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ABSTRACT
The objective of this research is to investigate the effectiveness of a learning strategy using Maple in integral
calculus. This research was conducted using a quasi-experimental nonequivalent control group design. One
hundred engineering technology students at a technical university were chosen at random. The effectiveness of
the learning strategy was examined through three variables on two groups of these students. Data were analyzed
using Hotelling’s T2 and explained by interview data. The advantages offered in Maple enable students’ thinking
to be amplified. Students benefit from the conceptual and procedural understanding of integral calculus.
However, they need more time to improve their metacognitive awareness. The transformation of the integral
calculus learning approach using Maple has the potential to overcome engineering technology students’ underpreparedness. As a result, the nation’s inadequacy in the related workforce may be overcome.
Keywords: Integral calculus, conceptual understanding, procedural understanding, metacognitive awareness,
technology integration, Maple software
INTRODUCTION
The focus of Malaysian industries has shifted toward emphasizing research and development, thus innovating
and producing high-technology products ahead of other countries (Board of Engineers Malaysia, Institution of
Engineers Malaysia, & Federation of Engineering Institution of Islamic Countries, 2003). Hence, the type of
workforce required has also moved from cheap labor to the highly skilled. In this sense, Malaysia has to produce
enough science, technology, engineering, and mathematics (STEM) majors to meet the country’s industrial
needs. With this vision, the Malaysian government has urged universities to produce engineers who are
competitive in the global market (Ismail & Puteh, 2008). Furthermore, in complementing engineers’ work,
engineering technologists are needed to help Malaysia become a more industrialized nation.
The fields of engineering and engineering technology greatly differ. Nevertheless, they are strongly associated
professions. Engineering education frequently focuses on theory and conceptual design, while engineering
technology education focuses on science and mathematics application aspects. Graduates of engineering
programs are called engineers. Engineering technology programs, which are completed in four years, produce
graduates known as technologists. Graduates who have completed any two-year engineering technology
programs are called technicians (ABET, 2011). Engineers often enter the workforce as conceptual designers or
researchers in developing new technologies. Instead, engineering technologists are responsible for transforming
engineers’ designs and ideas into practical devices and products (Mynbaev et. al., 2008). In that view,
engineering technology education aims to prepare graduates for the practice of improvement and manufacturing
of products to accommodate the needs of the engineering field.
In Malaysia, the engineering technology field does not compete with the conventional engineering field. Instead,
it compensates the workforce produced by the engineering field to realize the country’s vision. Thus, an
adequate number of technologists is required to achieve the vision. This implies that an increased number of
students choosing STEM majors is required. The ideal ratio between technologists to engineers needed by
Malaysia to be an industrial country is 2:1 (Othman, 2010). However, the current ratio is 1:3, which has led to an
80% shortage of engineering technologists (Ali et Al., 2009; Othman, 2010). To overcome the problem,
universities producing graduates in the field of engineering technology have to ensure an adequate number of
graduates to cater to the country’s industrial needs. The need to increase the number of students choosing STEM
majors and graduate on time has led to better preparation and performance in regards to the subjects related to
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STEM (LeBeau et al., 2012). One of the required subjects to successfully complete STEM majors is
mathematics, particularly calculus (LeBeau et al., 2012).
However, the prevailing obstacle that inhibits students from graduating on time is poor performance in
mathematics (Mynbaev et al., 2008). One possible reason why students perform poorly in this subject is because
they are not well versed with the threshold concepts in this subject. One important threshold concept in
mathematics for engineering technology courses is calculus. However, students entering the courses at the
university were found to be underprepared on this topic. This under-preparedness has been portrayed by the
remedial courses offered to bridge the gap in students’ understanding (Henderson & Broadbridge, 2007; Lavicza,
2010; Selden, 2005). The university involved in this research also faces the same problem. In order to tackle the
problem, the university has practiced its own designed remedial mathematics courses. Even with the measures
taken, students in this university still face problems with the threshold concept of integral calculus.
The inability to get through this topic has an effect on higher mathematics and other technical subjects, as this
topic serves as a prerequisite. It is important to maximize the number of students that graduate on the time
scheduled because their service is needed in developing our nation. If they fail to complete their studies on time,
the effect is not only their future but also the nation’s growth in general. The country’s economic growth
depends on advances in industrial activities. The industrial activities will grow healthier when engineers and
engineering technologists work together. To make this vision a reality, the number of workforce in both areas
has to remain sufficient. With that in mind, suitable measures to handle the problem require proper planning.
Any teaching and learning situation is a product of three elements: curriculum, pedagogy, and assessment
(Osborne, 2007). Thus, in this research, to ensure students’ engagement and high successful rate in the
engineering technology field, a new pedagogical approach in integral calculus has been designed and
implemented.
Integral calculus is one of the subtopics in calculus to be mastered by students majoring in science, technology,
engineering, and mathematics (STEM) (Bryant et al., 2011; Haripersad, 2011). However, many students have
difficulties in comprehending this topic (Bryant et al., 2011; Grove, 2012; Haripersad, 2011; Kashefi, Ismail,
Yusof, & Rahman, 2012; Mynbaev et al., 2008; Özkan & Ünal, 2009; Salleh & Zakaria, 2012a; Yates, 2012).
Furthermore, in the university involved in this research, students’ learning philosophy is geared toward
dependently receiving help and guidance from others during the learning process rather than independently
exploring the possibilities by themselves.
Besides, students expect to receive rewards on each successful task done where they define rewards as marks.
They seem not to realize the importance of conceptual understanding as a meaningful reward. This frame of
mind is the result of their under-preparedness in this subject, where they previously acquired knowledge through
rote learning rather than understanding (Blank, 2000). Furthermore, they will only gain confidence in solving
mathematical problems if they are given the final answer to refer to. In this sense, generally, students are more
concerned about the final product than the process toward solving/creating the product. Without a solid
understanding of this topic, students may face difficulties in learning calculus-related application subjects during
their studies (Özkan & Ünal, 2009). Under-preparedness in school calculus can affect first-year university
students’ understanding (Burton, 1989). To ensure a smooth transition between school mathematics with the
mathematics at the university, the gap has to be closed. Thus, a careful strategy has been planned and
implemented.
To succeed in mathematics, students must become fluent in the process and understand the mathematical
concepts. In cultivating the culture of learning with understanding at this university, a new teaching strategy has
been designed and implemented. The strategy was developed to close the gap of students’ under-preparedness on
this topic. This measure is important in order to maximize the number of students that graduate on time. In the
first stage of the strategy development, a needs analysis has been carried out. The results indicated that students’
active involvement in the learning process using hands-on activities led to meaningful learning in integral
calculus. Conversely, the existing teaching practice still focuses on the teacher-centered method. A new
paradigm of teaching practice focuses on student-centered needs in order to maximize students’ potential.
Student-centered learning requires the active involvement of students, which can be implemented based on
constructivism theory (Bergsten, 2008; Dubinsky, 1991, 2001). Studies have shown that the constructivism
theory is effective in a computer-technology-integrated environment (Colonna & Easley, 2011; Ward, 2003).
With technology, students are flexible in adjusting their learning strategy based on their learning style (Salleh &
Zakaria, 2012b).
Learning mathematics using technology yields a positive impact in terms of student understanding (Ayub,
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Mokhtar, Luan, & Tarmizi, 2010; Fox-Turnbull, 2012; Highfield & Goodwin, 2008; Lee, 2004; Noinang,
Wiwatanapataphee, & Wu, 2008; Wiwatanapataphee, Noinang, Wu, & Nuntadilok, 2010). However, these
studies have not emphasized the importance of students’ learning style in developing a mathematics teaching
strategy using technology. In addition, not many studies have discussed the advantages of technology on
conceptual understanding, procedural understanding, and metacognitive awareness in learning integral calculus.
In this research, the current teaching method has been enhanced with the integration of enhancement of
technology. This teaching strategy was designed to promote students’ understanding through exploring integral
calculus using mathematics software, known as Maple.
The teaching strategy developed emphasizes the understanding of where the elements of conceptual
understanding function as the core components. However, the importance of the procedural fluency has not been
ignored. This element also was given equal weight in designing the strategy. Fluency in the process may entail
certain memorization of crucial steps. Nevertheless, the combination of memorization and understanding are
optimum in a continuing nature rather than in two isolation aspects (Kember, 2000). In this sense, learning
commences with a surface approach, which gradually transforms into a deeper understanding through activities,
class discussions, reflections, and exercises. Therefore, the enhanced teaching strategy aims to help engineering
technology students to understand integral calculus by learning this topic using Maple-integrated strategies.
Explicitly, this research focuses on investigating the effectiveness of Maple-integrated learning strategies in
integral calculus. The effectiveness of the strategy has been determined based on three variables, which focus on
understanding and metacognitive awareness. The understanding of integral calculus has been investigated
through students’ conceptual and procedural understandings. The findings of this research inform mathematics
educators, generally, and mathematics educators in the field of engineering technology, specifically, about a
suitable strategy to teach integral calculus at the university.
METHODOLOGY
Two groups of Technical Mathematics 2 with various mathematics backgrounds, consisting of 100 students,
were randomly chosen. One lecturer was appointed by management to handle the tutorial classes for these 100
students. A quasi-experimental nonequivalent control group design was employed as the main research design.
The researchers randomly chose the experimental and control groups. The former group underwent integral
calculus lessons using Maple software. The intervention is known as “Maple as a Learning Tool Strategy.” In
this strategy, both lecture and tutorial modes were practiced during the teaching and learning of integral calculus.
In the lecture, the topic was taught using PowerPoint presentations. In this mode, the lecturer played an
important role to teach students the lessons. However, students were encouraged to interact when lecturers
consistently posed questions to them in order to trigger their thinking processes.
During the tutorial sessions, students used Maple software as a learning tool to assist in their learning process.
Throughout these sessions, students were independently responsible for doing the tutorial questions in which the
lecturer played a role as the facilitator. Thus, students were encouraged to collaboratively work in a group to do
their tasks within the given time frame. The learning strategy was developed based on a constructivism theory,
known as APOS (action, process, object, and schema), pioneered by Dubinsky. The assumption of APOS theory
is as follows:
Assumption of mathematical knowledge: An individual’s mathematical knowledge is his/her tendency to
respond to perceived mathematical problem situations and their solutions by reflecting on them in a social
context, and constructing or reconstructing mental structures to use in dealing with the situations (Dubinsky &
McDonald, 2001; Maharaj, 2010; Weller, Arnon, & Dubinsky, 2011).
The activities during tutorial sessions were executed based on the ACE (activities, class discussions, and
exercises) teaching cycle. In this cycle, activities were conducted with a great emphasis on reflective element.
This element was highly considered because reflective activities are able to trigger students’ thinking skills and,
hence, develop their metacognitive awareness in learning (Salleh & Zakaria, 2012b; Vos & Graaff, 2004). In
addition, the quality of reflection activities affects students’ achievement (Chang & Chou, 2011). Students who
are stimulated with learning awareness and act on it are inclined to learn better (Pintrich, 2002).
On the other hand, students representing the control group underwent the integral calculus lessons as usual.
Similar to the experimental group, this group also practiced lectures and tutorials as the means to disseminate the
information. PowerPoint presentations were also used as an aid to learning. However, the teaching approach in
this group lacked the explanation about the integral calculus concepts. Instead, it highlighted the fluency of the
mechanical parts, which involve the calculation processes. Students were given samples of past years’
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examination questions as an exposure for them to recognize patterns of questions. They were encouraged to
memorize the patterns as a method to prepare them for the examination. In this group, the lecturer played an
important role in explaining the methods of solving integral calculus questions, while student passively listened
and copied the notes. This approach was adopted because the thinking paradigm of the lecturer involved remains
geared toward the philosophy that he or she is the only knowledge expert (Zakaria & Iksan, 2007). Therefore,
lecturers typically believe that learning will only take place when students are clearly told what and how they
can learn. In the tutorial classes, students in the control group completed their tutorial activities manually without
any mathematics software.
Instruments
In this research, the instruments used to gather the data are a set of integral calculus questions and a
metacognitive awareness questionnaire. The former set of instruments was built by the researcher based on the
integral calculus curriculum at the university. The latter instrument, known as metacognitive awareness
inventory (MAI), was adapted from Schraw and Dennison (Schraw & Dennison, 1994). Both instruments have
been scientifically piloted to ensure its reliability and validity. A group of 79 engineering technology students
was chosen at random to answer the integral calculus questions. They also agreed to answer the MAI. Two
constructs were investigated in both instruments. In the integral calculus test, the constructs are conceptual
understanding and procedural understanding. In the MAI, the constructs are knowledge of cognition and
regulation of cognition. The reliability of both domains in the instruments was investigated using Rasch model
analysis. In this analysis, two reliabilities were determined: item reliability and person reliability.
The item reliability for the two constructs in the integral calculus test was measured high with 0.95 for
conceptual understanding and 0.96 for procedural understanding. The person reliability for both constructs was
also proven as being adequate. The indices are 0.77 for conceptual understanding and 0.86 for procedural
understanding. The item reliability for the two constructs in MAI was also high (0.97 for knowledge of cognition
and 0.96 for regulation of cognition). Similarly, the person reliability for both constructs was acceptably
adequate, which is 0.71 and 0.87, respectively.
Data Collection
The data collection started with a pretest, which was given to ensure the homogeneity in both the
experimental and control groups. It also provides the information related to students’ pre-knowledge of
integral calculus. Measurement of pre-knowledge is an important element in helping students to develop new
meaningful ideas based on their prior knowledge (Davis, 1986). The information about integral calculus
background of the students involved is important, as they had entered the university with various
mathematics preparations. Consequently, the information obtained is used to design activities in learning this
topic. Also, based on the information gathered, three students were selected from each group to represent
three different levels of pre-knowledge on this topic. This step is crucial in identifying similarities and
differences in students’ understanding of these three pre-knowledge levels after the use of the software at the
end of the integral lessons.
The integral calculus lessons took place in a 40 hour period, which is equivalent to four hours of face-to-face
lessons and four hours of self-learning time in a five-week duration. After the intervention, a post-test was
conducted to investigate the effectiveness of the Maple integration intervention approach. Three students
from three different pre-knowledge levels, determined at the beginning of the lessons, were interviewed.
Their interview sessions were audio and video recorded. Prior to the interview session, they were given an
information sheet and a consent form to sign. All of them agreed to participate in the interview session. They
also gave their agreement to all the conditions stated in the consent form.
The quantitative data were analyzed using the statistical package PASW Statistics 18. To minimize the
statistical error Type 1, Hotelling’s T2 multivariate test was employed. The test was applied to investigate
the effectiveness of the Maple integration strategy on students’ conceptual understanding, procedural
understanding, and metacognitive awareness. Consequently, the independent t-tests were conducted in
determining the effect of each dependent variable. The quantitative data were explained by the interview
data, which was analyzed qualitatively.
RESULTS
Statistical Results
Table 1 shows the outcomes of Hotelling’s T2 and the independent t-tests for both dependent variables.
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Variables

Table 1. Multivariate and univariate test results
Hotelling’s T2
t-test
Probability, p

Maple Integrated
Strategy
Conceptual
Understanding
Procedural
Understanding
Knowledge of Cognition
Regulation of Cognition

0.26

Effect size, η2

0.00

0.20

4.64

0.00

0.18

4.42

0.00

0.17

0.08
0.31

0.94
0.76

Table 1 shows that the statistical significance is supported by the large effect size in order to imply the
significance effectiveness of the whole treatment. Based on the reported effect size value, the effectiveness of the
whole Maple integrated strategy is considered large. Eta squared value (η2) for the whole treatment is 0.20 >
0.14, which is equivalent to Cohen’s d of 1.01 > 0.80. This value is considered as a large effect size value
(Cohen, 1988). Further investigation, which was done using a t-test, shows that students in the experimental
group outperformed their peers in terms of conceptual understanding and procedural understanding of integral
calculus. These two dependent variables were found to largely contribute to the significant differences between
those using Maple software with those using the conventional method in learning integral calculus with the η2
value of 0.18 and 0.17, respectively (Cohen’s d = 0.94 and 0.89). However, the results for MAI differ, where
both constructs of students’ metacognitive awareness in both groups were not significantly different.
Interview Data
In order to explain how the new strategy implemented has successfully improved students’ understanding of
integral calculus, interview sessions were conducted. In this paper, the discussion was made based on the
analysis of two questions measuring students’ conceptual understanding in integral calculus. The first question
analyzed was Question 4 (Figure 1), which was designed to measure students’ understanding in the application
of a definite integral (area under the curve). In this question, students were expected to recognize and write the
correct formula to evaluate the area of the shaded region.
Question 4
The following diagram shows the area between the -axis and the function
y

‐3

‐2

‐1

x
1

2

3

4
y = f(x)

Write down the integral to evaluate the shaded area in the diagram.

Figure 1. Question 4 in the integral calculus test.
In this part, two application questions will be discussed. The questions are Question 4 and Question 12. Both
questions were about evaluating an area between curves. In Question 4, the diagram is given to assist students to
interpret the question easily.
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The second question, Question 12 (Figure 2), requires the student to interpret the information given in order to
correctly answer the question. In this question, students were tested on their ability to apply the definite integral
properties to calculate the area. In this case, students are required to understand the difference between the upper
and lower limits. Most importantly, they need to be aware that there are at least two different cases of
available. Finally, they need to be able to correctly write the two different area formulas.
Question 12
Given a function

defined on
and the lines

How to determine the area of the region bounded by curves

Figure 2. Question 12 in the integral calculus test.
Interview Data 1
Interview with a student from a low integral calculus pre-knowledge (EL1)
Researcher:
Do you know why didn’t you get any marks for Question 4?
EL1:
We cannot integrate directly from -3 to 4 because there is an area below the x-axis, and there is an area
above the x-axis … oh dear… I didn’t have an idea to do it … I didn’t have any thought … I didn’t know what to
write … I knew it cannot be done directly … if it is done directly … we will not get the answer.
Researcher:
What kind of question do you think can be evaluated directly?
EL1:
It is not like this … it is … (He paused and did not continue his sentence.)
Researcher:
Let me rephrase the question, in terms of the graph, how will the graph of a function that can
be integrated directly look like?
EL1:
Uhhh … how to say …
Researcher:
Based on the graph given, what will happen if we directly evaluate function in Question 4?
EL1:
Hmmm … you take the graph directly … I think so.
Researcher:
What do you mean?
EL1:
Hmmm … I don’t know … that’s why I cannot get the answer …
EL1 flipped through the test paper and sighed
I was careless in doing a lot of questions. This one with four marks (referring to Question 12), this one maybe I
forgot; that’s why I lost two marks for this question.

Figure 3: EL1’s Answer to Question 12 in the Integral Calculus Test

Figure 3. EL1’s answer to Question 12 in the integral calculus test.
Researcher:
In Question 12, you have shown that you understand the method involved in evaluating an
area. However, you only considered one case.
EL1:
Sometimes the y = 0 is above the function given, but its limit remains as a and b right?
Researcher:
Can you look at the Question 4 again. For the region x = 0 to x = 4, which one is the upper
function?
EL1:
y = f(x)
Researcher:
In this case, is there any lower function?
EL1:
This one, x … x-axis.
Researcher
What is the equation of the x-axis?
EL1:
x=0…
Researcher:
Are you sure x = 0?
EL1:
y value. y = 0.
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Researcher:
Okay, actually what is the upper function in this question?
EL1:
y = f(x)
Researcher:
What about the lower function?
EL1:
y=0
Researcher:
What about this part of the function (pointing to x = -3 to 0)
EL1:
y upper, y = 0, y bottom y = f(x)
Researcher:
Can you try to answer this question again?

Figure 5. EL1’s answer during the interview session.
EL1:
Writing line one (refer to student’s test paper [Figure 4])
Researcher:
Can you simplify?
EL1:
Writing line two (refer to student’s test paper [Figure 4])
Researcher:
Here you go …
EL1:
Last minute study … argh … this is the result of the last minute study …
Interview Data 2
Interview with a student from a medium integral calculus pre-knowledge (EM1).
Researcher:
How did you find the test this morning?
EM1: I can do, but there are some hard questions. The area part that requires us … y 0, y = f(x). The one that
provides a graph (referring to Question 4) … how to do it … usually, my lecturer gives, what, there are numbers
given. And then it stated … bounded to x. Bounded to uhh … but this time, the question did not specifically give
the values. The question does not provide specific functions, it only gives, it gives you = f (x), it is confusing. y =
0. Confused, and then … ok… it’s okay, I just remember the basic, I just wrote the answer.
Researcher:
Have you seen this type of question before?
EM1: I’m not sure … maybe I’ve seen this type of question before, but maybe I didn’t attempt … it was
difficult … One more question is number 12. I think, I saw, there are two functions, the question gives the
function y = f(x), because this one 0, but it calculates what … the function, too… and then f(x) dx and then, there
are two points meaning if we draw the graph, there should be an intersection point, and then I … how to say, but
I remember my lecturer taught in class, there is one function above, the area is above, and area under the graph,
I managed to recall the steps … uhh … and then I tried to apply the concept, and then there was a line … this
one actually to find x value, right?
Researcher:
It’s given.
EM1: Ohh … like last time, to find x values we have to equate both… in the graph there are two functions, y =
x and one more y = x2, x = x2, we equate and transfer, and then solve the equation … uhh … how … factorize
and get the x value, and then substitute the x value in a and b.
Researcher:
What is the objective to find x value?
EM1: To find the area. x is the value … the limit value I think … or … I don’t know how to explain.
Researcher:
What is the meaning of the x value?
EM1: Limit. The limit for finding the area. For example (drawing a graph) … I don’t know how the graph
looks like, but, for example (drawing a graph), but the question gives the intersection points … (solving for the
intersection point). Equate, and then we transfer… wait… can we solve this (Thinking how to factorize … talking
to himself… x2 + 1… x). We equate to zero. We can factorize right? We get two values … and then … they will
become the limit values … limits for this graph … for example, the limits are -2 and 1. And then, we substitute in
a and b.
Researcher:
In our case, in this Question 12, what do you understand about this question? Can you explain
to me?
EM1: The question asks us to find an area, curve, to find the area under the graph… we don’t have to find the
values. We need to solve based on the concepts. Based on the first step, we will get, what … step … step to find
the answer.
Researcher:
When you wrote the first answer (pointing to the first answer written), what did you actually
think about? Can you explain to me?
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EM1: Uhh … I think there are two … how should I explain … (pause) … I think its graph. How did I answer?
I think how the graph looks like … there is one graph below the x-axis and there is another graph above the xaxis. Therefore, if the graph is below the x-axis, the zero value minus f(x).
Researcher:
Value?
EM1: What … uhh … it is this function … the one that we … and then, for the upper graph, uhh … what …
f(x) minus zero, and then lastly we add.
Researcher:
Are you sure that we have to add?
EM1: That’s right … actually, I didn’t expect my answer is correct. Because at the time I wrote the answer,
it’s okay, it seems … This question was actually the last question that I answered. Because I don’t know… just
follow … what… my heart … follow my instinct … I didn’t expect my answer is correct.
Researcher:
Your instinct is correct this time …
EM1: I read many times, but I still didn’t know what the question wants us to find … do we have to find the
limit? ... what was actually the question … because I thought the question asks us to find the intersection point
or the limits … I’m very weak in the part involving area. In fact, many of us do not understand the concept … I
looked … okay … how to do this because … I’m weak in math especially the word problems, I have to write
again; for example, the part involving volume …
Interview Data 3
Interview with a student from a high integral calculus pre-knowledge (EH1).
Researcher:
You managed to get full marks for Question 4. How did you do this question, can you explain
to me?
EH1: Based on what did I learn, based on what did I remember … lower than x-axis, negative. I know why it
is negative because 0 minus f(x).
Researcher:
What is 0?
EH1: 0 because that line … y is zero at the x-axis.
DISCUSSION
In the interview, EL1 realized the reason behind his unsuccessful attempt in gaining any marks in Question 4. In
this case, he understood well that he cannot evaluate the area from x = -3 to x = 4 directly. He knew it was the
reason why he did not score any marks for this question. He has shown his understanding of the concept of
evaluating an area with two regions by dictating an important point on the existence of two different regions.
Also, he managed to identify that the process of evaluating an area involving two different regions is not directly
doable. However, he is unable to link between the evaluations of two isolate areas with a combination of two
areas or regions.
Additional questions were posed in order to further investigate the reasons why he was unable to answer
Question 4, although he has shown an understanding of the concept involved. Based on the answer written on the
test paper, it is obvious that EL1 understands the method of evaluating an area. He correctly wrote the definition,
where he knew about evaluating an area; thus, the method involved is by subtracting the lower function from the
upper function. His statement “Sometimes the y = 0 is above the given function, but its limit remains as a and b
right?” clearly indicates that he understands there are cases where the function given is below the x-axis. Even
though he did not write both cases to evaluate an area between two curves, he realized the existence of two
different possibilities. He understands that the method involved to evaluate such an area will use the same limits,
as in the case where the function is above the x-axis. However, he did not write the answer in the case when the
graph is below the x-axis. He claimed he was careless in a lot of questions and forgot the lessons learned for not
writing the second case. But is he really careless? Has he actually forgotten what he has learned in class? To
affirm his claims, the following questions were posed to him.
In general, ELI claimed his unsuccessful attempts were due to his carelessness. However, for Question 12, he
specifically relates his incomplete solution to his forgetfulness. Nevertheless, his interview dialogue tells the
opposite, where he has not forgotten everything that he has learned. His responses imply his understanding about
the concept of evaluating areas in two different regions. Unlike the answer written in his answer sheet, he was
able to write a complete and perfect solution during the interview session. He knew how to evaluate an area
separately, and he also understood how to evaluate a combination of more than one region. He managed to use
the correct operation in combining the two regions, where he used an addition operation to combine them. In
fact, he has also admitted that his poor performance in answering questions involving area was the result of lastminute test preparation. Waiting until the last minute to study implies cramming information. This tactic may
sound ineffective, but Nonis and Hudson (2010) discovered the opposite finding in their research. Similarly, in
this research, even though EL1 did not fully answer Questions 4 and 12, he managed to recall the related concept
behind the idea of evaluating area between the curves.
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Based on EL1 answers, it is logical to claim that the concept was internalized within his mind when he did the
activities with the help of Maple software during the tutorial sessions. When asked about his experience after
learning math with Maple, he said “… I understand better whatever my lecturer has taught me because during
the tutorial, my lecturer asked us to try all the activities using Maple, and followed by our own manual
working… so when I revised them at home, I managed to understand.” He added “… also, all the basics help me
a lot, when I understand the basic… if its limits are 1 to 3, for example, 0 to 1 plus 1 to 3…, at first, I didn’t
understand, I used Maple … ohhh … I got it. “Get Hint” in Maple Tutors is really helpful …” Upon
experiencing both strategies (learning mathematics with Maple and without Maple), he claims that the constraint
of normal tutorial classes is in term of time limitation. On the other hand, the learning strategy using Maple
software encourages the understanding of important concept according to his time management structure.
Other than EL1, a student in a high pre-knowledge integral calculus level (EH1) has also mentioned the
advantage of using Maple in learning integral calculus. He has compared his friends’ learning style before and
after using Maple. “I think Maple benefits all students. I observe, my friends who are weak … not actually they
are really weak in learning, but they are actually lazy … they are not unintelligent, but they are not
hardworking; they do not bother to concentrate, to focus … they don’t even bother to ask even though they didn’t
understand anything at all …” When asked about the effect of Maple on students’ learning style, he added,
“They always say, math class is boring … sleepy … but with Maple, they have changed, they love to ask
questions even for simple basic problems … hey … how to do this? … how to do this? … They even make their
own effort to try.
What is lacking in the EL1 answer for Question 4 was the uncertainty of the suitable process involved. This case
could be related to the argument made by Star (2000): “Knowledge of procedures is measured by what a student
does or does not do.” In this case, EL1 has a problem with procedural understanding in answering Question 4.
His inability to fully write the solution is well explained by his last minute study habits. Students need extra
rehearsals to be fluent in mathematics (Hartlep, 2009). Thus, the fluency of procedural involved will be
developed through consistent revisions. Obviously, last-minute preparations limit the number of questions
attempted and, hence, restrict the amount of rehearsals done. A student from medium pre-knowledge integral
calculus level (EM1) also commented that his friends prefer to study at the very last minute, “I observe my
friends’ study at the very last minute, last night (a night before the test); they have just started to study lesson for
week 9 (the introduction of integral calculus). There are a lot more subtopics … week 10 until week 1 … to start
week 10; it was too late at night already … they love to study last minute.” EH1 also mentioned “…normally
they (referring to his friends) say, math is so difficult… actually, they like to study last minute, and in my case,
actually there is one problem, last time I think math is difficult … the actual reason is, I did not do the exercises
consistently … that is the actual problem.” To impose consistent study habits, Hartlep (2009) noted that students
need to be given homework. EL1 also admitted that, when he was given an assignment, he will study more than
usual. However, other than giving a regular basis assignment, in this study, students’ study habits were also
improved by changing the strategy in learning. In this case, EL1 agreed that tutorial sessions are helpful and the
activities have helped him to better understand the concepts. As a result, his interest to revise the material at
home has been developed.
Unlike EL1, EM1 is not clear about Questions 4 and 12. He found both questions confusing because, according
to him, the questions did not provide complete information. He claimed that Question 4 did not provide the
information regarding the boundary values of the given region. However, he managed to correctly write the
answer by relating the question to the basic information learned in class. In other words, he was able to flexibly
link the known information with his current situation’s need. The two pieces of information were successfully
combined to indicate the conceptual knowledge successfully developed in a student’s mind (Hiebert & Lefevre,
1986). In this sense, his ability could be defined as his conceptual understanding about the substance involved in
the evaluation area of regions.
He also found it difficult to interpret the information given in Question 12. He was unable to comprehend the
information given and did not know what he supposed to find, despite reading the question many times. Even so,
he managed to write a complete and correct solution for the question. He noted, “but I remember my lecturer
taught in class, there is one function above, the area is above, and area under the graph, I managed to recall the
steps,” thus indicating that he mechanically solved the problem by visualizing the information. In this sense, he
translated the written information into familiar visual interpretations learned in class. He responded consistently
when he was asked to explain what he was thinking about when he wrote the first answer to Question 12. Once
again, his response implies that his thinking is inclined toward translating words into visual form by saying, “I
think how the graph looks like … there is one graph below the x-axis and there is another graph above the xaxis. Therefore, if the graph is below the x-axis, the zero value minus f(x).”
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His thinking process indicates that, by using Maple in learning, the visual inputs fossilized in his mind faster
than word inputs. Thus, these visual inputs seem to remain longer in his mind. In this sense, the advantage of
using the technology has enhanced his thinking ability. He was able to develop a connection between known
visual inputs with new word problems to make the problem into meaningful pieces of information. With that, he
was able to reach a conceptual understanding of the related substance involved in evaluating the area between
curves. In this
sense, the conceptual knowledge was formed as a result and not as an initiator of learning
(Aufschnaiter & Rogge, 2010). In this case, prior experiences have successfully promoted the intended concept
formation. Nonetheless, his conceptual understanding was not developed visually per se but through a
combination with his procedural fluency. His responses “… I tried to apply the concept, and then there was a
line … this one actually to find x value, right?” and “… To find the area. x is the value … the limit value I think,”
when he was asked about the objective of his explanation on finding the x value indicates his preference to solve
the problem procedurally. His responses explain that his thinking style started with procedural fluency and
gradually transformed into conceptual understanding.
EH1 responses toward the questions posed during the interview session indicate his confidence level is high. He
knows what he is doing and understands why he took certain measures in evaluating the area. He shows his
consistent revisions based on his responses “Based on what did I learn, based on what did I remember…” His
constant rehearsals foster his procedural fluency and his conceptual understanding. He not only understands the
process involved in evaluating an area but also is able to rationalize the reason why the first part of the answer
has a negative sign. He indicates realizing the importance of consistent revisions when he said, “… in my case,
actually there is one problem, last time I think math is difficult … the actual reason is, I did not do the exercises
consistently … that is the actual problem …” He started to engage more in learning mathematics with the help of
Maple software “… at home if couldn’t get the answer, I use Maple, using Maple Tutors to integrate product, I
can detect if I didn’t do it correctly … if I couldn’t fully understand the steps, at least, I have the final answer …”
he added, “but I will try to solve the question until I get the answer.” In this case, Maple offers him a handrail to
hold on building his confidence in solving problems in the new topic. However, he has suggested that, in order to
maximize the potential of the software, the strategy should be introduced in other topics before integral calculus
as well. Similar opinions have been suggested by EL1 and EM1, where they admitted to needing extra time to
learn effectively. Lack of time provided has blocked the opportunity for students to develop their metacognitive
awareness. Therefore, with a longer intervention period, students’ metacognitive awareness may be improved.
CONCLUSION
Students who underwent the integral calculus lesson using Maple software as an aid in learning were found to
benefit in procedural and conceptual understanding. Newly developed strategies have the objective to enhance
students’ conceptual understanding through class discussions and reflection activities. Maple software offers
visual inputs that help students to translate the symbolic inputs into meaningful information. These visual inputs
were found to absorb better in students’ minds, and they reside longer in students’ memories. These advantages
were fully utilized by students involved in maximizing their potential in learning integral calculus. They were
found to engage in learning activities voluntarily with their own initiatives. Also, Maple software gives them
freedom to manage their own study time and, thus, increase their interest in learning. Although there are cases
where students committed to last-minute study habits, they were still able to perform conceptually but still had
problems with procedural fluency. The conceptual understandings were internalized during activities with Maple
in class. Undoubtedly, students will face problems in performing the procedural part of the evaluation due to lack
of rehearsal. As a result, students’ metacognitive awareness cannot be optimized in this research. Students’
metacognitive awareness may be enhanced if the learning time is longer. Furthermore, if these activities are
implemented in other topics in engineering technology mathematics, students’ mathematics performance, in
general, may be improved and, thus, can help to increase the number of students who graduate on time.
Therefore, the issue of inadequacy of numbers in the workforce related to developing the nation’s industrial
growth eventually will be reduced.
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