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Abstract

This study examines the use of courseware to teach feedback control systems material to undergraduate
mechanical and aerospace engineering students. Courseware for teaching the frequency response portion of the
course was developed using Asymetrix Multimedia Toolbox and subsequently tested on a third year (Junior) level
class. Academic results and attitudes of the students were examined and statistically compared to those of a control
group. It was found that there was very little difference in the academic results and attitudes of students in the
computer group and students in the lecture group. In addition, the effectiveness of the courseware was not related
to students’ previous computer experience. A cost analysis indicated that in most scenarios the use of courseware
to teach control systems would be more costly than traditional lectures.

1.0 Introduction

Like most types of Computer-Assisted Learning (CAL), courseware is rarely used in engineering faculties.
Most modern courseware uses multimedia techniques to teach material. Individual users proceed through the
material at their own pace, and can often adapt the manner or the order in which topics are learned to suit their
learning style. Courseware is used more and more often in education, both at the pre-university level and in higher
education. Very little engineering courseware exists, however, which is unusual for a discipline that has otherwise
embraced computing technology.

A subject areas best-suited to be a testing ground for CAL in engineering education is control systems. This
is in great part due to the highly mathematical nature of the material and the need for numerical graphical
representations. Use of computer technology in the practice of control engineering is widespread.

As early as the 1970s, computers were being used to assist teaching control systems. Broome and Woolvetl
created “[a] program. . . which permits interactive control system design, suitable for use by students either to run
tutorial exercises as a back up to lecture material, or to integrate with laboratory work”. The program was written
in FORTRAN IV for 8K computers such as the Honeywell H3 16. The use of computer for control systems
education has since then become widespread. According to a survey of control systems curricula by Feliachi 2,

“[software packages of a wide variety are being used by most schools. The most popular packages (in frequency
of usage) are MATLAB, MATRIX-X, ACSL, DESIRE, and CC”. These packages are typically used in conjunction
with the traditional lecture format. Feliachi did not identi~  any software packages being used to teach the material
other than to reinforce the material taught in the lectures.
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- These programs are part of the third and fourth layers of four described by Schaufelberger3 as making up
the body of control systems teaching software. Each layer represents a different type of computer application, and
stacked together they provide the complete teaching/learning environment. The layers are:

(1) “specialized training programs”
(2) “minitools for small tasks such as drawing the graph of a function”
(3) “tools such as MATLAB or simulation environments for solving small to medium problems”
(4) “fill grown commercial tools (professional MATLAB, CTRL_C, ACSL, SIMNON, Mathematical,

etc.) “

Some specific-application packages that make up the second layer of Schaufelberger’s structure exist,
including a circuit design and testing program 4 , multimedia development tools5, a linear control systems design
program 1, a package for PID design and tuningc, and a digital control simulator 7. What maybe most lacking is
the first layer - the development and evaluation of specialized training courseware.

The effects of using CAL to teach control systems material have not been determined. Limited studies, such
as those cited above, have been published, but these tend to focus on the development of the CAL tools rather than
on their effectiveness. None of these have compared the academic results and attitudes of students using CAL to
learn the material to students attending lectures. For example, Wong et alc based their results on observation and
information contact, rather than on any structured evaluation. Hofer and Roggiero8 postulate that “evaluationsare
more easily controlled in a laboratory environment. This is no doubt why very few performance based, summative
training evaluations are being performed in applied domains,” such as engineering. Another reason given is that
“[e]valuations require considerable discipline and cooperation from all the parties involved, including students,
instructors, managers and evaluators.”

Baird and Silvem9 called into question the viability of testing, and decided to assess its effectiveness as an
evaluation tool. They found that the mode of testing used has little effect on the results. In other words, a paper
test is a reasonable means of testing CAL students, just as a computer test will not skew the results for
traditionally-taught students. The researchers concluded that, for the material their non-engineering CAL
application taught, “mixing computer study with paper-and-pencil testing does not bias the outcome of the test”.
Clark and Craig,l” however, noted that the instructional methods, such as interactivity, might influence evaluation
results more than the technology.

A question debated by researchers surrounds the involvement of students in the evaluation process. Reiser
and Kegelman, ] 1 in a comprehensive review of current evaluation methods, found that” [v]ery few models suggest
that students serve as evaluators,” and recommended that “students should be observed as they use a software
program, and conclusions about the quality of the program should be based, in part, upon what the evaluators
observe”. In addition to recording students reactions and observations while using the program, the researchers
recommended that “evaluators should assess how much students have learned as a result of using a particular
program”.

The actual composition of the evaluation program varies from study to study. To evaluate a
non-engineering CAL application, Janniro12 compared the results of 14 students learning via CAL to a 15-student
classroom control group learning the same material. The results were for the two groups were compared statistically
using such tools as a two-tail t-test for significance. The focus here was heavily on the academic outcomes rather
than the affective outcomes.
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Similarly, Brown and Cutlip  13 investigate the results of teaching FORTRAN programming to engineering
studefits  by comparing the results of an 18-student courseware group to a 22-student lecture group. Here, both
academic and affective outcomes were considered, using both a test and an attitude questionnaire. Hofer and
Roggiero 8 also combined questionnaire data with performance measures to evaluate the use of CAL to teach
technical material, and found that it was a reasonable means of evaluation while difficult to implement and manage.

According to Outang  et al 14, in their study of pre-university  CAL use, CAL had a positive effect on the test
subjects’ academic achievement. The evaluation methods used are not discussed in the published information.
Janniro12  used a combination of pre-testing and post-testing of CAL and control groups, and found that a group of
students using CAL “achieved significantly higher post-test scores,” and “also required less than half of the
scheduled instructional time compared to those students in the classroom group”. He concluded that CAL “appears
to be most effective when systematically developed and the course content is pedagogically sound,” and
recommended that developers apply information-processing learning theories and screen design strategies to
improve CAL.

Aminrnansour lb found that CAL contributed to better comprehension and retention in civil engineering
students. Here again, the methods used to arrive at this conclusion are not discussed. Hodgson 4 found that it was
“evident from the way students take to this self-learning environment. . . that workstation learning will become
an ever more important and powerful tool in engineering education”. Similarly, Plank et al ‘5 found positive results
when using CAL in engineering, but base these results on experience rather than on an evaluation.

Brown and Cutlip13  compared the results of engineering students learning FORTRAN through CAL to those
in a classroom control group, and found that the evaluation “failed to yield a significant difference between the two
groups”. However, they also found that “the experiences of the students in the CBE group resulted in an
increasingly negative attitude about the instructional use of computers”.

This paper examines the impact of using CAL to teach the frequency response portion of controls systems
to undergraduate engineering students. The purpose of the experiment was to determine whether there was any
difference in terms of the academic results or the resulting attitudes between students learning material from
courseware and those learning from lectures. Differences in learner outcomes can be separated, according to Brown
and Cutlip*3,  into “academic outcomes” and “affective outcomes”. The academic outcomes are those related to the
amount learned by thes tudent as a result of using the CAL technologies (e.g., final course grades). The affective
outcomes relate to the changes in the students’ attitudes and perceptions as a result of participation in CAL projects
(e.g., changes in feeling towards computers). The paper concludes with a detailed cost analysis of each mode of
instruction.

2.0 Methodology

2.1 The 86.352 Course: Feedback Control Systems

The experimental part of this study was conducted with students enrolled in the course 86.352 Feedback
Control of Dynamic Systems 17. This is a mandatory course for all undergraduates in the Mechanical and Aerospace
Engineering programs. It is similar in structure and content to the feedback controls courses offered in most
faculties of engineering, covering the basics of control in the time and frequency domains. Most of the students in
the course are in their third year of a four-year Bachelor’s of Engineering program.
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- Early in the course, the students were apprised of the nature of the study and of the process. Most of the
students volunteered to participate, and of these, forty were randomly selected. This selection took place in the early
part of the term, so that it was not affected by the interim results of the students. The students who would be
participating in the experiment were advised, but were not told whether they were in the computer or lecture group
until the day before the start of the study.

Throughout the study, steps were taken to ensure that the effect of the study on the students’ academic results
would be minimized. The students were given an incentive to participate, as those who scored better on the test
given at the end of the study period than on their midterm examinations would have the result counted towards their
midterm grades. The results of the test and the post-experimental questionnaire were kept confidential and
references to the identities of the students were removed before analysis. Students were told that if they felt that
their understanding of the course material had been compromised by the experiment, they would be given extra
tutorials.

2.2 CAL Software Development

Several development environments were considered. The decision to use Asymetrix Multimedia Toolbook
was made because of the features of the software, the relatively low price, the compatibility of the software with
other packages, the unlimited run-time license, and the upgrade capability. The additional software packages used
included MATLAB, for numerical analysis and simulation, and LView, for image processing.

The development and testing of the soflware took place over a period of about six months. The content of
the courseware was based on the textbook Franklin et al. 18 and the course notes Goheen19 for 86.352, so that the
courseware would be compatible with the material covered in the lectures, facilitating comparisons between the two
delivery methods.

The final courseware replaced a two-week section of the course. The module covered frequency response
material, including frequency domain analysis and design techniques, Bode plots and stability margins. This portion
was chosen because it was well-suited in length and position in the course, and relatively independent from the
other course material. The design of the courseware considered the results of previous studies of the design of
multimedia for educational use.

2.3 Student Examination and Questionnaire

The twenty students in the courseware group spent two weeks in the computer laboratory instead of in the
lectures. During these sessions, they were given assistance with the courseware when required, but not with the
course material itself. Most of this group completed their exploration of the courseware in less time than the
scheduled lecture time.

Both the computer group and a group composed of twenty students who had attended the lectures wrote a
one-hour test on the material. The test consisted of two questions, one on steady-state output in the frequency
domain, and the other on Bode plots and stability margins.

Before the start of the test, the students were asked to complete a questionnaire that aimed to assess such
factors as familiarity with computers, learning style, and feelings about the courseware. The questionnaire consisted
of twent y questions, many of which were multi-part.
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3.0 Statistical Results and Student Comments

3.1 Analysis of Data

The data considered in this experiment included academic data such as the test results, the midterm
examination and final examination grades, the overall course grade, and the cumulative grade point averages of the
students. Additional student information was obtained from the students’ responses to the voluntary pre-test
questionnaire.

The data was compiled, sorted and referenced to record numbers assigned to each student. The questionnaire
responses obtained were coded into discrete values wherever possible to facilitate analysis. Some of the data sets
were used to examine the results of the courseware use, whereas others were included to determine that there were
no significant differences between the profiles of the courseware and lecture groups. This was done so that there
could be reasonable certainty that differences between the results for the two groups were due to the experiment
rather than due to pre-existing differences.

Statistical techniques were used to find significant relationships amongst the forty-five sets of data. First,
some approximate comparisons were made to see if there were any immediately obvious relations between data sets.
Then, statistical analysis was used to compare 165 of the 990 possible pairs of data.

Each of the 165 comparisons was examined for significance, as for any apparent relationship there was
always the possibility that it was in fact a chance relationship being observed. Two types of tests were employed
for this analysis. The first was the t-test, used when one of the two values being compared was on a continuum and
the other was always one of two discrete values. The second type of test used was the correlation test. Here, both
data sets compared were continua, and the test was used to find out how the values related to each other.

Tables 1 and 2 list the t-tests and correlations that showed significance. Table 3 lists other comparisons
which may be considered interesting because they did not show a significant relationship between variables when
one might have been expected.

3.2 Results of Statistical Analysis

From the results of the t-tests, it was found that the aerospace engineering students obtained higher grades
on the final exam and the overall course. They also rated the course material as being easier. This was true for both
the lecture and courseware groups.

There was a significant difference in results for the rating of the ease of the course material by the computer
group and the lecture group. The lecture group rated the frequency response material as more difficult than did the
computer group. There was no significant difference in overall grades between the two groups. It maybe that the
computer tutorial software made the material easier to learn, or perhaps that it made the students more comfortable
with the material, thus bringing them to believe that the material was easier than it was.

The students’ years of computer experience, their enjoyment of working with computers and their knowledge
of computers were all closely correlated. It seems reasonable to expect this result, that the length of time that
students have been using computers would be closely tied to how well they know them and how much they enjoy
using them. It is also not surprising that students would be more knowledgeable about computers if they enjoyed
working with them, and vice versa.
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- The ease of the course material as rated by the students was closely related to the amount of time spent
studying the frequency response material, and to the midterm grades. Students who found the material more
difficult also spent more time learning the material. Also, the more difficult they judged the material to be, the
lower were their midterm grades. This is true only of the midterm examination, and it should be noted that students
were aware of their midterm grades when they answered the questionnaire.

The amount of frequency response material the computer group students thought they had been taught by
the software was inversely related to their preference for fiture software tutorials over lectures. The more the
students felt the tutorials taught them, the more they preferred lectures over future tutorials. This result seems
counterintuitive, as one might expect that students who felt they were taught all of the necessary material through
the tutorials would lean towards tutorials for fiture  use. It is possible that instead of one of these factors being the
result of the other they are both the results of some third factor.

Additionally, some of the results were interesting because no relationship was found where one might have
been expected. One of the most interesting of these cases is that, except for the rating of the ease of the course
material, there were no significant t-test results for comparisons between the computer and lecture groups.

There were no significant correlations related to students’ experience with, knowledge of or enjoyment of
computers, except amongst those factors themselves.

The computer group students’ stated amount of learning from lectures was not related to their performance
on the test or in their course, to their liking of the sof~are  or to their lecture/computer preference. Furthermore,
the students’ rating of the ease of the course material was only related to their midterm examination grade, and not
to any other grades.

The amount of time students spent learning the material was not related to their major grades or to their
preference for lectures or computer tutorials. Also, the amount of time the computer group students spent learning
the material was not related to their liking of the material or the amount they felt it taught.

Overall, most of the comparisons showing significance did not serve to demonstrate differences between
the lecture and computer groups. The academic results and resulting attitudes were for the most part independent
of the method by which the material was made available to the students.

3.3 Student Comments

The questionnaire offered the participating students several opportunities to provide comments on the
software and on CAL use in engineering. Four of these questions were directed to the. computer group only and
were intended to offer them an opportunity to elaborate on their impressions of the software and to make
suggestions for improvement.

The comments were generally positive. There were a large variety of responses and no remarkable trends.
The only comment which occurred in any frequency was that students would like to see the tutorials implemented
as part of a package including lectures, instead of replacing them completely.

4.0 Cost Analysis

A cost-comparison of the lecture and CAL methods for teaching the controls course was carried out. The
- - ... -

?@xd~ 1996 ASEE Annual Conference Proceedings
‘.,+,131yyL:

P
age 1.350.7



----
purpose of this comparison was to determine the difference in cost to the university. Only the difference in cost or
revenue were considered. Two models were used. The first of these is based on a single year of course delivery.
The s~cond  assumes a five-year period. The figures used for the lecture model are based on a cost analysis of
Carleton University’s itv program.20

The comparison initially assumes that there are one hundred students in the course. A maximum number
of one hundred students per section was assumed. These students pay the same fees whether they are in the lecture
group or the computer group, and are also identical where use of university services such as the library are
concerned. The printing and publication costs for course handouts are assumed to be the same. Furthermore,
outside of the actual course computer laboratory time for the computer model, they use computer facilities equally.
The revenue to the university from students’ spending on books, food and parking is assumed identical. The course
time for both groups is three hours per week. For the computer model, they are assumed to be divided into two
equal groups of fifty students.

It is assumed that a professor earns $80,000 per annum, plus fifleen percent benefits. Professors spend fifty
percent of their time lecturing. For the lecture model, this represents two credits of courses per annum, or four
half-credit courses. For the computer model, there is still a need for the direction of a professor. It is assumed that
a professor will supervise six credits of computer-based courses, or twelve half-credit courses. It is assumed that
a single teaching assistant works with both halves of the computer group. There is no teaching assistant for the
lecture model. The teaching assistant is assumed to cost $3300 per term.

The computer laboratory contains fifty computers. These are assumed to cost one thousand dollars each per
annum, including hardware, system software and all peripherals, printers and network servers. Computer
management and maintenance personnel are assumed to cost $35,000 per annurn per three hundred computers. The
computer software is assumed to take one half-year to program. The programmer is initially assumed to cost the
university a total of $25,000 per annum. This is intended to represent an average between a professional
programmer and an externally-fimded  graduate student. For the five-year model, it is assumed that two weeks per
year are required for updating the software.

It is assumed that in the lecture room, there is one student per fifteen square feet of space.20 Computer
laboratories in the Faculty of Engineering at Carleton University average approximately twenty square feet of space
per student. The rooms are available for use fifty-seven hours per week (twelve hours per day Monday to Thursday,
nine hours on Friday), but the lecture room has a sixty percent net utilization rate, meaning that each seat is in use
on average for only sixty percent of the available time 20, and the computer lab has an eighty percent net utilization
rate. This means that the classroom is 1500 square feet, and is used for this course 8.77 percent of the time. The
computer laboratory is 1000 square feet, and is used for the course 13.16 percent of the time. The capital cost of
the classroom is assumed to be thirty dollars per square foot per annum, including building and furniture costs.20

The capital cost of the computer laboratory is assumed equal, but with the addition of the computer capital described
above. Maintenance, including cleaning, electricity and heat, is assumed to cost eight dollars per square foot per
annum for the classroom20, and ten dollars per square foot per annum for the computer laboratory due to additional
electricity and connectivity costs. The classroom is assumed to have audio and video equipment with a depreciation
cost of five thousand dollars per annum.

According to the assumptions above, the computer model would cost $36,245, approximately $15,000 more
than the traditional lecture format for the one-year case. The one-year model assumes that all of the development
cost is borne in the first year. Because of that assumption, the annual cost differential for the one-year model is
higher than for the five-year model or for any other longer term model.

s. . . - . . _
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For the five-year case, the development cost is distributed over a five year period. For those five years, the
com~uter  model would cost a total of $115,071 or about $30,000 more than the lecture model, or $6,000 per year.
The cost differential is smaller than the one-year model because the development cost is only substantial in one
of the five years. The differential would be further reduced by considering an even longer model, but based on the
current set of assumptions, would never disappear completely.

The variation of cost versus the number of students can be seen in Figure 1. The cost of the computer mode
is always above that of the lecture mode. It grows more rapidly as the number of students is increased because the
per-student cost increment of the computer model is greater. The step which can be seen in all four curves
represents the point where two sections are required. It is notable that the computer cost is closest to the lecture cost
when the number of students per section is lowest (at the lowest number of students and immediately after the jump
to two sections) because the cost of adding another section to the lecture model is greater than that of adding another
section to the computer model.

The cost variation with respect to changes in the development cost can be seen in Figure 2. Here the first
year development cost was varied, and the five-year development cost was calculated based on the first year cost
with the addition of two weeks per year of the programmer cost. The minimal development cost might represent
a case where the software is purchased rather than developed, and the purchase cost is borne by students much as
the cost of a textbook. The upper-end cost represents the cost of having the software developed in-house over a full
year by a professional programmer. Alternative models in the mid-range include decreased development time,
development by graduate students, development with the assistance of external finding, development costs offset
by sales to other institutions and external purchase of sof~are.  When the development costs are minimized, the
cost of the lecture and computer models are very close, although the cost of the computer model is slightly higher.
As the development cost is increased, the lecture model cost remains unchanged, and the cost differential grows.

The change in cost relative to the computer use rate is shown in Figure 3. The computer use rate is the
fraction of the net use time of the computer facilities for which they are used by the course. As discussed above,
the course is assumed to use the computer facilities for six hours per week (two sections of students for three hours
each). The net use time is calculated by finding the total number of hours for which the computer facilities are
available per week and multiplying it by a net utilization rate. The base assumption was that the computer
laboratory was available for fifty-seven hours per week, and that it was used for eighty percent of that time. This
meant that the course would be using the computer facilities for 13.16 percent of the total time that they are used.
This rate was varied from 8.5 percent to twenty-five percent. The low rate might represents a model where the
computer is used on weekends as well as during the week. The high rate might represent a case where the computer
lab is underutilised by other groups. When the computer use rate is low, the cost of the computer model is close
to that of the lecture model. When the use rate is high, the cost differential is much greater.

5.0 Conclusions

This experimental study of students in a third year undergraduate controls course showed that the use of
CAL instead of traditional lectures was equally effective in terms of academic results. As well, the effects on
students’ attitudes were minimal. The only significant affective result was that the students using CAL instead of
attending traditional lectures found the material easier to learn than did the lecture students, although the grades
obtained were similar. The results indicate that the effectiveness of CAL is not biased towards those students who
are most comfortable with computer use, and that students can learn well from CAL whether or not they are very
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fmiliar  yith computers or enjoy working with them. It is important to note, however, that the students participating
in thl~e”x~eriment  were all engineering students; as such, the spectrum of computer experience is smaller and
weighted towards the high end.

The cost analysis suggested that the computer tutorial model developed would cost the university more to
provide than the lecture model. This cost differential was reduced, but not eliminated, by considering a longer
period of employment of the model. The resulting cost differential is altered by changing the assumptions used to
develop the models (or, the factors under the control of the university administration), but in most cases the
computer tutorial model was more expensive.
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Table 1. Significant t-Test Results
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Table 3. Notable Non-Significant Results
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