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Abstract— Engineering technology subjects require some mathematical applications as the foundation to succeed in the subjects.
However, students find the theoretical subjects like mathematics as unattractive and difficult. This happens due to the inability of
engineering technology students to link between mathematical knowledge and technological applications. Furthermore, students are
unable to understand the importance of mathematics in engineering technology subjects which consequently contribute to their poor
academic performance. The current teaching approach which separates the teaching of mathematics from engineering technology
subjects does not encourage students’ understanding in both subjects. In this paper, the focus has been given to the development of an
integrated teaching and learning module of mathematics and image processing subjects known as Maths-IP Room. It has the purpose
to increase students’ understanding in both subjects. This proposed module will be designed using ADDIE model. Web-based
application and M-learning system will be used as the platforms for the proposed module. This module is hoped to make the
acquisition of knowledge in mathematics and image processing can be enhanced.
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incomplete skills. They do not see the real use for the
[.  INTRODUCTION mathematical theory that they have learned. In their study,

In the first year of engineering technology programs, the they found that. students failed to acquire sufﬁme_nt
students are offered basic courses in order to provide thenmathemat!cs S.k'”S for t_hem. to fu_rther progress - n
the sufficient skills to further their undergraduate studies. mathematlcs-or.lented engineering to.plcs such as digital
Among the basic courses offered are mathematics, physics',mage_ processing. Even after their first year of study or
and programming. However, in most cases, many student ometimes afte_r their second_ year _they did not manage to
find that these theoretical subjects are unattractive, difficult 9"aSP t_he required mat_hematlcgl skills. 'I_'ogeth_er_wnh poor
and useless. With the expectation of focusing directly on motivation an_d lack _Of Interest in f[he topic, majority Qf. the
their chosen area of study such as electrical, robotics orStudents are just taking r_nathemat_lc_s subjects with minimum
mechatronics engineering, the students are disappointed tgﬁort_ and therefo_re obtain on_ly minimum grad_es or most of
find out that their first year subjects are similar to their the time they fa||_ed the subjects. Similarly, in this study,
previous studies in secondary school. They perceive thatStUdents were fac_:mg the same problems. .
fundamental subjects including mathematics or physics have As mentioned in [5], a sunabl_e syIIabqs IS one of the most
been given more attention than their engineering or technicafMmpPortant strategy for an effc.ect|vellea.rn|ng. Th|§ could help_
subjects. This usually de-motivates the students andth? stpdents to Increase thel_r motivation, _thus improve _thelr
decreases their study interest. Furthermore, most student§kIIIS n the study. The teaching and learning o_f the Sl‘.'bJeCtS

: éespemally mathematics could become more interesting by
relating directly to the engineering or technical subjects. In
the university involved in this study, one of the subjects that
require substantial amount of mathematics is image
processing (IP). This subject can be considered as one of the
main components of computer vision system that has usually
been applied in robotics, manufacturing and intelligent

their engineering subjects.

The importance of motivation and stimulation of interest
have often been recognized in the literature [1]-[4]. In [2],
the authors believed that poor motivation in studying
mathematics is one of the key reasons for the students
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systems. A comprehensive review was done in [6]. engineering lecturers which do not give any benefits to the
Computer vision has grown from a research area to a widelyimprovement in the teaching and learning of both subjects.
accepted technology that is capable of providing a The problems and issues that have been described have
significant increase in productivity and improving living motivated this research with the aim to improve the ability,
standards. It is becoming a mainstream subject of study inincrease the motivation and provide adequate skills to the
computer science and engineering. The authors in [6] havestudents in learning mathematics and image processing
also indicated that the students in computer science andubjects. There are several tasks that will be involved,
engineering fields should receive some basic educationincluding (i) the discussion between mathematics and
related to computation with images. This is crucial for them engineering lecturers to identify and map the topics in both
to catch up with the rapid explosion of multimedia and the subjects, (ii) the integration of mathematics within image
extensive use of video and image-based communicationgrocessing topics and finally, (3) the case study on the
over the internet. So, to increase students’ motivation andstudents that will use this method and compare it with the
ability in mathematics for image processing or other conventional method of teaching and learning for both
engineering subjects in general become one of the hugesubjects.
challenges that the lecturers and universities need to tackle.
In fact, there were some works and studies that have been
done to integrate mathematics with image processing or
signal processing subjects. In [7], the concepts from digital »
signal processing have been incorporated into the high
school classroom through specialized engineering education.
.The authors have mtr.Oduced the Infmlty Pro_ject, which is a Fig. 1 Left Venn diagram represents the existing approach of teaching
joint effort corporation between university educators, mathematics and image processing which is usually performed separately.
industrial partners, and civic leaders to introduce a signal-in right Venn diagram, the intersection area represent several topics in these
processing-based engineering curriculum at the high schoolwo subjects that could be integrated.
educational level. Meanwhile, in [8], it was mentioned in : L
this paper, in Australia, some tertiary courses are reducing In this paper, the focus is given to produce a conceptual

formal mathematics from their computer science coursesStUOIy on the p(.)tent.ial inte_gra_tion of mathematif:s ir.' image
completely. This situation is also happening in this processing subject in our institution. As shown in Figure 1,

university. By doing this, the teaching of image processing the related topics in these subjects were identified and later

to students of computer science must use as IittIeintegrated. This involved the comparison and study of

mathematics as possible. Therefore, the authors havevarioustopics in mathematics and image processing and how

discussed and introduced methods based on colour imagéhe integration O.f these two SUbJ:eCtS could be QOne. It is. an

processing to the undergraduate subjects taught at Victorigmportant step in orde_r to design an alternanve teaching

University of Technology (VUT). Another works that approach by incorporating these two subjects.

incorporated mathematics and engineering subject was done

in [9] where the authors have reviewed and used Il. METHOD

MATLAB® and Mathcad® for teaching and research in the  All paragraphs must be indented. All paragraphs must be

syllabus of traditional introductory and advanced bio-signal justified, i.e. both left-justified and right-justified.

processing subject. All these works had the purpose to _

increase the student's interest in learning mathematics and Addie Model

engineering subjects. The ADDIE model is used in the process of designing,
Like in other higher educational institutions that offer developing and implementing a new strategy. ADDIE is the

engineering and technical studies for undergraduate, theacronym for Analyse, Design, Develop, Implement and

problems of students’ lack of motivation, loss of interest and Evaluate [10]. This paper describes the process completed

inability to relate mathematics and engineering subjectsin the first phase of the ADDIE model. This phase includes

become common problems that need to be tackled in thisthe step to analyse the needs for an instructional

institution. Beside the problems that were mentioned improvement. One of the factors considered is to identify the

previously which centred more on the students, the othercritical issues which need immediate attention in order to

aspect of the problem that was observed could also comeensure students enrolled at the university graduate on time.

from the lecturers themselves. It is usually very difficult for The issues identified are the poor performance in

the lecturers from both sections mathematics andmathematics and the inability to relate mathematics to image

engineering to sit together and discuss on these matters. Thigrocessing. One of the contributing factors that lead to the

might due to the fact that engineering or technical lecturerspoor performance in both subjects is the inconsistencies of

usually assume that all basic mathematical knowledge anddefinitions for common terminologies.

skills should have been handled by mathematics IecturersB Analvsis Ph

and they do not need to worry about it. On the other hand,™ nalysis Fhase

mathematics lecturers only deliver mathematics lessons In the Analyse Phase, students’ performance in

based on its syllabus or curriculum without knowing what, Mmathematics and image processing subjects were

where, how, why or when the topics could be useful for the investigated. The subjects are FKB10103 (Engineering

students to apply in their engineering or technical subjects.Teéchnology Mathematics 1), FKB20203 (Engineering

This is a typical problem between mathematics and Technology Mathematics 2) and FSB33503 (Image
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Processing). They are offered in semester 2, 3 and 5FKB20203. 15.38% of July 2011 intake and 23.53% of
respectively. FKB10103 and FKB20203 are offered by the January 2011 intake scored B+ and above. The rest of the
Mathematics Section while FSB33503 is offered by the scores, scattered between B and C represent 84.62% and
Industrial Automation Section. They are among the core 76.47% for July 2011 intake and January 2011 intake
subjects in Bachelor of Engineering Technology (Honors) in respectively. No failure can be observed for FSB33503 for
Industrial Automation and Robotics Technology program in these two intakes.

this university. Both FKB10103 and FKB20203 have the
purpose to provide adequate and necessary mathematica
skills to students. FKB10103 consist of Linear Algebra, FKB20203
Polynomials and Vectors while FKB20203 covers Pre- | sooo
Calculus, Calculus and Differential Equations. On the other
hand, Image Processing has the purpose to introduce image
processing techniques and technology with its topics
covering digital image fundamental, image representation, | 20.00
transformation, enhancement, restoration, segmentation and 100

compression. oo /MO0
A A- B+ B B- G+ c C- D F

40.00

30.00

I1l. RESULTS ANDDISCUSSION
mJan-11 OJu-11

A. Students’ Performance in Mathematics and Image

Processing Fig. 3 Students’ performance in FKB20203 for semester January 2011 and
Figure 2 shows that the failure rates in FKB10103 of two July 2011.
different intakes (January 2011 and July 2011) had increased

The failure rate was 5.56% in January 2011. This rate had FSB33503
drastically increased to 38.89% in the following semester.
This scenario suggests the difficulties faced by the students| 6000
in comprehending FKB10103. Some students managed to 5000
score grade B+ and above in this subject. However, there| M
was a decreased from 22.23% in January 2011 to 8.34% in| 4000
July 2011. 3000
2000 -
FKB10103 000 { -
50.00 000 - — —
40.00 A A B+ B B C+ C G D F
30.00 mJen-11 OJul-11
20.00
10.00 Fig. 4 Students’ performance in FSB33503 for semester January 2011 and
) July 2011.
00 -
A A B B B & C G D F From these results, the students’ performance in
mJan-11 OJu-11 mathematics was not as good as image processing. The rate
of failure in mathematics seems to increase from one intake

Fig. 2 Students’ performance in FKB10103 for semester January 2011 anJo ano'Fher anq also Trom. FKB10103 to FKB20203. If this
July 2011. scenario continues, it will upset the number of students
graduating on time. This may also lead to the decline in the

Figure 3 shows the students’ performance in FKB20203 performance of technical subjects such as image processing
for January 2011 and July 2011 intakes. The failure ratesin the future. One of the factors that contribute in the drop of
were 37.50% and 42.10% respectively. An increase in thethe students’ performance in mathematics is the inability to
failure rate can be observed. Nevertheless, both rates weréelate the topics learnt in mathematics to the technical
quite disturbing for the two intakes. Surprisingly, no students subject. Thus, making mathematics non meaningful and
obtained grades between A and C- in the January 201difficult to be absorbed. A factor identified to contribute to
intake. The same situation can also be observed in the Julghe drop of the students’ performance is the confusion of the
2011 intake as there were no students obtained gradeterminologies used in this subject. This is due to the
between A- and C+. In general, as compared to FKB10103,diversity of definitions used by both mathematics and image
the performance of FKB20203 has worsened for the two processing lecturers.
intakes. . . . . o

Figure 4 shows the result of FSB33503 of January 20118' Common Terrm.rToIogles with D|vers§ Deflnlltlonsmg )
and July 2011 intakes. The student's performance in this Common definitions for the terminologies used in
subject was found to be better than in FKB10103 and Mathematics and image processing subjects are very
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important. Diversity in definitions has caused students’ image processing, it was found that similarities exist in both

difficulties in understanding the mathematical application in subjects. Some topics and sub-topics could have been related
image processing subject. In this paper, eight commonlyeasily because they usually represent basic calculations in
used terminologies in both subjects have been identified asnathematics and at the same time, represent calculation

shown in Table 1.

TABLE |

THE COMMON TERMINOLOGIES IN MATHEMATICS AND IMAGE PROCESSING

applications in image processing. An example is the topics
of Matrix operations in mathematics and image operations in
image processing. In our case, the overall comparison and
identification of highly related topics and sub-topics in

Terminology | __Mathematics_ _Image Processing FKB10103, FKB20203 and FSB33503 are shown in Figure
Origin Centre of the coordinate| Initial location of the 5 1t is int fi to di that th bout 45% of
system represented by | coordinate system - LIS Interes !ng 0 discover that there are a_ou 70 0
(0,0) represented by (0,0) FKB10103 topics and 20% of FKB20203 topics directly
Axis + Bothxandyaxes |+ Bothxandy axes have contribute to about 90% of the basic calculations in image
havet_posg!ve i‘_”d positive direction only processing’s topics and sub-topics. Therefore, FSB33503
. Q_eg(?s“ézn'gzc on e e g'rrig‘i’fd downl  can be said as highly dependent on mathematics because
directed to the left or| « y-axis is directed to the almost all of its topics are directly related to topics such as
right of the origin right of the origin Linear Algebra in FKB10103 and Pre-Calculus in
° ﬁjaXiS ((:jan be § FKB20203.
irected up or down
frOm the Origin ETM-1 Image Processing ETM-2
Coordinate (x,y) isused to locate a | = (x,y) is used to locate ———— — : —
point the pixel element S e mon it i R i it ooy
*Matrix operation -+,-,%, scalar, quantization limit theorem
+ also represents the ro e e D e “Differentiation using irst
and column in the i s rtrmaaton bR ===
d|g|ta| image 'dxa”%t%n?rlizst\'on e *Translation, rotation, :Fi"rdstnrderpa(r.tizlde.riv:ﬁve
Arc A'set of points that lie or] A finite set of pixels gn?arge_mengiez}mm >1_m5gls ;gn/hsncejért o “Tfﬂg‘a‘Z"T,P_ ’
a circle and that are representing portion of a G ey vz
positioned within a curve s e wms e e
Central angle' 'Su!vﬁ:g nth root of complex - nDEseSrEduc(‘n:nr . él)juble:l.wg lripl; ilntsgratl_
st > ifase Seghisniation > Ordinary differenisl equation
Area The space contained The number of pixels in a g yromial 5 45 Sl SEUER GAE "2 Sxehie paitic
within a shape region “Vectors properties, sum of e ;n"t:gm'ﬁngraim '
Border Boundary is a border thgt The set of pixels in a ol SO ekt e
encloses a space or an | region of a digital image et
area that is adjacent to pixels in| ‘;’:;:;;;gj:::"d“fp'f
the region's complement. > Vector spplications
Complement | The set of all the All points in an image that
elements of a universal | does not belong to a given Fig. 5 The topics and sub-topics in FKB10103, FKB20203 and FSB33503
set not included in a subset of the image. that are identified as having significant relations
given set
Addition Finding the total, or sum| A point process that blends D. Mapping Outcomes
by combining two or the values of corresponding . . .
more numbers pixels in two input images. thgratures have shown that many engineering or
A single parameter controls  téchnical educators have proposed changes to the way that
which input image mathematics is taught to engineering students or
dominates the output technologists. Some of the suggestions are mathematics
image.

should be taught by engineering lecturers rather than
: . mathematics lecturers, integrating mathematics and
To overcome this problem, a method to link between engineering or technical subjects or even a more radical

mathematics and image processing = subjects ~will beapproach is by doing a revamp in engineering or technical

integrated icaching and loarming module of mathematics anUTiculum [L1]. At the same tme, the mathemaics
9 9 9 ommunity believes that by considering a broader notion of

image processing subjects known as Maths-IP Room. The

urpose of this module is to increase students’ understandin athematics in developing mathematical thinking will be
ﬁ] brt))th subjects Hore advantageous to engineering or technical students [11].

Common needs between these two fields have to be
investigated and achieved. Thus, this study aims to propose a
new model of teaching mathematics for technical students by
integrating the teaching of mathematics and its related
ounterpart. A teaching method reform will be proposed
rom teaching mathematics and technical subjects separately

C. Identification and Mapping of Topics

The important task before any integration of topics
between two subjects is to review and identify the highly
related topics between both of them. In this paper, the scop

of work was limited to mathematics and image processingt it ting teachi h Th in obiecti f
subjects which are offered by UniKL MFI. The focus given 0 an integrating teaching approach. 1ne main objective o
this approach is to find one teaching technique that can cater

in this research was to identify and map the related topics in . . ) :
mathematics and image processing. As a beginning, aboth, mathematics and technical subject. The collaboration

communication between lecturers from both sections, g;fer:;?tge2at'f§agﬁdo;ef::;arll Su;AeCt;a?L(z#l;f.gstc; tk;('aecatr;
Mathematics and Industrial Automation was established. v PP Ing y : ubj

Through detail discussions on main topics, sub-topics, E)lz]brg:ist T(t)eg)r(até(:ir; nrg:tgorﬂo\r,:Iler?::\:)irztuigen;vﬁoﬂﬁgat
terminologies and application examples in mathematics and. PP ny perier ging .
in learning mathematics concepts. The relevant technical
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activities and examples will help students to think critically the meaning of the concepts to the students. The
about the related mathematical concepts. Furthermoredissemination process will be meaningful if students
mathematics should be taught in conditions that lead to itsunderstand the link between the concepts learned and their
real life applications. related applications. This study has proposed the integration
In this study, there are two sub-topics of Linear Algebra in the teaching of Mathematics and one of its application
involved, namely Matrices and Matrix Transformation. The subjects that is Image Processing. In this approach, the
applications of matrices in technical and engineering fields mathematical operations to the matrices can be applied in
are very broad, but this study focuses on the application ofmanipulating images. In this sense, the teaching of Matrices
Matrices and Matrix Transformation in Image Processing. and Image Representation can be taught simultaneously. It is
The current teaching practice of Mathematics and Imagehoped that the students of Industrial Automation and
Processing will be enhanced through the integration of bothRobotics Technology can overcome the difficulties faced in
subjects (Figure 6 and Figure 7). Lecturers from learning mathematics and appreciate better the learning of
Mathematics Section and Industrial Automation Section will mathematics through the real world application. Thus, a
be involved in teaching both subjects where the basicbetter result of the students’ performance in FKB10103 and
mathematical knowledge will be taught by the mathematics FKB20203 is hoped to be obtained. Furthermore, the lecturer
lecturers. The applications of the mathematical knowledgewill also be able to teach the contents of Matrices in more
will be explained through the content of Image Processing.stimulating and motivating environment.
This part will be covered by Image Processing lecturers.
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