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Abstract—The paper describes the effects of using
MATLAB as a teaching and learning aid for engineering
mathematics students. MATLAB has been integrated as a
supplement to the traditional classroom teaching and
learning. Students enrolled into the first year Integral
Calculus cour se at the University of Ha'il, Saudi Arabia, are
the sample of the study. Students used the software in small
groups and submitted their work in groups. The aims of the
study are to assess the effects of the use of the software on
students’ attitudes and motivation towards the utilization of
technology in the teaching and learning of engineering
mathematics and its impact on learning. Qualitative and
guantitative data collected from the study revealed that the
students have benefitted from the software. The use of the
software has enhanced students conceptual understanding
despite their weak mathematical skills. It has been noticed
that students attitudes have been positive and their per-
formancein the cour se hasimproved.

Index Terms-MATLAB, CAS, Engineering Mathematics
Education, University Calculus, Pedagogy, collaborative
small group work.

L INTRODUCTION

The calculus course is a starting point for many under-
graduate engineering sciences and other important disci-
plines. Therefore, there is an ever growing concern with
regard to the decline of mathematical skills, uneven
preparedness, commitment to and enjoyment of studying
mathematics of students on entry to engineering disci-
plines. Engineering students require competence in
mathematics to be able to understand and explain con-
cepts. According to the report prepared for the Institute of
Physics (IOP) [1], scores of physics and engineering
academics believe that undergraduate students, entering
university, are unprepared for their fields of major, and
are not achieving their full potential, because of a lack of
essential mathematical skills.

Like all engineering students, students entering into
first-year engineering mathematics at the University of
Ha’il, Saudi Arabia, are generally found to possess
inadequate mathematical background and skills. Specifi-
cally, they have problems in simple arithmetic to alge-
braic manipulations, sketching graphs of mathematical
functions, Trigonometry, Differentiation and Integration.
Consequently, they show low motivation towards learn-
ing mathematics; some of them fail the course repeatedly;
others do not interact with the course contents, and a
number of them switch majors and become passive
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learners. Furthermore, for many students, the calculus
concepts are abstract and complex in nature [2] which
requires a solid conceptual understanding. The traditional
calculus course cannot fully address these issues because
it gives an overemphasis on algebraic manipulations and
procedures. Therefore, students rely more on memorizing
mathematical rules to pass the course rather than under-
standing the calculus concepts.

II. COMPUTER TECHNOLOGY AND
ENGINEERING MATHEMATICS
EDUCATION

Engineering mathematics students in the 21* century
are compelled to have access to an appropriate computer
technology due to the perpetually increasing complexities
of the engineering programs. They need to learn the
specialized computer software as a tool for problem-
solving and learning mathematics. Information and
communication technology can play an effective role as a
cognitive tool in the teaching and learning of mathemat-
ics. The use of such technologies can present mathemat-
ics in a more authentic and tangible manner. They sup-
port and enliven students in learning of the subject which
traditionally has been termed as math phobia as referred
to in a book “Mathphobia: The Fear of Learning” [3].

The literature is rich in the identification of issues re-
lated to the positive impact of the use of mathematical
and computational software in classroom. It has been
reported that the integration of advanced computing
algebra systems in classroom teaching had positive
impact on students’ mathematics achievement [4]. How-
ever, not many studies have been conducted on the use of
MATLAB as a pedagogical tool for engineering mathe-
matics. The effectiveness of the conventional lecture
method can be greatly improved by integrating MATLAB
in teaching and learning of engineering mathematics [5-
10]. This is because MATLAB provides a powerful
interactive and dynamic working environment.

“Technology is essential in teaching and learning
mathematics; it influences the mathematics that is taught
and enhances students' learning” [11]. However, as
highlighted by [12], “Education technology is neither
inherently effective nor inherently ineffective; instead, its
degree of effectiveness depends upon the congruence
among the goals of instruction, characteristics of the
learners, design of the software, and educator training and
decision-making, among other factors.”
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Therefore, an urgent need for integrating MATLAB as
a didactical tool for calculus at the University was neces-
sary. Currently the teaching and learning of mathematics
at the University is mostly traditional. The decision of
incorporating MATLAB has been made primarily in an
attempt to motivate students and help them to develop the
necessary mathematical concepts and skills needed to
succeed in their engineering majors. In particular, the
choice of MATLAB stems from the fact that it is a
powerful multi-purpose and widely accessible scientific
software package which is currently being used in most,
if not all, engineering subjects, and it is gaining its
popularity with researchers, educators, practicing engi-
neers and mathematicians. Besides, it is easy to use at the
commands level with some elementary programming
knowledge. The software also provides excellent visuali-
zation capabilities. Hence, mastering MATLAB will
certainly help students in other courses as a learning tool
as well as it will be beneficial after their graduation.

The integration of computer technology into the learn-
ing of mathematics could in a way be achieved by estab-
lishing cooperative and collaborative environments
among students. [13] presented the Social Development
Theory, according to the theory, higher intellectual
cognition levels develop in students through social
collaboration and social behavior. Furthermore, the
learning occurs in what [13] called the “Zone of Proximal
Development ZPD”. ZPD is the distance between stu-
dent’s abilities of doing a task independently and under
instructor's or peer’s guidance. Therefore, in this study
the traditional lecture method was supplemented with
computer lab activities in small students groups. A
positive impact was reported on the mathematical reason-
ing of students when they were exposed to CAS “Com-
puter Algebra System” technology integrated in a small
group setting [14]. Similarly the peer interaction and
achievement in small groups was consistently supported
by [15].

III. RESEARCH DESIGN & METHODOLOGY

This paper describes the research study conducted with
81 freshman engineering students at University of Ha’il,
Saudi Arabia, over a semester in 2012. The sample of this
study is the male students whose first language is Arabic
and the course was taught in English. The students were
enrolled into the Integral Calculus course which is taught
for 4 credit hours. Students must pass the course as it is a
pre-requisite for several subsequent courses. The partici-
pants are randomly selected and placed in various sec-
tions each ranging from 25 to 30. They all have very
similar background and must meet the standard criteria
set by the university. It is a coordinated course having
common syllabus, standard grading policy and exams.
For this study, students were randomly assigned to the
Instructor-Researcher and the other Instructor. Paper-
based exams (two major exams contribute to 20% each
and a final exam 50%, assignments 5% and a MATLAB-
based test 5%) were used as a criterion for comparing the
performance of students taught by two instructors with
three sections each.

MATLAB was used for demonstrating Riemann sums,
evaluating definite, indefinite and improper integrals,
area between two curves, volume of solids of revolution,
and various integration techniques etc.
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Figure 1. Model for Teaching and Learning of Engineering Mathemat-
ics

The study was carried out in a conventional teaching
and learning environment where MATLAB was inte-
grated into a traditional calculus course in a small stu-
dents’ group setting. Students used the software in the
informal groups of 2 to 3. After every MATLAB session,
the students’ feedback was received about the difficulties
they faced during the use of the software. They also
solved the similar problems at the end of each MATLAB
session.

Figure 1 shows the model for teaching and learning of
mathematics that was formulated and used in this study.

To enhance collaborative learning and problem solv-
ing, a MATLAB instructional manual for students was
prepared with some Arabic support to facilitate students
understanding. The MATLAB manual contains lab
activity worksheets for mathematical tasks to be per-
formed in a collaborative environment. Each worksheet
contained objective of the lesson, necessary commands
and a test. Due to some of the challenges with regard to
students’ competence in English, the worksheets were
prepared in a simple language and the instructions were
given in students’ native language. The MATLAB
tutorials, highlighting the software features and capabili-
ties, were demonstrated in the classroom lectures to
motivate students to use MATLAB. Students were given
some hands-on training sessions to familiarize them with
the software and its syntax. An important aspect of the
training was the mathematical problem-solving which
was emphasized in classroom and enhanced through the
use of MATLAB.

This study was conducted to examine the effects of the
use of MATLAB in small groups on:

1. Students motivation and attitudes towards the use of
the software in teaching and learning of the Integral
Calculus course,

2. Students’ performance in the course.

Iv. MATLAB AS A PEDAGOGICAL TOOL

Broadly speaking, the software was used as a tool for
motivating students towards learning mathematics,
exploring calculus concepts and patterns in mathematical
rules through experimentation, visualization, multiple
representations and demonstrating connections between
various course concepts, solving complex textbook
problems, checking answers to textbook problems as well
as for reviewing the course material for exams.

Students’ high motivation to learn and their feeling of
success enhanced when they were given access to com-
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puter technology [16-17]. “A teacher using technology to
motivate students is more powerful and productive than
one simply using lectures and textbooks.” [18]. The use
of MATLAB enhanced students’ motivation to learning
mathematics, Figures 11 and 12.

MATLAB-Aided worksheets for doing mathematical
tasks were designed. In teaching a mathematical concept,
three stages are involved as shown in Figure 1. Firstly,
the topic is taught in a traditional manner followed by
students doing some class work and homework assign-
ments, secondly, students will do the similar problems in
a computer lab using the MATLAB-based designed
worksheets and thirdly, students understanding and
performance are assessed in MATLAB-based exams in
groups and individually.

The MATLAB-based worksheets used were on soft-
ware’s basics task, basic mathematical operations, graph-
ing, area problem, area between two curves, evaluating
integrals (indefinite, definite and improper); exploring
patterns; generating solids of revolution and computing
volumes; and evaluating integrals by integration methods
(by parts, trigonometric substitution and by partial frac-
tions) etc. A sample worksheet is given as appendix III.
The adoption of computer technology in teaching and
learning of calculus can have positive impact when
activities are designed appropriately [2].

A. Patterns

Patterns such as sequential, spatial and temporal and
their combinations are frequently encountered in engi-
neering. Mathematics is believed to be the science of
patterns. One of the effective and key strategies that the
experts use in acquiring knowledge or solving problems
is the observation of noticeable and meaningful patterns
of information [19].

In this study, mathematical patterns are introduced to
students using a worksheet containing several examples
that highlight a number of meaningful patterns. This is
accomplished through experimentation in which several
indefinite integrals are evaluated and students spot a
pattern and discover some mathematical rules. The
concept of evaluating indefinite integrals by “Integration
by parts method” and the “Tabular method” were taught
in the classroom with some problem-solving. For evaluat-
ing such integrals students not only require a thorough
understanding of these integration techniques but also the
knowledge of algebraic manipulation involved in the
solution. A MATLAB screenshot that illustrates the
mathematical patterns that can be noticed in evaluating
integrals is shown in figure 2.

In this MATLAB-generated screen, various examples
of the integralJ'xzede are evaluated by increasing the

powers of the polynomial function. A pattern in the
output can be easily seen. Through the use of MATLAB,
students can explore patterns and get the solution in
hardly one step compared to the otherwise multi-step
analytical solution.

A number of problems for evaluating definite integrals
were demonstrated to students followed by their practice
in the computer lab. Following the practice sessions of
pattern recognition, students were given the paper-based
classroom tests. They found no difficulty in solving the
problems taught through the guided discovery using the
software.
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B. Visualization

Similarly, by taking a number of examples of basic
mathematical functions, MATLAB was used to show
patterns in graphs. Many students lack visualization skills
in math. The visualization of static and dynamic graphs
of families of functions such as linear, quadratic, trigo-
nometric and inverse trigonometric were demonstrated to
students. Also, the positive and negative regions of a
function and calculating area between curves were
shown. For generating the volumes of the solids of
revolution, an interactive Disks Methods Program devel-
oped by Dr. David Hill and his team at Temple Univer-
sity, USA, was used. MATLAB is a powerful tool for
interactively creating 2-D and 3-D curves and surfaces of
functions with great ease with features such as zoom in,
zoom out and rotation to any angle etc. It acted as a tool
for reviewing the pre-requisite concepts of the course
with great speed and accuracy. Figure 3 and 4 are the
illustrations of some of the graphical patterns.
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Figure 2. MATLAB demonstration for exploring patterns through
experimentation
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Figure 3. MATLAB-generated graphs of multiple functions

Figure 4. MATLAB generated 3-D graph of X2
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The concept of definite integral presents comprehen-
sion difficulties to students if taught traditionally which
lack a proper visualization as the area as the Riemann
sum [20]. The 'rsums' command in MATLAB provides an
interactive visual of Riemann sums for computing area
under a curve. An approximation of the integral of the
given function can be found by using the slider shown in
the bottom of the window in appendix III. By dragging
the slider from left to right students can see the dynamic
changes occurring in the number of rectangles (regular
partitions) and consequent improvement in the approxi-
mation of the integral value given at the top of the screen.
Also, they can see the relationship between the computer-
based visualization to the mathematical meaning of an
integral. A good example of the use of MATLAB to
visualize certain functions is the example: Find the total
signed area bounded by the curve y=x* and the x-axis

for the interval [-2, 2].
x."3 : 0.000000

4 08
2
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Figure 5. MATLAB-generated graph in which area cancellation is
illustrated

Students practiced with a number of functions fol-
lowed by MATLAB-based test consisting of 2 to 3
problems. Then they were asked to write their under-
standing and observations of the whole process. This is
followed by group discussions where students explain
and check their conceptual understanding.

The curriculum reform should put more emphasis on
the conceptualization of calculus concepts by supple-
menting its presentation algebraically, numerically and
graphically [2] & [21]. Students examined the course
concepts numerically, algebraically as well as graphically
as illustrated in figures 6, 7 8 and 9.

V. INSTRUMENTATION FOR DATA
COLLECTION AND DISCUSSION

To study the effects of the use of MATLAB in small
groups, the quantitative and qualitative data were col-
lected.

Quantitative data were recorded through students’
post-study survey questionnaires, paper-based and
MATLAB-based examinations. The questionnaires
consisted of 29 questions relating to statements about
students’ motivation and attitudes towards mathematics
and their attitudes towards the use of MATLAB for
calculus in collaborative setting. The Likert-style scale
response format “strongly agree (5) to neutral (1)” was
used. Out of 81 students, 77 sat for the final exam and a
total of 66 students completed the end-of-semester
questionnaires.

The qualitative data collected through students focused
group interviews, group discussions with students, and
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Figure 6. MATLAB generated numerical data of the limit of a
function and its evaluation
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Figure 7. MATLAB generated plot for the function SinX
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Figure 8. MATLAB generated screen to demonstrate symbolic
relationship between a derivative and its integral
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video recordings of the MATLAB sessions as well as the
observation of in-lab students learning. Interviews were
conducted with some selected individual students as well
as with the small groups of students. These were held
during the entire semester to see students’ perceptions
about the use of the software and to bring necessary
changes in the way it was used. The qualitative data can
be triangulated with quantitative data by using a Mixed-
method for data collection and analysis in a single study
for a thorough understanding of the effects of the inter-
vention [22].

A. Video Recordings of MATLAB Lab Activity

In this study, video recording was used as one of the
resources for developing data. The use of this approach
was triangulated through the other data collection sources
such as students' survey questionnaires, interviews,
focused group discussions and observations. The use of
video technology is important in capturing and assessing
complex human behaviors and relationships that influ-
ence the learning process. A number of video recordings
of the students’ MATLAB activity sessions were per-
formed and analyzed. This was aimed at assessing stu-
dents’ involvement in use of the software, their interac-
tion with their peers in the computer lab as well as to see
their motivation and interest in learning the course. The
video capturing of the learning episodes and their ongo-
ing analyses helped to understand students learning
processes and the related challenges. This has further
facilitated the improvement of the subsequent activities.
The students learning episodes were guided by the
MATLAB-Aided worksheets related to the research
questions formulated for this study.

A combination of approaches, namely, part-to-whole
deductive and the manifest-content were used for examin-
ing and analyzing the video recorded data. The analyses
included discourse such as conversations between stu-
dents and the teacher, students-students, group-group, and
the students' behavioral aspects to understand the events
on the basis of the set research questions.

The analyses and interpretation of the videos high-
lighted the following features:

1. An increase in motivation towards the subject was
observed manifested by the active involvement of
students in the learning process.

2. Students-centered learning environment was estab-
lished where the students were doing mathematics
through experimentation and discovery.

3. A collaborative learning environment was quite no-
ticeable among students as they were learning in
pairs of two while they were communicating with
other groups of students. Another added advantage
that was noticed is the overcoming of the second lan-
guage barrier as students were free to communicate
in their native language.

4. Initially students experienced some syntactical diffi-
culties which were gradually reduced as more and
more sessions were held.

Students' verbal and non-verbal interactions were ana-
lyzed for patterns. They never felt bored and the use of
software increased their interest and motivation towards
learning. The kind of active participation and interest
shown by students in the computer lab is not usually
observed in the traditional classrooms. In this study, an
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Figure 10. MATLAB-Aided mathematical tasks in a collaborative
environment at the University of Ha'il

attempt is made to use video technology as a qualitative
method to inform research in computer-aided mathemati-
cal learning and human-machine learning.

B. Focused Group Discussions, Interviews, Views and
Opinions of Students

Group discussions were held with selected students
who liked the software a lot and very much supported
incorporating a compulsory component for teaching and
learning the software. Some students suggested that the
software be taught as a course prior to taking the calculus
course. They expressed a concern that simultaneous
learning of the software as well as learning of mathemat-
ics is a heavy task. Students liked the visualization of
graphs the most followed by exploring the patterns in
indefinite integrals. They also liked the program for
generating the volume of the solids of revolution. The
quick computation capability was also preferred by many
students.

About 13% of the students who did not like the tool at
all; they categorically opposed the idea of using it for
learning mathematics. They held firmly to their past
beliefs of learning of mathematics traditionally. These
students believe that the software will not help them in
learning mathematics. Some students, however, liked the
graphing capability of the software but still liked to use
the pen-paper method. Part of the reason for their dislik-
ing the software was probably due to the traditional
nature of exams at the university without having access to
any computer software.

Students’ views about the use of the software and its
usefulness were recorded through interviews (both
structured and unstructured) some of which are listed
below:

o The software should be use more and more.

e [t is good that the software gives the answer not the
steps. Because there are different ways of solving a
problem in math. In our course, there are lots of rules
and ways of doing a problem.

o The software will be more useful if we know it well.

e It is a reliable program, therefore allocate some
marks for its use and make it an integral part of the
syllabus.

e Patterns are interesting. We can do problems of
some particular type and find patterns in them.

e Graphing is easy and interesting. It is best for sketch-
ing graphs.
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e [t is good to be familiar the use of the software at this
level.

o [t should be used once a week.

e It is a helping device. It assists in understanding
math.

o [t translates math to computer language.

e Commands are easy to use.

e We can see some relevance of math in our life.

e Many problems can be solved in a short time.

e [t is accurate and fast.

o Solving together with other students is fun.

e [t is good to learn because it is used in the future.
¢ Time spent learning the software is not wasted.

e [ learnt many things.

e Some relevance of math in our life can be seen from
the shapes of functions generated in MATLAB.

Students also expressed the following:

e The program has good things but it also has weak
points. It gives the answer but does not provide the
steps.

o If there are no MATLAB-based exams then it is not
helpful to learn.

Students were also asked about the best and the worst
parts of their experiences of using the software. In addi-
tion, they were interviewed to hear their opinions.

Most positive aspects of the software:

e [ts speed of solving.

e Sketching graphs.

e More fun and interesting to use.

e Short steps.

o Increases curiosity

Most negative or frustrating aspects of the software:
e Errors (syntactical, typo, use of brackets).

e In some cases, MATLAB’s output was different from
the textbook answer.

e [t is not used in final exam.
e Sometimes not sure which command to use?
e No steps for solution.

The majority of students who took part in focused
group discussions strongly liked the idea of using
MATLAB as a pedagogical tool and this was further
confirmed in the personal interviews conducted with
them. Their overall experience was very positive and
encouraging.

C. Observations

The Researcher-Instructor recorded observations of
students learning tasks. In particular, the strategies
adopted by students for learning calculus using
MATLAB were observed. It was observed that for a
given problem many students had the habit of asking too
many questions to the Instructor. Initially, they did not
show an interest in reading simple and easy to understand
instructions. They rather wanted the instructor to tell
them what to do in a given problem and which mathe-
matical method to use. Several times students tried to do
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a problem, get stuck in the process, and then easily give
up.

It was noticed that they were initially struggling to type
the software commands given to them. This was observed
despite their familiarity with the use of computer as they
had already completed a course “Introduction to Com-
puter and Programming”. They found difficulties in
trying to find relevance between the MATLAB com-
mands to the mathematical tasks assigned on the work-
sheets. Some students preferred to do problems by hand
rather than using MATLAB. However, they noticed that
some mathematical problems can only be solved with the
use of MATLAB. Students also found difficulties in
describing orally the concepts of mathematical notions.
This was partly due to the nature of traditional mathe-
matical testing which is primarily paper-based. Responses
to questions were given when oral questioning was done
in groups of students. It was also noticed that students’
participation increased and consequently they expressed
their views more comfortably. Therefore, it can be said
that the use of the software has been positive. Another
aspect of the learning observed was the use of the appro-
priate mathematical methods students have used utilized
in solving, simplifying, graphing, factorizing, differentiat-
ing and integrating functions.

Students' frustration was observed when MATLAB
output, in some cases, was different from the textbook
answer. The Instructor-Researcher had to show them that
the simplification can lead to the more simplified answer
usually found in the book. It was also shown to them that

2
the mathematical functions such as '[ex dX. cannot be

evaluated in MATLAB as it gives an error function.

D. Assessment of Sudents Performance

Students’ transcripts of tests and exams analyses were
performed to check their learning of mathematics. They
demonstrated an understanding of the concepts where
MATLAB activities complemented the traditional
classes. Each MATLAB-based activity was followed by
similar problems performed by students. All sessions
were supervised by the Instructor-Researcher. Discus-
sions with students were held in the post-MATLAB
sessions to see if the learning objectives are being ac-
complished and the necessary changes required in the
following sessions. An analysis of the final scores of
students is given in Figure 13.

VL RESULTS

Cronbach’s Coefficient Alpha using SPSS was com-
puted to check the internal reliability of the questionnaire
items. It was found to be in the acceptable range of 0.7 to
1.0 which is shown in Table I:

TABLE .
CRONBACH’S ALPHA COEFFICIENT ON INTERNAL
RELIABILITY OF QUESTIONNAIRE ITEMS

Items Cronbach’s Alpha
Students’ Attitudes towards math 0.88
Attitudes towards the use of]
MATLAB in teaching and 0.98

learning of mathematics
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Students’ responses to post-study questionnaire items
are summarized in Figure 11 and 12. About 74% of the
students (45% strongly agreed, 28% agreed) have indi-
cated that MATLAB has helped them in better under-
standing calculus. However, 12% of the students (4%
disagreed, 8% strongly disagreed) disliked the use of
MATLAB and the remaining expressed no opinion about
their experiences. The questions are given as appendix 1.

The data were also collected through the post-study
questionnaire regarding students’ attitudes towards
mathematics Figure 12. The experimental group of
students expressed a strong positive attitude towards
mathematics. To questions such as “I like math” and the
other similar questions (see appendix II), students dem-
onstrated an acceptable level of confidence to be success-
ful in their math course. The negative statements 9, 10, 12
and 13 have been reversed for computing Cronbach’s
Alpha.

The positive effects of the use of the software were
also confirmed by students’ performance in traditional
paper-based and MATLAB-based examinations. A
comparison of students’ performance in final exam
between experimental and control groups is given in
Figure 13.

Since the means and variances are high in both the
groups, Experimental and Control groups, shown in the
Table II, the difference between the two groups is further
tested by two sample t-test for independent samples and
found that there is a significant difference between the
two groups. The calculated t value that is 2.34 which is
significant at 5% level of significance and the corre-
sponding probability ‘p’ value is 0.02.

Table II generated in MS-Excel gives the t-test value,
means and p-values.

The analysis of the data, the retrospective students'
views expressed in the interviews and focused group
discussions have revealed that an overwhelming majority
of students enjoyed the use of MATLAB in learning
mathematics which in turn has a positive effect on their
attitudes in learning mathematics.

Students’ mathematical weaknesses and flaws in their
reasoning were identified through different classroom
quizzes, tests, exams and their in-class learning. This
analysis revealed some of the underlying problems with
regard to the students’ difficulties in calculus concepts.
Despite these challenges, the technology-aided learning
has greatly enhanced the fulfillment of the course objec-
tives.

VIIL CONCLUSION

The various tools of data collection confirm the posi-
tive effects of the use of the computer software. It was
observed that students learnt the course, their participa-
tion in the learning process enhanced, their final exam
grades improved as evidenced by the comparison be-
tween experimental and control groups. As can be seen
from the Figure 13, about 47% of the experimental group
students achieved a final grade of C (C>70 marks) or
above compared to 32% of the control group. There was a
marginal increase in the D and D+ grades of students
between the groups. Only 21% of the experimental group
students failed the course whereas 32% failed in the
control group. The mean of the experimental group was
about 63% which is 10% higher than the control group.
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naire
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Figure 13. A comparison of students’ performance in the experimental
group and the control group in the final exam

TABLE 1.
STATISTICAL ANALYSIS OF STUDENTS’ PERFROMANCE IN
FINAL EXAMINATION

t-Test: Two-Sample Assuming Unequal Variances

Experimental Group Score| Control Group Score

Mean 62.91 53.12
Variance 489.18 731.37
Observations 77.00 66.00
Diftrence -

df 126.00

t Stat 2.34

P(T<=t) one-tail 0.01

t Critical one-tail 1.66

P(T<=t) two-tail 0.02

t Critical two-tail 1.98
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Visualization of graphs and 3-D volumes of solids of
revolution were one of the areas which benefitted stu-
dents the most throughout their course followed by
pattern recognition in evaluating integrals of mathemati-
cal functions. Students learning of MATLAB and submit-
ting their assignments in small groups of 2 to 3 has
helped them in their learning of mathematics; motivated
them towards learning; increased interaction among
students as well as with their instructor, and somehow
alleviated students inadequate competence in English.
MATLAB-aided learning as a supplement to traditional
classroom instruction promoted active learning which has
helped students to develop a stronger conceptual under-
standing of the course. It was noticed that the use of the
software has benefitted both weak and strong students in
many areas of the course. Students’ performance in the
course has improved significantly unlike the past record
of teaching a number of students groups of similar back-
ground over a number of years. However, it must be
noted that some confounding factors such as students’
abilities of this particular experimental group and/or the
instructional delivery of the course might affect the
outcome variable which is the mathematics achievement.

Students’ conceptual understanding of the course con-
cepts enhanced through the multiple representation
(graphical, algebraic, and numerical) of the course and
the connection between the concepts such as the deriva-
tive of a function to its integral by taking a number of
examples with ease and speed.

Software like MATLAB provides ample opportunities
for conceptualization and problem solving in mathemat-
ics. And because of its relevance to math and engineering
disciplines, it should be integrated as a compulsory
component of the curriculum. However, several factors
have to be taken into consideration such as the careful
design of the course; when to use technology, what
concepts to teach using MATLAB; and how to use it
appropriately keeping in view of the characteristics of
students.
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APPENDICES

Appendix I

Q QUESTIONS REGARDING STUDENTS’ ATTITUDES TOWARDS
THE USE OF MATLAB FOR CALCULUS
1 enjoyed doing calculus with MATLAB.
I enjoyed doing integration problems with MATLAB.
I can learn any computer program needed for my course.

I learnt many things about graphing using MATLAB.
MATLAB is good for understanding solids of revolution.
Sketching graphs is easy in MATLAB.

Sketching graphs is fun in MATLAB.

MATLAB is easy to use.

It was interesting to learn power rule of integration using MATLAB.
MATLAB made it easy for practicing integration problems.

I like MATLAB because it is important for engineering.

1 like to learn calculus with MATLAB in a group.

Doing calculus with MATLAB alone is not easy.

I can enjoy using MATLAB if I use it more and more.
MATLAB made it easy to see patterns in calculus.

Using MATLAB I learnt that there are patterns in calculus.
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Appendix II
Q | QUESTIONSREGARDING STUDENTSATTITUDESTOWARDS
MATH
1. I like math.
2. Math is important for studies.
3. I can handle difficulties in math.
4. I am confident in math.
5. I like to learn new ways of solving problems in math.
6. I am sure I can succeed in math courses.
7. I have no problems in understanding math questions.
8. I understand vocabulary in math.
9. I don't like solving problems which has many steps.
10. I don't like to understand math.
11. 1 like to attend lectures where is math is discussed.
12. Math is important only because I have to pass the course.
13. Math has no connection with engineering courses.
Appendix 111

2.
3.
4.
S.
6.

Objectives of the lesson:

Learning Activities:
1. Type rsums (sqrt(x),0,1) and press enter.

Teaching and L earning of calculususing MATLAB

® To define the definite integral of a function as a single variable and its properties;
* To visualize definite integral as a process of infinite summation (Riemann sums);
* To demonstrate numerically the value of integral as overestimate and underestimate;

A new window with the graph will appear on the screen.

Move the slider to increase the no. of rectangles.

Enter the value in the given table that appears at the top of the window.

Observe the change in the integral values.

Observe the link between Riemann sums and the definite integral.
3 =

'O[In xdx ||' rnmllll

Tllustration of Riemann sums interactive feature of the logarithmic function
Using the ds given below, compute the area of the functions:

Areaunder the curvewith

MATLAB command T0rectangles 100rectangles | 128 redf

Tsums (sqrt(x),0,1)

f(x) =/x;[ab]=[0.1]

f(x) =sin(x);[a,b] =[0, 7]

rsums(sin(x),0,pi)

What happens when you f rectangles? Explain in your in English or in Arabic. Please email the MATLAB output.

Assessment
Individual test | Group test [

Observationsand comments:

Oral test

(1

(3]

(6]

(7]
(8]

[9]
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