = 3+2%X

B(X) = X+2 -

NEXT X .

FOR X = 1 TO 5 STEP 2
S = S+A(X)+B(X)

NEXT X

'PRINT S

END \

5 PRINT “GIVEN APRICOT,CANTALOUPE,FIG,PEACH,PLUM,WATERMELON"

10 INPUT "WHAT FRUIT DO YOU LIKE?";F$
20 ’

GOosSuB S00

302 PRINT “EACH “;F$;“ HAS ";X:" CALORIES."

40

GOTO S50

500 READ X$,X -
© 510 IF X8 = F$ THEN 530

520 GOTO 500 by
530 RETURN _

540 DATA APRICOT,18, CANTALOUPE, 120, FIG, &0

550 DATA PEACH, 35, PLUM, 25, WATERMELON, 1840\\\\ .

" 119
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-

8) Identify whether each of‘the(folloéing BASIC statements is

correct or incorrect. In the event that one is incorrect then
%

state what the error is.

-

e

1 Q ‘,

A). 11 DIN A(40,10), g$(50) - : :

B) 45 PRINT W(1,Y)

-

c) 10 INPQT Ag(X)
— ¢ D) &5 kEAD (5),(7),(9)

<

E) 40 IF A$(y)» A$(Y+1) THEN 100 o

F) 50 PRINT X$(X+2)

G) . 20 A(3,4) = 50 m Py

H) 35 DIM S(N) , o ’ . g

9) What is meant by the term array-handling?
N O ’ \}
2

e C o
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Computer Programing in BASIC

EVALUATION QUESTIONNAIRE l'OR LESSON 5

<

NOW THAT YOU HAVE COMPLETED THE MATERIALS FOR LESSON 5, PLEASE
COMPLETE THIS FORM AND RETURN IT TO THE RESERVE BOOTH.

CHECK THE APPROPRIATE STATEMENTS AND COMMENT AS REQUESTED.

IF' YOU NEED MORE ROOM PLEASE USE THE BACK OF THE PAPER.

NAME (OPTIONAL) . ..vveverersensvnnnensnns
)

DATE  +evvvvennnennnnnneens

DATE LESSON 5 WAS STARTED ...evuensennrnneeeennnnnes.

1) AMOUNT OF ESTIMATED TIME USED TO COMPLETE LESSON 5 .

(NEAREST 3/2 HR) ....(15.15 mean time)......

2) OVERALL I WOULD. RANK LESSON FIVE AS

N
(A) EXCELLENT (B) GOOD (C) FAIR (D) POOR '

7.31% 60.97%  29.26% 2.43%

W \ H o Y 2

Yo ¢ 0 e0 00w 0w’ " & s ® 5 s 00 0 0 . oo\o0..0...-.000ooloooo.‘oocoooo-
3) THE OBJECTIVES FOR LESSON FIVE IN GENERAL WERE v

(A) CLEARLY DEFfNED, (B) ADEQUATE, (C)NOT CLEAR, (D) TOO BRIEF,
29.26% - 60.97% 4.87% 2.43%

»

(E) TOO BROAD.- . .
‘2.43%

4) PLEASE CIRCLE m APPROPRIATE RESPONSE FOR m TOLLOWING
' \QUESTIONS (please use the £ollow1nq code) :

st:o§qu agree 1 2 3’ 4 5 ltrongly disagree.
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g L

A) The 1list of objectivg;;fgz;s me exactly what I need to

know to complete lesson ‘five. : ﬁﬁ
1 2 3 4 5. , ‘
" 29.26% 31.7% 21.95% 17.07% 0% ) . .
B) The '‘objectives indicate how well I must accomplish a
. ; . S
task. ) - .
1 2 3 4 5 :
29.26 +12,.19% 41.46% 17.07% 0% ’
C) The objectives provide a means for me to periodically evaluate «

my own progress.

1 2 3 . 4 ‘ 5
19.51% 29.26% 31.7% 17.07% 2.43%

D) Provisions are made for my accomplighments of the ob-

jectives.

1 2 3 4 - 5

14.63% 39.02% 29.26% 14.63% 2.43%

E) By reading the objectives I know what I am expected to do
in this lesson. /
1 2 - 3 4 5

4i;46% 24 .39% 21.95% 9.75% 2.43

F) The objectives show me how I will be’evaluated.

1 2 3 , 4 ) 5

26.83% 26 .83% 31.71% 14.63% 0%

G)?; sée no restrictions as to how I am to meet the lesson
objectives. ’ ‘ ‘

1. - 2 3 4 5 .
20.4%  34.15%  24.4% 9.76% ' 7.32%.

H) The objectives describe precisely what I must be able to do .
to complete this lesson.

1 : 2 3 4 5

34.15%  24.4% 21.95¢  19.51% 0%
' | 114 | )
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©12.19% - 17.07% 17.07% 17.07% 36.58%

Computer Programing in:BASIC

I) Ido not feel confident. that I am meeting the ni‘ns‘tructional
requirements even though- I can do what is stated in the
objectives.

1 - 2 3 . 4 5
12.19% 14.63%  17.07%  26.83%  29.27%

4

'Ji The statement ,of objectives does not make clear what I need
to know for the final exmn W’ .

<

1 2 3 _ 4 5

v

K) As I read the stated objectives,’ I do not understand ‘what
I am exdpected to acComplish

1 2 3 . 4 "5 -
4.88% 9.76%  19.51%  39.02%  26.83%

L) I do not see how these objectiveS'can be requirements of

. the lesson.

. )
1 '2 .3 'y . -5

4.88% 2.44% 21.?5% 43.9% 26.83%

M) The objectives do not inform me of the kinds of things that
are accepted as evidence that I have done well.’

1 ’ 2 3 4 5 Lo
7.31% . 12.19% . 19.51% 29,27% 31.71% .

N) How I am to achieve each objective is not clear.

1 2 3 4 "5
4.88% - 7.32% 21.95% 36.58% 29.27%,
0) The objectives do not help me to make a high grade on the
final exam. . N |

1 2. 3 4 5

4.88% . 17.07% 14.63% 29.27% 34.15%

T .. s - U



Computer Programing in BASIC .

5) THE CONTENT OUTLINE (feel free to circle more than one answer)

73.17% (a) WAS LOGICAL.

43.90% (b) CONTAINED - ADEQUATE DETAIL.

00.00% - (c) WAS NOT LOGICAL.

12.19% (d) DID NOT CONTAIN ENOUGH INFORMATION.

©12,19% (a and b)

-~

. 6) WHICH ACTIVITY DID YOU ENJOY THE MOST?  WHY?

® e 0o 0o 0 @ 005080 o0

,+ (Final assignment=63.41%, Flowcharting=17.07%,
Editing=9,76%, Tutorials = 4.87%, Videos = 4.88%,. Readings =
oo;oo%)-o.ooco.oo ¢

-—

7) WHICH ACTIVITY DID YOU ENJOY THE LEAST? - WHY?

l.'.l....l.'.,.‘..

.. (Final assignment=2.44%, Flowcharting=4.88%, Ed-
itinge19.51%, Tutorials = 19.51%, Videos = 21.95%, Readings =
31.718) ........

-

8)° THE PRACTICE AND EXERCISE ITEMS WERE (circle one or more)

@

73.17% (a) ADEQUATE. -

14.63% (b) TOO FEW IN NUMBER.

4.88% (c) TOO MANY IN NUMBER. , ,

7.32% (c) WERE UNRELATED TO THE INSTRUCTIONAL
SEQUENCE. ‘

0.00% (d) INADEQUATE

9) THIS LESSON FITS WITHIN '.I.‘HE SEQUENCE OF OTHER LESSONS IN THE

COURSE.
<

Strongly agree 1 2 3 4 5 Strongly disagree
68.29% 19 51% 4.88% 2. 4% 4.88%

A

10) WEICH TERM(S) BEST DESCRIBES THE ACTIVITIES IN THIS LESSON?

9.76% EASY ..... 21.95% TOO MUCH READING .....

116



53.66%
10.00%

53.66%

Coimputer Programing in BASIC

"HARD ..... 29.27% ‘NOT ENOUGH ACTIVITIES .....

~ BORING ..... 9.76% TOO MANY ACTIVITIES .....

INTERESTING 31.71% TOO MUCH THEORY .....

11) DID YOU RECEIVE ANY HELP ON THIS LESSON?

14

70.73%
24.39%

4.88%

12) WHY DID YOU NEED HELP?

34.15%
4.88%
34.15%

.26.83%

. 14.63%
ETCO o'o «»

_ unanswered

YES (GOTO NUMBER 12) .....

No (GOTO NMER 13“) LRI By Y

P

o

THE MATERIAL.WAS TO DIFFICULT .....

EXPLANATION WAS POOR AS TO WHAT WAS TO BE | -
LEARNED ’ | ,

THE DIRECTIONS WERE CONFUSING AND VAGUE .....
THE LEARNING ACTIVITY WERE TO DIFFICULT .....

HELP WAS NEEDED TO LOCATE MATERIALS, AIDS,

6THER01-;'..0..o....ooco.lo.‘oooo...t...wuoﬁhtl..ulutiool.

® 6 0 @ @ © 00 0 0 02 0O b &SP S ST e 0TS O I A0 e AT %S S EE SN S SEsTE eSS

13) DID YOU HAVE ANY PROBLEMS RELATED TO

17.07%

~

12.19%

Y

.

FOLLOWING INSTRUCTIONS? .....
UNDERSTANDING DIAGRAMS? .....
THE USE OF AUDIO - VISUALS? .....

OBTAINING MATERIALS OR EQUIPMENT?.....

- 117
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Sample Observation Sheet
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..J' & '
Sample Demographics Questionnaire
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‘A) 18 - 25

W
Combuter Pﬁoqramin§ in BASIC

BACKGROUND INFORMATION

1) NAME : . .
. ID # _ , .

IF YOU ARE A UNIVERSITY STUDENT PLEASE COMPLETE THE o e
FOLLOWING QUESTIONS, IF NOT 'THEN SKIP TO&QUESTION 4. : A

2) FACULTY : -
(eg. arts & science, engineering,~ fine .arts, etc.)

f!a

3) DEPARTMENT 3 ' o
(eg. history, biology, mathematics) ‘

-

4) What ages are yourbetween?

B) 25 - 30 ) .

C) 30 - 35 , : i p:
D) 35 - 40

E) over forty.

5) What .ls your present occupation?

6) What is the highest level of formal education that: you
have completed?

7) Have you ever worked with a computer before? ,R

©

A) oftenl i . T
B) a moderate amount ' '

C) a few times ‘ -

D) once or twice '

E) never

122



- 13) Are you a full time student?_

Computer Praq;:aming ﬁ BASIC

g) If you have please describé the #ature of your computer

experience (eg. type of machine, languages used, soft-
ware used). '

' \
9) How would you rate your typing skillsf

Ai very good

"B) good
.C) fair

D) poorxr .
E) non-existent

10) How many words a minute would you say you can
type? ‘
- , ' 1

11) Are you a Montreal resident?

12) .what is your approximate travel time to
school? '

" 14) What are your ,preferred days for working in.the'computer

lab (list three in order of preference)'. ’

wy
<

123
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Computer Programing in BASIC

15) What is your native language? A) English, B) French, C) other

Ifthher Please specify

16) How many Eburses are you taking this term (please 1list

by name,time,and location)?

L~

17) wWhat is your backdground. in math and/or logic.

A)
B)
C)
D)

E)

¥

excellent
very good )
good . ‘ ' .
fair
poor

18) 1Is there an address and/or phone -number where you can

be reached(Optional)?

124
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~

~ Objectives 2 and 3 were only tested for as a subset of
question 1 on the Pretest/posttest. Typically, due to the

' phrasing of the question which requested the student to sup-

ply only an_explanation of _the difference between high and
low level languages (objective 1), students did not ' refer to
.the advantages or disadvantages (objective 2) of high‘'or low
level languagé% as a means to explaining the difference. As
a result the two marks relevent to these objectives were:
deducted” from the overall score for questj.on 1. Good overall
achievement on responses relevant to objective 1 was evident
increasing the possibility that the attempt to combine the

* evaluation of several :objectives into one poorly phrased

test item was the cause of difficulty rather than a lack of

. learner comprehension.

Objective 5 was evaluated on the basis of correct or
incorrect responses to questions 4 and 5. Overall mastery
“was set at:’'100% (or a total of 4 marks, 2 for each ques-
tion). Only 27.5% of.those tested achieved this level. How-
ever more detailed analysis indicated that 38 out of 40
p'eople (95%) answered question 4 cbrrectly while only 11 out
of 40 (27.5%) answered question 5 correctly. None those

tested answered incorrectly to question 4 and correctly to

question ‘5. As the subject matter tested in both questions

.1s closely related, and the level of understanding required

is.similar, it l1s assumed that the results obtained on this
objective aTe not reflective of comprehension inability on
the part of the members of the sample population. The indi-
cation is that the problem lies in either the phrasing and

-pertinence of question 5, or else in the weakness of the

relevent instructiopal materials. Objective 8 was tested for

. by item 9, mastery was set at 2 of a poésible three marks.

Only 17 people (42.5%) achieved this .1level, however another
14 people (35%) scored one mark. indicating a strong general
understanding of the" relationship between array handling and
- the representation of data in a matrix. The weakness evi-

- denced here may have to do with a discrepancy between the

level of comprehension addressed by the instructional mate-
rials and that addressed by the required response to the

question. Analysis of the question’s phrasing indicated ex-
treme generality, hence the level of detail required in the
response may not have been registered by the test poulation.

S
~
4
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. vy ‘ ' o

Objective 9 was tested for by questions 8a through 8h the
table below indicates the general response pattern.

Item # .correct % correct aspect tested. = ‘
a 26 : 65 _two and multi-
_ deminsional arrays
b , 3 77.5 using -Alpha subscripts
c 23 57.5 combined use of 'string
' : variables afd alpha
) subscripts
d 29 72.5 error - no variable °
‘ S " defined '
e 24 . 60 use of ar\ithmeticalily
. defined subscripts

f 19 47.5 combined use of
' ' arithmetically defined
subscripts and string

. . . variables .
g ‘28 ” 70 -assigning value to an
array -variable
h 36 S0 use of a variable

dimension array
~ %

‘While four individual show mastery. of 70 % or better each

of them reflect content dealing with the simple syntactic form
and rudimentary characteristics of array usage in BASIC. The
four items which showed less than 70% reflect more complex and
unusual syntactic structure, with the poorest performance oc-
curing on item 8e.which represents the most difficult con-
cepts. The lack of comprehension evidenced by examining thése
test items would seem to indicate that weakness in the .materi-
als is more likely- to be the causal factor here, rather than
inappropriate test items. '

Ty
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Appendix H

(B4

\ e )

Compérisons made between various subgroups yieldin’g non- '

. . significant results.
. i , j

»
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Computer' Programing in BA&C

Simple comparisons were made using the following list
of independent variables and performance on the flowcharting

assignment, final assignment, and the pre, post,_and delayed
test.

- Department
.= Faculty
- Age
- Math background
- language
"= typing skills
- previous exposure to computers

Subgroupings were identified for each independent vari-
able through frequency analysis. Because of the limited size
of the test population some subgroupings were formed by col-
lapsing across similar categories in order to guarantee cell.
sizes of greater than 5. The final subgroups tested were as
follows.

DEPARTMENT

Group 1 = Students in either English, Theatre, Modern
Languages, Journalism, History, or Anima-
tion. )

(total cell size = %2)‘
Groyp 2 = Students in either Math, Economics, Man-

_agement, or geography. (total cell size
= 10) . '
Psychology, Womens Studies, Sociology,
or Biology. (total cell size = 10)
Group 4 = Independent students (total cell size =

' 8) '

Group 3

f

FACULTY

Arts and,écience = 30 students Other = 10 students
AGE

18 to 25 = 28 students Over 25 = 12 students

MATH BACKGROUND \ I

Very Good to Excellent = 13 students
Medium to Good = 14 students Poor to Medium = 13
students

129
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LANGUAGE. - ,
English = 29 Other = 11

-

TYPING SKILLS : - o
' More than 50 words per ‘minute .= 9 students Between-
20 and 50 words per minute = 19 students Less than
20 words per minu‘%'e = 12 students *

PREVIOUS EXPOSURE TO COMPUTERS | ,
Some Programminig = 8 students - \
Some dpplication software = 14 students
None = 18 students . ‘ y
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LINTE 300/4 SECT 01

Computer Programing in BASIC

ALLOTTED TIME: .90 MINUTES

FINAL EXAM ] . , -

-~

> (Note: Items 66-100' are pertinent to the Basic module)

1) ‘HARDWARE‘ COMPONENTS COMMON TO MOST MICROCOMPUTER

"~ 2)

3)

4)

-

SYSTEMS ARE

A) the keyboard, diskdrive, dos, and rom.
B) the dos, diskdrive, CPU, and monitor.
C) ROM, RAM, DOS, CPU.

D)-

keyboard, diskdrive, CPU, monitor.

THE PRIMARY MEANS FOR ENTERING DATA DIRECTLY INTO THE
MICROCOMPUTER IS THROUGH THE '

A)
B)
C)
D)

a diskette.

a diskdrive.

a keyboard. o
a program. ° '

WHEN YOU FORMAT A DISKETTE

A)
B)

- C)

D)

you copy the DOS on it.

you make it .double sided.

you change its physical shape.
you put reference signals on it.

WHICH OF THE FOLLOWING CAN BE SAID TO BE THE THINKING_

ELEMENT OF THE COMPUTER?

A)
'B)
- C)
D)

[y

The microchip.
The RAM
The CPU
The ROM
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“ Computer Programing in BASIC

5) THERE ARE TWO DEVICES THROUGH. WHICH A COMPUTER MAY
OUTPUT

A)
B)
o))
. D)

the
the
the
the

INFORMATION DIRECTLY THEY ARE

diskdrive and the diskette.
monitor and the diskdrive.
monitor and the cassette.
monitor and the printer.

6) THE BRAIN OF THE COMPUTER 1S CALLED THE

A)
B)
C)
D)

RAM
DOS
CPU

v

Diskette : ' ’ -

) TERMS RAM AND ROM STAND FOR

A)
. B)
C)
D)

random active memory and read onto memory.
random actual memory and read only memory.
random access memory and read only memory.
read access memory and random only memory.

8) RAM AND ROM ARE DIFFERENT BECAUSE

A)

B)
C)

»

ROM

v

and RAM are both permanent but ROM can be

changed.

ROM

is preprogrammed and permanent RAM is not.

They are both transient but ROM can be savedto
diskette.
D) RAM is a programming mode of ROM.

9) IT IS IMPORTANT TO SAVE INFORMATION ON A DISKETTE BECAUSE

A)

B)
C)

D)

there is usually to large an amount of information
to be held in memory.
it is an essential step before obtaining a hardcopy.

the

information will be lost when you turn the

machine off.

ROM

is wvolatile.
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10)

11)

12)

13)

[N

Computer Programing in BASIC

WHAT IS THE DIFFERENCE BETWEEN HARDWARE AND SOFTWARE?

A) Hardware is often machinery, software never is.
B) Hardware is tangible, software is not.
C) Hardware processes information, software is

" information. ’ ~

‘D) All of the above.

WHAT IS MEANT BY THE TERM BIT?

A) Binary digit

B) The smallest pilece of information

C) Is represented by a 0 or a 1 (on or off)
D) All of the above

L]

WHAT IS MEANT BY THE TERM 'BYTE? ,

A) A serles of bits defining a computer character.
B) A measure of computer memory. )
C) Usually a series of eight bits.

D) All of the above

WHAT IS MEANT BY THE TERM BINARY CODE?

A) Machine language

B) A mathematical system based on two elements
C) A code which works on 0 and 1 ‘

D) All of the above

WRITE TRUE OR FALSE FOR EACH OF THE FOLLOWING EQUATIONS.

14)

15)

16)

+17)

18)

DOS = software

ROM = software

diskdrive = hardware

printer = software

SuperCalc 3 = software
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Computer Programing in BASIC
19) keyboard = software
20) WORDSTAR = software

-hardware

21) RaAM
22) CPU = software

23) Exploring the IBM PC = hardware

[

24) WHAT DOES THE TERM DOS STAND FOR?

A). Disk organization standard

. B) Diskette operating standard
. E C) Diskette operating system .
- D) Any of the above : '

25) INFORMATION CAN BE STORED ON

A) a diskette, cassette, or hardcopy. 7
B) a diskette or monitor. -

C) a diskette or in ram. '

‘D) all of the above.

26) WHICH OF THE -FOLLOWING ARE DOS FUNCTIONS?

A) Formatting a diskette.

B) Outputting a directory of files. ‘ .

C) Renaming a file. . '
" D) Copying a file.

E) A, B, and D.

F) All of the above

27) WHEN A MICROCOMPUTER PROCESSES INFORMATION IT

A) performs a series of logical operations.

B) rearranges the ROM to’ accommodate the input.

,é)_performs a series of arithmetic computations very
quickly. ‘ - -

D) performs a random series of mathematical operations.
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28)

29)

30)

31)

32)

A)
B)
C)
D)

Computer Programing in BASIC

. WITH WORD PROCESSING SOFTWARE YOU CAN

format a file diskette.
make budget projections.
write and edit a text.
all of the above.

WITH AN ELECTRONIC SPREADSHEET - YOU CAN

A)
B)
c)
D)

make budget projections.

output a .directory of spreadsheet files.
manipylate mathematical formulae.

all of the above.

WORDSTAR WORD PROCESSING SOFTWARE IS DIVIDED UP

A)
B)
C)
D)

A)
B)
C)
D)

BY

. )
B)

C)

D)

sectors.
cells.-
menus.
graph modes.

calculate class averages.
plot data on a graph.
calculate monthly payments on a new car,

INTO

‘WITH THE SUPERCALC 3 ELECTRONIC SPREADSHEET YOU CANNOT

keep the annual Christmas letter in a file for next

year.

THE TERM PROBLEM WE MEAN

any bfoceduré which needs to be executed.

any complex task which needs to be completed.

an inability to reach a specific and clearly
goal.
all of the above.
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33)

34)

* 35)

36)

\

Computer Programing in BASIC

L]

WHAT IS MEANT BY A SYSTEMATIC PROBLEM SOLVING STRATEGY?

A) Applying your solution procedure to a computer
system,

B) A system based diagnostic program.
C) A step by step plan used to achieve a specific goal
D) An approach to computer programming.

WHAT ARE THE STEPS COMMON TO MOST PROBLEM SOLVING S
TRATEGIES?

A) 1: Find a solution,
 2: 'write a program, ¥
3: run the program,
4: output the result.

Run the program,
output the result,
apply the solution,
check for errors.

oW N

Assess and understand. the problem,
relate the data,
find a solution,
check the results.

C)

oW

se o¢ oo oo

-

D) none of the above
TO SOLVE A PROBLEM MEANS

A) to have a solution.

B) to find a way to reach a specific and clearly‘
defined goal.

C) to complete work on a task.

D) to execute a complex algorithm.

WHAT IS MEANT BY THE TERM STEPWISE REFINEMENT.

k)

A) Following a planned procedure.

.B) Developing an algorithm.

C) Breaking a problem down into smaller problems.
D) All of the above. \\ )
-
AY
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Computer Programing in BASIC
WHAT IS MEANT BY THE TERMS BUG AND DEBUGGING?

37
\\ Finding errors in a program and removing them.
" B) Working out _an algorithm and refining it.
C) Finding a new solution and replacing the old one
with it. & ‘
D) All of the above.

o

WRITE, TRUE OR FALSE BESIDE EACH OF THE FOLLOWING STATEMENTS

38) The LOGO language can be considered
application software. .
\ , \

39) An ‘algorithm is a problem solving devicel

40) An algorithm is a step by step procedure
used to 'solve a problem. ’

41) In the LOGO language a variable is used
to vary the input to a procedure.

42) 1In the LOGO language a procedure is a
built in command.

43) 1In the LOGO language a PRIMITIVE is a
simple geometric shape. >

44) 1In the LOGO language a subprocedure is
a procedure defined in machine language.

45) 1In the logo language you can define new
. procedgres using primitives.
46)‘ In the LOGO language procedures are
automatically saved in a file.

47) 1In the LOGO language naming a procedure
" is equivalent to naming a file.
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48) APPLICATIGN SOFTWARE REFERS TO

* Computer Programing in.BASIC
¢

A) all software. . . N
B) programming languages.

C) pre-packaged programs designed to- do specific

! things. )
D) both B and C. . | !

E) all of the above.

-

.
-
13

SPECIFY WHETHER OR NOT EACH OF THE FOLLOWING IS CONSI.DER.E.ID'
APPLICATION SOETWARE BY WRITING ¥ES OR-NO IN THE SPACE

"PROVIDED. ”

49) DOS

50 L0GO

51) SUPERCALC 3
52) WORDSTAR
53) EXPLORING THE IBM PC _ N

‘e

54) DISKETTES o T

55) CASSETTES .
56) RAM ,
57) ROM o )

58) CPU

59) "IN A DATABASE MANAGEMENT SYSTEM YOU WILL NOT FIND WHICH
OF THE. FOLLOWING FEATURES. :

, 0 ’

. A)° Create a ~dat5base where the information is organized
‘according to the users' needs. e
B) Create graphs using fields and record 1n the
database. .7 -

@®

'C) reorganizing the information of the databése

- - ‘ 139,
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Computer Programing ‘in BASIC

according to new specificdtions.
R D) add, delete, correct .and iupdate existing information
in the database. '

..l‘ s N . " \’/'

60) A FIELD WIDTH IN DBASE III CORRESPONDS TO /
A) The length of the longest récord.
. B) The length of the field name.
C) The record number.
D) Eight characters. "

»

WRITE TRUE OR FALSE BESIDE EACH OF THE FOLLOWING.
61) You absolutely need the Assist ' " ,
menu to create a database.
R ’ ‘ ' s
.62) Any field with one or more numbers )
in it 1is necess‘rily a numeric field.
1 63) The display functions cannot bh¢
N used with the Assist Menu.

‘jﬂ 64) With DBASE III index files afe created
e "based on your field names.

)
A

65) WHICH OF THE FOLLOWING IS NOT A FIELD TYPE FOUND IN .

DBASE III. . . -

a) Date’ .

b) Character ~ . ,
: ¢) Time -
-+ -d) Memo

b
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Computer Programing in BASIC

i

E

WRITE TRUE OR FALSE BESIDE EACH OF THE FOLLOWING.

66)

13

67)

[ )

68).

69)

70)

71)
72)

73)
74)
75)

76)

v
!

steps required in the program.

\
Designing a program simply means planning the math
which will lead to the solution of the problem,

Designing a program means planning the input .and output
which are required in the solution of the

problem. .
Designing a program means planning the logic and
detaiigd steps which will lead to the solution of the
problem. : '

A flowchart can be used to graphically illustrate the /

e —

A program is a set of instructions that is written by
the programmer which will direct the computer system to
perform the operations necessary to solve the problem.

Violation of the rules regarding a programming language i
will cause a syntax error in the program,

Incorrect output- from a program could be the result of
a singl’e .coding error. . :

——

'To enter a program into auxiliary storage, a programmer
keys the program on the keyboard and the program is

recorded directly on the auxiliary storage device.
« Lo, .
A program is normally saved on auxiliary storage. ‘ -

<

——
4 v

After a program is entered it is permanently saved in
the CPU. - \ .

?

A BASIC program entered by the programmer musi: be
translated from BASIC to machine language after being
executed.

———
”~

~ 7

0] BASIC is sometimes called a machine language.

e T 141 ‘ : >



Computer Programing ix} BASIC

78) An interpreter translates a program one statement at a
time into mdchine -language ‘
79) An object program resluts from’ an interpreter that
translates a computer program.
80) Interactive processing involves entering from the
,‘akeyboard and processing it immediately. . F

CIRCLE THE CORRECT ANSWER

81)

WHEN FLOWCHARTING A PARALLELOGRAM IS USED TO REPRESENT
A) processing. '
B) input/output.

C) decision“points.

. D) terminals.

82)

83)~

84)

' THE SYMBOL USED ON A FLOWCHART TO REPRESENT PROCESSING

IS A . *
A) parallelogram.

B) circle.

C) diamond.

D) rectangle.

A TERMINAL SYMBOL ON A FLOWCHART REPRESENTS

A) The beginning or ending of a program. ‘

B) An entry from or an exit to another part of the
-program.

C) A comparing operation that is to be made.

D) .That all data has been made available for
processing. 4

THE BASIC INTERPRETER IS OFTEN STORED

4) In the CPU. \ . g )
B), In ROM. ‘ o oo
C) On the printer. | ' "

D) Using a keyboard.
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85)

86)

87)

88)

89) -

Computer Programing in BASIC

IN BASIC, LOOPING .

A) is the execution of a series of instructions one
time. -

“B) is seldom required when programming.

C) may be used to allow one set of instructions to
process many records.

D) is performed by the CPU every time an instruction is
' executed. '

LINE NUMBERS

A) can begin with 1 and be ihcremented by 1.

B) must begin with the number 100 and be incremented by

10. ;

C) .must begin with the wvalue 10 and be incremented,by
10.

D) must begip with 100 ,and be incremented by 100.

A REM STATEMENT

A) identifies the entire statement as a remark.

B) causes no operation to be performed by the computer.
C) allows comments to be written in a basic program.

D) all of the above. :

WHICH OF THE FOLLOWING IS A VALID DATA STATEMENT TO
REFERENCE THREE FIELDS WHICH CAN BE REFERENCED BY THREE
VARIABLE NAMES?

A) 200 714, 555-1232, SAM HORN

B) 200 DATA 714, ™555-1212”, SAM HORN
C) 200 DATA 714, 555-1212, SAM HORN
D) 200 DATA “714” 555-1212 SAM HORN

[

WHICH STATEMENT BELOW CONTAINS. VALID NUMERIC VARIABLE
NAMES ?

A) 100 READ 1,28B,3C

B) 100 READ Al,B2,C3 -

C) 100 READ AS,BS$,C$

D) 100 READ 1A,B1,C$

143
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90)

91)

92)"

93)°

94)

95)

) g
"A STRING CONSTANT IS
i)

D) +, =, X,=1=, **

Computer Programing in BASIC

-

A) A singlé numeric digit.

B) A series -of numeric digits.

C) Any constant containing a non-numeric . character.
D) Any character in a data statement.

WHICH OF THE FOLLOWING IS A VALID READ STATEMENT?

A) 200. READ “a, T$, N§”

B) 200 READ “A T$ N$” -
C) 200 READ A T$ N$

D) 200 READ, A, T$, N$

3
“aws

i =

-

WHICH OF THE FOLLOWING IS Q VALID IF STATEMENT?

A) 100 IF N$ = “END OF FILE” THEN 370
B) 100 IF N$ = END OF FILE THEN 370
C) 100 IF END OF.FILE THEN 370

D) 100 IF N = “END OF FILE” THEN 370

WHICH OF THE FOLLOWING STATEMENTS WILL PRINT A BLANK
LINE? : ‘

A) 100 PRINT ™ ™

B) 100 PRINT “BLANK”

C) 100 PRINT BLANK

D) 100 PRINT “BLANK LINE”

THE GOTO STATEMENT IS

A) The first statement found in a loop.

B) The last statement in a program. \

C) Used to transfer control to the statement whoseline
number appears after the word GOTO.

D) Used to transfer control to the beginning of the
program.

VALID MATHEMATICAL OPERATORS ARE

"A) +I-I*'/IA . ) T ‘ L.

B) +,=-,%-:-," .-

C) +r"l*r/c
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96) WHICH OF THE FOLLOWING INPUT STATEMENTS IS NOT VALID?

A)
B)
C)
D)

340 INPUT A

340 INPUT B

340 INPUT “A”, “B”
340 INPUT A, B

97) IN THE FOLLOWING EXAMPLE:

410 FOR ¥ = 1 TO 100

A)

B)

C)

D)

Execution of the program will terminate because the .
STEP entry has been omitted. .

An error message will be displayed when the
statement is entered because there is no STEP) entry.
The wvalug ‘'in the counter-variable field Y will
remain at 1 each time the for statement is executed.
The value 1 will automatically be added to the
counter-variable field Y.

98) THE DIMENSION STATEMENT IS USED TO

“a)
" B)
C)

D)

Create storage space on auxiliary storage for an
array. )
Create storage space in main computer storage for an
array. -

Define the size of main computer memory used for a
program. X -~

Define the data to be contained in an array.

99) THE DIMENSION STATEMENT CAN BE USED TO DEFINE -

A)
B)
C)
D)

Arrays containing numeric data. , )
Arrays containing string data. ,
Multi-dimension arrays. '
All of the above.
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, 100) THE SEQUENCE FOR EXE&UTING,A SUBROUTINE CONSISTS OF THE
FOLLOWING STEPS .

A)

B)

C)

D)

The subroutine is called; instructions within the
subroutine are executed; prdgram execution is
terminated.

The subroutine is called; instructions within the -
subroutine are executed; control returns to the
first statement in the program. .

The subroutine is called; instructions within the
subroutine are executed; control returns to the
statement following the gosub that called the
subroutine.

The subroutine is called; instructions within the
subroutine are executed; control returns to the end
of the program ‘ ’
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-

»

Evaluation of Pretest/Postest test items.

The entire test was evaluated on a total score of 50 marks. ,

- Quéstions 1 and 2 were worth 4 marks each and a three
point critez"ia‘ was used to evaluate them. Students were
awardea two marks for including any one of the three points
in their answer and one subsequent mark for each of the
others. These items were criterion referenced to objectives
one through four. Mastery was set at achieving 3 out of the
four possible marks.

- Questions 3,4,5, and 6 were evaluated on a strictly
correct or incor;t::\ghsgs with items 3 and 4 being worth 2
marks each, item 5 worth 1 mark, andkl mark for each answer
given in item 6. These items were referenced to objectives
5, 6, and 7. Mastery was set at 100%.

- Each of the five items in Question 7 were worth 3 marks
and were again evaluated on a three point criteria. Students
were awarded three marks for stating the output of the
program correctly, 2 marks for stating an output which was
incorrect obviously as a result of a calculation error, and
1 mark for stating an incorrect output stemming form a
procedural error in their assessment of the workings of the
program. No marks were awarded for unanswered or partially
answered questions or if the student 'stated an output which
involved both procedural and calculation errérs."Maétery was
set at 10 out of a possible 15 marks.

- Eéch of the eight items in Question 8 were worth 1 mark
and were evaluated on a correct or 'incorrect basis. However

148



Computer Programing in BASIC

N
some? notice was taken of correct specification of proper

syntax as opposed to simple identification of erroneous
syntax. Master; was set at 5 out of 8 correct answers.

- Question 9 was worth 3 marks. One mark was awarded for
responses ment;oning the use of a matrix to table
information, two marks were awarded for mentioning the use
of subscripted variables to desigﬁate addresses y}thin such
a matrix, and three marks were awa;ded for mentioning the
DIM statement as a means to defining‘subscr;pted variables.
Mastery was set af 2 marks out of the possible 3.

- Assignments 1 (flowcharting), 2 (editing), and 3
(listﬁéhdling program) were evaluated on the basis of the

followi#ng codes,

ASSIGNMENTS 1 and 3 0 = not acceptable

1 = acceptable because the flowchart/
listhandling program is logically valid but
there are logical errors in the solution to
the problem itself.

2 = both flowchart/listhandling program and

problem solution are logically valid.

ASSIGNMENT 2

0 = not acceptable

1

accéptable )
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OBJECTIVE

Computer Programing in BASIC

TEST RESULTS ON PERFORMANCE GAINS
FOR OBJECTIVES~1 THROUGH 10

NUMBER

- RANK]

§ WILCOXON RANK SIGN TEST \

z

Z CORRECTED NUMBERO
FORTIES TIED GROUPS
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