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INTRODUCTION

This paper discusses the positive cffects of software development projects on
beginning and intermediate students of computing. Projects include computer
assisted instruction {CAL, graphics, business, and mathematical applications. The
tuxonomic level of internalization {receiving, responding. valuing, or organizing) of
stndents before and after the completion of each project wus studied, and an
analysis was made of affective tactors in the projects conducive Lo attitudinal
improvement. The factors discovered are useful to teachers in planning interesting
and stimulating programming projects. Lere attitudingd improvement means nuk-
ing the state of mind and teelings of students more productive and valuable with
respect o computing,

The student wsing a computer has a coltural advantage over his peers.
Whether using a personal microcomputer, batch processing facilitics. or time-
sharing terminals, the student is confronted with un intelectual environment that
challenges and reinforces his capabilitics. The use of compater graphics as o lecture
aid in undergraduate mathematics, as deseribed by Porter |3]. provides such a rich
environmnent. In our study it was observed that the student able to complete
projects ereating a stimulating environment tor himself showed attitudinal improve-
ment of a high order.

An clement of discovery is one ingredient for attitudinal improvement. A
recent report [2] states that there is a strong relationship between discovery and
attitudinal improvement. Teuchers were asked to develop courseware modules
based on modeling and the “cosed simulation” (guided discovery) or the “open
simulation” {investigative) mode rather than produce soflware for mere programimed
learning. Progranmmed learning tends to inhibit attitudinal improvement because of
its impersonal aspects. In our study advaneces were sought In the arew of humanizing
and personalizing the CAL interfuce of man and machine by involving somce of our
students in the development of software to aid in scientific rediscovery and
discovery.

The mvestigation was conducted recently with the help of three groups of
students: (1) a class of thirty students tuking an Introduction to Computers course,

*This material is based upon work supported by the National Seience Foundation under Grant Number
SPL-THIL345.
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(2} a group of twenty students attending an External File Structures course, and (3)
a group of twenty high school teachers of mathematics attending an NSF funded
summer workshop at Monmouth College, Illinois. *

OBJECTIVES

Attitudinal improvement corresponds to the affective, as opposed to cognitive.
domain of Krathwohl, Bloom, and Masia [4]. For any course the following objec-
tives hold for students.

Willingness to accept respomsibility for assignments.
Ability to discuss and ask questions and express a point of view.
Ability to develop a common purpose with fellow students and teachers.
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Development of habits of accuracy, persistence, conscientiousness, and
thoroughness.

5. Development of personal attributes of self-understanding, self-discipline,

self-respect. initiative, and independence.
For computing courses the following additional ohjectives may be stated.
(i} Awareness of the value and power of the computer as an end in itself, and
as a tool for other disciplines and for society at large.

(ii} Involvement in computing for satisfaction and discovery.

(i} Development of interest in computing as a leisure time activity and as a

vocational pursuit.

{iv) Ability to read technical literature.

{v] Ability to integrate computing into one’s own personal Weltanschauung.
Programming assignments should promote all of these objectives.

The project specifications for the first group could require only moderate
programming maturity. The following projects produced positive results in the
affective domain. A simple algorithm producing a sequence of positive integers that
terminates for choice of first clement between 1 and 100 was programmed. The
students discovered that the sequence terminates for initial integers between 1 and
200. A CAI package was devised to contain review and testing facilities using
randomly selected questions. Graphics exercises were also completed to produce
computer art. The programs were written in BASIC and operate on microcomputers
in the QIS laboratory at Western Illnois University. Interests of the second group
were partly vocational in naturc and centered on business applications of COBOL.
A package of thirty programs was written to accomplish tasks of husiness file
processing. A strong element of achievement in the business computing field was
shown by the group. Projeets for the third group were chosen from topics covered
in mathematics bectures at the workshop. They included projects in finite mathematics.
calculus, linear algebra, and number theory. An example project on smooth curve
approximations will be described.,

Among our wider oljectives in devising and approving the projects were the
following:

A. To stimulate lasting student interest in computing,

B. To assess attitudinal improvements in students invelved in the projects;

C. To provide students with experience in designing and implementing softwure;

D. To use successtul software produced to improve instruction and demonstra-
tion facilities;
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answers flagged. A more advanced student classified the questions and, with the
instrictor’s help, put them together in the final package.

EXTERNAL FILE STRUCTURES

The sccond group ol students designed and developed structured COBOL
programs for the IBM 370-155 at Western Illinois University utilizing data files on
tape and disk storage devices. Objectives were to introduce concepts and tech-
niques for data organization and manipulation on tape and disk and to develop the
advanced skills needed in typical applications programming projects. Sequential,
direct, and indexed sequential file projects were specified. Because of the length
and difficulty of soine of the tasks, a feeting of considerable achievement was
experienced by students completing the tasks successtully.

Bunk data processing was the subject chosen for the following projects. (11 A
sorted transaction file containing new accounts, closed accounts, and updates was
used to ereate a new master disk fife from a parent sequential checking account file.
{2} An unsorted transaction file containing bad data was verified and sorted on
checking account mnber and used to update the master file. Bank statemnents for
customers were produced. {3) A back-up copy of the new muster file was created on
tupe. (4) An indexed sequential wmaster file was created and updated against a
transaction file using random access. (5] A project similar to {4] using direct file
organizalion was also completed.

Attitudinal improvement is not easily achieved without motivation and fulfillment.
Ausubel [1] states that achievement motivation involves affiliative, ego-enhancing,
and cognitive drives. The ego-enhancing drive was found to be strongest in the
second group. In this group forty-five percent felt that the ego-cuhancing,
thirty-five percent the cognitive drive, and twenty percent the affiliative drive to be
the most iinportaut as a factor contributing to motivation and attitudinal improve-
ments iu this course. Ninety percent had the immediate fulfillment of passing the
course. Students who have completed this course successfully are emplovable as
COBOL programmers at relatively high starting salaries.

SMOOTH CURVE APPROXIMATIONS

A sample project by a participant in the NSF funded summer workshop is

deseribed. Let (a;,b;} be m experimentally determined points, Let
A=l w, ....a] and B = [ly]
by matrices of type m by » + 1 and m by I respectively. Then
X = (A'A)TA'B
gives the least squares {it of the experimental data of the form (v, £} to the smooth
curve
v = x, + it + ot L+ ox 0

where X = [x]. Using these formulas, the necessary software for a classroom
demonstration of Hooke's constant for a spring or the value of the gravitational
coustant g is casily devised. Color graphics showing the actual smooth curve ap-
proximating results enhance the presentation.

This package was particularly successtul in producing attitudinal improvements.
The package provides facilities for discoveriug new finctional relationships and
constants from empirical evidence. The uses of the package are therefore many and
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Receiving. responding, valuing, and organizing ave recorded as levels |, 2, 3, and 4
respectively.

1 2 3 4

1 3] 6 4 6
2 12 5 10 10
3 2 5 4 3
4 25 24 a7 25
5 9 2 4 3
FACTOR 6 7 8 6 9
7 3 1 2 1
b 12 11 10 9
9 6 7 9 6
14 6 13 10 1t
11 0 B 3 3
12 9 12 9 14

Figure 3.

Our results show that the vocational factor of participation in the stewardship
of computer seicnce may be conjecturcd to decrease in importance with increase of
level of internalization. Enabling students to use knowledge gained in a productive
way s chosen as important most frequently at all levels.

The instructor may check his programnring assignments against the list of
factors to determine the assignments’ possiilities for producing attitudinal improvement.
Willingness to fearn. to reason, to accept change, to cope with decision making, to
do research, in short, to be valuable and productive, should be encouraged as
objectives for all students through the choice of appropriate programming projects.

REFERENCES

Ansubel, David B Education Psgehology: A Cognitive View, New York (1968, Chapter 10,

Uebenstreit, Jacques. 10.000 microcomputers for French schools, Computer 13, 7 (July, 19801, 17-21.

King. Ronald 5. und Lamont, Patrick. Microcomputer Laboratories for Applied Computing, Procesdiugs
ut the Fourteenth Hawaii lnlernational Conlerence on Svstem Sciences {19811 175-181.

Krathwohl, David R.. Bloom, Beujamin $.. and Masia, Bertram B. Tavonomy of Educational Objectives,
Handbook H—Affective Doumain, New York—London (19643,

Forter, Gerald J. Computer graphics us a lecture aid in undergraduate mathematics. Proceedings of the
National Edneational Computing Conference {19743, 237249,

D, Richard. Ou Ulam's Problemt. Report. Department of Computer Svience, University of Colorado
{1973). 1-10.



