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¥
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This study examines computer pregramming courses

offered in ten American statbs'and nine Canadian\provinces

and compares them to the Computer Related Studies. course

:bffered in. Nova Scotia high schoolsasJ{rdetalled look at .

contemporary literature reveals current trends in

‘seducatlonal computing which are examined in light of

present cQurse offerings in Canada and the United States.
Specific 31mllar1t1es and differences among the various
programming courses are discussed, and specific

recommendations are made for the future' of secondary

computer programming in Nova Scotia. Three tabular

appendices (I, I and III) compare the states! and

‘prov1nces courses and a - -short glossary of computer terms

-

is given in Appendix IV.

“
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1. Literature Review.

N v . ) 13
.1 Introduction N . v . -

y

_} The purposes of this thesis are: to examine recent

literature on secondary computer programming courses,. to

<

explore curricula used in teaching these courses and to

‘evaluéte\Nova Scotia‘s new CRS (Computer Rel;ieﬁ Studies)
. T » : . : i AN

" 441 course,
In September 1986, Nova Scotia Schools began teaching

‘;he new Computer Related. Studies (CRS) course. This course
had beery in existence for several years, but there were no

Y

set curriculum guldelines for teachers to follow ‘Teachers

of the course were using wldely varied hardware, software’

‘and°tex§books and a wide variety of courses resulteg. sScme
ot N : N -

. courses were literacy oriented, while- others were almost

e

,exblusivel9 dedicated ‘to programming. The new curriculum
guidel;nes attempt to standardize ééaching of CRS 441 and
provide teachers w;th directlon and enrichment materials.
This tkesis §Ebaia“héib~Nova Scotia educators to determine

* whether the‘ﬁew~curritplum éuidelines are giving the CRS

441 course the direction we need for the 1990's.

1.2 Recent Literature on Computer Programming Courses

An  examination of the literature  on secondary
progfamming courses led to the discoveyxy that, although a
large quantity of. research has been done w1th regards to

computers 1n education, a 'relatively small amount of

1 . »
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current research deals with programmlng courses Since

‘
1980, the Educatlon Indgx and“thﬁﬂﬁﬁﬁxnnt*Index to Journals .

in Education (CIJE) llSt fewer than fifty articles written
concerning nrogramming courses .. Of these articlés, many
are out cf date and others either are concerned: with tOplCS

_belonging to llteracy rather than programmlng courses or,

with hérdware aqg\financial considerations. This ‘relative .

scarcity. of information -may .be ‘ attributed to ‘the

"revolution” ih«lcomputer educatidbn in the United = States

1kwheré most étudies,pf coﬁputer education také place) now
N N ; { N

- emphasizing the impleméntations of 'computer 'aided

instruction (CAI) in all subject areas at all grade levels.

Courses which teach programming skills ‘have been in

existence for several years, but have changed as hardware

and software have evolved. AEtichs written since 1980

e

were chosen for this study~because‘of‘a‘desire to examine

3

‘the most current llterature available and to avoid the use

of outmoﬂed information - There . now\‘appears to. be én

emerging consensus on;content, di:ébtion, fb;mat and dutput,

(see "Chapter 2, Section 25). Many computer édﬁcation
b 3 A . ! - ,

N <. . N

experts have turne@@their attention away from programming
and toward more recent areas ob interﬁﬁt in ‘computer
educatlon ‘(networklng, use of computers in non-technical

-

fields, accessing databases, .etc ). The literature on

these top1cs was not as useful for this study as were -

articles on programmlng toplcs." ; oo

» N
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‘ 1.3 Programming Lahguages

Any disclssion of computer education should .begin with

the views ©of . Dr. Alfred Bork of the -University of

. 3 A Y - N N N . - »
~ California,’ who . has authored severgl texts and numerous

articles concerning computer edugéifon and 1is . in the

forefront of educational computing. He leads the push for

. N ‘
structured programming in schools, a teaching method which

emphasizés‘that'prdgram ching~shpuld.be undertaken in much

the same manner as prob{em solving -in mathematics: throughx

a séries of cafefully thought out steps whibh may be used
- . . . ) ;

to solve other, similar problems. Bork {13984) rstated that

the teaching of @rogramming in schools is a disas;er area

id

and builds up habits which arek§ery difficult toiovercdme

in later 1ife.' He believes these problems ‘are caused by

uéé_ of. the BASIC language and by teachers who do not

" understand “programhing.f - In an earlier article . (Bork,

i983), he stated his teelings théﬁ BASIC should be avoideg‘
at, all costs. BASIC is a’ poor choice for a progra{nmiﬁg
language because it allows the creation of ”spaghett} code”
(h$§elessiy tangled. p;qgram' structure) and 1acké other
attrigutes of structured languégésl These shortdoﬁings
include adeguate control structures, proce&hres and
subroytines. ‘

?as;al-seems‘to ﬁave become the language of choice in
mcét proéramm%ng courges. As stated above, many experts ig

educational computing:fear that most children programmfng

-

in‘sub§et3'of BASIC will‘be\unahle to write understaddgble*

-

-e
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code. BASIC has‘its“adherents, but even they are beginning

to accept the fact that students should\learh a structured

programm;ng language such as Pascal 80 that they -can avoid

the confused coding methods whlch are learned by beginnlng

_BASIC programmers and which must be later "unlearned Inf

his 41scu5510n .O;b the Tennessee High - School Computer
Scienoe Project; Baird (1984) states that, by using Pascal
and a very careful endlthorohgﬁ approach to both hardware
aod software,'a‘course evolved which showed rhatf

1. students of average‘ability can learn

'structured, too-down programming.

-
S

‘2. students can Jlearn to break down problems
. ifto smaller tasks and test procedures
pefore comblnlng them into a complete solutlon.‘
3 *wofklng in teams can relleve pressures,
- promote peenYteachlng and buffer fragile egos
4.,debugglng Qrograms a§ a group helps.studenrs who
may view errorefas oersonal feilores~to realize
‘tHat mistakes are nuisances wﬁic§ happen to all
prograﬁmers. ) c \

. » N : ~ . - . ~
. This pégot* course proved over an extended period of

time (three years)(’that ‘Pascal could 1ndeed be taught

~des:.rable when learning to program.

\.,__-‘

sucteSSfully in "high, schools and that peer teaching 1s very

— ,4

\ »

Anderson {1982) compared the relafive merits -of BASIC

and Pascal and found that, while BAS;C fell short in terms j

of ‘<modularity, readabillty {especially where lengthy -

*



N

. e L Yy
prograﬁs are requlred) and lack of nmnemonic names for
vatiables (variable names are 'usually limlted to two
letters), Pascal excelled in all th;ee.areas and should be
given serious 'considération ~whgn cheosing a programming
language.. . ‘

grown {1984) p;aiéed Pascal\ as being ‘a lénguage

Specifically designed‘to teach programming. He felt that’
_one of Pagtal's strengths was its ability to break complex
fproblems"down into a éexies of smaller ta§k§ (procedﬁres),

~which maqé t t . pest language for use at the seconaéry
evel. Five  reasons Qere 'listed why sPascal: should be
it encourpges good programming practices, A o glves
students c&ss go other programming languages. such as C
and Ada, it i the language used in‘}ntroductory university~

‘courses, it may be used (in the U.S.) to’' give students

advanced~'placement crédit in comput&r science and it
ehables programmers to write programs Gt significance which
\do not lcse clarity as they become lengthy.
- Er (1984) . stated that -the choice of a .programﬁing
1anguage was crltlcal to the success -of a prbgramming‘
‘course. \ BASIC and FORTRAN are to be -avoided beCause of’
their " use of the GOTO statement which \com%llcates a

‘program s lOglC and can easily destroy its structure. Er

'suggested the use of: Pascal as a programmlng langu ge,
without the GOTO statement. Hls experiences 1nd1cat d that
students trained ‘usinq BASIC, FORTRAN or CO have °

difficulty. producing well-strpctured programs and that

e
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studen£s -often produce progra‘lm‘s‘in which they »have‘ little
cénfidencé. Ef believes that compﬁter pr§gfamming involves
two distincf activities: designing algorithms and coding
. the _tesi;lting ‘a_llgorithms,f and that course time_ should be
evenly divided beétween these twé activ.it;ies. N

Bitter (1983) set out a computer curriculum which

introduced Pascal at the Grade 'Ten level and taught

" advanced Pascal and dat\'abé'se‘ programming in Grade Twelve. °

. - - . .He stated ;hat‘high" ,s\c“hool“stuaen‘ts can not only deal with
= “pyscal, }.aut‘ that\GradE‘\\Twelve ‘studeats can engage in a
o . variety‘,of*. self-teaching .activities ~u's;'1ng Pascal’ and

‘ datébasés. It must be noted that.this ambitious ‘plan is

aimed at ‘students who have received some sort of computér

>

instruction throughout their formal education.

. i ' . . . :
Masterson (1984) identified his regquirements for a

s . brogramming languige as: simplicity, pover, compai:ibi‘lity‘

and cognitive richness. Even Pascal, the programming

language choice of the majority of secondary curricula, was .

. found wanting because programs are created in an editor

{programs must be compiled and run before they <can be

debugged) and procedures must manipulate the --content of

ir}tgractive nature (progr‘ams can be run and therefore
. debugged withou}: compiling). Unfor;unately,~» ‘BASIC lacks
,adequaie control stru‘c‘ture:s, §ubrou:tines :anq procedurés.
APL and LISP were rejected because, although th‘e§ ‘are very.

‘p_owei-’ful, they are also difficult to ‘learn..  Masterson

S,

memory registers one at a time. BASIC was praiséd for -its. -

PR
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' recommended AMPL and Logo  because both languages share

v

feature§ which Méstersbn féels_makes them . ideal for use as
prdgramming'languageg:* | |
;.‘pbwerful, interactive code
i. powerful primitives for creatlng and a;/grlng
whole data structures *.

' - . g

3. functional notation that often emphasizes the
hierarchical structure of a computation R

4. dynamic memory allocatiop

&
]

5. sto:ed,workSPaces containing variables and »

function definitions . .
. 6. user accé@s'to system variables
SOmé educators obdject  -toc the use of AMPL, a rather

mathemét;cal-programming language, in high schools because.

many’ programming ‘coursés\ are ‘beginning “to de-emphasize

mathematics in ap attempt to \establish computers as ‘a
separate discipline'and to Logo because it is thought to be .

" aimed mainly at yoﬁnger children. However, Masterson .

stated that, of the languages currently avallable, they
most nearly provide flexible, interactive, pcwerful'.

programming languages for the student.

‘1.4 Probklem Sclving

Bork {1981) wstated his belief th?t students do not need

‘courses whlch deal only with programmlng and that

introductory courses should accomplish more than teaching

'students to code programs. The algorlthmic fapprqach to
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problem . solving should be streééed ~ along .with the
'éppliéaﬁion of "struétured. programminé techniques. He
identified the  diversity of preparation among computer
studegts (some knéw absolutely nothing, while others may be
mpgé knoﬁledéeabie than f their instructoré). ~The
gfémmatical approach, which iﬁvolGes an \ exhausﬁive
examingtfbn\_ofl the syﬁtéx of a cogputer language, was
rejecied as a teaching techniqﬁe‘ and instructors wgre
“éncouraged by Bork to allow students to learﬁ!by éxamining;
runnin§ and? modifying ;xisﬁing ‘programs of asgending‘
éompléxity_béforé they begin writihg programs‘of‘their own.
In this way students will learﬁ what does and does not

" work when constrﬁctin§ their‘own programs,:a'method yery‘
similar to the “whole ;ahguage”~§ppr6ach used in ieaching\
ifqreign languages. étudents Qho learn this ‘meﬁhod of
programming begin to ~wr;te pPrograms based dn realistic
probléms‘as_éoén as possibie4§nd program in‘mé:e ﬁhan oﬂe
coﬁpﬁter~language so they can gain insight iﬁto the nature
of programming languages by comparing‘fhe"featureg of each

léiganE‘sﬁudied. o |

Swiggerl (19é4), in her réview of _gomputer eaucation'

. litérature, citéd severai studies which showed that the use
of é model of some type when teaching programming resulted
in imbro&éd~comprehension and facility in writiné'prég;ams.
She npféd an interesting étudy by.Shneiderman {1977) which
fouhd thatkthe use of floypharts had no effect on student

. performance in learning -to " write programs.
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Studies by both Lemos (1978) and Cheney (1977) demonstrated

the wvalue of the team approaéh to programming and. problem
«débugging. Swigger concluded'-that novice .programmers in
general  have ‘difficulty 'forniulatiné prbblem solvix}g

algorithms because of their inability to tir

k in general
terms and t‘hat novices have the greafe préble‘ms with \I/ZO
{Input/Output), assignment, l‘oapiﬁ{- and recursion
statements. S ~ | - R

Coburn (1985)" cit~ea a study by thel’ Uhivefsity of

Massachusetts which .showed- that algebraic word problems

were easily ‘solved by student when stated in a

p_rogramming-task format. He also stated that unllke many

of the innovations-of the sixties, computers seem to have

strong fundamental “support among teachers, administrators.

and the community.  Many educators are - concerned that

computers in the classroom may become neglected and

forgotten, gs -educational television was in the seventies.
. !

This does nbt seem to be happening, although Coburn warns
that while ‘s‘.com‘puters will ‘continu\e: to affect our everyday

life, the‘yf’l could disappear from the classroom if efforts

i
are not made to maintain the momentum whlch has begun-: in

educat 1onal comput 1ng .

1.5 Teaqher Tralnlnq

Teat:her tra:.m.ng is identified as another major problem

area, ;not because‘* universities fail to teach programming

'well,'but because universities: are not preparing teachers



.
~e

applications such. as spreadsheets - and

-11-
4

to teach ‘somputing in the schools. Two explanations for
this ar& offered: many instructors currently involved in
teaching programming have little preparatibn because their

professional training predated the introduction of

computers in the .schools and, especially in the United

" States, teachers wifh computer training are leaving

eddcatipn for higher paying‘jobs in_ﬁhé computer industry.
Weizenbaum (Brady, 1985) holds opinions similar to
Bork'S“in\‘that both beliéve that teacher training is
inadequate with‘respecf\to~computefs ‘and both ‘are not in
favor of teaching p;oéraﬁming only courses to Secéhdarx
studeﬁts. However, Weizenbaum feels that thé larger
problems \:faced. by education such -as _ problems with
mathematics and science teaching are much more urgenf and
tﬁat time spent teaching progrémming courses would‘ b§
bettef'spent trying'to improve math and scjience skiils; |
Schwartz - (Brady & Levine, 198§) 5elié§éé tﬁat no one is
well served by having teachers who are unskilled

programmers teaching children to be unskilled programmers.

. He‘also\bélieves that while computer'ii?gracy (especially

databases) is

¥

important, programming should be taughf'ogly to tthe who

intend to purspe programming ' careers, since most Jjobs

involving computers require little or no programming

‘ knowledge.

. Teacher education 1is also addressed by DeVault and.

Harvey (1985), two computer educators - who run Computer
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Fest, a summer ‘school wbrkshop~ at the University ‘of
Wisconéin[ which mixes students -and teachers (of varioqs
levels of‘knowledge)»togétherxwith beneficial results for
both teachers and studeﬁts.‘ Tﬁéy~stated that the computer
science éurfiqula should not\be rigidly defined, but:shoq}d_
be able to evolve and benefi£; from "mew insights' which
develop. |

Sib

"1, 6 Curriculum Issues For Programming Courses

Ragsdale (1982) stated‘thaﬁ programming courses should
be divided into;prcgrém design (selection and creation of
. ~ T
an \algorith@) ‘and program coding (transéribing of. the
sélected algorithm igto-the\app}opriaté computer ianguage).

He believes in thé implemenfétion of ‘a‘ peer teaching
‘syﬁtém\in‘which knowledgeable studehts‘help their less able
dlassmatesfz\ that secondary ?nogramming \ coursés iwill
eventually become similaf iﬁ content to university éou;sgs
due to the fact that the courses ﬁil;‘increasingl}~be‘aiﬁed
at‘those whe plan to study computer sciénce at a higher
,level\ and ‘that‘ teachers must master  innovative
*instructiocnal techniques which .- downplay traditional
teaching methods  in favor of a mofe hands-og,
individualized approach. Ragsdale also stated that student
teachers shogld be given greatér exposufe to compuiers
during t}eir érofessional trainiﬁg in order to prepare them

for the computer-literate students they will i; teaching.

. N -
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Plog  (1984) noted that ieadershipiisia\yéjor problem in

educational computing, not because @f a lack of leadership,

but because of a . lack of followers. This results in

. duplication of effort and a total lack of consensus -on

computer education at any*level,“aithough_some groups such’

H

as MECC (Minnesota Eduéational‘ Comput ing Cbnsortiund‘ have
iproducéd @aterials of such high quality thatl\éhey‘ havé
become a de facto standard. . Plog believes that curriculum
is >deterMinga by a combination of school teachers,

professors in the field of study and textbook authors. He

also believes. that computer education lacks ‘the natural

organization of professionals -an,)some tradition of what.

makes up the field of study. He agrees with Wagner.that'

time must be allowed for computer education to develop
] . N
before any consensus can be reached in curriculum planning

and implementation.

1.7 Advanced glacemént {gg) Computer, Science

At the present time many American computer education

specialists are implementing an advanced placement éourse

~in computer  science, which gives -students  aunivefrsity -

credits for a course covering material\ well beyond the

scope of present high school offerings. The fationaie

behind this is that the test for the course which has been

designed by wuniversity computer idstructors will give\

secondary; teachers guidelines and goals to use 1in théir

courses. The course has settled on Pascal as the:

- : A
Il
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‘programming

* discussed ‘above {

- prematurely imposes

. 1.8 Conclusion -

. < .\
- -14- LN

langua tc he tauéht,‘ fof the reason§
sk Force on School Curriculum, Task
Force on Tea ﬁer €qrtification, 1985). k h

Some edu tors‘ uch as Wagner (Watt (19ﬁ3)) §§ Computer
U§ing Edﬁéators oppoge the tesﬁ because they feel it
dards on’ computer courses. Watt
(1983f~étated that, to the extent the AP course elimlnates

the idea that BASIC‘~isW the . hest langpage fo: teachlng‘

programming, the coﬁrse is a positive development, as long

K

as another premature standard is not. imposed in p;aée of

: . . . [ <. .
BASIC and that we cannot afford to be locked into a current

standard: when the. situation is changing so . rapidly.

Braswell (1984) stated some of the tenets of the new

course: it is:more than a programming course, it is not

’

intended as a vocational tralnlng course and it is not

3

1ntended to replace current Secondary computlng courses.

5

At first glance, there appears to be little -argument:

among jcdmp’uter edutétors in \this area, but two 1oppdsingff

groﬁps‘can‘be identified: those who view programming as a

vital part of a student’s computer education and those who

feel that CAI  (Computer Assisted Instruction) and computer

literacy are more important goals than learning a

programming language. - At the present time, the forces of

programming have the upper hand, as evidenced by the U.s.

federal government recommendation that every American high

AT



school. student should receive a minimuam
in computer pregramming beforeé they

e

graduate.-

+

. . 1
_.15_

of oné half .course

are permitted to

-.\

-
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2. Secondary Programming Courses in the United States;

v

Europe and Asia

2.1 Introduction : ‘ " T

.

o”"

This chapter examines specific curriculum materials

from the U.S. and very briefly ldiscusees programmingA

. L ] 4
courses elsewhere: In the United States most educat&onal

decisions take .place at t school board level, with state
. . o ¥ NN :

and federal input. usually ;EEufrihg' in the form  of

‘finahcial incentives and mandated~qérriculum requirements.
It should be noted tHRat information from ‘only twenty two
. Amerlcan States is 1ncluded in this chaptexr because some
stmates dld not. reply o requests for lnformatlon and some
states had llttle‘ or nc lnformation ~available on

i .
. programming courses.

2 2 U.§. National Initiatives

Amerlcan state governments lack the overt control of
eéucatlcn which ACanadlan provinces .enjoy. However, they
exert a great deal. of indirect -<control through fuﬁding,
iegislation,k etC. There are several national voices' of
comﬁutar education \including Minngsota ‘Educational
Computing ‘CoﬁSortium »XMCCE) “which develoés ‘top quality

. courseware apd distributes it nationally% International

Council for Computers in ﬂEducation (ICCE) which produces

excellent teachlng materials for elementary and secondary

1.

computer educators and Assocaation for Computlng Machinery
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ACM), a national organization of computér_educators at all
levels (élthough mainly concerned with ‘post-secondary
computer édu;ation). .

In 1983 the ACM strﬁck a ﬁask force which was to make
b‘curriculum récoﬁmendations "for. secondary computéx' ‘science
‘courses. They ‘stated that computer scienée ~shoul§ be

offered to as many studenfs as possible and should not be
limited Eo\sﬁudehps who “show promise‘ih the subject area.
The *task force laid bu;‘ a four couise' curriculum in
\ éomputéi‘science: ; .x ; o o - \ .Q\\
1. Introdﬁ&tion to Cémputér Science I {fullgyear)

2. Introductieon to Computer Science II (full-year)

3. Introduction to a High—Lével Computer Language

(half-year) | ‘
4. Applicatioh3~apd I&plicaﬁions of Comﬁﬁters
‘(half~year) . . E . P

The first Fwo courses are "computer ;cience" éoursés in the
traditional sense and the final twb coﬁises fit into what
is currghtly . termed "computer literacyi" Pascal is
récoﬁmendeq as the programming language to be used in
courses one and two, aithough sﬁructured BASIC is liéted as
an option for Introduction to. COmputér Science I becausad
beginners. usually: find an interpréted 1anguagé (BASIC)
easier to work with thanf a compiled language (Eascél).‘
Students who *ﬁuccessfully complete both coﬁrsesx sipuld
receive credit fér -a first year introductory computer

: . .
science course at the university leyvel, which places the

-
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level of the two courses beyond any broadly available

programming courses currently available in ‘Canada. .

Introduction to Computer Science I includes the basic idea

of structured programming and top-down design. Students

~should learn to design (Structured) algorithms teo 'solve
(programming) problems and the coverage of algorithms and.
" design techniques should. be gene:al\eﬁough to .enable the

student to use this course as a foundation for structured

problem solving in any language. Introduétion to Computer

Sciencé II is designed to 'develop the concepts introduced .

in the pievious ~cpurse. > Programming will: occupy

approximately two-thirds of the instructional time with

\

students being expected pb‘cpmplete severaf individua;‘énd“

group projeéts through tﬁe~year. Both, coursgs are designed -

'to be within the abilities.of all high school sﬁudent#k‘but

it is expected that only students’with”a real interest in

piogramming wiil take both courses. Thet ACM ;algé makes
‘récommendqtions for teacher certification in. secdndaiy
computer science which include three courses in coméuter
_ - .

sclence and two cburgeé in computer education because of
the ACM'sibe;ief that self-trained computer specialists are
inadequate for“thé proposed cu#xiculum‘ (Task Force on
"$chool ‘Eurricuium, Task® force on ‘Teacher Certification,
1985) . |

Edﬁcatién Turnkey Systems, an American educational
contracting firm,‘conducted a stuay in 1985 oﬁ ed@paﬁionél

computer use which found that secondary .schools use their

v -

.
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\cémputérs more for computer literacy and programming than

- . Se—

for‘any‘éther actiuwity and that drill apd practice -uses are.

very ‘limited‘ at. the secondary level. . 1It, was also

determined that 47 states now offer some. form of ‘teacher

ﬁraining in educational coﬁputing‘and that 25,state§ hdve '

‘somé form of guidelines for secondary computer courses.

Programming in B2 was taught in 53% of Ameridan schools.
N p ™ . Yy ot -

- offering computér ‘literacy courses, while other programming -

. languages were -found -in \only 8% of schools (Education

u.8. State;Initiatives' - . ‘ N

- 2.3 Alaska , ’ o .

-

Alaska has had the most favorahle ccmputer to student‘
ratio in the Unlted States for the past two years (see
Appendix I). This is due to the state’s commitment to

igplementing computers across the curriculum. Very - few
e . \ . R

sdhools teath‘pngramming‘as a‘separate subject, with an

r

_across_&pe cnrrlculum apprqach to computers bexng preferred'

(Lmd, 1986) . N

2.4 Arkahses : f‘

-

The state of Arkansas is in_ the process of requirin§
/‘\ -

‘ all‘b&hool districts to offer a course. An computer ‘studies
which will be given to students in Grade Q- 12 ~TQe four

major vhits of’ study in this course are:  Fundamentals, .

~
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implicatlons {Watson, . 1986)

.proc

edure:

j

1. Défine the problen

Plan and design stratsgies to. solve the problem

-»

Write structured code

A

Refine solutions: -

2
3
N Testlénd evaluatéﬁfosulﬁs
5
3

Write documentation

Fd . .
The ' Erogramming and - Logic "Unit

topi

prog

cs: flow charts,

rams,

includes

eqiting;ﬂ modifying egioping programs;

programmlng . to  be ‘taught: using the followlng

‘the \fo

desciibing program output, ex

) codes and skills in . a second progxammlng language)

Programmlng and Loglc -and Ethlcal and Social

Problem solv1ng is to be stressed throughout the course

\lith ~

L4

liowing

écutiog

-preblem

. solving . using programming and programming techniques (1/0Q,

\\calcuiations, - vapiable - handling,, internal documentation, .
‘éond' ional st\ emonts, graphics, vioop;ng, soreeﬂ

' format iﬁg,‘ féndom ‘number. ~generotion, string ‘ﬂanQLino
teChniquos, subroutines, arrayé,_ printer ‘ formarting, -
animation ‘gfaphics,. sgqﬁéntial file handling, llogioai,

0 operators, ' simulation grophics, iterations;”'Mohte Cérlo
' techniquesv ;andom file oandling,‘ infofﬁé;ion iqterchaogo

The

maln language used in thls course 1s BASIC w1th Pascal used

'in some districts.

—
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The California State. Departhent of .Education recommends

a computer scien‘ce course which is intended for those

students w:.th a keen interest in computers. It is Stressed_

that the course should be adjusted to match the 1nterests»

and ablllt*es of the students being taught. The course does
not concentrate on programming since California students
receive 'computer~instruction throughout their schooling,

but instead stresses ideas which are, thou ht. to hold -grgat

‘prox&ise " for the -future such computer architec,ture,

procedural languages, data representatlo,n‘ and storage,

.circuit deéign and job >ma-rket information (Smith, 1587). )

2.8 Connecticut

The state of Connectlcut does notfﬁ have ‘a\mandated

‘curriculum for computer science courses, with local school

which are. offered,. Suggested .hlgh school programmmg

courses include BASIC, -Logo, COBOL and Pascal (malnly in

-
o

‘the -‘A‘dvahcéd P‘acement Computer Science Course) The

'suggested goals for hlgh school programxnlng courses are: to

be able to create successful programs through an’ advanced
BASIC course (subscrlpted varlables, substrlngs, output
formatting, sequentlal and random access flles, graphics),

to use peripheral% for programming purposes '(store data

fi?.es ulsing a DOS (Disk Operating System), to wuse ‘word

proc ing systems, access commun‘icatio'ris netwo‘rks, visit

L

districts having the flnal say about the" type of _courses
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COmputer installations) and to have the opportunity to take

¢

an additional programming course {advanced problem solving |

techniques, .- assembly and/or machine language programming,
other high-level languages) (Naimi, 1987). _

The Bristol Board of:Educ%tion (1983) in its Computer
Education plan~ii5ts~a.cour$§ entitlea‘"Advanced C§yputér
Programming”, 'a half credit math departmént cffering which
‘has as its objéctivesrthét the student will demonstrate:
‘knowledge of advancéd.BAsiC programming‘skillg, knowledge
of progfam.i planning, L éeveloémént, implementation -and
‘assessment ‘oﬁ‘ problem ~sblv-ing épplications and skill in
'éomple£ing projects;\ Independent study is recommendedﬁwith

Ca staff mermber d%aling with students on an individual basis

-~

" and the majority of the ‘course work being undertaken as

N e
‘projects. )

2.7 Florida

Flbrida‘ is one of the states whiéh ‘is vigorously
pr@moting computer education. The' state Depértment of
‘Edﬁcation'_is devéioping a 'statewide test for computer

‘literacy and has set guidelines - for eleven different

programming courses offered-at the secondary level: BASIC I

———

and EI, Compuﬁer-?rograming‘l; II and 1171, Pascal, COBOL,

PL/C, FQRTRAN; AP Computer Science and Compﬁter Studies-

International ./Eacéalaureate (Elorida Department of -

Education, 13B83).

o



-23-

BASIC I %}s deéigned to teach the fundamentals of

programming in BASIC and includes topics such as

‘subroutines, looping, branching, string functions and

=~

grabhiﬁg: ~Its aims include teaching students to: analyze
problems and develop algorithms and flowcharts, implemgnt
programs based on the arrived at algorithm, - describe

. LY .
computer systems, discuss social implications of computers.

and show an undefstanding~of structured programming. BASIC

11 éxténds the Basic I course qith a concentration on the
following topics: ksubscripted‘ variables, _matrices, string

manipulations, sorting techniéues; disk operations, data

files and .advanced. graphics. BASICkVII has aims - very

similar. to those of BASIC I and extends those topics-

covered-in the previous course.

Computer ‘Pfogramming I is .deéigged to ﬁntroduced
§£udénts ,fo .a high levsal. languagé, with or ‘without“the
inclusion of computer 1iteracy\ topiés.\ - Its igténded‘
outcomes include ~being able to: creaie algorithms, use
syntax; vocabulary and data structures of the proéramming
language beihg studied anhd develop pidgrams in -the selectgd

language. Computer Programming 11 uses a high level

language different ‘from ' the one taﬁghﬁ - in ‘Computerl

lProgrémmihg I and extends the previcus course to include
file handling techniques, detailedVSyntax and comparisons
"_‘of high level languages. This course-is designed to enable
students to: ‘develop \algofithms‘ independently, ‘tra;siate
these a;gcrithmé into CQmquer pfdg#éms, use file handliné

LR

. o Y
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techniques and become familiar with “rother programming
~languages. ‘Computer Programming III is designed to study‘
multiple prbgramming languages in erth and includes 'study
of algorithms, syntax and problem - solving. 1Its _intenaed
outeomes are ;o: develop facilityﬂ/yith ﬁthe synﬁax"‘of
suggested programming languages and to enable students to
choose the approPrlate 1anguage for a partlcular problem

! Pascal,-PL/C FORTRAN and COBOL include those elements
of the respective languages neqessary> to write simple
prograﬁs and 1istpas their ihiehded outcomas to develop a;;
impiemeht algoriehms to solve‘prob;ems. : .
The, purpose of Advanced Placement Compﬁter'Science is
~to examine-® epplicationS« of computing in the CQSteits, of
programmlng methodology, algorithms and- data ~s£ructures.
Its intended outcomes include being able to: design and
implement computer based solutions, -expleln, develop -and
select algorlthms, cede programs in- a strﬁctured manner;
explain the components of a computer system and examine the‘
social 1mp11catlons‘and ethlcal considerations of computef
usef.:see ‘Sextion 1-5 for further discussion of this .
course) . Computer Studies;."lnternational .BaCCalaureate
follows the content of she Ihternaeional Baccaiau}eate
Computer Studies program and is intended to reach: a
logical problem $olving approach,. good programming
practices ané familiarity;with compgters‘and eheir societql‘
‘Aimplicatiehs. 'The course’s aimslefe-tg enablewstudents‘to

demonstrate in-depth skill in a programing ‘language, study .
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logical -proéesses ‘in problem so}ving ~and learn  about

computer architecture,

2t8‘Georgi€

Georgia has no mandated curriculum in computer science
and compufer instructién‘varies widely acrbsg the state’s
186 school syétems. The state!s "Essential Skills For
Coﬁbuter Téchnology" lists ‘the fbllowing topics:‘A.‘Knoyiﬁg
about:and using computera and‘other electronic téchndlogy,
B. Qnders;anding ‘the social impact of computers and C.
Programming computers (Georgia Department of | Eduqatién,

1986). -

2.9 Indiana
Iédiana\ has mounted a serious effoft to educate its
teachers (éndﬂconsequentl§*its's;ﬁdénts} in computers. In
its first two year§ of_e%istence, the Indiana Consortium
for Computer‘and High-Technoldgy Education reaéhed\over'Bl%
of\ Inaiana‘ teacﬁers through inservices, workshops and
Summgt courses Memlhe state mandates that all students must
have ‘thef opportunity to Secome ,éoﬁpqter literate; a
:requirement which can be satisfiéd in oné<of the folicwing
ways: ihtegratiﬁg,‘COmputers ;nto the ex}stihg elemeﬁtary
and junior high\curriculpm, igcludihg a unit of study 6f at
‘least nine weeks wi;hin-an existihg junior orf%en§§r high
school course, teaching a separate high school‘course of at
lgast‘, one 'séméster and ‘ de§elopihg ~an educational.
o SRR
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improvement plan. A high school programming ‘cdu;sé\ may

teac Logo; BASIC, ?ilot or Pascal. The choice of language

- N
> )

and the framework of the course is indépendently set by

each school district in the state (ﬁsher, 1986) .

"

\2.10 Iowa ’ ‘ .

A

Iowa’s recbmmended"computer science course is taught at
the Grade 11 or 12 level with most schools wusing BASIC

{with an‘growing‘reliancé on PaScal}‘ The major emphasis

in this—<¢burse is on _problem solving ‘and programming

nmethodology using a high-level language. The skills which'®

abe to be developéd include: ~ﬁ(astéry of BASIC language

~ comménds, being. able to read énd“explain a \comﬁuter

prngram, locating program bugs,‘working with flles, seeing
the need fo;;/éocumentation and appreciating the program
design process: The course goals fcr computer science are:

to  introduce problem-solving technlques,\ to introduce

~algorithm develdpment, to teach good'programming style,s to

teach a higthevel programming language, to provide

‘familiarity with éomputer systems, to provide wu foundation

for further studies and ﬁo provide career information. . The

- student goals for the course _are: to'.underéﬁand good’

program design; to be abie to read and axplain programs; to

demonstrate master& of a high—leﬁel, language; to foaate
A «

bugs in programs; 'to~ load, ~save and merge files and do‘

simple ‘calls to and from files and td»write a program of

signiflcant 1ength (mpre than 500 1lines) (Iowa Department

—

of Public‘Inspruction, ;986).

- s
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?.i} Kentuciy

Many schools in Rentucky offer .the following computer

courses at the secondary .level ({the title of the éourseé
may = vary from dist:ict to disfricﬁ): ‘Intréduction to
Computer Applicatioﬁs, Computer ‘Programming,\\ftructured
Programming and Advapced Placemeng Computer Science.
Teachers  of j these courses must_7 meet -¢értificatién
requirements laid down by the s%ate which require an,"
increasing amount of computer training 'as the level of the

- course beCOmes: highemy (Kentuck‘y- - Department 5f Eplucation,‘
1984, 1986). . -

| The Intréduction to - Computer ‘Applicatioqsi urse is
intended \Fd ‘inproduce‘ computers to students who ~have\wn5
previous éomputing e#perience. Some introduction to.BASIC-
programming is given,\ﬁut the main thrust pf‘the course is
towéfd helﬁin§~3tudents understand .the role of go&puters in =
~soc;iety and introdﬁcihg ‘them to a variety .of ‘softwaré
packages, - | .
| ‘Thé Computér  Programﬁing courée is dgsigned  for

students witﬁ caieerkaspiratiqns in the ;omputer field aﬁd
for students wishing: additional eariChmentbin mathematics.
The ' course émphasizes- p:ogrémming:.using a high-lévei
" language (BASIC or Pascal). Students enrolled in ;ﬁis
course will be expected hto; develop. expertisé“.in usi#g
commands and functions, iden;ify~»éymbol§ for arithmetic‘
‘calculations and reIétionél-éipressions, learﬁ common error.

message and correct yequnies for.each, understand how the-
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computer deals with numerical cohcepts, apply concept of
‘subscripted variable,'Build and use sequential and random‘
access files, learn printer Contro; and graphiés commands

N

- and develop universal techniques of ‘communication and
standard -communication formatg\}ASCII%.

 Structured Programming extends the programming concepts
learned in the iComputer Science course. This. §ourse
utilizes one or more programming ianguaées\;(PasCal,
FORTRAN) "and has the folloﬁing student expec?égions and‘
gxperiences: using. computer commands and fhnctioﬁs:»
identifyingT symbols for érithmetic " gtalculations and
relational - expressions; uﬁderétanding and :responding to:
§rror hessages; undérstanding‘ numerical ‘éon¢e§t5:~ using .
subscripted vaéiableg} data co@municatioﬁ and applying
fkthledge attained to Writé proérams‘independeﬁthy.;

The aims of ‘the* Advanced Placemen£ Computer .Science
follow those, iaid down by the College Board  (see Section
\1.7) and‘ape-cburse is,@esigned'to prepare students. for the f

. Advanced Placement Computer Science Examination.

2.12 gouisigna~ - o T
Louisiana’s cSmputerv sgience course is very .weil
defined in tﬁe‘state's Computer Science Curriculum Guide.
It lists the 'follawing as gengral guidelines: variables’
names must reflect their functién initﬁg ﬁrogram, vafiéble
names 6houla not be abbreviated excessi§ely,lprograms must‘

be' structured properly , with subprograms used whenever

S ’
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possible, soufce progfams shoulg <Y§e ~fo;mgtted for
readability,’ GOTO statements should Se avoided whenever
p0851ble, simple and direcgiprogram constructlon is to be
stressed, ‘programs should ‘be written in pseudocode before
baing <coded, bad code is to be rewritten, not patched,
program COrrectness is ._mbre important  than program
execution speed,»all programskshOuld check*® for bad input,
output must‘be'fgrmétted for comprehension and tbe‘tép-dowh\
approachris tolbe used when wr%tihg prbgrams. The goals of
this course are: | y
1. Gain ﬁndérstanding‘of history of computers
2. ﬁearn basié‘dESign»and functions of computers
3. Understand algorithm‘constructidn and flowcharting -
4, Know and apply princlples of structured programming,;
5. Understand construction and uses of symbollc ' '
language in structured programming
‘6.‘Understand technoiogicél aspects of domputér désigg
and operation ’ |

The five unlts which make up the course are entitled:

- Computer Literacy, ‘II Algorithm Construction ‘éhd‘

e

flqwcharting, III Stgps in Writing 'a Program, IV a

Programming Procedures and V Optional Advanced Tﬁpiés‘
“(Louisiana Departmént of Education, 1983). ‘ ‘

Thg Computer, Literacy unit 1ncludes the . follow1n§$
~topic$:\ yhthods of Calculatlon, Manual Aids, Mechanlcal‘
Aids, ‘Quﬁchéd Cgras, - Autodmatic ~Mechani¢al Aids, Computer
Age, Types of Computers, Hardware and Software, ‘Functdional

Units of a cOmﬁuter and Uses of Computers.

€2
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" Unit - I;; ‘Algbrithm _Construction and Flowcharting,,
covers two topics: Eroblém Analeis and Flowchart Symbols.
Problem Aﬁélysis refers to defining\ the problem to be
ASOlVéd{ reducing the solution to a serigs of discretg steps
T and érfanéingiﬁﬁé solu;iép steps in & logical seéuente.
\The\sieps in Writing a Program unit lists seven topics;\

Statement- of Problem, . Algorithm and Flowchart, Write

Program, Trace Program, Run Program, Debug Program -and '

Documentation.
Unit IV, Programming Procedures, covers foutt‘ as:
. '{‘: .
QVailable Languages, SY?tem Commands {(execute, list,¢save,

load, erase, edit), Reméxks or Comments, Qutput (Literalé), 
Variables (numexié, alghanumargé, élphabetic‘and Iogicai),
Input/dutput (methods of 1I/0 and formatting), Assighmen£
»Stat?ment and Elemeﬁta?y Library Funofigné, .Ratioﬁai and
Logical ] 6perators ~A.(relatibﬁa1 ‘ operators, - *logical~

.operators), Control Structures' (IF..THEN..ELSE, wHILé.&DO,‘

REPEAT..UNTIL, ,'ON.. GOTO, CASE, FOR..NEXT,*wﬂQJnCQﬁTINUE)q« -
Subscripted*\\Variables (&imgggio&"\éiiayss\ 1/0. arrays,

PN 4
\ - T
= e e T .

_ sorting routines toring  concatenation, opefations with
.a}rays), Subpéggz;:i’f(purpése' agd cgnstruct;on, related
commands;, | Graphics, bata: Files (créati;g,‘ ‘reading,
sequential and pandom access giles, updating) and Advanced
. Programming Projects. '

‘T@e five tbpics covered in Uhit v (bptional Advanced
poiq§5‘ are: - wComputerf Desigﬁ and Operation,

" Arithmetic-Logic _{instructions registers, data rggisters,

ERREN

¥
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‘ arithmetic-logic units)’, Machine Language, Assemblers and

Compllers (source and object pr§grams, compilers) and

Assembly Language.

2.13 Maine

The state of Maine passed a law in 1984 requiring that

computer instruction be available for all students and that

-

standards for computer literacy and proficiency be required

of all students before they are permitted to gré&katai The

state Department of Education is currently ewphasizing
applications for all students to meet the proficiency
reqhirements with prpgramming serving as an enrichment

topic for more advanced students.  BASIC is ,ﬁh? most

Apbpular ianguage followed . by PASCAL . {to  meet . the

requirements of the AP course) and; “to a lesée; extent,

N . . x ‘
LOGO, COBOL and. FORTRAN., Maine does not currently .have a

certification program for kteachérs with most teachers

gaining expertise through experience or . univErsiiy

'upgradinﬁ courses. Dennis Kunces; the Maine Department of
Education computer consultant, has stated that CAI

(Computer Aided Instruction) and applications are a higher

priority thah the teaching of programming in state high
ce n N -

schools (Xunces, 198%6).

N : . * ':. ~,‘
2.14 Maryland S Qfx(f\\\
' N M -

Charles Phipp- (1984) of the Montgomery County Public

Schocls stated the assumptions made by his district about

] ‘ L

- %
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computexr education: all students should be .able to take){

*

elective courses in computer education, ~most = future

computer users will pof.be programm  high school courses
courses should deal

with social and ethical issues and students serious about

computer &science should spend much of their. time taking’

dqmicdi@ippoursés in other subject areas (including English

and foreign languages)'. Five new computer courses are

=~

beiné offered in * the »Montgdmery County ~scho§l system,

culminating in a Pascal course and. an advanced placement

‘computer scienbe:course)‘ This district haé.embrach Pascal
as ﬁhé pr?graﬁming language go be taught to studehts in
high'séhooi and seems to ﬁe in the feréfrdnn of eduéatibnai
Compgpiné with its range of secondary offe;ings in computer:

science.

é.lS‘MisSiSSippi‘

'Mississippi has determined that p%ogramming ‘courses
must be available ir .all .students &and that computer
education in general is a crucial need. The overall goals -

for computer education are to instruct students in: history

of computers, computef applications in our society, use and-

'careﬂ of hardware and sdftware, structure of ‘computéf

. . R )'
systems, computer programming using a structured approach,

- use of problem-solving technigues and practical programming

NS

ﬁq%show the applications 6f‘compu§ers in the real world.
Five‘halij§aEwhigh school pfograming Coufses‘are offered:
> ‘T\:,/'

~ A N

+
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BASIC, Advanced BASIC, P88cal, COBOL arld  FORTRAN

(MlSSlSSippl Department of Educatlon, 1986) .
The units whlch ‘make up the BASIC course are:

Orientatlon With Resident Computer System, Introductidn to

»

BASIC and\St;uctured Programming, Input/Gutput/PrOCe351ng,

’

DecisiénﬁMaking and ﬁranéhing and .Slngle - -and
o . , . -
_MdltiéDimensional "Arrays. Advanced BASIC extgnds the

.

inﬁroductory‘ BASIC course and includes prog *ammlng

»

-

tefhhiques such as numeric functions,” string functions,

user-defined - fﬁnctions, -advanced. search routines - and

advanced sort téchniquesn ASeqhential~and random files are

\

: covered.briefly.

The . Pascal course covers the following topics:

Orientation With = Resident Computer System‘ {start-up, -

; maintendnce, . execution “and. compilation of programs),-

,Introduction ’ to‘v_éaséal Programmlng {problem-solving
;echniques, top—dowh program design, variables,. structure

of simple »prdgrams), Manipulaﬁion~ of Simple Data Types

{arithmetic and Boolean operators, predefined functions and .

procedures).; iﬁput/Outpdt/Pracessing~4READ; READLN, WRITE,

" WRITELN, logical devmceSJand simple data flles), Selection .
‘Contrbl Structures (IF.‘THEN .ELSE, CASE, REPEAT..UNTIL{ )

- WHILE..DO, . FOR..DO, ITERATE), _Procedures and Functions

_{block structu*e, . scope - of identifiers, parametérs,

»-t\

recursion) and Strugtured‘Data Types (arrays, records)

-

L)

introduéed and -discussed at length and errorftrapping’is

et
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The COBOL course i3 mage~up of‘five unitg: Orrentation
With Resideqt Computer System "(as in Pascal‘fcourse),;
Input/Qutput operétions (progrém aivisions, clauses, open,
read, perform, close,.. Stop Run, and Move statémehts, field.
theory,, Gutpuﬁ, Iﬁput),’ Arithmetic. oéerationsﬂ and "Repér£
Edi\‘tir‘lg (def‘i‘nit':ion' of ‘fnximer;ic “data, basic _‘a‘xf.i'thmetic‘
operationé;" Compute ™ and :Zero‘ ~statements, insértiqp;
:cnaract;fs, ‘brdgfam 'cons;énté, heading_'Lines, spacing),
Comparir_}g (IF/IF-THEN=ELSE Structullé, o re‘l‘ai_:ion? test,
numeric .and : alphanhméric compér;sons} And/Ox ~‘16gical _
'operations; conditioﬁ names, ,acaﬁmulétbrg{ éﬁd Céntrél
Breaks (Control ﬁreak. processing, multilevel - contzol.
breaks; indicatorsi compare area, ﬁotal accumﬁlétbré)t ‘
There ;ré . eight units iﬁ‘i the FO@TRAN‘ cou;sé{
Orientation With Resident ;Qompu;eg ‘System (as in PRascal
course), _Intfoduction‘"to' FORTRAN Lgﬁguége (integérs and .
reals,  variables, columh ’spECificatipns: arithletié.'
éperators); Input and - Qutput  (FORMAT, ‘WRLTE, : RgAD,.
I-FORMAT, F-FORMAT, X-FIELD, DATA statements), Branching
- Techniques (decision—making, GOTO, ‘§ONTINUE), Func;igné

. i » .
{(dafinition, use), ~Looping Techniques (DO statement, -

. ‘nesting, premature endiag)%ﬂﬁ Arrays  (DIMENSION, ;y@e
declaration, use of DATA statemant, implied DO loops, .
Input/Output of whole arrays)" and . Character Manipulation.

' {(A-FORMAT, input/output).

. s L i 3]
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2.16 Missouri | L

Migsouri. c‘urrently‘f‘ :e}éniies high _s_r:hiqol ‘c'omputer-
sclience teachers to possess ‘a‘,sqiep\ce c"ertificatewpl_ugxfive
(sci‘c;nce—oriénted) c‘\oilegé hours in ,computer‘s." As of th;a
. .fal‘l of i985, the ‘v;e.l.’stAmajq:ity of §choois offer;}ng couré—e?"
in computér»s‘cience used BASIC as the main.px‘oé:amming
‘ ;Z'Lar’:gugge ‘(Ogle, 1586) | |
2.17 ygﬁ Hampshire

a1l New Hazr;p‘shi;re " schoecls are reguired  to o‘ffe‘f
students ~computgr<literacy instrucfion. tThis‘ rgqui\rg‘ment
'can.bé\satisfied by courseg at any ievel or by a prégfam of.
iﬁt"egrat‘ing ébmputéré- iﬁtdli:he existing Curricuium. Moét
high‘. schools off‘er\.a programming course which ‘r‘e'li:e‘:s on
‘BASIC,‘ but. the use ofA~Pasca1_ is iﬁcreasing rapidly.
Courses vary widely acr«o:‘;s ‘the:.‘state and 'may be clas‘sea as
buéiness, mathematics or ‘computer"» science courses. ;\‘l‘hére"
" are curreﬁtiy_ ho conérete cértif;capion, requireménts for -
. puter écience teachers (New Hampéhi_re ‘State‘bepartm;em‘:
‘of Education 1985, 1986). o
2.18 North Carolina

. Nof-th Carolina high schools offer a course in Computer
Mat}{ematiés" at the Grade Eleven and Twelve level which is
‘not language $pecific“; but BASIC is used by most teachers

- of the .course. The Advanced Placement Computer Science

~course’ which is taught at a, limited number of high schools

vl

L
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uses Pasca

; ?
exolu31vely {see Chapter 1 Section 7).

Students takipg\ Qmputer Mathematlcs receive a nﬁthEmatlcS

¢ N

credit on complefion of the course, which geals with
. - X R

N

. . N . . ‘1 i - )
© advanced mathemat@cal concepts through computer programming

(North Carolina Department of Public‘ldstfuctipﬁ; 1985).

.The ‘eight units of Cémputér.Mat%em tics are‘titleﬁ as
folist::.ggthematical‘ Eofmuias ;(fund:hental " programming
staﬁgmepts), ‘Coo;gina;e Geomé;ry {Graphics),  Eguations,
Inequalities and Polynomials (subfogtiheé‘and procedures),
Mathematics of Finance (counters;‘_aécumulators, -nesteé
loops,‘ roﬁnding, \arrays),‘ Nﬁmbef ;Tﬁeorj“"iINT tfungtién),
Prébability.:and“Statisticé J{subscripped yariaﬁles, random
number generatioﬁ), Measurement  of Geomeﬁric. Figures

{trigonometric functions) and Matrices and Determinants:

'(tﬁcadimensioﬁal aftays)\‘

2[19‘0r¢gon
The state of Oregon has been intehsively'inyolved>iﬁ
. computef sciegce' curriculum déveiophent  for m%qy yearé.
There are cﬁrrenﬁly: no certification requirements for
computer teachers in ;he“state andg’név';récommendedﬂ
computer science qurriculum. Tlllamoo{ ngh Schoo} offers
two full year coprses in computer progfammlng, one in:BASIC.
and an advanced course in Pascal, assembler and .ﬁachine
language (Scheneberger, 1987). ‘ N :
Gold Beéach Union Higﬁ“School offers a full vyear

computer programming course dt_the Grade Bleven<or\Twelve



-37- .

level &hich briefly reviews BASIC and moves on to Logo and

Pascal. The student goals for thls course are: be able to
‘fead,'modify‘and write programs, know the Components of a

computer, be able to operate perlpherals,‘and be aware of

careers- in computing. . The course is d1v1ded inte four
units: ‘Introduction, Use of Computers; Use of Peripherals

{Renner, 1987). e

and Programmin

_Tennepsee’s ‘computer technology educdtion courses aim

to increage a student’s knowledge in.many different facets

of k‘comp&ter ueducation, ) including the development of

3

cbmputer technology, careers in computer—related flelds,

- general knowledge -of computer systems, programmlng skllls'

. and- problem solving technlques. The state deparﬁment of

education- has authorized the follow1ng secondary courses:

BASIC I and IT, (classed as bu51ness education courses),

pascal I and II, LOGO and FORTRAN (Tennessee Board of

Education, 19863 ‘ S ] ,
_The objectife of BASIC I is to understand ‘and use the

' BASIC language to solve problems. 'BASIC IT aims to teach

students to understand the knowledge and ‘skills needed for

'advsnced\structured BASIC programming .

VTﬁe overall objective of Pascal I is td usderstand\the
use of‘PaSCal in structured probiem'sglviné. The tspics to
%é' stus}ea .include; Bssic Concepts .(pxobles ;analysis,
structure and format and .the local operating system),

» A}
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Standard Scalar Data Types and Operatbrs'(proper selection
of -data type with appropriat&¢operator); Input_aﬁd Output

{the means. to interact with the compuéer~systém), Pasfal

‘PrOgramming Statements {the use of assignment, interactive

and conditional s;atementé), 'Subprograms (modular .program

‘development), One-Dimensional Arrayé . {the arraégement of,

L

* data for use in programs) and Applicanions {practice in

‘programming) . . Pascal I is a prerequisite for Pascal II.

Pascal 1T continues instruction' in Paséal with.

‘additionai emphasgis on \étructured problem-solving

techniques. +Its tqpicsv afe: Generai:.Concepts {enhances
Basic.Coﬁcepts from Pascaixl), Ad&énced‘vseésof Pfocedgrés
and Functions Quséiéf parémétefé,lnesting and recursion),
Nested Sta;emeﬁts (methodé-for‘solviné compléx problems),

Multidimensional ° Arrays of matrices),"

Structured- Data :Types {use of record, -set and file) and

Advanced ‘Appligations. (programming pracﬁiée\in'éorting and .

éearching techhiques),\’

‘LOGO' & objective is the use of LOGO -in problem-solving

-and lists the following topics: Introduction to Compdters

and Programming (background for the coursér, Opera;icns and

“Cﬁaracﬁeristips of the Lécal Computéi System {(efficient use

of computer systems),  Introguction . to Procedures
(imﬁlemehtatioh and manipulation of procedures), Simpie

Data Types and _Opé;atiéns (beéinningf problém solving),

‘Inpu£/0ut§u; Operations {interacting with the computer

through-prééramming), Céntrbl Statéments {use of computers.

2

v

“//
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for aeciéipn—making~ repétit}ve _ tasks) .and Integrated
Applications {ability to apply - previously learned
concepts) . | \ . ‘ |

The objectlve of FORTRAN ls for students to develop
prégrqms using an organized approach to solve mathematlcal
.‘and scientific‘ érdblems. ~ The topics to ‘be taught . are:
Introductlon to Computers and = Programmlng (background),
Operatlon and Characterlstics of the Local Computer Systenm
(efficient use of the computer system), Simple Data Types-
and Operations (beginnlng‘ problem solv1n§), Inpﬁtzcutput
St;tehents. (ipteraction~\ with computers | througﬁ
proggamming),»; Problem  Analysis © and \érogram.; Design
{systematic ;evelopmeh£  of problém soiving abiliﬁies);
Control Statements‘(use of computers. for decision'making),
Qne-Dimensionai ‘Arrays (arraﬁgement; of 'related \déta for
computér manipﬁlétioh),{ Subprograms (appliéétions of
3i¢dependenﬁ modules  in effective prograﬁming) . ana
Integraﬁed Apélicatibﬁs {use of previously learned COncepts‘

1n a scientifically oriented env1ronment)

2.21 Texas

Computer Scilence . I and AIi"are. iﬁtended_ 9\ prepare
kcolleée -bdund écmputer scienéé students, with Co ?uter
Scieﬁce 1 se£ving as an introductory. course or those
students who are’ prospective computer science maj rs an
foundation for other students planning to enter fields

which use computer tecQgglogy. Both courses are equivalent

-
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to flrst year unlversn:y ‘courses and emphas:Lze programming

.methodology, algorlthm selectlon and analy31s and selection

of data structures. Texas law requires' that all school

\dlstrlcts offer students -at least one year of computer,'

science and that all students in an advanced program., must
take one year of computer science {Texas Education Agency;
1986)

The objectlves for both Computer Sc1ence I and 11 are:

" "to master .the use of a high-level language wh;le crea;;ng

solutions which are well structured and modular, to

-maintain readabilipy, . @ase ‘of debugging, program

mainténaﬁcé, uﬁility"ahd vaiidity when- writing prog{ams,.to
understand the . function of computer ;‘omponents and to
‘éddréss ethical, scc1a1 and career issues in computing
~‘There aré eight’ topics covered in Camputer-Science.I.
Topic One, Beéinning‘ Concepts‘ gssociutea with Computer
Science deals wlth planning problem solutions,"use of

current design methodolcgy, codlng programs with style and
~ v ‘\

L

clarity, demonstrating skill “in testiug‘ for - program
cor*ectness, developing effective 'debugging strategies and
developlng adequate internal and external documentatlon.
Topic Two, Beginning Concepts anu Skills Associated With

Programming Languages covers the use 'of block-oriented .

languages, ~correct use of identifiers, . developing code

‘which uses data, expressions, assignment statements and

control structures correctly, effective use of predefined

-input and . output,. ‘procedures and \functicns and proper

" annotating of code.
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«Topic”Three,_Beginning Concepts and Skills Associated

With Data iybes‘ahd Structures, ' covers developing program

"code using numeric, character, and Boolean data and use of

strings and arrays. ‘Topic~ fbﬁr, Béginning' Concepts and
\Skills‘ Associatea. With h.Algoriphms,‘ ‘examines solving
programming problems uéing algorithms and designing and
codlng search algorithms to be us in solwving infofmatiﬁn

storage and retrieval problems. Topic Five, Beginning

' Congepts Asscciated wWith the Applicatioh of Programming,

covers coding . programs for- text processiné, simulation and

modeling, data~ana1ysis, data management, system software,
graphics and games.

Topic Six, Beginning Concepts Associated  With Computer

Systems,~deals with identification of hardware compdnent§
) and the use of system sgftware. The final, toplc, Beginning
Concepts Assoc;ated Wlth the Social Impllcatiqns of

Computers, covers the responsible use of computer systems

and social issues .concérning computers. o
‘Caméuter"Science I1 is *?de u§ of eight topics, t@e
first of “which, Coh;epts./Asséciated With P{égramming
Methb&ology,‘ covers develégiﬁg largér; 'Well,;organized
programs, develobing further skili in testing prbgréms, and
performlng analysis of design methodologles prgk TwO,

ConCepts and Skills ASSOCiated Wzth Programming Languages,

deals . with developing flexibillty w1th flle input -and

output, compqung programming languages anﬁ developing’

skills with recursive procedures and algorithms.

4
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Topic Three,‘Concepts and’Skills'Associateq:with bata

T;pes and Strnctures,"ie concerned with coding usjng~iinear

data structures, binary  tree structures and the.

representation of data structures sequentially.' Topic
Four, Concepts and Skills Associated With ' Algorithms,
covers usiné . searches, sorts and manipulation?_of'xdata

structures. - Topic Five, Concepts Aséociated with Numerical
A\ : . : . .

. N o :
. Algorithms, deals with programming solutions .  using

-approximation, séatistical algorithms and the importance of

numerlcal accuracy when de51gn1ng algorlthms.
" Topic S;x, Concepts Associated With the Applications. of
‘Comphters, discusses codlng\soiut;ons for text proce331nq,

simulation and modeling, data analysis, data management,

" system software, graphics and games. Topic Seven, Concepts

Associated With Compnter Systems, covers tne functifns off‘“‘

compilers -and interpreters and the trade-offs made «by
computers among factors such as cost, storage, ‘speed, etc.
The Frisco (Texas) - Independent . School - District

advocates a comprehensive cobmputer >edueation program '

" beginning in kindergarten .and culminating - in elective

secondary courses 1n BASIC and Pascal Plans ‘are underway -

' to move BASIC to a 1ower grade level and - implement another’

s

programming- language‘ in high school in order to re%ain

current with. ‘curriculum developments elsewhere {Berry and

Kramer, 1884).

~.Texas edUcators such as Dr. Barbara Sadowski {1984) at

)

the University of Houston are recommending that structured
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" .languages §uch:as FORTH, LISP and COBOL .Common Business

‘Ofientea Lépgﬁagei be introduced in high schools in which

‘students.receive3exfensivé{BASIC ahd Pascal instructi&ﬁ in
theigarlier grades. | |
2,22 Vermont ‘

.The_ Qermont~ Stdte* Department’ o;v Education  has

" recommended a sweegipg, prpgfam ggf‘ c@mputer studies Awhibh
béginS‘ in kinderéarten\\ahd taaches Arudimentafy_ BASIC
-proggamingwas garly as éecond‘grade. High.schdol, students
are ﬁo recg;ve‘instruction in BASIC,‘PascélQ FORTRAN and.
éssémb;Q language, which, if'achigﬁed, wsuld plape.verm§n£
sphéols‘at the forefrdnt of teaching programming (Lengel,
1983) . - -’

2.23‘ﬁiséonsin
%%wvii;ccns'inj‘sdigm _relgased a set of sﬁggested guideiines
for t:ompu;er" science courses offered ih‘ the' sta;e's ‘gh
‘ schoolé. These .guidelines *distinguish between computer
scilence and ‘écmputer literacy {literacy invoivés lessl
proé:amming gn&;the.coéérag? of ‘many, more genprai tdpicsi. )
The overall goals of qampu;ei"scienCe areb to‘.emphasizeQ,
\probiem solving strétégies; the study of. algoéithms ana
structured prograﬁmihg} The specific' goals which the
courses are aimed at are:~‘to learn and use ;computer~.

‘1anguages for problem solving, to master basic programming

techniques, to'  learn appliéétions ~ of ?roblem
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solving languaées, to become.aware of societal §oals~and
issues concerning %omputers and tr)‘ieérn about career
opportuni;ies in the field of,gomputers. The:departmenf‘cf
Public Iﬁstﬁuction\ states ' that Studying a highsgerI
ianguagé» for its own Sake is not the major goal of the
curriculum, but rather to use a programming lénguagé for
problem solving in a virie£y(§f‘areas. The courses offered
in high- achacls 1se. either BASIC  or Pascal as their
érogrémming language, altgough FGRTRAN, CéBOL and machine
language may .also bé used to a lessex~?degree (Wiséoqsin
Department\of Publlc Instructlon, 1986). |

I\ Chetek _High S,pool, four courses are offered in
‘ coﬁputeg sc1ence{ phe flnal two (Computer Sc1ence III and
; \Healing exteﬁsively ‘w;th programmlng. ‘Ihese ;wé'
f‘cou ses are aimed. at students ;who plan &0 entei‘,the
computexr fieId‘.and; while BASIC programming is taught,
Pascgl and- FORTRAN are 'also igtrodpced {as Bork advocated)
(Adams, 1583) . ‘ .

N "' " . .
2,24 Secondary Pro@ramminq Courses Outside Noxrkh America..

Unfoftunately, very little informatibn is readiiy
availAble '6n .progréﬁmihg coursés outside the Q.s.\ and
éan da. Most‘:of\ fhe 1iterature‘ which ’is available deaiS'
yith ﬁe geherai introduction of computers in the schpbls
"éndl financial considerations{ In West Germany (where
°educatiohal~ objecti&es ageffde;ermined by the schoolé

themselves) computer .courses are optional and’(liitt of the
: » . : ! \

{ »
N
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mathematics curriculum. ' BASIC is widely used, although
Pasgal is beginning to be&ome ﬁopﬁlartiin éeneral, teacher
training‘ is termed unsatisfaétdry and efforts‘ are being
made tao . improve teacher Vtraining‘ ?ourses\ in coﬁputers
(Bosler, 1985).M\In Denmark, whefe~£he‘national.miﬁistry of
éducation detefmines educationai\goals; COMAﬁ has entirely:-
replaced BASICiin the schcbls; because COMAL. was ‘developed.
in Denmark and icombings many dg;irable features of bbth-‘
BASIC and Pascal (Keil, 1982).

In Swedén, it was .decided to integraté c§mputers~inta
the exiéting curriculum raéher tnaﬁ"introaucing a ~new\
sdbject in the schools. This was partly vfor financial
- reasons, but also  because  the . need for 'prbgramming\
instruction. was questioned widély byﬂ‘Swedisﬁy educators.
'TheA~programmingL which. 1is tauéhﬁ is mostly limited to’
. mathgﬁatics\courses.(Kollerbaury 1983). ‘ "

_Mé;afsié isxattembting to introauce‘a COméutgf progfam
in the sch§ols which includes, but is not cen;éred on,“
pfogrémﬁing\in_FORTRANf ALGOL or BASiC. Peﬁg (1982) states
that if‘is:believed that students’ grasp of mathematical
concepts will“bt—?’ enhanced th;ough-brogramming. insguction.

Malaysiaihas embarked on a comprehensive one hundfed hour

computer appreciatioh course for secondary -teachers.

N

However, computer studies has not ye¥ been’ introduced in
Malaysia due to a lack of fuqes and curriculum development

problems.

N

-7



=46~ SN .

The major push in Britain was to get computers into the

schools ‘(through .programs - such as the Microcomputer

Education Programre (MEP)) and to train teachers: to use

computers 1in their subject areas.. Where ﬁrogrémming

coﬁrses ‘are offered, emphasis is placed‘on'devélopﬁeht of

problem‘splving techniques and structured programminé:with
Pascal being the éreferiéd programmin§ ianguage'(Wcodhouse,

1983) .

2.2 Cohciusion‘ ‘

‘Many of the American States surveyed cffer dedicated
programming courses whlch rely on Pascal or BASIC and some
offer coursas in more than one programmlng 1anguage at’the

setondary level. ‘The majofiky of S;ates place majer

‘emphasis on ‘s;ructured prograhming and problem-solving

abproéches. A few States offeria computer sciencp prdgigm
in which students advance from <BASIC Jto other high- - and

low—level languages and galn the widest 90351b1e exposure

te computer p;ogramming. Unfortunately, not . enough ‘

information was available ‘for this study to draw overall

conclusions about courses offered in Europe or Asia.’




3. Canadian. Initiatives \

3.1 Introduction - ~‘. e

Al

Thisxchaptef‘egamines the programming courses' offere@~

by most Canadian provinées. New Bﬁﬁnswick and. the

Northwest Territories did not reply té& requests for

information. .It should be noted that in Canada control
over educaticngis‘mainly a provincial matter as long as

minority or second language education is not- involved:

(Ollivier, 1962). o S

B.Z;QAQErta ‘ o S f

Alberta’s secondary computer = courses are titled

E Computer\‘P.r‘ocessing 10, 20 and 30 and are/class‘ed‘ as

"W business education, courses. Althougli these courses are

classified .as‘,businéSS‘ courses, ,all Alberta students

receive exteﬁéive compﬁtgr~‘l' eracy ,instrucpion in Jjunior

_hiéh~scﬁool.: There are gighteen‘cpmmon components té‘ail
'ﬁhreelcohiéés; a requireé core topic and‘seventeén eleefive
toﬁics khrbertaiEdﬁcation,‘1985). ‘

. ‘ .
Core Topic 1. Computer Information Systems

Sof&ware Togicé‘ 2.V§verview of Softwaré
3. Appiications: bata Entfy
4. Applicatioﬁs: Wo:d‘?roces§ing‘
5. Applicatibns: Simulétidns
é.‘AppIicgpions: Data Base \
7. Applications: Electronic Spread Sheet

3
1

|14
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Introduction to 8. Overyie% of Introductory Programming

. Programming . Language -
Language 9 Fundamentals of Input/Output
- Topics - 10. Introduction to Advanced Computer

Programmlng Teckniques
lL.‘Advanced Compuger Programmlng
‘ Technigques
12. Extended érpgrammihg Project.

N

.Seénnd“_ o f£3; intr&&ngtioh to Second Prggramming
Programming . ) Lahéuage o ‘
Language 14. Appllca£ions in Second Programmlng
Topics o ‘Language
| 15L Extended Project in Seéond'
. Programming Language
'~Specialized 16. Graphics
;Eogramminé ‘ 17. Syéﬁgms analysis and Program
,'Fﬁnctions - Davelopment
‘ TOplCS j ‘ _ la. MachlnefAssembly Language,

a

The objectlve of Module 1: Computer Information Processmng"

is to make students aware of the terminology and concepts
of _informatidﬁ proéessing \@yStems. it ipciudes ~the
following topics: AEvolut%En . éf-‘ Data . _Procéséing,‘.
Terminoloéy, ‘ Chafécteristic;‘ of Informatibn Systems,;
Information‘Propeésing Environment, Dat:;yommunications and

Issues and Trends.
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Th objective of Module 2: Overview of Software is to
demonstrate and use _commercial software packages.- its
topiés are: | Tefminblogy, Legai Constréinis. to Use . of
' Software, Proper H?naling_<Teéhn§gues; Types: of Software,
‘S:};ware hpplicat;ons and Software-Use Procedure.

The;zbjectivé of Module 3: Applications: Data Entry is
ko enable sgudents to develop skill in data entry,'ﬁlaga
o maﬁipul%tioﬁ'and réport generatioh. \Ifs‘tbpicg are{ Data .
Entry Functions,3Coding;Data,\ﬁntry and Generatihg*Repgrtsm

) fhe objective of Mpdﬁie ~:4: Applicatiohs; Word
Processing is to enable students to .learn ;pfoéeduresf‘of'
‘#ord Jprocessing. 'Iéﬁ topics . are:’ ‘Introduction‘ tp“

Information Pfccessihg; Software Commands - and Input/Output.

.Thé‘ objéctive"of\ Modﬁle 5: ;Appligatiqhs:‘ Computer
Simulations is to ) teach students to use the éoﬁgufer and
apprppriéte software - in pIOhlem‘solviné. Its topics are:
befiné Simulation, Focus on Topics w;ihiq Subject Area and
E§aluate }he Simulation. \

The objgctive 5f Médule 6: Applications: Data Baééiis
Lo dgﬁelop~nnderstand}ng~of aqd ability to use data bases.
Its topics ‘inéludé: Managgment of Informaﬁiéh, Parts gfn
Data Bases, Clarification of Data Bmses, Use of Data .Base
~Management»:Spftware, VDatg ,Integration, ‘Data Transfer,

Telecommunicétioﬁs‘and‘Commgrci;l Data Bases. ‘
The ob‘je‘(—:t;.ive_ of Module 7:‘App‘lications: Electronic

~ Spread Sheet is to .develop understanding of and skill in
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‘using an electronic spread sheet. The topicshcoverea5in
" this ﬁodule‘aie: Management of informétioﬁ, Use of Spreaé
Sheeté’andiSpfead‘Shéet Applications.

The objéc ive

f Module ‘8: ‘Overview of Introductofy
Programming \Langua is to “reinforce problem éolying
téchniqﬁes thropgh ‘devéldﬁment of strﬁctured \programming
skills{ cIts topics inciudeg Terminology'(use of cémpuher
related‘«térms),' Hardwaré '(parts'_éf computer system énd
their use), éoftwa;e iusegof program and §ystem commahds) ,
Programming  Techhiques (designihg, ééiting and running -
programs, controll}ngA. gutput, looping . and  branching
coﬁmahds?‘\ ﬁanipulatio# of; varéableé) and .»Progrgﬁming‘
‘Applications‘-iéoding,‘ debugginé,‘;running and documénting
prograns) . ‘. . \ ‘ | | |

" The oﬁje;tive of Module.9: ftndamentals of inéutfoﬁtput

\isito develop ﬁndefstanding of dgta‘communication neﬁworks
agd‘ adaitional programmigg <1;ki115‘ using. array% -ahd ‘
functionsi> - 1% tOpicg a;ei? )fnput/0utput ‘Processes

 (différenceé between"batéh and“intefaciivé processing),
Processing of Data {how thé CPG‘ mahiptlates and stores
aata), Arrays>Kuse\of_éubséripted varigbles,Qtable handling

“and. searbhihg £§Chniqﬁeé); Library  and «Qpérating ‘Syétem
Fﬁnctions,Q \Programming Aﬁplications;: {flowcharting and

‘writing progiams'ta.sclvé préblems) and Data Commuhications
(networks) . ‘

‘ The‘ objective of Module 10: Introducﬁion to Advancéd
Camputef Programming Techniques is ;6 ~ further develop

o \
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prog:émmigg techniques énd. refine skills iiq:‘graphicé
programming. Its topics are: Numbering Systéms (éecimél,
‘binary ‘and hexadééimél), ‘ Professioha; ‘Programmiﬁg
Teéhaiépes‘(use of structured programming techniques, erfor
trapping rodﬁiﬁes and aeveiophgnt of docuﬁentation‘writiné

skills), 1Subrdutines (hafdware—depenﬂeﬁt and user defined

subroutines and their application in problem-sélving),

Multiple Dimension Arrays {(organization of;'inform ion),
LY B M - . R
~ Q. . -
‘Introduction to Graphics (hi-res and -low-res gpgaphics,
entancing programs graphically and design of ‘g phical

. The Tobjective of Module 11: Advanced Computer

X

output) .

yrogramming‘Teihniques‘is to devglop advanced programming
skills ‘thfouéh file manipulation techniques. - Its topics
are Types of Files (identification of various data

structures) - and File Handling Procedures (manipulation of

N |

information using vaiiqus types of filés). ‘ 4

\fhe objective, 5f Mogule‘\lzz Exteﬁded * Programming
Pr;3é§£ ié'np~allow Stﬁdentg‘td*increasg their prbgramﬁing
skills through a project. The four topics included in th?;»f’"
module are: Dévelop a Plan,. érepare: a .Prdgram {usidg \‘
"user—fryghdly" techniques),x_ Hardware and ° Software
ﬁequiremehts and Evaluate the Program (preparaﬁiun af;an
evaiﬁqgion summary and recomﬁendations for improving the. .
final program). ‘ | . |

The objective of Module 13: Introduction .to Second.

Programming Language is,6 to prdvide students withf an

NN
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opportunity to study‘aféecond\high_lével‘langque {COBOL,
. . . S : i N
Fortran, C,. Pascal and COMAL are recommended choices). Its

topics include: Comparison of Languages, Hardware/?irﬁware

Specifications, Language ‘Syﬁtax, Appllcatlons of }Qgtj‘\

,Language priting programs), Mddificatlons of Prcgrams‘

(edlting and . modlfylng both student wrltten and exlstlng
prograws) and Output (ba31c output formattlng skllls)i

The objective of ﬁodule "14: npplication . in second
Programmlng Language is to . encourage students tQ‘ géin
understandlng of \programming‘ synté§ by applying ‘the
language in problem—sblving.‘ fts tOpicékare; Application
of Language, Modlfy and Debug Programs, Language .syntax
(contra;tlng syntax with that of the prevtously learned-
1anguage), Program Documentation and 'Format Output

The_objectlve~of Mbdule 15: Extended Project in Second

Prcgrémming Language is to allow sﬁudénts to demonstrate

“skillAin programming.in a second laﬁguage; Its aims are:

Develop a Plan, Document ihe Process, Program Applications
(reflectlng "user-friendliness“), Hardwére and Software.’
Requirements and ‘ Evaluating the Program {using an

evaluation summary with recommendations for Amprovements)

y

The' objective of Module = 16: Graphlcs 13 to provide

opportpnitieg to enhance  programming skills%by.infegréting

sound and graphies routines into the programs. ' The topics

cdovered in this unit are:“‘Programming ‘ Applications
{graphics and use of graphics and text w;ndcws). Graphics

Modes (screen resolution, string graphics and use of video

My
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dlsplay sheets), Ahimétionh Color Cbmﬁénds and  Sound
Commands o> ‘
The; objectlve of Module 17: Systems Anélysis “and
Program Development is to understand system analysis -and
solve problems using a systematic approach. TOplCS covered
in ihis module are: Systéms ProblemFSolving, Syétem

Inveséigatlon, SYstem Analysis) System "_Design (us;ng~

' flowchartsl, Programming Techniques, Pragram Docu entatlon,

¥ion = and

. Maintenance.

"Tne objective of M§dule\185~Machine/ASsamb1y Language

is to ﬁtili;e machine and éssembly language. .Topics

covered in\‘this module are: Comparison of Languagé,\

Ha:dware\~Conf1guration, Memotyl Map,'(modifying existing

.pfograms), Storage\ Lbcation “(codstruct‘ iéw-level programs

£

" in the correct format using operatdon, inputfbutput and -
-arithmetical/logical‘ 1nstruct10ns), Assembly" Language

Syntax (writihg and ~runnlng applicatlon" éubroutines),

Program Modification and Program Applications {identifying
suitable applications  for low~level ) lénguages and

demonstrating ability to use an assembler)

»

3.3 British Columbia - - = ¥

The provinCe of British Columbia offers a one hundred
®

hour .course titled Computer Sc1ence 12 Wthh continues and
N

expands on Computer ‘Science 11. The main emphasis of

Computer Science 12 is to :acquaint students with the



-
__§4..
structured-design method pf ‘solving problems. This
involves using a ﬁop-down approach yhicﬁ'ﬁeCeSSit§tes:the
Ny uée off‘é.\structured progfﬁmﬁing language (Pgécal).‘ . The
goals of this course are: to enhance ﬁsﬁqqents’ Fhougﬁ;
processes . and '~pro§lem solviﬁél ‘skiils, to devéloﬁ
undérsﬁandiﬁg of structured des;gn, tb“a§§ly structurad
design, programming ‘and coimunicatibn ~skills in a ,team 
' programming envirchment,-to @evelop~a working.knpéledée of
\ptogramming techniques used ini file ﬁaﬁagement .aﬁd to
- extend Students"understaﬁding of computer system softwaré._
. The fivé'strandé of the couﬁsg,and suggested time frames.
are: 1. Structured~Design (12 hqﬁrs), 2.;Gpéra£ing‘s§speﬁs
(10 hours), 3. Computer ‘Science Techniques {12 hours),
Programmingz(AS hoursf‘énd Student Téam Rr§jéét {20 hours)
(British Columbia Ministry .of Education, 1985).
The*~;éar§ihg outéomes for Structured Design are:
' Problem Dgfinition (produéing‘;a wfitten deffnition‘ of a-
pfoﬂieh and determining’ desired output, definéngi data
' strhétures,l drawing structure 'charts, use of pséudoche,
bbﬁp@étion oi : iﬁput-proceés-putput qhart)‘ ‘and  System
.‘Development "and Imﬁlementation (déte;ﬁiqiné‘ pragr forﬁ
development of program modules, - developing and \Eésting
modules, documentatibh). ‘
The learning oﬁtcomes:for Computer?Sciencg Techniques
are: SOrting. (bubble, shell and Aotherl sorts), Séa;ching

{linear and binary search roﬁtinés{, Indexiné‘(key—ihdéxed
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\aﬁq“\\non-indexed flles) and Debugglng {structured

N Y. ,
_"walk—Ehroughs“h trace program operatlon, debug individual

. ‘ mudules, vexify output) . g

‘ The learning outcomes‘ for Prdgrammihg are; -Program

A‘St:ucture (identlfy and use majcr components of programs),
A?rogram.Style (formatting of statements and commentlng to
‘increasglbrogram clarlty),‘Data Structures (identlflc tion -
:and use Qf data ‘structures, koperators and functiofis),
Coutfol. Structures isequencé, seléction, rep?titioni,
Mgduhar: Structure‘ (structure and IPO charts, nestiug"of
bfocédures and functions) and File Handling (typed ° and
untyped f11e§, . file " access ‘statemgnté, \ filé I/Oj
statements) . - 'f‘w - .3 (:::\\

. The 1earning outcomes for Student Team Project ate.

Teum Projgct Environment .and Re;ated Concepts ("égoless.
prog:amuing", istructure of - programming teams  and
reépgnéibﬁlities_of memberé).
- ‘3.4 Manitoba .
y \ Manitoba offers a course entitled Computer Sc;ence 305
which has the following goals: to ;ecognize .the basic
‘features' and funCtiuns of ° computers, to“_develoﬁ
problem—solving techniques, to  use computers as

problem-solving tools, to utilize structuréd programming

.

— techniques, to understand the operation of the computer as
it uses pseudo~machine and pseudo-assembly language

. programs,. to understand  the refationship - between



pseudo-machine, pseudo assembly and ~high-level languages,

to prepare ahd execute structured prqgrams ‘us;ng .a

high-level 1anguage, to ~devélop skill in detecting  and

correcting.program‘errcrs and to use accepted programming

‘techniques. 'The ten unlts ‘which ‘make up the course are' I

Review, 1’1' Subpx;ogram$ (20 percent),  III High-Level

Languages, IV Team - Programming Project, V Character

o Manipulation{\yl Booleaﬁ)Aiithmetic, VII Simulations,‘QIIi

System Software and' language’ Translation{ CIX  File

Manlpulatlonw and X Numerical Applicatlons. It is

reco, nded that at least two high~level languages: chosen‘

Science 365’(Manitoba Department ot Educatlon, 1983) .

{det ct and gorréct syntax .and logic errors) and B,

iCharacterlstlcé of a Good  Program. {identify and use good

’programming techniqges).

£ m.BASIC, Pascal FORTRAN and COBOL be used in Computer

The objectives of Unit . I, Review, arae:" A. .Debugging R

’"The‘obiﬁctive of Unit II, Subprograms, is to make‘thef

student able to design and apply gubprograhs.

The objectiyes of Unit I11I, High Level Languages, are:

to identify and use - statements for documentation,

© assignment, output, input and termination; 'tq use

conditional statements, loops, formatted input and ofitput,

CASg statgments,i simplev da;é structures; and t§ create,

manipulate and retrieve files.
The objectives of Unit IV, Teanm Programming Project,'

-are: to participate in a team prpjecf involving selection”

iz,
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and definition of a task,’ division of responsibilities,
‘segmentiné of> program designing ‘and _éoding, structured
walk—th;oﬁghs,»documéntatiOn and testingiand‘preparation.of.
a final report. LT

The objectives of Unit V,Character. Manipulation, are:
usé ASCIi and AASCII commands, solve .problems usiﬁg
character controls cdmménds, ‘han@le- input charactérs
correctly, -handle éhéfacter ‘dutpup and ,manipglate\ da;é 
whi;h is intefgally reﬁresented. | | ‘

-The objectives of Unit VI, Bbolean Aritﬂhetic, are: A.
. Number- Representation (donveft:back and forth . from decimal -

‘to binary, Qecimal‘to éinéry Coded pééimal, binar& to octal

‘:and,ibingry to fhexédecimal, fsoive- basic 'biﬁary érithmetic
1 p;obiems), B. Igternal Répresentétion in inteéers (gOnverf
from integers~ fo internal répresentatgch and vié; versa,
Eerforﬁ simple operatidns using‘complemenq arifhﬁetic), C.
Sets (define‘ana use terms used in set théory),'D. Poﬁical‘
dperatiéhs " (define :with truﬁﬁ . .tables i negatives,
éohjuncfion, disﬁﬁnction,‘ ‘ impligapion; ' gxblusive 
disjunction) ' and E. Basic Digital Logic xd;aw circuit‘
) diggramSg dgséribe‘sihilarities between circﬁits and truth
- tables, describe NAND and NOR gates with truth tables, draw
cirbuit»diagram for a logic expression) . I ‘ ‘ .

The objedtives. of Unit VII, Simuld&ibns, ‘ére:‘ define
with 'examples the term simulation, identify tyo.main types
of >simulation {deterministic and probabilistic), define

N

random Qnd pseudorandom numberé; identify number-generation
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techniques and their Stréngths\and weaknesses, iist various
-testsifor faﬁdomnéss,.write simplé simulatigns and identify
real-time simulations. )

The*‘objeytiveé of Unit VIII, System Software and
Language Traﬁglation, are: A. System Soft;are (defineAand
" describe  System sofiware, operating  system, iangﬁagé
translatbrs,;bighflevél iénguages, editor and‘lcader) and
B. :ianguage“ Translation (dgscrﬁbe job of language
translator, name and identify merits of two typeéi‘of

languagé ;ranslation, ‘ déSCribe interpretation . and
compilation, define terms related‘tof§ompilers).

‘ The »objgctives of Unit: IX, ‘File Manipulation, are:
create ‘ana refrieﬁe sequential‘ and random access. fiies,
describe vg;ibus searching and. sorting tephﬁidues and ﬁerge
‘two files. | N

:"Ehe objectives of Unit X, Numerical Applicatiohé; are:
_to define the terms numerical calculation,“trqncation error‘
and roung-off error and té Qevelpp'compﬁter solutions for

various numerical applications.

3.5 Newfoundlanq‘

The proviﬁce of Newfoundland vffers 'a single électi;xe
course titled CompgterVStudies 2206, which\is essentially_a
liferaéy course witﬁ‘ some programming included. The
‘éurpose of this course is: to provide studenﬁs ‘with a
.functional iiteracy of computer technology, to enable -them.

to recognize the effect of computers on sur everyégy 1ives,
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toc utilize the potential of computer;\fndﬂto contribute to
its continued develogmenti The objectiveé‘ of the course
are ‘to: learn: - the ‘principles\ of\ ‘Ehe _operatioh,
capabilities, history and app11¢atlons ofX coﬁputers, to

~learn elementary‘ p:Qgrammlng skllls .using ! BASIC, ‘to be‘
aware of careers in the computer-field and to appreciate
the camputer's role and influence in.society {(Newfoundland

and Labrador’ Department of Education, 1982a and 1982b)

The stated broad objectives of the course .are to enable

students to develop‘ and exercis creativaes: thinking,

reasoning‘and problem solving SEil S\ The second objectivé
is to be met by teaching programmlng, Wthh is to be taught
“according to student abllitles and de31red outcomes. ‘The‘
' course content and time frame is - as follows:‘ Module I
~ (Programming in BASIC) 17 weeks, Module II _(Computer
“Systems;‘Operatiop)‘d weeks( Module iII (Computer Systems:
‘/\\Eﬁgipment): 4 weeks, Module IV. {History of Computers) 1
wéek,'.Modﬁle \Y j(Apélications of  Computer Tectnology) 4
weets and Module VI (Careers in Computer Tgchholcgy) 1
-week. ‘ Although ﬁrogramming takes ‘fifty éercent of the‘
ciass time, it is to. count fot forty percent of a student’s
final evaluatioh.' The department states that an. essential
“component of Module i is a consideration of the program
development process, which includes: analys;s (def;ning.and

R

fanalyzing problems‘through‘b;ock diagrams_and‘flowcharts),
‘program = coding - {translating  algorithms  into BASIC
programs), program evaluation  (debugging) and pro§fqg

documentation. . .
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3.6 Nova Scotia

- Nova Scotia’s Computer Relate& Studles 441 course is. a

Grade 12 academic course whlch was lntroduCed in September

l986. Before thls date teachers of, Qomputer_ REIatEdf“

Studies courses had great latitude in their choice. of
“topics, texts and courseware. The new .curriculum guide is
an attempt to standardize the topics cove;ed‘ahd prcvide
additiofal fesqurce materials for ‘teachers - The'.ocher

Nova Scotia Computef‘%elatcd Studies course, CRS331, is-a

Grade Eleven computer literacy course. and therefore is not’

disdﬁgsed here (Nowva Scotia Départment of Educacion, 1986) .

THe objectives of Computer Related Studies 441 are: to

develOp familiarity Wlth mlcrocomputers through hands on

experiences, to develop sk111 in structured programming

using one computeﬁr language, to study the components of

computer systems, to use word processor, spreadsheet and

~

database software, to identify career opportunities in the

cpmputer field and to gain an understandlng of the ‘legal
aspects of computer use, includimg»copyright, privacy and
software piracy. The si% units of the course and the time

allotted to each are: o . .

To0PIC $CLASS TIME ~ $%HANDS.ON %CRS TIME

1.  Word Processing o - 6% ' 10% '
‘2. Structured Programming - 20% . 20% 40%

3.'Sbrcaﬂsheets \ N S% é% 13%
4. Computer Components ' 14% c 6%‘ 20%
5. File Management \ R 5% B% - 13%
- 6. Careers . 2% . 2% A%
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The objective of Unit One, General InLroductlon Through
tﬁe‘Wor Processor, is to experiencg an overview nf a word
mérécessing'system.- The skills developed in this ppit are:
‘loading fprograms,:: retrieve ‘,éhd save . files, ° format

diskettes, back up data files, use special print functions,

_cafE‘for!énd handle diskette3~prbpérly, feel at _ease using .

softwi;e packages, appreciate how computers can change the

way certain tasks. areqbone, use good keyboardlng skills and

~

use spell checker programs. ‘ o

~y

Unit iwo,.sfructured Prbgrémming, has as its objective

;o.provide‘s;udents'wiéh an opportunity to solve real-wbrld 

‘problems b§ pianningr codiﬁg and testing'brogrémé of their

W«

own. _Problem solving is to be stressed and should
" overshadow . the specifics of coding programs- using a

particular languagé. " The fonr stepéi to be used in

‘problem-sclving are: understand the pvoblem, devise a plan,“

ﬁry the plan\and'éheck the solution. \The fdllowlng are
" classed as;‘ésseﬁtial‘ to structured programming: Working
\Environmeht {use and‘care of éqﬁiﬁmant,‘entering programs{
- adlting programs, compiling “progfams, runnlng Jprcgrams,
managing ‘pioéram files .on a éisk, merglng programs,
checkihg“availaﬁle diskj and main ﬁemory space), Program
‘Deve}bpmeht (top;dqwn i aesign, structured . approach ‘tﬁ
prog{?m dgsién, pianning, 'debugging/ﬁésting, determining

and solving errors), Documentation (internal, external),

Input/Output {interactive programming, screen and printer

displays, use of menus, special I/O devices such as paddles

8
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and.‘ﬁi;e, disk I/Of,‘ Variables (proper use of variabie :
names, numefic variables, aiphanumerié variaples, 2051ean N
variables, ﬂspbscr"ipt\_e.d variableé) . Flow‘ o_.f“. Control
{Looping) ,Stfﬁctpres ‘(ﬁge dg ‘ iterative, ccnditiohal.
selection -cbntrbl structures), érocedures, Functions and
éubrdutfnes “(subdividing problems, modular _approach _to°
‘programming,~. avoidance  of GOTO statemént, .utility'
libtafieé),“ Daté‘ ﬁénipulatidn ‘(sortiné{ . searching),
Building Utilities (bﬁild,’ store and ‘refii}e* helpful -
pfbcedufes ~-and ,file\ handling ‘roufines), File‘ Handling
. icreate, ihpnt and ogtput” a sequential data file, random
faccesé-‘files( «managing. disk storage space) and Speéial
Functions (raﬁdo@ number generators, graphic ‘aisplays,‘
" trigongmetric  and  other  numeric fhnction#, ' sound
generatibn). A team programming project which involveé the
. plénning,\design énd implghentation of‘é\méjdr program~}s‘
also to be part of this unit. | ‘ ‘

The goal of Unit Three,fElectronip Spreadshéet, is‘io
:dgveidp‘éwaréness gf the nature of eléétronié spreadéhéets;
_'fhe 5pecific\objective§ of ' this unit“are:‘Prepare Data
Disk,'Laéd“and Run. Spreadsheet, Mo&e Throeugh Document Usiﬁq
Curédf Keys and by Naming Cells; Entering of Values, Text
and Formulae; Editing ana Altéring Data in éﬁngle Cells;
A Saving, Retrieving and Printing- Worksh8ets: Reproducing:
Cells; Definition and use éf Templates; and ‘solviyg

Algebraic Equations Using Spreadsheets.
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The objecﬁive-\ af Unit Four, ;Corr‘xputer Components and
. toee .

Communications, is to . study the . computer .system’s

" compqgénts in detail. Thesskills‘to,be*developed‘in this
select appropriate inpuﬁ dgyites, select apéropriata output
devices, select apﬁropriate storége devices, backup data .
files én@i transfer data‘ pétwéen microcomputérs‘ gsi%g a
" modem. o \

.Unit five,:ﬁFile' Managehent Systems} has - as its
objéctivé to éxper'iencé ah ~overview of a file management
system. . The "skills ’devélopedi in this unit ’are: lbad
program, retrieve ‘and save fiies,~ format diskgttes,‘ use
‘special print reporting functionﬁ{-{care and handling -of
‘diskettés, be at ease using - software .pabkageg, develop
structure fow giQén data, sort data’ élphébetically -or
ﬁumerically, search data hsiné‘ several critgrié ;ﬁd
'appreciate‘ pdssibilities whicﬁ compﬁtets éffér in this
fleld. A o

The final‘-;mit, Careers, aims ‘toﬂ‘identify employment
opportunities‘related to computers. The four~g§ais of this
unit a:e; develdép- - overview of ﬁraditipnal é&mputer
occupatiohs( develop overview df'épplicé£ions of ‘computers
in pther‘ occupations, illustrate use of computer - when

1

making career plans and develop appropriate work skills.

3.7 Ontario o S
.Ontario offers .eleven different' ~ computer sciehce

1
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courses at the secondary level: three Grade Ten courses in
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Int;roductoijy co:ﬁputér Studies, fo;xr Grade Elevert courses A‘
{Data P‘roéess'ing Techniques, ~ Computer ‘Science and
Technoiogy, Cdmputef' Technology and Data Processing
Concepﬁs) and five Grade " Twelve courses (Sy@tems Analysi_s
and Design, ‘ Comﬁuter Sc'ie‘{x‘ce‘, Computer  Technology
(Advancedf, Computer“‘Téchnbiogy (General) and bata

Processing "Applications) (Oni:ario Ministry of Education,'

T 1983). L

* The Computer Science . equr»sé ivs “designed to -~ attract
thosé g:éde‘ 12 students who.-show \p\rom&l‘é in ‘~pro‘§ram§\ing and
problém‘-solving "and is- ’the.réfore the ééufse examinad . by
this ‘st;dy. ‘T‘he‘ nine object{ives' of" this course are:»
Adva?hc‘éd_ Progfamming - (10 percent), :Pl‘a_nning" logically (10

égfcent), Deveioping Divers'e ‘Applicatioq‘s {50 ‘per.ce‘nti,

‘Impact of Coix(pui:er Science (5 pefcént)-, anverﬁingi Program

Code - (5 . percent),  Computer *'Art:hitécture (5
percen;‘)‘,‘Low—Levei; ‘Languages (10 percent), ‘Careers and
Further Stﬁdies (2- percent) : ax;ld‘\ Pe;éonai Communication
Skills. {3 percent).’ ‘ . ‘

__In-- égﬁyancéd pr‘ograimning, students ’learn. advanced
teqhniques‘whi;:h extend thei‘r knowle\dge of programming by

utilizing the avaifable constructs of the language being

studied. They should be able to: manipulate ‘Q::haracter

strings using built=ln functions, use available subprogram

N

features, apply user defined function capabilities of a-

h programming .language, use single and multiple-dimensioned

T
e
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arrays and choose and use the most effective variable for

3
H N

any given problem.

Under:.the‘ heading .of ‘Planning 'Logically, students
develop and implement algorlthms and should be able. to:
write data sorting programs, demonstrate knowledge . of

sorting techniques, understand ; sequential and binary

searches, write list merging programs,e,understand how*

, random number generators are created create and access

sequential and random-ac;ess files, llnked llStS and tree

structures.
3

- T . $ i . . . .
.Developing Diverse ‘Applicgtions aims " to have studeénts

expand their knowledge by " using adveneed programming

techniques to solve a variety of problems, including the

‘ following: textual manipulation, three~diﬁensional graphics

" and animation, solving_probleﬂs such as areas under curves

by using interactive methods, sidﬁlations, statistigal

N N - ’ N v
-processes angd any additional concepts which may arise fris
developing technology.

The Impact of Computer Sclence objectlve aims to. ‘teach

- students the impact of programmingkappllcatlons on- 3001ety,‘.

so that they. may: identify social implications, examine

;pys\ in which computers might be used to. assist’ special

groups of people an&)desigﬁ andlimplement softwere and/or

hardware‘solutions to the problems they have ideﬁfified.
Ccnverting Program Code refers to the*ﬁﬁdefstending of

the Eparacte;istics of‘bperating syétem‘modules.\ Students

should be able to: describe system software, describe the

» : v -

. .

R XS

3
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operation'of a multi-pass compiler and coyrectly gSe terms
related to this area. |

Compute; Architecture aefafa to an ﬁndérstanding~of a’
computer’s ihtarnal organization and an = ability to
'~ synthesize: the various addreSsing ‘tethaiquea, mem%}y
,orgahizaticn, the flbw*of daﬁa‘throagh a\computer pus and
the‘ inierrelationships'~amohg computer componénts_ made
p0351ble by the computer bus system. ‘

. The Low-Level Language objective is- satlsfied by having
students use a’ ‘subset of the 1nstructions of a low-level
‘1anguage to solve simple problems 1ncluding loadﬁsg and\
storlng accumulators, inCrementlng registers, u81ng loglc
operations and using various addressing techniques.

- Careers and Further Stadigs‘aims to iaﬁorm students of
possible careers in the computar field and ﬁra;ninq~which
is: availabla. . Personal . Cbmmuhicaiion - Skills ~;f§es to
provide f students with opportunities tﬁ"j develop
\coamunications»Aabilities by ‘classrood'\iaaéraction ~and e
formal research and re;oﬁts. |

Students in this course are expected to produce ati
least one program of significaﬁce during the yea:,‘ and
:1anguages used include BASIC, Pascal, . COBOL, ‘fORTRAN and"

APL, as well as some lOW*level languages

3.8 Prince Edward Island S

Prince Edward Island offers a.single computer literacy

course (Computer Literacy 721) which lists as its main
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.strands: flowcharting and programming,'ébout computers and
‘compqters in socieéy.‘ *»The flowcharting and. programming
strand has the.ﬁoliowing objéCtiyes: flowcha}ting {write ah
algorith&\fnd\draﬁ it invflowéhayt form), BASIC commands

(writing BASIC programs), ‘~corr¢ctions (findfng and

cgrreéting progfam errors),‘utilizatign iuse microcdmputers‘
to ‘enfer,run and‘ ediﬁ ‘programé), peripheréls ‘(use ‘of
computer . peripherals such as disg\ drives and prinﬁar;),
épﬁficationé (ﬁofd ‘processors énq .spreadsheets) and data‘
bank ' (accessing bulletin boards, ahd‘ data banks) - {(Prince
Bdward Island Department of.Education, 1984). |

‘ Teacher, trainihg has beeﬁ implementéd through a éeries
of inservices held across the province.it is recommehﬁed
{but not requifed) .that students enrolling in“toméuter

Literacy 721 have a strong background ' in mathematics with

an_cpﬁimum-student‘to'computer ratio of 2:1.

3.9 Quebec
Quebec offers two optional half-year computer science
. courses -(?ntitléd Introduction to Computer Science) ‘for‘
Secondary IV and V students. The fiiét course serves as a
‘prérequisité.fdr the second although students are free to
" take only the first course. ihe‘six general objectives for
“these co;rses are:~éonstruct Program Algorithms for Solving
;Prob;ems (39 perceﬁt), Develop Problem -Solving Strategies
A o

J ' : . .
(30 percent), Program Computers (30 percent), Know the

Fundamental Structure and Componentsvdf a Computer System

t7
A
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{4 percent),.Evalﬁaté the Réle and Place offComputers in
Society (3 §ercent and ‘Develop Critical Attitudes Toward
Computers and iﬁfprmatibn Processihg (3 percent)
{(Ministiere de I’Educatibn,‘Pgovince du Quebec, 1984).
‘ The first objective, Construct Program Algé;ithms for

Solving Problems, has the following intermediate

objectivesg write a proposal for a project, reformulate the

'stétementk of - the _projéct,‘ organiie the project, describe

the problem-solving process, produce an aldorithm, code the
§ . } ’ .

algorithm, run the program, revise and refine the program

and produce a report on the project..

The second ‘objective} Develop Problem \Solvingi

Strategies, has the following intermediate objectiveé:‘-

select Ainformation' for a problem, find a ‘simpler problem

which 1is part of the larger problem, find a problem \
-isomoréhic~ to the. -prgblem, generalize the problem, -

‘subdivide the probiem,ianalyze the problem, find analogies:

to the problem, use the deductive ‘process, ‘defihe,
formalize, deécribe‘ \the problem  and- its SOlufion,
destructure, test the 'solution’s\ validity, classify the
problem and its éolution, éxpl;in ‘the ‘ﬁroblem and its

solution, prbceed, by trial  ahd{ errsbr, use the iteratiﬁe
procesé, use ﬁhe‘recursive‘process, select a subset of the

¥

preceding 'strategies and use the modelling process.

The third objective, Program Computers, has the

following  intermediate objectives: use constraints; use

\variables;_ use ' arithmetic, Boolean and alphanumeric
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opefatoré: coﬁstfuét’ arithmetic aﬁd alphanumeric
expressions;' use assignment instructions; usea'diSplay
instrnctiﬁns; use daﬁﬁ ent Ry instructidn;; use cdnditignal

‘and ‘uncqnditionaii‘branphing instrucﬁioné: use predefined
'fﬁnctibns of fhe -seiected language; ﬁse iterative ‘ﬁhd
rq;ursive structureé;; use subprograms; use files;-:use

fsystém comménds; produce graphics; pfoduce musié; and ﬂse 

instructions to enable ‘compdter‘ to control external

‘deViC€$~ | ‘ A |

The fourth objective, Know . the u%undamental_ Structure

* and Components ‘of a ‘Coﬁputei Syétgm, hgsf the ~ following
.intermediaté‘objectives: éesc;ibe how -the .computer works,
cléssify Computeré, identify ° peripherals, ‘use control
commands for computer and' peripherals, identify pypes of
softéafe,nidentifg types of codes used by comp ‘érs, master
binary ﬁumbé:s and tﬁéir'defi§atives and kn the history
of comput e‘rs:. : . | )

The fifth« objective, Evaluate the Role and Place of

Cbﬁputers ‘in Sbciéty{ "has £he‘ folrdwing ‘interwgdiate

‘'objectives: describe computer apélications,‘ explain the

_computer as tool, . evaluate -the computer’s impact on
individual rights and ~freedoms, idehtify effects of

computer systems on the job market, evaluéie ~possible

computer careers.
The‘sixfh objecti#e{ Develop Criﬁical Attitudes Toward

Computers in Society, has the following ihtermediate:

objectives: evaluate the. true nature of the computer and
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information proceosing, react appropriately to computers,
evaluate act1v1t1es Yelated to information processing and
‘develop self-confldence and self esteem” by plannlng and ' -
. N .

wrlting computer programs.

3.10-Saskatchewan

Saskatchewan offers two\ computer 1iteracy\ courses_
{Computer <Appligatiogs 10 and 20) and three progrémming :
oourses (Combuter Science 10, 20 and 30). Computer Science
30 \is‘ inteoded ‘for students who ﬁovg veither‘ completed
Computer Science 10 and 20 (half-year courses offered at
thé Grade Ten and Eleven levels) or their aquivalent and--
‘thus possess 'o solid ;foundation in }BASIC\ {saskatchewan
Department of Education, 1984). ‘

"Pascal. is the recommended\ programmihg lanouage for
computer Science 30, and teathers‘are.§QVised that‘studéntéj
will require two to threé hours per week of cooputer time
ootside class to complete the regquirements of the gourse;

A major programminoi projeot 'is to Dbe féssigged .to all
studepts taking the course Lo ine them the opbprtunity to
'synthesize‘the compongnt s of their programming experiences,

"The stated objectlves of the 'course‘ are that the

student should learn geoeral problem»solv1ng technlques and

‘be able_ to: clearly define problems; design and code
algorithms; handﬁtrace‘algorithms and code;»test and debug
‘programs; anticipate, isolate and correct érrors: and
-discuss the { power . and “limitations of “a high-level .
) 'lotructured language with regard to data ahd -control ST
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structufes. The major teglcs to be covered in the ¢course
are: 1. Transition Frem BASIC to Pascal, II. Extendlng the
Fundamentals and I}I.doptionalu‘ \

Toﬁiq number one, Transition -From BAS&C to Paseal,
includes.e_the A‘folLowing\‘ subtopics: Com?iled Versus
Interpreted Languages, Structure, Langﬁage'Defaiis‘ahd\Date

T ;

Types © The tfan31t10n from an lnterpreted language (BASIC)
to a complled language {Pascal) is to be accompanied by‘in
examipatipn of compilers  and also by some dlSCUSSlOR of
structured ‘versus non-structured prog;amming ;ehguages.
Pascal’s sttecture and syntax are to be examined with some
discussion of .procedures (one oﬁ‘Pascal's strengths) taking
place at this poine in’the ¢our5e. Data types to be dealt
‘eith.inclede scalar, stribg, array and nser\deflned. The
total class .time to be allotted for topic number _l;xis
twenty hours. °

1

| Qnit II. Extending the Fundameﬁtele,\furtheé develoqﬁ'
'thek'topics ediscussedviin dnief T undei the foliowing
headinéé:, A{: Procedures end Parameter ' Passing ,\. EL
Fehetions, C..‘Detef‘St:uctures,_ D. Searching and éorting

Techniques, ﬁ“‘kecursioh Versus. Iteration; F. Text Files,
G. A Closer look at the Hardware eed H. “Algorithms. The
treatment of procedures‘ widens to include parametei
passing, local and global variables and calls by wvalue and
referehce.-‘FunCt;ons are introduced at this point in the

course with data structures a major focus of this unit.

Data structures covered include: simple vwvariables, errays,
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- set, user~define§ types, simple records, chéracter files(
packed arrays, - stacks .and. queues. Under' searching and
sorting technigues llnear and binary searches are covered,
along with an. introduction to sorts (selection and bubble)
and several intermediate sortlng techniques such as meﬁ&e,
insertion, quick and shell sorts.
| A'Closer Loock at the Hardware includes iﬁfbrmation on
o . N :

computer architecture, iaccessipg menory, macﬂine language
érogramming and aésembly language prograMming. _ The .
~ Algorithms section covers topiés ihcluding\ desigh
.‘methbdplogy'for problem solving, de?elopﬂént"of'algofithms
(églectioniof data‘and cbntiél‘strucpﬁres and thghdesignfng'
of‘ programming mbdule§5, appliqaﬁions of . high level
langﬁages- to a varieiy Vof representativé "and classical
~problemé, tﬁe use- of - counters and flags, manipulation of
;ecérds_ and arrays, oﬁerations_ with strings, sorts,‘
searches, merges and turtle graphics.

The optional unit deals witﬁ such‘top%CS as robotics
and artificial intelligence whicﬁ are at the forefroht of
~computing and wlll give students an opportunlty to pprsue

¥

areas of special 1nterest.
3.11 Conclusion

‘ Approximately half of the Provinces surveyed‘ offer
dedicated programming courses which rely on Pascal or BASIC °
with only Manitoba and Ontario offering courses in more

than ohe‘programming~lapguage at the secondary level. Five
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of the Prcvincbs  p1ace major emphasis, on structured
~ programming and préblem»solving apprﬁaches. .Five Provin;eé'
place impbrt?hce‘on a major programming project in order‘td
gain »tﬁé wiﬁest ‘possible experience | in computef
prdgramminé; Most Canadian proyincés appear. to be very

~much up- to ddte in secohdary computer programming. courses.
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4. CONCLUSIONS «~

4 1. Introductlon

This chapter draws comparlsons between the Nova Scotla

CRS 441 course and secondary programmlng courses offered

‘ elsewhere. An attemptf?s made to p01nt out strengths and,

7
weaknesses of our Nova SCogla course in hopes ot 1mpr0v1ng

. the course. It should. be noted that only- ten States are:

listed in the accompanyingvcharts (Appendik I1). Méhy‘of't

the States which ‘supéﬁied infcrmation did not provide
s . .
suff1c1ent detail about thelr programs to be included in

the charts.

4.2 Overéll Goals

An examinatiOn of Appendlx I reveals that Nova Scotia

& fares rather well when compared to other provinces and

. T s
vayious American States. The reader .should keep in _mipd

that’ information on 'United States ‘courses 1is based o
spggested courses and that the actual courses may Qary

‘éféely from those discussed here. Appendlx 11 compares the

2

of comparison: Problem Solving, Top-Down Design,

Programming Langqages; Teaq Programming}' " Structured
Programming, Programming Stressed and Madjor (Programming)

Project. e _—— '

major aims of the prpgrammlng courses and lists seven areas
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All courses exaM1ned'ilsted Problam Solv;ng as a major
goal‘or objective This ls«due to the‘empha31s placed on

problem solving 1r mathematics and the fact that computer

o programmlng coursés are .seen in' many areas as exten31ons of

mathematics course offerlngso -The usual method of‘teachlng

programming ‘is ‘through progressively "more . difficult

e
-

problems whlch utllize concepts taught ig’ class.- This
requires the student to apply problem-solv1ng technléues
and.reduce the problem .to a series -of subproblems which are
more easily solvable by the. student. S

The second major goal, Top-Down Design, refers to the
careful settlng of goals when programming and ‘the bréaklng

dowp of . those govals _into subgoals whlch sre easily ,

achievable. Nova Scotia is one of'ohly‘foﬁr provinces in

Canada which places ‘stress: on the prlnClpleS of top-down

: oesagn. . Thls speaks well of the 1ntentlon of the

1

Department of Educatlon in this province to teach good
programming technlque »iﬁ CRS 441.~ While elementary
problems ‘can be solved without the application of top-down
design, more involved programmlng pro;eots sre‘ nearly

1mpoSsible to taokle without the use of thlS method - of

‘problem-solving. : T ; f“

Nova Saotia .i ‘laciing‘ in the. area -of Programming

Languages taught, because while BASIC or Pascal satlsfy the

» \ . \

‘requlremegts of‘CRS.44l, almost all Nova Scotla schools use
only BASIC .as theforogrammlng envlronment of choice. This

‘may _be due to the lack af aVailaplé WLfascal softwere,'

»
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‘i:}he' prefereﬁces of teachers who, for the most ;\part,
completed their progra}mn:.ng courses' in university\before_
Pascal appeared ¢cn -the educatlonal scene or to simple\
1nert1a on the part of teachers who developed their CRS
courses from . scratch and are hesitant to move into

unfamiliar territory. I, am not advocating that schools in .

N

)this‘ province\ ‘begin- teachlng more than . one. pxo«;remming *
xlanguage in CRS because 1t eppe‘ars that in the few: areas
where thls is done students have had- extensive experlence
with BASIC before they éver reach hlgh school However,

‘Nova“ Scotia students  entering university computer science

+

_courses _are ‘findin'g Paseal‘\ apq FORTRAN cOurees very

difficult because they have mno training in. a structured

.% . . . . . .

‘pro rammamg environment. This is not to say that Pascal is’, .’

\e'“ N

by _any- means ‘the " perfect structured 1anguage, but it does
. * kY N : ~ )
possess seme structured eléments in ) its.‘ microcomputer -
= : .

\ . N _— ) ¥ M ] A
implementations. Some educators have. . stated  that.

’ N ’ . ' J’ N " N A N S

_ structured BASIC would serve as well or better than Pasgal,
but . structured BASIC 'is' even. more rafe in this province

than Pascal I am sure that a survey of Nova Scotia high

schools would reveal that the vast majority are using S

outmoded ver31ons of BASIC such as Pet BASIC, Aprlesoft
. BASIC and TRS-80 BASIC and that schools are only\beginning

"-tb implement more modéfr} implementatiéns of the language

. such as BASICA for the IBM PC. }l‘h‘e‘ Department of Education

is understandably hesit{ant' to set 'a software standard for

s

the CRS course due to Ehe d&ize‘rsi«ty of‘ hardware ~being used
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in ﬁoéa Scotia high schools, some of which is‘unable to runl
any‘ language but' BASIC \(éqe to  memory Aliﬁiﬁatibns,
oﬁso;escénce, étc;). However;~we.are beg;pning to féaéhia .
hardware standard (IBM) and should now begin to make some
“mcvé tﬁward a'software étandard!which will‘preparé students
for real world computing en&irohﬁgnts. \ ‘

i .Tonm‘rrogrnmminq, majorvogjectiye'number fouf, is found
.in the computer cut;ipulé of'oniy two péovincés “(Manitoba -
and Nova Scdtiaf{” The team approéch is §eéﬁ~as a way of;:
éncoufaging students to a@ééé "egoless programming” (which
1 holds that all members of the team are equaily responéiblé
“foi thefsu@cess or fallure of thé‘project). It\is:alsp
‘ﬁoped tﬁat studenfs\ will \beéome .willing> to experiment
because of a -decreased fear of individual faiiﬁre placed on
thém.inﬂa grouP envirénment. * This approach is widely wused
in -coméuter cqurseé ever}whére i?beqevé; there are more
students than\ microéohpﬁiérgr with results  which vary
widely due‘@qinly to the mqkeuﬁ of each group\‘ Nqéa'séotia
is- tq: be ' commended 1for:-thi§y attempt to expand the
begramingj horizons‘ for' its CRS studéntg by making -pegm
prégrémmiﬁg a major part éf the Grade 12 course.
TheAffifph _overall 'gbal, Structured érégrammfhg, is
universally ' recognized in the liﬁerétufe as the »c0rréét_
‘ path‘ to ~folipW' when ﬁgaching pr&gramming. Surprisingly,
‘on;y ‘.five éanadian ' provingés specificaily Aﬁention

structured  programming as -a - goal for their course.
A ~ : N N \' T -
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Structured programmihg refers to a generally .orgaéized‘
method of writing a" program utilizing subprqgrams\ and

cértain -recognized programming practices such as: the

avoidance . of 'GOTO statements in BASIC; formatting of

programs by -indenting; and keeping code cleaf, readable and
3
1ogica%§ The phrase "structured programming™ has become

.almbstfka cliche in comput

literature and is often
' proposed as:an antidote  for Y
;tangled".program logic) . . The Nova Scotia Departmeﬁt‘ of

‘Educétion has wisely determined that this concept ' needs to

béépme-a-nmjop g&él of the CRS 441 course in order that

N

students: who bbntinue on in. the computer field will become .

' accustomed to programming ‘in this wéyf
The‘nex; mgjor objeétivef Proqramming Stroasad,:refers
to whether_ or not programming ‘is~ the main vf&cué qf the
compﬁtéi’ science course. Nova Scotia’s course does not
stress progrémming‘\ionly‘ﬂdo% ‘of élas#“time ié spén§§ on
Progrg%g}ng), but, since there is né‘preregdiéite for ‘CRS
441,  some’ studénts wounld éxperignce a great_fdegl of

confusion épd medtal strain if .a course dealing eyclusively

N

with p}ogramming was offered at -the Grade 12 level. Only

four Cénadian provinces offer. coprseé :aealihg primarily

with programmiﬂg and all‘fﬁur offer mére than on# sééonﬁaiy
| computer ﬁcience course. Computers ha&e hét filté:ed their
*;ay &owh‘ to .elemeptary~ and jun;gr> high schools 1in this
"p;ovincg\ as- fhey have in the U.S. " duet to }bquetary

-restraints, lack. of ;eacher trainiﬁg‘ and athe fact that

‘péghetti code™ ‘(hopeiessly

&
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computers have been a‘nmjor’concern of educators in.Nova

~ Scotia only since 1980 (approximately) . There has not been’
enough time to develop CAI throughout érade levels and.

curricula which would lead-to demand for a coursé devotéd

‘'£t¢ programming and tofthé»dévelppwent.of.students who afe
:prepared for a rigorous course in p;og:amming. .

_ Thg final maj&f objecpive, Major (Programming) Projaét{
is»émbracéd by~th§ Nova Scotia CRS cdursé as a method of
covefing‘ aé%anced ‘Eopics which hayé not been previously
examined‘» and -6f héviﬁg: studépts demonstrate -their

;programming skills.  This is a- very good ‘exercise for

students, who will have the opportunity to _engage. in the

cpnstruétioq of a detailed, involved. program which will

giv® them some idea of what programming in t&éf outside

world is actually like.

»

4.3 Secondary Goals S o s

There are - twenty-four secondary goals listed for.

comparison in‘Appendix I11. Thése goals-aré:
1. Appliéatigns
. 'Graphics. _

2
3. Ethical and Social Issues

&

5 Filé'Handling\ .
6. Computer Gafeer$
7

. Program‘pebugging

Computer Fundamentals o LE LN e




13.
14,
15

17.
-18.

19.

20.

S21.

22.
23.
24,

~-B(0~

Pseudocode

Flowcharts

History of Cemputeré‘
1I/0

Control Struetures
Subprograms

Data tommu‘nication

.‘Sort and Seercp

Interpret‘vé. Compile

Modularity

.Second (High—Level) Language

ng—;evel Lenguage .
Systems. Analysis
N B * M

Operating System

Arrays : . ‘ : R

‘Computer Architecture

Program Documentatlon o

PO

There are many other goals of computer programming courses,

“but the twenty four - 1isted here reoccur throughout the

. computer curricula and provide a basis: for comparlson.

Applzcations‘refers,tp\the‘use of commergial software

N -
3

in- computer courses, an. area in which'the ,new Nova' Scotia

course~excels. Sections are included coverlng the three

main - types of commercial ‘SaftwaIE" word processors,'

databases and spreadsheets. .Most of the world’s computer )

“workers

are users, not programmers and use of thls type of

N

software will. prepare students whoe will be enterlng -fields ,‘ o
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which' rely on computers extensively (e.g. segretarial).

While the CRS 441 course 1is not intended to be vocatiohal'

it is difficult to name a profe331on which is not affected ;

ol

by ,computers and therefpre applicatione~- are lmportantf

(approximately 35%. of class time is devoted ‘' to them).

Wwithin this topic, there is some "programming done inside

the -‘applicati‘on‘ itself ‘(especi‘all‘y\ in the database

*section)

science courses and . one which \‘reéeives little or .no’s

attention in CRS - 441. The qua Scotia course concerns

:,Ltself with the most . commonly‘ used applications (word_"
procéssing, spreadsheet, database) and does not allow any,
time for the less common applications. ~(i.e. gg;raphics)_."

While ‘graphics are certainly an area of interest, I feel . -

that the CRS 441 course wisely_ emphasizes ‘the" ~moet
4 N . )

1mportant applications. n ) I

~'\_

Ethical and SOGial Issues are stressed in the Nova

Scotia course (and in those in most other areas)" due to the_ .

computer anxiety whic-h'_\ affects many people and feare ‘that

students . ‘will ) not receive gorrect ihformat‘ioh:'ﬁa-b'out.‘.

1

. software piracy and theft of data.u Ethlcs have a part o
-all school subjects and espec:.ally in the relatlvely new‘: ’
‘field of computers. Students must be informed that thefti
"‘:af computer programs andf'or data 1s exactly thatv theft o
The -Nova, Scotia computer currlculnm Lgulde\- states thls

.concept explicitly in its 1ntroduct1=0n and the Department‘

r
' - N - Lt . ,’
NS

Grnphics is' another area of interest in computer .
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‘ ’Y” To. be congratulated for taking a firm, clear stand on

thls 1ssue

‘ ~{; Computar Fundamantals refers to a general 1ntroductlon

tQ computers 1ne1ud1ng informatlon on the operation of the

oomputer system, care and use of hardwarg and software and
. eXecutlon of programs.. Thls process ‘takes time away' from

programming 1nstruct10n,:but, as stated earlier, since' the

x‘
a‘

CRS 441 uourSe has no' prerequlslte,‘ students taking the

i_courseigoften haVe n@ prlor computer experlence and must

-eceive'\some 1htroﬂuctory orientatlon. This component’
coulg be elimmnated by hav1ng Nova - Scotia’s other CRS

‘Qurse

(CRS 331~Cohputer theracy) serve as a prereguilsite

surveyed (including

‘&o@a Scotx;; l&ste&‘rilo Handling as an objective of their

’.‘\ . .
= cbu;Ses. Th;s refars to the efficient storage, retrieval

l)

sortlng and inaexlng of various file types and

l‘. ]

shaﬂching,

epmponeht of any computer programming

S courSem" i i;“k*ﬁ.
wl e e L

v

1"iz‘f-uﬁi, %ﬂother very popular oomponent of computer courses 1is a

af€~ﬁ;; k‘sectlon devdted to Computtr Cartors._ It is not sufficient
Qs ﬁxcf *‘fto dlscuss ptogramming 1n detall without prov1ding at least

a cursory dlscussion of\:what careers are. ‘open in the

.;'\‘\,‘f 1 -

i;computér fleld.i‘Nova.sqotia{s coursé'devotes 4% of class
“time. to this toplc, which is' coveréd iln Unit I of CRS 44l.

aAgain because ‘progrsmming ‘courses are , not- -vocational

”ffooursﬁsx“g thex ~are . not ‘designed: ° to . chanhel"

»
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students ihto careers and theréfqre}» instruction . about
bomﬁuter ' careers should be » limited to a general
6rientatidﬁ;
Program Dobﬁdgiﬂq is .a vital aréa of‘iﬁteresp for all
computer prograﬁmihg courses and qué Scotia’s CRS course

re N
makes debugging a focus of ‘the ®tructured Programming unit.

No computer prdgram is ever without flaws and an.

\intelligeht programmer alwéys checks. his code under all

pdssible conditions. Teaching programming. without teaching

proér&ﬁ‘debugging‘QoulQ.be.analogaps to teachiﬁg érea;iﬁe\

. o »
writing without teaching sentence constructiocn.

’ Arriya form vthé basis for the computer’s information

.processing capabilities and a programming course in any .

high—level language which omitted this critical area would

K

be seriously flawed. Nova Scotia’s  CRS course again.'

receives full marks' in this area because' of the large
portion of time devoted to arrays,

Pseudocode is stressed in only thrée of the provinces

0y

'and one of the States surveyed. "This refers to the writing
of a program .outline in a mixture of. English and a

' programming ;ahgdagé and can serve'a% a valuable. tool for,

program design. However, ;hé ﬁoya Scotia course‘cénnot\be
faulted'for_tﬁe,pmission of this topic. An introductory
course which 1is aiﬁed at. gtuaenté"whose 'abilities vary
widely lacks the time fquired to buiia skill "in wusing

3

ﬁsguaocode.
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IE}was rather surpr131ng to note how few provxnces and
States 'include Flovcharts in their computer curricula.'_lt
seems that . no rne is indifferent to_flowcharts,;they are
either loved or hatedt lIAﬁave alwa&s }elr-tﬁat flowdharts
are very useful in ‘explaining program flow\esﬁeciélly to
students _who‘ lack experiencé in prégramming; Flowcharts

are mentioned in the Nova Scotia course’s curriculum guide,

but' they are not a major focus of the course. They are

listed in passing as a possible step in the problem-solving

\ process.

~.

The- ﬁistory of .Computers is not an objectlve of CRS

441 This is a literacy topic and’ one ‘which -has 1little

part in a programmlng course.

y\I/O describes a multitude of topics lncluding methods

; 'of input and output, formatting of output, output routinq,

etc. ' No programming roﬁrse can avold an extensive
discussion of I/O'}ecaﬁée programs -and their resulﬁs are
baéically input _and‘ 6ut§ut; Almost all 'provinces and
States surveyed stressed this topic in their céurses.“‘
Control 'Structures refers to ‘a language’s facilities
for specifying -a departure from.‘normai program execution
(g\e. subroutines or procedures). All programming courses
listed in Appendix II (frihce Edward Isiandﬂs course +is a
literacy coursg)‘stress control structures in the language. .
chosen. This is because the“power of a programming.
language is revealed when control structures are studled

It dis here that Pascal overshaaows BASIC because of its
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procedures which make Pascal programs far simpler to write, ‘ R

. e

rrace. and debug. T.I ‘ ‘

Subprograms describes -a modular approach to' writing
programs which is basic: to structured programm;.ng. Most
Statee and - provinces surveyed (including Nova Scotia)
stress the ‘nse of subptograms since subprograms (dde_ to
their modularity§ can be ‘rensed' in related problems and
‘gtudents afe not forcediito continually rewrite the same
'proéram.\ | ‘

Data Communication is an. important concept which is not
included in many §rogramming courses. Nova‘Scetia’s CRS
course. includes material on:communication as part- of ﬁnitki : o :.
'Five, File Management Data transmiSSion is ‘becoming ‘ hig
increasingly important esfecially An buSiness environments,
where rapid, error-fnee transmission of 1nformation is
critical. The Nova Scotia Department of Education .is to be
commended on their foresight in including this topic in the
CRS 441 course because of its importanCe and timeliness.‘

Sort and Search refers. to the various methods of
o:ganizing and tetrieving data. Because of thegimpertance‘
placed on databases in tne‘ CRS3 céuree; sorting and
searching techniques play an important role. _ it is\very
possible that data handling will replace programming as the
most important computer—based topic in the near future due

to the information exploszon now taking place and the -Nova

‘ScotiaAcou;se prepares students for this eventuality.
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Interpret vs. Compile is cqncérned with the rélatiye
merits of ihterpreted and cémpiled programming languages.
S;néé thé only language:used in“most’Néva Scotia schools is

BASIC ({(an" interpreted language) and sincé‘ no complled

- languages are introduced, discussion of this topic 1is

impossible. This is unfortunate because s$tudents ‘who
continue in progiamming'will be exposed to mainly,cdmpiled
languages. Since the CRS course is intended for @‘broad~

student audience with ‘varied interests, this topic was

' omitted in order to‘develop areas which were judged more

impprtant to most studgntsi(i.e. applications).

‘ Mb#ulhrity» is concerned with the app#oach that most
problems ééﬂ“ ‘Sék‘ reduged‘» to s@éller, _repeatable
sub—probléms. "While the CRS éourse ufilize;.principles of
structured prdgfamming, modulafify is not stressed a$~ an
important‘goal. ‘ ‘

A Second Programming Language is not utilized in the

‘Nova Scotia course because only 40% of class time is

v

‘devoted to arctual programing instruction and practice and

there is _not ‘enough time 'aQailable to move beyond the
languége uged. This is‘unfortunate because many computer.
educators 5eiieve‘that by compariﬁg two or more -languages,
students ;wili gain additional expertise in codiﬁg in all
laﬁguages studied. V
Low-icv.l\Languaqis:afe not COVered_i;‘the CRS course
because, aé stated above, with . only 40% of the course .

devoted to programming, there is simply‘no\time available
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to study assembler or machine Jlanguage. Prbponents of

low-level languages believe that they help students gain

‘insighﬁ iqto computer. architecture and learn‘about program
execution at its.most basic le?el; with a course which
spends so much of its available time on applications it is
clear that the curriculum planners in this provznce decided
, that low—level languages were better left to univer51ty
courses. l V
~‘Syst§m§ Analysis ‘refers to the . overall planning,
design, coding, impleﬁen;ation and tegtihgTof‘prograhs and
is aléo not covered in'the Nova Scopﬁ%icohrse, Some.small
discussion of systems. ana1y31s may take place durlng Unit
\Seven, Programming Project, but this topic has alsd been

-

'51eft to higher level courses.

Oporatinq Systum is concerned with the use- - and

understanding of the r951dent computer operating system,
‘including I/O routing, control of peripherals, etc. The
CRS c0urse deals with programming within the environmént of
a -high- level programming langnage and’ fails to dlscuss
operating systems except as they relate to 1oading and

executing programs.

rd

Computer Architpcturo is concerned ﬁith the physical

\components of the computer system and the ways in which

* they pinteract. This is mentioned brlefly in the Nova

. 8cotia course but is discussed in.a wery cursory_manner."

Again, choices were made and topics such as this were left
to university and vocational coursgs fa‘ choicef which I

tetally agree with).
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‘Progrqm.‘nocumontatiqyé both internal {comméntihg)';and

A

e Nova Scotia

external (user guide), stressed i

course because of the igportance pia gn writing programs
in a structured ‘manner and producing ‘clear, readable

output.

4.4 Specific Recommendations

In" summary, Nova Scotia receives. high marks dirf mpst

critical areas ei&ept for the cholce of programming

‘language and the time devoted to programming. = It could b

at more than one

that, as students becomé;computer—literate earlier in their:

-

education, demand. for a course 'dedicated to programming

will persist. But these}programming coursés may be offered

and be hierarchical in nature in

i

" order ~to'jprovidéi déeper understanding of’ prpgramming‘_

¢

‘repeat 'of CRS 331. If a true pxo

. . . Ve ‘
skills ‘ : L AN T > 3

There are several other problems with Nova Scotia s CRS

-
N

courses beginnlng with the confusion over the two courses
(CRS 331 and 441) . CRS 331 is a literacy course'and bs
1ntended for students who will not be taklng CRS 441 the

programmlng course. Consequently, ere 1is . considerable

cverlap in the two courses. . The.

Nova Scotla schools is that )\ students interested in

taugHht tto Grade 12 students, theré‘ should be a. previous

introductory coutse which would alléﬁ students to determine

roblem~ﬁh1ch arises in“‘

e

e
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1f they wlshed to enroll in a prsgramming course. No*cuch‘

course now exists sxnce CRS 331 is not a prerequlslte for

CRS-441. " In many af the prov1nces and States surveyed CRS

A

441 *would be a computer ‘literacy course, due to the large

N .

portion of time spent on applications.. If we are to:

prepare students to take their place ' in a world which

relies‘more"heavily on computena every day *I think we nmust

expand and dlver31fy ourﬁfrogrammlng efforts. 5

3

. The approved text’s for CRS 441 ‘are another problem for .

‘teachers of the course. . The theory tert 1is obsolete~after

.

only four years ‘thardly surprlslng i the rapidly changing‘

_world of computeré) and the only programming text avallable

deals w1th BASIC and fails ‘to use structured programmlnq

prlnciplesr If schools are ever to successfully introduce

Pascal, a teaching text is absolutely necessary. Flnaliy,
there are no certification tandards for teachers of the
CRS .course ang no training p ograme specifically designed
for c?mputer science teac&ers. A The two CRS courses: are
usually taught ‘by math‘ teachers, many of whom lack
pkogramming skill themselves and fail to teach programming
in the correct way.

We have come a~long way in our struggle to modesnize
computer science courees invkova Scotia but we sti}l}have a

1ong dlstance to_‘travel ) We should standardize our

software and hardware as soon as p0551ble,‘choose adeguate

‘programming texts, introduce teacher’ tralnlng courses and

)

_attempt to stream  students entering computer = science

N

. . o )

i
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courses if we ,are to continue to improve our students’
; *

*

Nova Scotia computer educators should be extremely

‘careful to avoid ﬁdffering an obsolete programming coutse

which fails to meet the needls of students entering a.’

- technological workplace  because of a .weakness' in

. pregramming instruction. Nearly all provinces and Stateé‘

surveyed have a high-technology programming.course in place
) . N ~ £ R .

and wé\must either follow suit or fall even further behind
' in the race to prepare students for life\ in the next

century. The total lack .of teacher éfaiﬁihgfin_bbmpdtéf

edﬁcatiqn in ;his~pfovincéwis&a major problem which must be
dealt with swiftly, and the need for a full-time computer
consultant is also pressing. On February 26, 1387 the

Speech from the Throne - {(Nova Scotia House ‘of Assembly,

*
g,

“_1387) st&fed—that computer literacy is to be stressed in

-the province’'s educational system. This shows' that the

provincial .government-‘recognizés that we needv to stress

© computer education. Now is thé‘time to press forward with

‘an in-depth course: in programming for high 'school students

because the 1onger‘we delay, the greater the gap which must

"

" be dealt with. - ‘ .

[ N
<
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RPPENOIX I

.
St nts .~ .

Source: Alaska Department of Education

3

~

¢

USE OF MICROCOMPUTERS IN SELECTED U.S STATES
State Rark  Rank  Rank Units Umits Units
, 1986 © 1985 1984 1986 1985 ° 1984°

, ‘ - ,
Alaska ¥ 1. 1 12 5,779 3,493 1,083 99,711
Arizon3 19 13 21 11,752 9,117 4,077 527,332
Arkansas 42. 27 34 7,2?5 6,172 3,065 436,489
California 43 44 32 70,988 42,430-30,033 4,331,876
Conmecticut 10 g 25 11,345' 8,815 3,731 465,359
. ' i . v )
Dist. Columbia 13 48 24 2,131 700 700 87,927
Florida ) 14 20 14 .36,281 23,491 13,803 1,.528 504
Georgia 48 49 ;47 15,321 .7,737 4,128 1,151,359 -
filinois 31 41 ' 27 33,613 20,740 14,058 1, 934 680

- Indiana 12 12 19 24,251 17,766 8,860 975 918
Iowa 21 17. 5 10,833 8,447 5,377 494,715
. Kentucky 40 32 ‘42 11,545 8,367 3,623 672,
Louisiana .50 - SO 48 9,343 5,155 2,718 781,3
Maine 36 29 28. 3,708 2,887 1,559 208,525
Maryland 35 34 43 11,345 8,643 3,508 .-670,647
-

Massachusetts 17 7, 13 19,686 12,181 8,204 074,486
Misssissippi 43 51 S0 6,052 2,724 1,306 464,064
Missowri 45 37 39 12,899 9,619 4,984 809,69
Nebraska i1 9 11 -6,598 4,841 2,624 264,806
New Hampshire 47 42 23 2,346 1,743 1,239 156,206
New Yorik | 26 36 26 44,367 32,020 20,262 2,653,839
North Caroltna 33 43 45 19,959 11,963 5,020 1,099,279
Oregon 7 re 19 12,479 8,539 4,011 442,303
Pernsylvania .34 31 3¢ 30,366 22,761 11, 429 1,695,741
fhode [sland C 2 18 38 6,428 2,270 136,336

-t
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PROGRAMMING LANGUAGES KEY: B=BASIL, P=PASCAL, C=COBOL,

, APPENDIX 11
, o " PRIMARY GOALS
STRTE OR ‘Problem Top-Down Pr;agranming Tesn .Structured Programming
PROVINCE Solving Oesign Languages Programming Programming Stressed
e — - - Ay~ e
Arkansas X B, . .. %
Cormect icut % B,P,L,Pi
Florida % C,PL.F,P,B % X %

Towa X B,P o ST X ¥
Kavbﬂg X B ’ X %
Louisians X B,P,C,F ‘ % %

. Mississippi X ' B,P,C,F X %
North Carolina X NA p
Tenms;ee x. B,P . X ) b4 g /X ;
Texas X B,P,C,F "X
Alberta X B . L
British Columbia X P ) X X
Manitoba ' X B,P,C,F X /x ) %
Newfoundland X | B )
HOUR SCOTIR X B b’ b S
Ontario X B, P A -
Prince Eduward 1. X B / ,
Uuebec X NA x X

' Saskatchewan [ X

s
*

. X

%

F=FORTRAN, Pi=PILOY, PL=PL 1,

L=LOGO, NA=NOT AVATLABLE - -
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. APPENDIX T1I

SECONDARY - GOALS

STATE OR F%pplxcatmns Graphics Ethwal and Computer File » Cmter Program frrays

. PROVINCE " Social Issues Fm-idaaentals Handlxng Careers Debugging
- - - —“"‘—; - ‘ o e ’
Ariansas x X X X o, X
Tannecticut % a X X X
Florida bt X - X X,
lowa ‘ % X % ¥

, / .o : : .

Kentucky X X X . % X % X '
Louisiana . 4 X X X-v' ~— .; % %
Mississippi X X X ' % %L~

. : ' L v ey
North Carolina X X "X
Tervressee X X X X X
Texas X X v X % ' '

, - , o -

Alberta b4 X b X x X X :
British Columbia x . X X
Manitoba - ’ X % X
Newfoundland X b 4 % X X %
NOVR SCOTIA % X % x X x x
Dntario X X , X X X ,,Q&
Prirce Edward 1. x X ¥ x X X
Ouebec X’ X % X X % %
Saskatchevan ~ . ] X X x -
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 STATE OR  Pseudocode Flowcharts

. PROVINCE

p
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APPENDIX 111 CONTINUED
SECONDARY GORLS

History of h/U Control- Subprogr ams
- Compusters -

Arkansas
Connecticut
Florida

lowa '
Kenéuékg
fouisiana
Mississippi
North Carolina
Tehne;see

Texas ‘
Alberta

British Colunbia
Manitoba ¢
NewFound! and
NOVA SCOTIA
Ontario

Prince Edward I.°
Quebec
Saskatcheuan

Structures
X X %
X X
X X - X
x x x
X x X
X X X
X X X X
&~ x
X % % X
X X _
% O X’ ¢
x X X .
XX X |
X ’x" X
© X X %
x ? )
% X X X
X X X

[

o

ﬂata

Sort and

Communicatjon Search

o o 1t S - o A D . o B S S St . . Mt 1 A A s o S

"y
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APPENOIX 111 CONTIMNUED

SECONDARY GOFLS

STATE OR Intérp;’et Modularity Second Low-Level Systems = Operating Computer
PROVINCE vs. Compile Language Language fAnalysis System '

———— " ) »- _— — — -

Arkansas X k

Connet:tic‘;'ut X X ' X

Florida X % ' X

lowa X X X

Kentucky )

Louisianav X - x
Mississippi b1 X

Morth Carolina - 5
Tenﬁessee ] X

Texas X 'X x .

Alberts "% % % X % %
British Columbia . 35 X X X X N
Manitoba X & x X | X .

Newf oundl and k

NOVAR SCOTIR :
Ontario X . P ' \j X
Prince Edward . . : g

Quebec™ . X . X

Sagkatcrmm % | 7 -~ X - %

I
Mol

Program

Architecture Docymentation

e e e e it it

%

¥

“
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COMMONLY USED .COMPUTER TERMS

a

v

ALGOL~ A language .designed by the Internatmonal Federatlon

. for Information. Proce331ng to prov1de a general-purpose

language‘ suitable  for communlcetlng» and~f~execup1ng .

‘algorithms, and teaching computer science.

Algorithm- Precise definition of a method gf solving a

.

)
problem.

Y o ' : . ’ '#
AMP1.— A dlalect of APL whlch avoids the APL character set.
APL- A Programmlng _Language, A hlgh level . language

N NN
developed . by Kenneth Iverson whlch yses many Special

symbols for functlonal operatlons.

Arrays- A structured data type composed of a- flxed number
of data components of the same type.. . | '
ASCII- A seven blt code . used as a stendard‘\ﬁor date

transmission
™

Assembly Language— A langhage in whiéh ayl operators and

~

virtually all operandsyare represented by\mnemonic names .
BASIC~ Beginner’s All- Purpose Symbollc Instructlonal Code.

An 1nteractive programming language developed in the 1960'

-at Dartmouth College by Kemeny and Kurtz whlch was intended

to be simple to learn

Binary Search- A quick method for search;ng an ordered

dense, list by smccesslvely looklng at that portion of the‘

~

data where the desired record is known to be.

Boolean Operators- A symﬁbl_ used in a Boolean expression
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. whose operation results in a Boolean value of true or

false. ‘ s, '
Bubble Sort- An algorlthm which Operates by scannxng a'list

“y

) of records and, wheneyer adjacent records _are fOund to bhe

>

out of order, the records are swapped.»¢“

:Bugs— Errors in elther the syntax or logic of a computer

. B
L

progran.

¥

C- A general purpose >high—level programmingx language

developed by Dennis Ritehie in 1972 wﬁich~is beginning to
;eplace assembly language 1n many programmlng en;lxonments
CAI- Computer Assxsted Instruction. ~ The use of computers
to\présent drill and~practice exercises 'ahd tutorials to
Stgdéhtsln e

., COBROL- Coﬁmon 'BusineSS*OrIented ianguage. A hlgh 1evel
language whlch is’ Engllsh-llke in style ana is exten51vely
used for buSLness appllcatlons.‘

- Coding- The actual ertlng of a computer\program.

\Compller- ~Translates user-written programs (source code)

into a language the computer can exgcute (object code)

Courseware=- Computer software used 1n education.

-Database- A file of data stored and grganized for easy

access.

%

Debugging- The procgss of finding and correcting errors in

I 1
computer programs. e '

- . >
. DOS- Disk Operating System. Software that initiates the
interaction of compubfer ~components which allows other

programs to execute.

. . N
% . A

*
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"Error T}appihg— The chatlon of programs whlch detect and
fcorrect for bad input. ' \ ‘ .k' ‘ ”_)f
- Eiles— A coilection of daté with some common aspeét(s) |
Organized\for\some specific purpose. - | - ‘ B
Flowcha&ﬁﬁ_ Qraghic; means oﬁf desc;ibing a -sequence’ of
o computer épefatfonsf &sing-standardized symbols for various
computer operatlons.

EORTH— A programmlng language created by Charles H More

which‘greatly reduces theiwork of wrltlng sub;outhes by

S o aefining them as words. ; \ . Y
. ' FORTRAN- FORmula TRANslation. A numericaly scientific,
‘ )

high-level language develnped Ln 1956 and still in wid€ use
“among the” scientific communlty today . N
.High-Level Language- Programming languages which are clo;e .
to Bnélish éﬁd which must be'iﬁterpreted or compiled befofe
'1exécution

Interpreter- Transforms a COmputer program dlrectly intc a

sequence of machine actions.

Iteration- The repeated exec@tioh of lines of code until

Iy

some cond}tion is satisfied. A i
LI§P— LiSt Prodessing. A sophisticated, high-lével,

) iist-pfocéssing language used iIn artif&cial intelligence
research. - ‘ ‘ i a -
L?go- Erogramming(language invented by Seymour Pabért\ used
in computer-related learning activities. \\
Low~Level  Language- Programming languages whiXh are close

\to the native {blnary) language of the computer and. which

D . can be executed withcut 1ntermed1ate steps.




v -99-

‘Machihe L.anguage- A programming 'language whixh ‘is
\ o .

immedjately executable by the computer and whose typical

statement consists of a single operator-eperand pair.
‘ : : \ ) 7
Module- A logically self-contained and discrete part of a

o . - ’
‘"larger program . o

’

~ Pascal- An f‘Algolhrelated procedure~-oriented language
-developed by Wirth in 1971 which was de{igne’d to be easy,to

learn and debug. :
» ' v

Peribherals—> Devicaé§ which input data to the computer or

. receive its output. -

Pilot- a simple computer-assisted instruction authoring
" language. o

PL/I- Programming Language One. A procedure-oriented

»

language‘ developed in the 1960*'s which combines the

® . LT .
desirable features of FORTRAN, COBOL and ALGOL. PL/I is
. , S « ,
equally suited  for scientific or data processing

applicétions.

Procedure- A portion of a high-level program which peffo;ms
" a subtask. "

Pseudocode~ A mixture 3? English and a programming language

o

- used in progxam desigh.

Random Acces¢ Files- Files stored so that the time required

to aecess a record 1s independent of the order of the
- . ‘ ) )
records.

Recursion- A mathematical coﬁcept in which one or more
functions of a variable are defined by giving 'iﬁitial
values and by giv;hg the value for larger integeré in terms

of smaller ones.
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Registers—- A sbepialized ‘stdrage element of the Central
Processing Unit (CPU) whicK stores a string of bits

~
- .

representing information, \ .
Sequentjial- Files~ Files in _ which data is  stored .

Y ‘ . , .
sequentially -on a key, but which can alsc be accessed by

A
means of an index. . .

Shell- Sorff A method .of éorting records which 1is also
‘~Vcalléd the diminishinéiincreﬁent sort. - . ‘
Spreads}‘ua:et.-~ : An . ‘"elec€£dnic ledger*, used for ‘the
manipulation of groﬁps of.numbers;-

Structufed Programming-, A methodological ‘style of writing
programS by combining ‘carefully written sﬁbuhits ‘and; by
foliowin§~certain acceptéd p:ogiamﬁing procedures.
Subroutige— A portion of a "program which is a logically
geparate part of the @rogram and which Qg:fofms'a.spenific
task necessary for the prog;am}s execution. s N
Subscripted Variables- Variables used in to storé arrays.
Systems Analysis- Tﬁe anaL&é%i;‘ design, installation and
evalgétian of an infbrhatian system. | A "
‘Toﬁ%Dowﬁ Design¥ Design whiéh  bégins by setting 'goal

RN * . #
systems, and decomposes that system irito subsystems.

Variable- A location in mémory referenced by an identifier
'Y

{variable name) where a daté value can be stored.

ﬁ__

~
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