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ISTHERE A ROLE FOR PROGRAMMING IN NON-MAJOR COMPUTER
SCIENCE COURSES?

Mark Urban-Lurain' and Donald J. Weinshank?

Abstract - Should non-CS majors learn to program? While
the 1999 National Academy of Sciences report Being Huent
with Information Technology [8] advocates teaching
programming as part of the CS-0 experience, we challenge
the assumptions upon which this recommendation rests.
Our extensive review of the NECC and SIGCSE conference
proceedings from 1979 to 1998 clearly shows a decline in
the number of articles in which programming is taught in
CS0 courses. Furthermore, based upon learning theory
literature, we argue that conceptual understanding of
computing can be acquired without learning to program.
Finally, we describe our criterion-referenced, mastery-
model course that prepares 1800 students per semester for a
computing future that is constantly changing.

INTRODUCTION: FITNESS

Should non-computer science (non-CS) mgors learn to program?
The 1999 Nationd Academy of Sciences report Being Fluent
with Information Technology [8] advocates that dl college
students should learn to program to ensure that they are “fluent
with information technology (FIT).” The report clams that the
term * compuiter literacy” has come to be associated with superficia
training on some computer applications rather than concentrating
on deeper conceptua understanding that will prepare students to
cope with rapidly changing information technology. FITness
reqw resthree types of knowledge:
Contemporary skills, the ability to use various computer
gpplications.
=  Foundationa concepts, the basic principles and concepts of
computing that form the basis of computer science.
= Intellectud capabilities, the ability to agpply information
technology in particular Stuations and use this technology to
solve new problems.

The report acknowledges that the role of programming in
undergtanding information technology has been the topic of many
debates among computer scientists.

When we invedtigated what computer science departments
have actudly been doing to address the needs of non-mgor
dudents, we identified severa trends at variance with the FIT
report. We describe these trends in our review of the ACM
literature on non-mgor CS courses. We then address the question
of programming in the context of learning theory. Findly, we

1

urban@cse.msu.edu
2

weinshan@cse.msu.edu
0-7803-6424-4/00/$10.00 © 2000 | EEE

summarize the approach we have crested for tesching non-
computer science mgjors at Michigan State Universty.

ACM LITERATURE REVIEW

The Association for Computing Machinery (ACM) is the oldest
professond computing  organization. ACM  publishes
recommendations for CS undergraduate curricula [1, 2] However,
they have not published guiddines for CS0 “sarvice courses’ for
non-computer science students.

Within ACM, the Specid Interest Group on Computer
Science Education (SIGCSE) provides a forum for university
faculties who are invalved in teaching computer science to exchange
information. They hold annua conferences and publish regular
bulletins and conference proceedings [3]. Until 1997, ACM
SIGCSE was asxociated with the Nationd Educational Computing
Conference but ended that association because the foci of the two
organizations were diverging, with NECC concentrating on
computing in K-12 and SIGCSE focusing on higher education.
These publications contain aticles about teaching computer
science, indluding CS0 courses.

To determine how CS depatments have addressed the CS0
course, we examined dl of the Nationa Educationd Computing
Conference Proceedings from 1979 through 1981, and dl of the
SIGCSE Bulletins and SGCSE Conference Procesdings from 1982
through 1998, val. 1, (the annua SIGCSE Conference Proceedings.)
We sdected dl aticles in which the primary focus was CS0O
courses. These articles represent what departments are actualy
doing in their CS0 courses, as opposed to what computer science
faculties beieve should be done.

As we reviewed these 54 articles, we classfied each into one
of seven categories based on its primary emphasis. |n aphabetica
order, the caegories are:
= Applications. These are courses in which the primary

ingtructiona focusis on learning about computers through the

use of avariety of application software.
= Management. In recent years, the demand for CS0 courses

has significantly increased enrollments and course szes a

many inditutions. As a result, some articles focus on the

logistics and management of courses of thissize.
= Multimedia The primary ingtructional focus of these
coursesisin the creation of multimedia content.
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= Programming. The primary focus of these courses is on
learning to program in avariety of different languages including
Badic, Scheme, Pascd, and others.

= Simulations. The emphasis here is on learning about
computers by cregting or using simulations.

= Social. The course emphasis is on the socid impact of
computers and their rolesin achanging society.

= Survey. This category includes courses that are intended to
be an introduction or overview to the discipline of computer
science and "computer appreciation” courses.

The complete ligt of aticles and their classficaions may be
obtained a http://aral.cse.msu.edu/Publications/FI E2000/
Programmingl nCS-0.html The distribution of the various types
of articlesover theyearsis shown in Figure 1.
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DISTRIBUTION OF CS O ARTICLE TYPES BY YEAR

DiscussiON

The conventiona wisdom among CS faculty has been that learning
programming is the first and most fundamental way to learn about
computers. Hence, programming has been the mgjor focus of most
courses until very recently. In the decade between 1979 and 1988,
52% of the articles had a programming focus. However, the number
of courses with programming as the primary emphass has
decreased recently. From 1990 to 1998, 36% of the articles had a
programming focus, but there was a downward trend. By 1998,

there were no articles about CS0O courses in which the primary
focus was programming. In that year, the emphass was on
managing the demands of large student enrollmentsin these courses.
We bdieve this shift isdueto ingtitutional requirements such asthe
increased heterogeneity of the student body and the increese in the
number of colleges and universities now requiring technologicd

competence among studentsin awide variety of disciplines.

Most computer science departments do not include the CS0
course in their curriculum concerns.  Such courses are often taught
on arotation basis, with each faculty member doing whatever ghe
deems appropriate.  However, many in higher educdion are
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concened about the role of technologicd expetise and
understanding as a core part of educaing students. Computer
science faculties are increasingly being cdled upon to define and
teach FITness.

TEACHING NON-MAJORSTO PROGRAM DOES
NOT TEACH TRANSFERABLE CONCEPTS

Soloway [19] asked well-known computer scientists to discussthe
need to learn programming. Soloway uses the metgphor of
programming asthe "new Latin." He notesthat learning to program
is dlamed to have benefits ranging from teaching generd-purpose
problem solving and thinking skills to helping students appreciate
and understand how computers work. This is much like the clam
that learning Latin helps genera cognitive developnent, leading to
better learning in other domains. Soloway claims that teaching

progranming to non-CS mgors is no longer necessary to be a
sophisticated computer user. His colleagues disagree and assart that
learning to program doesindeed have generd educationa benefits.

Claims that learning computer programming transfers to other
domains and improves generad problem solving are widespread.
Mayer, Dyck and Vilberg [13] reviewed severa sudies that
examined the relaionship between learning to program and generd
problem solving abilities. They point out that the few studies that
do support the clam that learning to program enhances generd
thinking abilities are ether based on anecdotd or persond
introspection data, both of which a&e unrdiable. They conclude
that "there is no convincing evidence that learning to program
enhances students generd intelectud ability, or that programming
is any more successful than Latin for teaching 'proper habits of
mind' " (p. 121).

In another test of transfer to new domains, Kurland, Peg,
Clement and Mawby [11] sudied the impact of learning
programming on the generd problem solving skills of high school
students who had studied programming for two years. The authors
found thet not only did the students genera problem solving not
improve, the sudents actudly had little understanding of
progranming at the end of two years of study. The authors
conclude that the pedagogy of teaching programming needs further
study before it is possible to begin making daims that learning to
program transfersto other domains.

It is a fdlacy to cdam that programming is “mentd
cdighenics’ that builds strong minds there is a fundamenta
difference between expert and novice knowledge. Expertshavea
large repertoire of knowledge from which to draw, and their
knowledge is “conditiondized.” [17] That is, experts have the
broad range of experience and knowledge to understand the
appropriate conditions under which to apply paticular principles.
For example, this ability alows chess experts to consider only a
subset of moves, rather than performing an exhaustive search of al
possible moves.

This principle dso holds true in the domain of programming.
Lewis and Olson [12] point out that expert programmers have
severa sets of "operations' (collections of sequentid statements
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that perform common programming functions) that they can apply
to classes of common programming problems when they encounter
them. Novice programmers approach eech of these classes of
problems as if they are unique and must grapple with them as new
problems rather than being able to apply known solutions to a
recognized classes of problems.

Holt, BoehmDavis and Schultz [10] compared expert
programmers cognitive representations of software with those of
college student programmers. Both groups were asked to modify
programs written by other programmers and then to describe their
mental modes of the programs. The experts menta modes were
influenced primarily by the difficulty of the modifications they had
to perform on the programs. This group categorized the programs
based on the smilariities and differences in the types of
modifications, invoking sequences of actions that form sets of
operations [12]. In contrast, the novice programmers menta
models focused on the structure and content of the programs. This
group tended to categorize the programs based on the smilarities to
other such programs they had encountered (e.g., programs that use
search trees, linked lidts, etc), rather than on the modifications
requested.

Expert knowledge allows experts (e.g., computer scientists) to
see the connections between programming and problem solving in
other domains. They are doing what dl learners do as they
construct knowledge: attempting to connect that which they do not
know to that which they do know.

However, conduding that programming causes improved
problem solving in other domains is the classc logicd fdlacy of
post hoc, ergo propter hoc. It isthe degp expert knowledge, not
the mere exposure to progranming, which improves problem
solving in other domains. This type of transfer requires expert
knowledge acquired only after years of sudy. It is precisdly this
expert knowledge base that the novice not only lacks but aso
cannot learn in one or two courses.

THEIMPORTANCE OF CONCEPTUAL
UNDERSTANDING

We agree with the Nationd Academy of Sciences report's
framework that FITness requires three dmensions intelectud
capabilities, conceptuad knowledge and an appropriate kill set. It
is only through conceptua understanding that individuas can
transfer their knowledge to create solutions to unique problems and
adapt to rapidly changing information technology. However, we
chdlenge the report's recommendation that the way to obtain the
conceptua understanding isto learn to program. Programming was
originaly necessary to be FIT because dl interactions with the
computer required programming.  Interaction with information
technology has now moved to higher levels of abdtraction. For
example, where once collecting and andyzing data required writing
computer programs, today we use spreadsheets to do these tasks
with much greeter ease and sophistication.

If students do not program, how are they to learn and
understand the computing concepts? Will they smply learn a sat
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of isolated skills that will be obsolete as soon as they leave the
cdass? Our expeience was that both the skills-only and the
progranming-plus-applications approaches [24, 25] faled.
Students arrived in subsequent courses unable to perform dl but the
most rudimentary of tasks. They had not retained what they had
learned with either gpproach and could not transfer their knowledge
to comparable problems.  Students who had learned particular
keystrokes in specific gpplications software did not have the
conceptud understanding to segue into new software environments.
On the other hand, students who had learned programming could
not see the applicability of these constructs to the problems they
weretrying to solve. Thisis because programming constructs (e.g.,
control structures, varigbles) are too far removed from the concepts
(eg., hierarchicd file systems, data representation) that are needed
for transfer among application software.

COMPUTING CONCEPTSAND COMPETENCIES
AT M ICHIGAN STATE UNIVERSITY

To address these issues, we implemented a large (1,800 students
per semedter) course during fal 1997 [21-23]. This course was
designed based on extensive needs-assessment interviews with the
chairs of the 67 departments whose students take the course and
with the academic deans of their colleges. To ensure that the course
meets the design gods and stays current with the changing demands
of the client departments, we meet semi-annualy with an oversight
committee conssting of the academic deans of the dlient colleges.

We review the course content, student performance, changing
computing environments, the success of students who have taken
the course in their subsequent courses and changing client needs.

Rather than taking a deductive gpproach in this course, we
adopted an inductive approach. We introduce sStudents to
computing concepts by having them solve a series of problems that
epitomize classes of problems for which various computing skills
arethesolutions. [15] For example, students encounter the concept
of “data representation” in the HTML of their Web dtes, in
callections of abstract formatting attributes in word processing
documents and in the relaionships between numeric and graphic
representations of datain spreadsheets. |n each case, studentslearn
particular kills, but the focus is on how those skills are examples
of the underlying ways in which computers represent data.

We cregted a spird curriculum [6] in which students have to
solve increasingly chalenging problems using a variety of software
packages. While solving the particular problems, students
congtruct mental models or schemata of the computing systems
they are using. They thus build from procedurd skills towards
conceptua  understanding, rather than firgt trying to lean
decontextudized concepts and then attempting to use those
concepts to solve problems. [20, p 45] As students grapple with
gpparently unrelated problems, the ingtructor ties them together,
showing how each is an example of paticular concepts or
principles. Subsequent instruction relates the new problemsto the
previoudy learned concepts and principles. Students thereby
“triangulate’ on these concepts and principles, refining their
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schemata as they solve successively more abstract problems. This
gpproach is consistent with a constructivist perspective on how
novice knowledge evolves into expert knowledge [18, p 148].
Figure 2 represents the process.

Skill 2

X /

Skill 3

HGURE 2
XILLS, SCHEMA AND CONCEPTS

Students learn SKill 1 (represented by the smdler circle) and
build a mentd schema representing a generdization of this
paticular skill (indicated by the larger cirdle), Schema 1. This
schema may consst of accurate representations of the computing
concepts dong with misconceptions.  Students  then  learn
subsequent  skills and  build corresponding schemata.  The
intersection of these schemata triangulates on a more accurate
representation of the concept. [4, 16] Understanding the concepts
underlying an increasing number of skills reduces the cognitive load
required to represent the knowledge, as compared with the
requirements of storing an increasing number of discrete, unrelated
skills [7].  Ultimately, the students conceptua understanding
becomes rich enough to support independent problem solving
beyond that which is possble with soldy procedurd Kills.
Although this approach entails additional ingtructiona expense over
amore behaviord ingructiond mode that focuses merely on skills
[9], the gods of retention and transfer judtify the additiond effort.

How DO WE MEASURE SUCCESS?

With traditiond assessments such as quizzes and multiple-choice
exams, sudents primary moativation is the extrindgc reward of

“points” Little retention and even less transfer to new problems
occurs. To address these issues, we created assessments — called
bridge tasks (BTs) — that are authentic, hands-on tasks requiring
the students to solve problems similar to those they will encounter
in their mgjor courses and the workplace [18, p 149]. Bridge tasks
are criterion-referenced, modified mestery-modd assessments [5,
14] designed specificaly to test students conceptua understanding
and transfer. They incorporate "extension tasks' in which students
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must solve new types of problems that cannot be solved by rote
memorization of skills or procedures but ingtead require that they
apply their conceptua understanding to problems that they have
not previoudy encountered. More information and sample bridge
tasks may be found on the course Web dte a
www.cse.msu.edu/~cse101 on the student Web pages.

Bridge tasks are evduated on a mastery pass/fal basis. If a
student passes the firgt bridge task, he or she "locksin™ aminimum
grade of 1.0 in the course. For each subsequent BT passed, the
student's course grade is incremented by 0.5 until she or he has
passed the 3.0 BT. (Once a student passesthe 3.0 BT, she may do
an integrative semester project that may increese the course grade to
3.5 0r 4.0) In the strict sense, this isa modified mastery mode in
that students must complete the five BTs within the confines of a
semedter (about 12 BT attempts), rather than having an unlimited
amount of time. As in any mastery model, however, the course
grade is based on individud student effort and accomplishment
rather than the class average.

The feedback from the faculty in our client colleges and
departments and from the academic deans a& our semi-annud
oversight committee meetings has been unanimous. we are mesting
our gods of student retention and transfer. This result is in
complete contrast with our previous courses in which transfer was
nearly non-exisent. When students arrive in their subsequent
coursss in their mgors, they are now able to use computers
successfully to solve new problems in a variety of domains across
the university curriculum.

CONCLUSION

As non-CS students from a variety of disciplines prepare to be the
“information workers’ of tomorrow, they must be able to use a
variety of rapidly changing computing sygems and tools to solve
an ever-expanding range of problems across disciplines.  In our
view, rgpid advances in applications software and hardware
platforms now require magtery of a set of concepts and sKills far
removed from programming. Indruction designed for this purpose
must motivete the sudents' interest and engage them in authentic
tasks s0 that they condruct rich schemata and concepts of
computing sysems. FIT computer users must apply these
concepts in constantly changing computing environments.
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