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CHAPTER 1

NATURE OF TEE PROBLEM

1.3. TIatredugiion

Recently Peter Denning, President of the Association
for Computing Machinery, titled his President’s letter,
"Eating our Seed Corn , (DEN, p.Z41) referring to the
migration of many Computer Science faculty or potential
faculty to industry. Many are calling this situation "the
crisis in Computer Zcience Education.  The fact that there
is a teachar shortege in Ccmputer Science is widely agreed
upoxn. Eowever, there is not widespread agreement on what
should bve done about it. The remainder of this chapter is
a presentation of some statistics regarding the extent of
this preblem and an analysis c¢f them. Subsequent chapters
will deal with one aspect of the sclution to this problem
—— revisions in the traditional structure of teaching Com—

puter Science courses.

1.2. Demand

The demand for Computer Science professionals 1is
currently very high. A 1681 editior of Computerworld
(COM) has noted nationwide survey results which indicate
that “computer employees are being sought in “unpre-

cedsnted’ numbers . The increase in demand was 18.7% in



™

1682 and was an edditional 153.S5% through mid-1981. Pro-
grammers in particular were in high demand -- an 1increase
of 27.% occurred between mid-1S8¢ and mid-1981. This
demand has pushed salaries up. Computer Science salaries
increased 4% in the 3 years 1878 to 1c381. Average
salaries for Corporate Management System Information
Dirzctors were $45,859, for Systems Analysts with 2-5
years experience were $27,132 and for Programmers were

$24,238. These increasss were tabulated as follows:
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The significance of these figures is ©best seen in com-
parison to faculty salaries. It is important to note that
sirce Computer Science is a relatively ycung field, most
faculty members within the discipline are in the lower

faculty ranks. Thus salaries of the low to mid $20°s are

0
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Average Faculty Salaries in 1980-81
and Percenlage Increase over 1979-80

Public Privste independam Church-related AR combined

Acsdemic renk Aversge Increass o Averzg v Increase
Doctorate-granting universitios
Professor ETET oo g RS ... . 832850 S 1% $36.000 8 6% $31.170 10.2% $33.450 9 0%
Associate prolessor M . 24 460 89 25.290 9.9~ 23.750 9 0% 24,560 9.0%
Assistant professor 5 19.810 92 - 20.170 9 6% 19.370 91 19.850 9.2%
Instructor ... ... 15,450 10 0% 16,470 110 16.010 107 15,630 10.2%
All ranks L. .. 25.730 91 27.930 9 1% 23.880 9 6% 26.060 9.1%
Other institutions offaring degrees beyond the baccaleureate .
Protessor : . 5 $29.580 8 0. $28.710 8.6% $24,930 102~ $29.000 8.3%
Associate protessor 23.440 7 6% 25.560 89~ 20.530 9.3% 23.000 7.9%
Assistant professor 19.280 79 18,580 9 0% 17.220 8.9 18,930 8.2%
instructor . . 15,500 7 S 14,810 8 6% 13.700 9.2 15,190 7.8%
All ranks ; . .- 23.3%0 78 22.130 8 8% 20.070 9.5% 22,850 8.1%
Institutions oftering only baccalaureate degrees
Protessor . $26.780 87 $27.030 94 $22.540 90~ 4 $24.970 9.1%
Assoocate protessor 22.19%0 8 4~ 20.430 9~ 18.640 8 3% 20.010 86%
. Assistant professor 18.730 90 16.720 89~ 15810 8 4as 16.750 87T
Instructor 15.060 83 13.810 91 13.350 87% 13.900 8.7%
AR ranks . s * x 20.740 87 20.210 9.2% 17.850 8 6 19.300 8.6%
2-yoer Institutions with lccdom“ Ic ranks
Professor . ... .. $26.200 80~ $23.750 82~ $17.720 s $25.920 8.1%
Associzte profassor .. ! o . 22.630 69~ 19.020 7.2% 16,280 84N 22,420 7.1%
Assistant prolessor .. P 19 060 92 14,390 7.8% 14,130 8.6% 18.830 8.6%
Instructor / 15.960 74~ 11,750 7.0% 11,600 99~ 15.480 7.4%
Al ranks L . . 20.740 7.9% 16.010 8.4% 14,440 9.6% 20.390 8.4%
Institutions without acsdemic ranks
ANl faculty members . ... . .. $22.050 9.7% $15.530 8.2% $14,710 10.6% $21,580 9.6%,
AR ingtitutions except those without ccademic ranks
Profssor i 25 3 $31,200 87~ $32.650 90 $24.850 97% $30.890 8.6%
Assocste profossor 23.800 82 23.200 97w 20,160 8.6% 23.270 8.5%
Assistent piossor ... . 19,470 87 18.680 9 4% 16,750 87 18,970 8.6%
Iestructor .* . e o e " . 5 15.570 83 14,600 9.2% 13,620 9.1% 15,140 8.6%
Al ranks 4. L B e 24,150 8 6% 24,290 9.3% 19,480 9.1% 23,650 8.7T%

NOte Avor 20 L2i3Nes 0O NOt nCIuCe MNGe bonedts they are based on
data rom 2 550 msitutons Percartsge Mcrestes &6 based on

csls oM 2.252 I humons RPOMNG COMpar abie salary data for
boh years SOURCE" AMERICAN ASIOCIATION OF UNIVERMTY PROFESSORS

the norm. For instance, according to the above tabdble
(CER2), a college faculty membder with 5-12 years experi-
ence wculd typically be an assoclate Frofessor and would
typically earn between $20,022 and $25,¢%2@. A Data Base
Manager or Systems Programming manager with the same
experience would earn cver $3%,222. Part of the reason
for this is that salaries for Computer Science faculty are
at least partially tied to instituticnal standards which
apply to all departments. Thus even though Computer

Scientists may be in much greeter demand their salaries
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cancot deviate too much from those in cther departments
where the demand is much less. This high demand for Com-—
puter Scientists 1is seen as persisting past 15¢2. The
following chart was prepared by The Chrenicle of Hhigher
Téducation ©based on data gathered dby The Bureau of ILabor

Statistics. {CEHER1)

Jobs for computer specialists
1978 1990 ]

400,000

247,000

182,000 ”
Systems analysts Programmers Computer operators Computer
; ’ gervice techniclans
PROJFCTION BY BUPEAU OF LABOR STATISTICS CHRONICLE ClIARTS BY PLTER H. STAFFORD

These figures represernt substantial perceuntage increases:

Systems Analysts 120%
Programmers 122%
Computer Operators 116%
Service Technicians 154%

As already cited, the demand for computer profession-
als 1increased by 15.9% between mid-193¢ and mid-1981. 1If
these growth rates cortinue, the demand over the 12 year
period 1978-1S50 will considerably exceed the Bureau of

Lator Statistics projections.

Thesis - James Rradley 4



1.3. Supply

The supply of computer professionals is not keeping
pace with the demand. According to John Eamblen, chairman
of the Computer Science Department at the University of
Missouri at Rolla, in 1578 American colleges and universi-
ties produced only about 1/6 the number of Bachelor’s gra-
duates needed, 1/12 the Master’s needed and less than 1/3

of the need at the doctoral level. (CHR1)

The National Center for FEducational Statistics has
oroduced the following projection of Bacuelor’s degrees in
Computer Science: (CHER1l)

Bachelor’s degrees in computer science

) 11,050
] } 230 i

|
10,750

p 3,270
7,580

' A
79 . - .80 '81 '82 '83 - '84 . '85 ’86 ‘87
' Academlc Years

PROJECTION BY NATIONAL CENTER FOR EDUCATION STATISTICS

This totals 62,923 graduates through 1¢87. The Bureau of
Labor Statistics projections mentioned above indicate a
need for 471,293 additional systems analysts and program-
mers between 1¢78 and 1¢9@, positions that normally are
filled with people with at least a Bachelcr’s degree. If
the approximately 1linear growth in graduates foreseen by

the NCES is extended through 125¢, this would mean a total

Thesis - James Bradley 5



of about 14¢,229 graduates, a shortfall of 321,909.

Thus we have a situation where the demand consider-
ably exceeds the supply and very likely will continue to
do so for many years unless dramatic changes in either
supply or demand occur. This will continue to push
salaries up and will continue to make it attractive for
teachers to¢ leave academie for industry exacerbatiag the
prcblem. It has bean suggested that the dynamics of a
free market ecouomy will allow the situation to rectify
itself. While this may be true in the long run, it will
not solve the problem in the next few years. There are at
least two reascns for this. One is that there is a delay
of four years from the time that someone decides to enter
Computer Science ard that 1irdividual’s completion of a
Bachelor’s degree. Secondly, there are other delays due
to the time resquired for additional schocls to add Com-—-
puter Science departments ard for existing schools to

expand their programs.

1.4. Students

The NCES statistics cited earlier 1indicate a 58%
increase in the number of Bachelor”s degrees awarded in
1087 over 1673. This alone means that there is a consid-
erable need for more faculty and facilities in Computer
Science. However, the interest in Computer Science among

high school students has iccreased very dramatically in

Thesis - James Bradley 6



rec2nt years. The SAT test includes an optional question
regarding anticipated college major. According to Mr.
Len Ramist of the Educetiomnal Testing Service approxi-
mately ore million students took the test each year from
1874 thrcugh 1981 and about 9¢% answered this question.
The following table presents the percent responding who

checked an interest in computer fields:

1974 1 % 1979 3.3%
e 1.6 80 4.2
76 1.9 81 St
7 s 1
78 2.6

The 1981 figure had nct been finally tabulated as of this
writing but Mr. Ramist indicated that it would definitely

he in excess of 5.2%. The 1874 figure was only available

to the nearest percent.

These figures indicate that the interest in Computer

Scizrnce among high school students has more than tripled

in the seven years from 1875 through 1¢81. This has pro-

duced a number of effects:

-Class sizes in Computer Science 1in cclleges and

universities are often very large.

-Many colleges and universities, aware of the antici-

pated decline in the number of high school graduates, are

eager to establish programs in Computer Science.

Thesis - James Bradley e
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-Established programs have had tc set quotas on the
number of students that will be accepted. Thus competi-

tion for aamission has stiffened.

The result of all this is that the need for Computer
Science teachers has increased consideratly and will con-

tinue to increase in the next few years.

According to Tenning (DEN), in 1975 sixty American
departments granted Ph.D.”s in Computer Science. By 1879
that figure had increased to 77. However, Ph.D. faculty
per department had dropped from 4.2 to 3.2 while faculty ,
per department dropped from 14.6 to 12.4. Ph.D. produc-
tion has not increased substantially during that time:

Table 1. U.S. Computer Science Ph.D.
Production and Faculty (1973-80).

No. Ph.D.s
Granted in  No. Faculty
Computer Holding Total No.

Year Science Ph.Ds Faculty
1973 208 T t
1974 203 787 262
1975 256 805 878
1976 246 773 843
1977 208 790 881
1978 214 825 938
1979 248 837 958
1980 265* t t

*® Estimate. 1 Not Available.

This means the total Computer Science faculty in Ph.D.

granting institutions increased from &7€.20 to 554.4. The

Thesis - James Bradley 8




number of faculty holding Ph.D.”s dropped from 258 to
246.4. At this point there is an 1inconsistency in
Denning’s data; he claims a net increase of only 32 Ph.D.
faculty during 1573-7¢". 1In spite of this inconsistency,
howaver, the trend 1is <clear: relatively 1little or no
increase in faculty accompanied by a substantial increase
in undergraduate students. According to Taulbee and Comte
(TAU), about 45% of each gradusting group of new Ph.D.’s
accept academic positions. Betweern 1975 and 1975 this
should mean 528 new faculty. Since Computer Science is
such a new field, there is wvirtually no exodus due to
retirement. Thus the lack of growth in faculties can be
attributed almost entirely to an exodus of faculty to

industry.

Bailes (BAI) has attempted to survey more broadly
than Jjust Ph.D. granting instituticns. ©He contacted 4€3
institutions with Comduter Science programs of whom 209
replied. Ee fcund the data below on recruitment fcr full

and part time faculty. Also an NS¥ study identified 620

vacant faculty positions in Computer Science.

Two principal reasons have been identified for this
shortage: greater research opportunities in industry and
higher salaries. Tenning has ©pointed out that faculty
salaries 1o Computer Science are often unable to deviate

from those in other academic departments ia which the

Thesis - James Pradley e
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Highest FOR_THOSE INSTITUTIONS
Computer THAT RECRUITED:
Science
Degree
Offered | How many Ph.D. Filled Filled [Still
_ _|positions? | req.__ | perm. basis | Temp. Jopen _ |
NONE
-3 f 95 1 310 | 6 3% {1 1 35 |
ASSOC.
(43) 22 1/17 18 (817 1] 4
B.S.
(101) 109 34/71 81  (747) 2 28
M.S.
(57) 26 35/44 60 (69%) 1 26
Ph.D.
(50) 109 41/46 80  (73%) 1 29
TOTAL
| (284) 335.5 1147188 245  (737) 5 90,5

demand 1is rnowhere near as great. Mitchell (MIT) has

rointed out a number of other factors which complicate the -

situation:

~-Retrenchment in many universities means a shortage

of money for equipment and salary increases.

-Many secondary and elementary teachers need retool-
ing to handle the growiang demand for computer expertise at

that level.

-Students in Social Sciences and other areas have a

need for training in the wuse of epplications oriented

packages.

-A large number of adult learners are seeking com-

puter training. These pecple are usuaily job oriented,

Thesis - James Eradley 190
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require special guidance and counselling and want immedi-

ate applicadbility of what they learn.

The latter three of these factors all add to the
demand on Computer Science faculty, while the first makes

it considerably more éifficult to meet that demand.

1.6. Solutions

Two possible apoproaches could be used in attempting
to solve this prodlem. One way is to try to increase the
nurber of faculty in Computer Science. Another is to try-

to increase the prcductivity of existing faculty.

A number of propcsals have been advanced to 1increase

the number of faculty. Some of these are:

-Arranging ccalitions between industry and wuniversi-
ties so that faculty can earr salaries comparable to their
counterparts in industry while possibly serving a consul-
tant role in industry or switchiang back and forth between

the twe.

-Treating Computer Science departments 1like medical
schools ard exemdpting them from the usual salary ranges
that apply on university campuses. This could require the

ijnterventicn of business and 1industrial leaders in
attempting to persuade state legislatures to make this

possible.

Thesis = James IBradley 11
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-Havirg government and/or industry provide substan-
tial funding to regularly upgrade the research capabili-

ties c¢f university Computer Science departments.

-One computer company - Wang Industries - has started
i1ts own greduate school of Computer Science. Other com-
panies could follow suit. This is a solution with consid-
erable potential for easing the shortage of computer pro-
fessionals as computer vendors like Wang are generally in

a much strcnger financial position right now than schools.

-Give computer personnel who have had years of
experience in industry academic standing equivelent to
sz2nior faculty with earned doctorates, thus making them

eligible for higher salaries and tenure.

While all these proposals have <considerable merit,

they will not be the fccus of this thesis. My focus will
be strictly oan increasing the ©productivity of Computer

Science faculty. Even if efforts to increase faculty are

successful, it will take several years for these efforts
to accomplish their work. Thus productivity increases are
esszntial for the immediate future and will prove wuseful

in the long run as well.

Thus Chapter 2 will outline some of the theoretical
background necessary for toth formulating and evaluating

such approaches. Chapter & will examine 1in detail one

Thesis - James Bradley 12
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major effort at such an improvement. Chapter 4 will con-

clude by formulating and analyzing some specific propo-

sals.

Thesis - James Bradley 13



CHAPTER 2

FOUNDATIONS

One obJjective of this thesis 1s to provide some
answers to the question, "How can we enable Computer Sci-
ence faculty to teach more students? . The most simplis-

tic answer would be Increase class sizes. . Eowever this
answer has at least two major flaws: 1t increases the
already heavy workload of the faculty and it may reduce
the quality of the education students receive. Hence this
approach 1is inadequate. My contention is that improve-
ments in educational productivity are similar to improve-
ments in computer throughput in that it is very difficult
to achieve them without a thorough wunderstanding of how
the “system” operates. In other words, it is unwise to
try educational innovations without a rigorous foundation
in 1learning theory. With such a foundation, however,
(assuming that theory is backed up by solid experimental
verification) one has both a measuring stick against which

proposed innovations can be measured and a guide for sug-

gesting truly useful innovations.

In seeking such a foundation, this thesis will focus
on two men’s work: Jean Piaget and Noam Chomsky. Piaget’s

theories of cognitive development have become widely

accepted in recent years and have been (and are being)

14
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widely tested. Furthermore, there 1is abundant evidence
that his theories have significant implications for educa-
tion; in fact, they are taught in most teacher training
programs in the United States today. Chomsky 1is a
linguist and his theories about natural language have
served as the foundation for the development of higher-
level computer languages anrnd their compilers. Since Com-
puter Science is a relatively young field, there has been
very little study done of how people 1learn 1it, wunlike
older and more established fields like Mathematics or the
Natural Sciences. However, there has been a great deal of
study done on how people learn natural languages and Chom-
sky has had a great deal of influence on this field. Thus
it seems to me that a great deal could be inferred about
the learning of computer 1language from his work. of
course all such conclusions are tentative and would need
experimental verification but that is beyond the scope of

this theslis.

In the following sections, then, I will first survey
Piaget”s theories and their applicability to Computer Sci-

ence education, then Chomsky’s theories and their applica-

bility to Computer Science education, and I will counclude

with a summary relating the two.

Thesis - James Bradley 15



16
2.1 Piaget
2.1.1 The Stages of Cognitive Development

From Piaget’s perspective, intellectual growth from
birth to adulthood proceeds through a series of stages
within each ¢f which thinking operates in a relatively
consistent fashion, ©dbut differently than 1in the other
stages. Thus a crude illustration of Plaget”s perspective

1s given by the following dlagram:

FORMAL
OPERATIONAL
CONCRETE
OPERATIONAL. |
. {
;REOPERATIONAL& |
SENSORI-MOTOR. | |
I
AGE 2 AGE 7 AGE 11

This picture is only a first approximation to Plaget’s
theory in three ways. First of all, the transitional ages
vary quite a bit from one individual to another and this
variance increases as the higher stages are approached.
Secondly, each stage 1s made up of a number of substages,
and, thirdly, a great deal of development takes place
within each stage or substage. Also some writers combine

the second and third stages into one stage with two sub-

stages.

Thesis - James Bradley 16



17
A drief outline of the four periods follows: (FLA)

Sensori-motor period (2-2 years):

————— e e em e = ————

This stage bdegins at birth with the child possessing
reflexes and wundeveloped mental capacities. During this
period the capacity to distinguish self from others, to
grasp the concept of time, to recognize the permanence of
material objects and a great many other intellectual
skills are developed. However, there i1s no internal sym-
bolization of the external reality around the child and no

symbolic manipulation of such an inner reality.

— e L e e —— - ——— e —

The principal characteristic of this stage 1s the
development of symbols and the onset of language as one
expression of this capacity. The difference between sig-
nifier and significate 1s grasped and “socialization
becomes more possible through a system of shared symbols".
(FLA) However, the child’s perception of the world tends
to be kaleidoscopic in that he or she grasps one 1mage

after another rather than an overall perspective on what

is happening.

MV YL 22 e ———

This stage is characterized by a conceptual organiza-

tion of the world around. The child is now able not only

Thesis - James Bradley 17
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to symbolize but to perform operations on these symbols.
The kind of operations Piaget has in mind include, for
example, the capacity to group symbols together and form
classes, to add classes together and to sudbtract classes.

In mathematical terms, one could say that the child has

intuitively grasped the concept of set, can form sets, and
can perform the set operations of union, complement, and

difference. With this capability also comes the capacity

to deal with relations and perform relational operations.
For example, a child this age uses the transitive law --

A<B and B < C implies A < C. Arithmetic soon fol-

lows. A classic example of the difference between the
pre-operational and the <concrete operational <child 1is
Piaget’s conservation experiment. A tall thin container

is filled with water and the water is poured into a shal-
low flat dish. A child is then asked whether there was

more water before or after the ©pouring. The preopera-

tional child picks one configuration or the other and
announces that that one has more. Even pouring the water

back into the original container does not convince him or

her that neither has more. The concrete operational child
realizes that neither configuration has more even without

the demcnstration. Piaget explains that the older child is

mentally able to perferm the operation of restoring the
water back to the original container (reversing the pro-

cess) realizing thereby that the amount of water is the

Thesis - James Bradley 18
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same both ways. I.e., the younger child is unabdle to per-
form and unperform the operation mentally without being
caught up in a single concrete reality perceived in isola-
tion. This kind of thinking is the beginning of belng

able to extend from the actual toward the potential.

—————— e e e L L e

Piaget identifies three principal intellectual capa-
cities which first appear 1in this stage. The first is
true hypothetico-deductive reasoning, i.e., reasoning 1in
which possibilities for reality can exist each of which
can be examined and investigated for correspondence with
one’s own experience. Secondly, abstract propositional
reasonings such as the classical syllogism:

if a implies D©
and a is true
then b i1s true

are not only meaningful but ©become a natural part of
thought. Flavell has expressed this distinction by saying
that “concrete operations are 1intrapropositional, since
they go to make up the content of individual propositionms,
whereas formal operations are interpropositional, since
they involve 1logical operations among the propositions
thus formed.”  (FLA, p.206) A third key characteristic of
this stage 1is combinatorial analysis, that is, a sys-

tematic isolation of all the varlables in a situation plus

Thesis - James Bradley 19
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all combinations of these variables. These can then be

systematically evaluated. Flavell summarizes this stage

of development like this:

"..the adolescent..begins by organizing the vari-
ous elements of the raw data with the concrete-
operational techniques of middle childhood. These
elements are then cast in the form of statements
or propositions which can be combined 1in various
ways. Through the method of comdbinatorial
analysis he then isolates for <consideration the
totality of distinct combinations of these propo-
sitions. These combinations are regarded as hy-
potheses, some c¢f which will be confirmed and some
infirmed by subsequent investigation. 1Is it true
that A elicits X? If so, does B also? Is it true
that A produces X only when B is absent? Such are
the hypothetical questions which make wup the
domain of the possible in such problems; and the
adolescent views his task as that of determining

the actual shape of things by successively putting
them to empirical test.

In other words, by the concrete operational stage it 1is
possible for a child to form internal symbols of external
realities and to manipulate these symbols instead of hav-
ing to manipulate the physical objects. In the formal
operational stage, the individual is able to form symbols
of groups of symbols and of adbstract ideas. EHEence he or
she can manipulate not only symbols but the 1logical
patterns by which symbols (and hence ideas) relate to each

other.

2.1.2 The Growth Process

Thesis - James Bradley 20
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In Plaget’s viewpoint, moving from one stage to
another or even moving within a stage ©proceeds via
"assimilation” and "accomodation™ - two concepts drawn
from Blology. Assimilation means absorbing an experience,

event, or concept into the existing framework of thought
one already has. Accomodation means the changing of the
individual’s own thought system to adjust for the new
experience that has been presented. The process is analo-
gous to bootstrapping a computer in which successively
more complex systems are lcaded in with the help of ear-
lier ones. The child starts with almost nothing (in the
way of concepts, that is) and gradually adds new under-
standings. However, eventually the system that develops
reaches its capacity and the impact of further stimuli
which cannot be integrated into it cause a radical accomo-
dation and the organization of a new system at a higher
level. It is important to note that in both assimilation
and accomodation, 1t 1is the perception of conflict with
one’s existing way of thinking that leads to growth. If
the new data can be integrated into the existing system,
they are. If not, the exlisting system 1s reorganized

(sometimes a little, sometimes a lot) to handle 1it.

Piaget views these stages as being genetically deter-
mined, hence the name he gives to his studies, "Genetic
Epistemology”. There has been some effort to verify this

view by cross—cultural studies. Evidence tentatively
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suggests that that the same stages are proceeded through
in the same order independently of culture. However, peo-
ple in some cultures are more likely to reach the formal
operational stage than in others. Also, tremendous varia-
tion has been found in the age at which people reach this
level. Ore summary notes that the percentage of college
students who use formal logic when attempting to solve

problems varies from a low of 11% to a high of 61% in dif-
ferent studies. (HAL, p.497)

2.1.3 Implications for Computer Science Education

One principal conclusion I want to draw from Piaget’s
work 1is that there is such a thing as "programming readi-
ness". An individual is "ready” to learn to program when
he or she is a formal operational thinker. First I will

examine some of the evidence for this conclusion then I

will draw some further implications from it.

Let us compare each of the three main characteristics
of formal operational thought discussed earlier with the
process of writing a computer program. Combinatorial
analysis is essential in thinking through all the possible
data configurations which can occur, in planning one’s

logic to allow for them, and in the preparation of test

data. The capacity to formulate hypotheses, work out
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their implications, and compare them to reality is crucial
in designing a program to accomplish a particular task;
one must consider all ©possible data inputs the program
could receive and all possible outputs. Propositional
thinking 1s used 1in setting up conditionals, loops, and
the tests these use. Thus, in its very essence, computer

programming requires as a prerequisite that an individual
be a formal operational thinker. One would expect that
individuvals who are consistently formal operational think-
ers would be able to grasp programming fairly easily and
that individuals whe are not would probably not be able to
do it. Also people who are in the transitional stage
between the <concrete and formal levels would be incon-
sistent in their programming performance since they are

inconsistent in their use of formal thought.

There 1is also experimental evidence that formal
thought is a prerequisite for programming. Unfortunately,
there has apparently been only ore study done 1investigat-
ing the implications of Piaget’s work for Computer Sclience
Education and that used such a small sample size that 1{its
results must be regarded as tentative. In this study
(KUR) the author prepared a fifteen item test of formal
operational reasoning. (This test is in Appendix 1.) It
was given to a class of 23 students 1in an introductory
programming course. Based on their scores the author

classified their cognitive level as late concrete, early
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formal (i.e., transitiomal), or late formal. Their per-

formance in the course was as follows:

low average high total
(c-,D) (B,B—,C+) (A,A~)
late concrete 3 /] ] 3
early formal 4 7 2 13
late formal ] 2 4 (4
total 4 7 9 23

In this class all the formal thinkers scored very well,
all the concrete thinkers did very poorly, and the ones in
transition were 1inconsistent, exactly what the theory
would 1lead us to expect. Analysis of variance of the

results showed that the characteristics of sex, <class

level, and number of previous Math-Science courses were
able to explain less than 5% of the variation in the

grade. However, cognitive 1level explained 62.4% of the

variance. In fact, it explained 80% of the variation in
test scores and 3S% of the variation in programs. This

was attributed to the availability of help in programs.

Although there is only this one study showing the

correlation of formal operational thought and success in

programming, there 1s abundant evidence from other discip-
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lines that formal operational thought is a key to success
in situations that involve logical reasoning and problem

solving. Thus I feel three conclusions can be drawn:

-There 1s a need for further testing of the
hypothesis that formal operational thought is the princi-

pal prerequisite for computer programming.

—=Even while awaiting further experimental results, I
suggest that the evidence is sufficiently strong and the
need sufficiently great that we can start now to use tests
for formal operational thought as measures of programming
readiness. The data that are gathered through this pro-
cess could be wused to provide some of these further
results that are needed. Kurtz feels, however, that his’
test needs to be shortened somewhat in order that students

cac complete it in 5@ minutes.

-Students who are not formal thinkers should be
encouraged to enroll in a course designed to develop for-
mal reasoning skills. Courses such as this are fairly
common today and models are readily available. (COL) It is
possible that in the future students who are not formal
thinkers could be required to take such a course before
prograrming; however, I do not feel the evidence is strong
enough yet to warrant requiring it. It 1s concelvable
that some beginning programming could be a part of such a

course. However, the learning of reasoning skills, not
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programming skills should be the principal objective of
the course. This one single step would relieve Computer
Science teachers of a good deal of time spent (and prob-
ably wasted) helping students who are really not ready for

programming.

There are some further implications of Piaget’s work
specifically for the teaching of programming. Assuming we
are teaching only formal operational thinkers, 1learning
programming for these people should be fairly easy. Noth-
ing intrinsically new in terms of loglical reasoning, sys-
tematic evaluation of possibilities, and logical struc-
tures is being presented to them although these are ©being
seen 1in a new context. Learning should proceed more by
assimilation than accomodation; the accomodations that
need to be made do not require major cognitive reorganiza-
tion. Good, Mellon, and Krumhaut (GMK) have identified
six appropriate teaching techniques based on a Plagetian

approach. All of these are applicable to Computer Sci-

ence.

-Beginning with familiar, concrete examples.

-Emphasizing a “noncookbook” laboratory approach
tc identifying and solving problems.

-Questioning all answers.
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