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ABSTRACT Motivation is an aspect heavily emphasized in a mathematics class to produce a quality
human capital. However, students’ motivation towards mathematics is still low while students’ performance
in mathematics is declining. The students’ lack of motivation toward mathematics could be attributed to
ineffective learning strategies in mathematics classrooms. In addition, many previous studies have only
focused on an inductive reasoning strategy and the separate use of GeoGebra. Therefore, this study aims
to identify the effects of learning through an inductive reasoning strategy assisted by GeoGebra on students’
motivation for the Functional Graph II topic. The research design was quasi-experimental which involved
94 Form 4 students from a secondary school in Johor. The research sample was divided into three groups:
(1) Study Group 1 (an inductive reasoning strategy assisted by GeoGebra); (2) Study Group 2 (an inductive
reasoning strategy without GeoGebra); and (3) Control Group (a conventional strategy). The research
instruments consisted of a motivational questionnaire set and an inductive reasoning strategy assisted by
GeoGebra and without GeoGebra. The inductive reasoning strategy was guided by the Marzano’s Inductive
Reasoning Model consisting of an observation process on specific examples and patterns that determined
if a generalization was true. The MANOVA test results show that the overall motivation level for Study
Group 1 is high in terms of attention and relevance. With regard to confidence, the results indicate that
Control Group and Study Group 1 show the same motivation level. As for satisfaction, the motivation level
for Control Group is the highest compared to other groups. In conclusion, learning through an inductive
reasoning strategy assisted by GeoGebra can increase the students’ motivation in mathematics specifically
for the Functional Graph II topic.

INDEX TERMS Inductive reasoning strategy, GeoGebra, students’ motivation.

I. INTRODUCTION
The [1] reveals that the students’ interest in mathematics
was still less satisfying even though the Primary School
Integrated Curriculum (KBSR) and the Secondary School
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Integrated Curriculum (KBSM) had been implemented long
before the new Primary School Standard Curriculum (KSSR)
and the Secondary School Standard Curriculum (KSSM)
were implemented in the country’s education system. Ref-
erence [2] states that mathematics goes beyond the mastery
of basic concepts and skills; it also involves thinking skills,
problem-solving strategies, communication in mathematics,

143848 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/ VOLUME 8, 2020

https://orcid.org/0000-0002-7966-9334
https://orcid.org/0000-0001-5131-8447


A. H. Abdullah et al.: Effects of an Inductive Reasoning Learning Strategy Assisted by the GeoGebra Software

and mathematics appreciation. A quality human capital can
be achieved by practicing suitable learning styles to motivate
students and improve their achievements [3], [4]. As students
differ in terms of their motivation level, various factors need
to be considered so that students are able to focus consistently
on a given activity [5].

Motivation is the driving force to achieve something or
to be successful [6]. It is also the force that leads and
controls someone when executing a task [7]. In the edu-
cation context, motivation plays an important role because
it serves as a catalyst that directs students toward learning
goals with excellence [8]. It is generally known that stu-
dents with high motivation are potentially more prone to
achieve success than thosewith lowmotivation [5]. Reference
[9] claims that highly motivated students show better aca-
demic achievements as compared to less motivated students.
Reference [10] further asserts that, when highly motivated
students decide to be involved in a learning activity, they
are ready to dedicate their time and strive to achieve their
goals. Therefore, motivation is one of the important fac-
tors in education that can affect students’ performance in
mathematics. In Malaysia, it has been found that teachers
pay less attention to students’ motivation during the learn-
ing process; they put more emphasis instead on academic
achievements and acceptable grades [11]. Thus, it is crit-
ical for teachers to motivate their students and help them
practice a suitable learning style in order to attain academic
success.

A. STUDENTS’ MOTIVATION IN MATHEMATICS
Motivation has been one of the widely discussed topics in
the field of education psychology for the past few decades
(e.g., [12]). Students’ motivation has been highly emphasized
because the students’ achievement can be improved if they
are motivated in a learning process [13]. In mathematics
education, students’ low motivation has been associated with
the alarming decline in mathematics achievements. In the
ARCS motivation model [14] used in the current study, four
main aspects of motivation are emphasized, i.e., attention
(A), relevance (R), confidence (C), and satisfaction (S). First,
with regard to the attention aspect (A), students’ interest and
curiosity toward the subject are taken into account [15]. Some
factors such as the implementation of monotonous learning
strategies in mathematics classrooms may affect students’
attention, particularly among those with a low motivation
level [16].

Second, some students are less motivated in learning math-
ematics because they do not fulfill the relevance aspect (R).
That is, they are unable to understand the importance and
the use of mathematics in real life [12]. Research has shown
that students are less motivated toward mathematics because
they are unable to associate the use of mathematics in their
life [17]. Therefore, it is important for teachers to place more
emphasis on the importance of mathematics so that their
students become more motivated and are more curious in
mathematics. Third, it has been found that students are less

motivated in mathematics because they lack the confidence
aspect (C) when solving certain problems. Some students
have a negative perception on mathematics, assuming that
mathematics is too abstract and difficult to master. This
negative perception makes students less motivated and less
confident to study mathematics [18]. Finally, students do not
fulfill the satisfaction aspect (S) especially when they do not
enjoy attending mathematics classes and start to avoid doing
mathematics homework. All of these scenarios show that the
students’ motivation in mathematics is low. An immediate
action, especially in the learning strategy aspect, must be
taken in order to increase the students’ motivation level so
that they become more enthusiastic to solve mathematical
problems.

B. LEARNING THROUGH AN INDUCTIVE REASONING
STRATEGY
Themain focus of theMinistry of EducationMalaysia (KPM)
is to create a balanced human capital with critical, creative
and innovative thinking abilities that are able to address
current and future challenges [19]. Thus, it is important for
educators to plan and choose a suitable learning strategy that
allows students to follow the lessons more effectively. One
of the learning strategies that can be applied to improve stu-
dents’ motivation is the inductive reasoning strategy. Induc-
tive reasoning is one the reasoning processes that requires
students to be involved in collecting information, interpreting
and generalizing activities [20]–[22]. Reference [23] sug-
gests that, through inductive reasoning, students are able to
generalize and draw conclusions based on observations and
analyses on specific examples. Therefore, it is necessary for
students to draw conclusions based on as many observations
as possible [24]. Through this method, students are able
to reason inductively although the exact conclusion could
not be determined. However, the conclusion made is more
authentic, especially when it can be supported by specific
examples [24].With the inductive reasoning strategy, students
are encouraged to find more information and make more
observations in order to support their conclusions. By increas-
ing the students’ ability to establish relationships through
observations and examples, students are able to expand and
improve their knowledge.

This learning strategy can enhance students’ comprehen-
sion in a given topic. Besides, inductive reasoning also
encourages students to be fully involved in making obser-
vations and inspections before reaching a conclusion [25].
Although there are many benefits of the inductive reason-
ing strategy, it is rarely applied in mathematics classes. In
many cases, students learn mathematics in a conventional
way in which students depend on memorizing and practic-
ing algorithm concepts with much less emphasis on critical
thinking skills especially reasoning [26]. When students are
not exposed to the inductive reasoning strategy, they are
not given opportunities to build understanding, to stimulate
cognitive skills, and to conduct their own exploration [27].
Therefore, to overcome this problem, teachers must diversify
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their teaching strategies so that the objective of the Malaysia
Education Blueprint (PPPM 2013-2025) can be realized.

Learning mathematics in the 21st century requires
technology-based education and dynamic geometry software
such as GeoGebra. The learning strategy assisted by tech-
nology can help students to grasp lessons without fully
depending on teachers. Through GeoGebra, students can
learn actively, independently and flexibly through explo-
ration, problem solving and reasoning [28]. Additionally,
GeoGebra can make a mathematics concept more interesting
and easier to understand because it provides colorful texts
and graphics. GeoGebra is an innovative open source mathe-
matics software that can be downloaded for free at any time
at the designated website [29]. It offers learning tools with
geometry and algebra characteristics [29]. It is suitable to be
used in learning mathematics at secondary schools, colleges
and other higher education institutions [30]. Learning math-
ematics via GeoGebra can improve students’ understanding
because it has many functions in the visualization process that
gives an opportunity for students to make observations and
present findings [30]–[32].

However, many previous studies focusing on learning
mathematics only employed GeoGebra without clear learn-
ing strategies, such as [33]–[36]. These studies only used
GeoGebra as a tool in learning mathematics without apply-
ing effective learning strategies that might increase students’
motivation. In addition, there were studies on the imple-
mentation of an inductive reasoning strategy in mathematics
classes without the assistance of any teaching aids [23], [37].
GeoGebra can be integrated in an inductive reasoning learn-
ing strategy in various areas of mathematics such as geometry
and algebra [38], [39]. In Malaysia some students are less
motivated in learning mathematics, which can be potentially
due to a conventional learning style [40], [41]. For example,
some students struggle to grasp the Functional Graph II topic
using a conventional learning strategy. They are unable to
apply the graph concept into a new situation and also are weak
at making a connection betweenmanipulative and responding
variables [42]. They are also unable to visualize and draw
the graph shape [43]. Also, the students’ comprehension on
the parameter effect against the functional graph is also poor;
they mainly depend on a formula without knowing its true
meaning in solving problems [44]. This situation makes the
students weak at analyzing and giving justification for the
analysis made. In the end, the students are less motivated to
learn this topic.

Thus, an inductive reasoning learning strategy assisted by
GeoGebra is needed to help overcome the problems men-
tioned above. Through this strategy, learning is centered on
the students and is more fun. With GeoGebra, students can
understand a concept more deeply and increase their under-
standing. GeoGebra provides a fun learning environment
and has helpful functions in the visualization process that
provides opportunities for students to make observations and
present findings. It is hoped that the results of this study will
be able to improve students’ motivation and encourage them

to learn mathematics through an inductive reasoning strategy
and the use of GeoGebra.

As such, this research was conducted to answer the fol-
lowing research question: What is the students’ motivation
through an inductive reasoning learning strategy assisted by
GeoGebra from the aspects of

i. overall motivation?
ii. attention?
iii. relevance?
iv. confidence?
v. satisfaction?

II. RESEARCH METHODOLOGY
A. RESEARCH DESIGN
In the present study, we aimed to examine the effects of
an inductive reasoning strategy assisted by GeoGebra (the
independent variable) on students’ motivation (the depen-
dent variable). The quasi-experimental design with post-tests
was employed. This design is appropriate for the purpose
of testing the effectiveness of a program when the groups
studied cannot be distributed randomly. In this study, three
groups of students were divided according to the school’s
class system: (1) Study Group 1 (an inductive reasoning
strategy with GeoGebra); (2) Study Group 2 (an inductive
reasoning strategywithout GeoGebra); and (3) Control Group
(conventional learning). Study Groups 1 and 2 were com-
pared against each other in order to examine whether an
inductive reasoning strategywith or without GeoGebra would
yield positive effects on students’ motivation. Control Group
served as a benchmark so that the differences between the
two study groups could be clearly seen. Table 1 shows the
research design.

TABLE 1. Quasi-experimental pre-post test design for unbalanced
groups.

The lessons were conducted following the assigned strat-
egy. For Study Groups 1 and 2, the students learned mathe-
matics by using aworksheet that exposed them to an inductive
reasoning strategy. For Control Group, the students learned
mathematics conventionally by using a textbook as the main
reference. After the lessons, all of the students were required
to answer motivation questionnaires in order to examine their
motivation level after following the lessons.

B. SAMPLING
The study was conducted in a school in Pasir Gudang, Johor,
Malaysia. The school was chosen because of the large number
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TABLE 2. Lesson results for every worksheet.

of student population with a varying degree of achievements
in mathematics. The school was also chosen because of an
appropriate computer facility and a good internet connection
that made learning activities smooth. The research sample
consisted of 94 Form 4 students who were going to learn
the Functional Graph II topic. Three Form 4 classes were
chosen as samples for this study. Prior to the experiment, all of
the research samples involved had acquired basic mathemat-
ical concepts. Based on their examination results, the sam-
ples shared a similar level of mathematics proficiency. Two
classes were chosen as Study Groups 1 and 2 that consisted
of 32 and 31 students, respectively. 31 students from another
class were chosen as Control Group. It is sufficient for an
experiment to use samples at around 30 people for each group
because it would make it easier for researchers to control the
experiment.

C. INSTRUMENTATION
The instruments used in this research were worksheets and
questionnaires. The worksheets consisted of six sets that
incorporated the inductive reasoning strategy with and with-
out GeoGebra. Control Group followed the conventional
lesson by using an existing Form 4 mathematics textbook.
Study Group 1 (with GeoGebra) and Study Group 2 (with-
out GeoGebra) used the worksheets following the inductive
reasoning strategy for the Functional Graph II topic. The
worksheets were used to expose the students to an induc-
tive reasoning strategy and were developed according to the

inductive reasoning methods suggested by [24]. Given the
focus on the understanding of the graph concept, we devel-
oped 7 sets of worksheets that focused on the graph concept
and the constant effect or parameter on 4 types of func-
tional graphs, namely linear, quadratic, cubic and reciprocal
graphs (see Table 2). We chose to teach these topics because,
according to [45], students must first be exposed to concept
making and making correlations between concepts in order
to obtain a wider overview. Thus, the inductive reasoning
question types prepared in the worksheets consisted of mak-
ing generalizations based on the similarities or differences of
graph characteristics and identifying the correlation between
functional graph and constant.

The worksheets for Study Groups 1 and 2 were devel-
oped based on four inductive reasoning strategies by [24].
Therefore, we divided the worksheets to four main sections,
i.e., introduction, activity, inductive reasoning and exercise.
In the introduction section, the students were exposed to the
objectives of the lessons. The students were also exposed to
some graphics or information used as an induction set so
that they were ready to receive the new lessons. Next, in the
activity section, the students were exposed to some specific
examples. This section required students to build or draw a
graph for those functions by using the GeoGebra application
or a graph paper. The content of the worksheet for Study
Groups 1 and 2was similar; the only differencewas the aiding
materials used by the students when building or drawing
a graph. For Study Group 1, the students were required to
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conduct the activity with GeoGebra, while for Study Group 2,
the students used a graph paper. Through the graphs built,
the students made the observation and looked for patterns
or correlations between those examples. Then, the students
were exposed to the inductive reasoning section in which
they answered some questions related to the given examples.
The questions were asked in order to encourage the students
to draw general conclusions based on their observations on
specific examples [46]. Finally, the students were exposed to
the exercise section that helped them check whether the con-
clusions were true or otherwise. If the conclusions were true,
they could proceed to the next worksheet. If the conclusions
were false, they were asked to reobserve and reconclude.

The questionnaire consisted of items that evaluated the
students’ motivation after following the lessons. Based on
the ARCS motivation model, the questionnaire consisted of
two sections: Section A and Section B. Section A contained
the students’ demographic information, i.e., gender, race and
class. Section B consisted of 36 items related to motivation
based on the ARCSmotivation model, namely Attention, Rel-
evance, Confidence dan Satisfaction. The items were modi-
fied in order to suit the Instructional Materials Motivation
Survey (IMMS) built by [47]. We obtained permission from
Prof Emeritus John M. Keller to use the questionnaire in
the current study. The questionnaire was divided into four
elements, as shown in Table 3.

TABLE 3. Questionnaire items.

The students answered the motivation items in the ques-
tionnaire by using the likert scale. The likert scale was chosen
because it is easy to administer, suitable to be applied in many
situations and has high credibility compared to other scales
[48], [49]. In the current study, we used a four-point likert
scale, as shown in Table 4.

TABLE 4. Likert scale classification.

After modifying the questionnaire items, the instrument
was reviewed by three specialists: (1) a mathematics lecturer
in the UTM Education Faculty; (2) a school counsellor;
and (3) an excellent mathematics teacher. The question-
naire was improved through reviews and comments from

TABLE 5. Students’ motivation level for study Group 1.

the specialists [50]. To ensure the reliability of the modified
questionnaire from the Instructional Materials Motivation
Survey (IMMS), we ran the inner consistency method. The
Cronbach alpha coefficient value for the questionnaire was
0.89. Hence, the questionnaire items were proven to be
reliable and satisfactory.

III. DATA ANALYSIS
In the present study, we used ordinal data for the question-
naire. However, we changed the ordinal data obtained from
the questionnaire to interval data using the Winsteps Version
3.72.3 software. According to [51], the Winsteps software
can be used to generate ordinal scale conversion algorithm
to interval that allows researchers to use parametric statistics.
Furthermore, [48] asserts that the data obtained from the
interval scale is more precise than the data obtained using the
ordinal scale. Thus, ordinal data was changed to interval data
so that the data could be analyzed more precisely. The current
study applied the inference analysis using the Multivariate
Analysis of Variance Test (MANOVA) via the Statistical
Package for Social Science (SPSS) software version 16.0.

A. STUDENTS’ MOTIVATION VARIABLE ANALYSIS
This section presents the descriptive results of the students’
motivation based on the answers to the questionnaire given to
the students after the lessons were conducted. It discusses the
overall students’ motivation level and for all ARCS aspects
which are Attention, Relevance, Confidence dan Satisfaction.
This section also provides descriptive results according to
each group after the intervention was conducted.

B. MOTIVATION DESCRIPTIVE ANALYSIS FOR
STUDY GROUP 1
This section presents the descriptive results of the students’
motivation based on the answers to the questionnaire given to
the students after the lessons were conducted. It discusses the
overall students’ motivation level and for all ARCS aspects
which are Attention, Relevance, Confidence dan Satisfaction.
This section also provides descriptive results according to
each group after the intervention was conducted.

C. MOTIVATION DESCRIPTIVE ANALYSIS
FOR STUDY GROUP 2
Table 6 shows the descriptive analysis for the students’
motivation level following the inductive reasoning strategy
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without GeoGebra. The results show that the overall moti-
vation min score for this group is low compared to Study
Group 1 (min = 2.00), which is 1.62 with the standard
deviation of 0.43. For the attention aspect, the min score is
0.81 with the standard deviation of 0.10. The min scores
for the relevance, confidence and satisfaction aspects are
0.45, 0.33 and 0.03, respectively, with the standard deviations
of 0.16, 0.15 and 0.27, respectively.

TABLE 6. Students’ motivation level for study Group 2.

D. MOTIVATION DESCRIPTIVE ANALYSIS
FOR STUDY GROUP 2
Table 7 shows the descriptive analysis for the students’ moti-
vation level following the conventional lesson. The results
show that the overall motivation min score for this group is
1.75, which is lower than Study Group 1 (min = 2.00) but
higher than Study Group 2 (min = 1.62) with the standard
deviation of 0.43. For the attention aspect, the min score is
0.67 with the standard deviation of 0.15. The min scores
for the relevance, confidence and satisfaction aspects are
0.50, 0.44 and 0.26, respectively, with the standard deviations
of 0.15, 0.10 and 0.65, respectively.

TABLE 7. Students’ motivation level for control group.

E. NORMALITY AND HOMOGENITY TEST
Before the inference analysis on data is conducted, a normal-
ity test has to be determined first. This is because the data
collected from samples have to be of a normal distribution.
This is one of the basic rules for inference statistics like
MANOVA. The normality tests on the motivation question-
naire are −0.46 and −0.53. According to [52], the data is
normally distributed if the Skewness and Kurtosis value is
between −1.96 and +1.96. This shows that the motivation
questionnaire data is normally distributed. Table 8 below
shows the Skewness and Kurtosis value for the data of the
current study.

TABLE 8. Normality test on the questionnaire.

TABLE 9. Motivation descriptive statistics.

The Levene test was also conducted on the motivation data
to determine its homogenity (homogenity of variance). The
results show that the Levene test is not significant which is
p = 0.43 for the motivation data. According to [53], if the
significant value is p> 0.05, the data is homogen. This shows
that the motivation data is homogen and fulfills the condition
to conduct the MANOVA test.

F. MOTIVATION LEVEL DIFFERENCES
BETWEEN GROUPS
To determine whether there are significant differences for
the four motivation aspects between Study Group 1, Study
Group 2 and Control Group, the MANOVA analysis was
employed. The Pillai’s Trace value was used as a reference.
Then, the analysis was run separately (Test of Between-
Subjects Effect) for each of the four motivation aspects, i.e.,
attention, relevance, confidence and satisfaction. To obtain
a more accurate result, we used the Bonferroni alpha value
(0.05/4) = 0.0125. The Bonferroni alpha value was obtained
from the original significant value and divided with the
number of dependent variables used in the current study.
The use of the Bonferroni alpha value will control the Type
1 Error problem that often occurs in research [54], [55].
Table 9 shows theMANOVA results of the motivation aspects
for all three groups.

Table 9 shows that the overall ARCS motivation min
value is the highest for Study Group 1 (overall min: Study
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TABLE 10. Multivariate test for motivation.

Group 1 = 2.01, Study Group 2 = 1.62, Control Group =
1.76). Similarly, for the attention and relevance aspects, Study
Group 1 also exhibits the highest min value compared to
other groups (attention min: Study Group 1 = 0.89, Study
Group 2= 0.81, Control Group= 0.54; relevance min: Study
Group 1 = 0.62, Control Group = 0.50, Study Group 2 =
0.45). As for the satisfaction aspect, Control Group shows the
highest min value (satisfaction min: Control Group = 0.26,
Study Group 1 = 0.06, Study Group 2 = 0.03). However,
the min value for the confidence aspect for Study Group 1 and
Control Group is similar (confidence min: Study Group 1 =
0.44, Control Group = 0.44, Study Group 2 = 0.33).
Table 11 below shows that there are main effects of inde-

pendent variables [F(8,178) = 26.98, p < 0.05] on all four
dependent variables as a whole.

TABLE 11. Levene’s test of equality of error variances for motivation.

The Levene’s Test of Equality of Error Variances
in Table 11 tests if variances for dependent variables across
every category in independent variables are the same. The
results show that three dependent variables (attention, confi-
dence and satisfaction) have significant results at p < 0.05
(this variance equivalence test is needed in the Stepdown
procedure that analyzes all four dependent variables sepa-
rately). For the relevance dependent variable, it shows a non-
significant result because the value obtained is p > 0.05.
Since the MANOVA test uses the Enter analysis procedure
(analyzing all four dependent variables together), this analy-
sis can continue.

Overall, there are group’s main effects on all four depen-
dent variables. The analysis on the dependent variable sepa-
rately also found that all four ARCS motivation aspects have
significant differences based on the Bonferroni alpha level
(0.05/4 = 0.0125). The MANOVA results in Table 12 show

FIGURE 1. ARCS motivation line graph.

that there are group’s significant main effects on all four
dependent variables. That is, group is the factor to all four
ARCS motivation aspects which are attention [F(2,91) =
81.32, p < 0.0125], relevance [F(2,91) = 8.66, p < 0.0125],
confidence [F(2,91) = 6.05, p < 0.0125] and satisfaction
[F(2,91) = 223.80, p < 0.0125]. In other words, group is the
factor to the attention, relevance, confidence and satisfaction
aspects based on the Bonferroni alpha level. The R2 values
show that group contributes 0.64 or 64% changes in the
attention dependent variable, 0.16 or 16% changes in the
relevance variable, 0.12 or 12% changes in the confidence
dependent variable, and 0.83 or 83% changes in the satisfac-
tion dependent variable.

Figure 1 shows that the attention aspect has a steep linear
shape to the right, with Study Group 1 paying more atten-
tion in lessons. For the relevance, confidence and satisfac-
tion aspects, Study Group 2 shows the lowest level across
the board. Overall, the multivariate Pillai’s Trace results
(Table 10) show that the group’s effect is significantly present
for all ARCS motivation aspects (attention, relevance, confi-
dence and satisfaction) [F(8,178) = 26.98, p < 0.05]. The
MANOVA analysis conducted on dependent variables sepa-
rately shows that there are significant differences between the
three groups in the ARCS motivation aspects for attention
[F(2,91) = 81.32, p < 0.0125], relevance [F(2,91) = 8.66,
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p< 0.0125], confidence [F(2,91)= 6.05, p< 0.0125] and sat-
isfaction [F(2,91) = 223.80, p < 0.0125]. This result shows
that the students affect all four ARCS motivation aspects.
In other words, the learning strategy used by every group
affects the level of all four ARCS motivation aspects. Refer-
ring to the mean value for every dependent variable across
all groups in Table 13, it was found that Study Group 1 is
most motivated from the attention aspect (mean score: Study
Group 1 = 0.89; Study Group 2 = 0.81; Control Group =
0.54), and the relevance aspect (mean score: Study Group
1 = 0.62; Study Group 2 = 0.45; Control Group = 0.50).
Also, it was found that Control Group is most motivated
from the satisfaction aspect (mean score: Control Group =
0.26; Study Group 1 = 0.06; Study Group 2 = 0.03). The
results also show that Study Group 1 and Control Group
share a similar value from the confidence aspect (mean score:
Study Group 1 = 0.44; Control Group = 0.44; Study Group
2 = 0.33). However, the group factor only contributes 64 %
changes in the attention dependent variable, 16% changes
in the relevance dependent variable, 12% changes in the
confidence dependent variable, and 83% changes in the sat-
isfaction dependent variable.

IV. DISCUSSIONS
A. THE EFFECTS OF AN INDUCTIVE REASONING
STRATEGY ASSISTED BY GEOGEBRA ON
STUDENTS’ OVERALL MOTIVATION
The current study aimed to examine the effects of an induc-
tive reasoning strategy assisted by GeoGebra on students’
motivation. To achieve this aim, we measured motivation
by referring to the ARCS motivation model pioneered by
[14]. Motivation is one of the important factors that act as
critical catalysts for students to continuously strive in their
studies [13], [56]. Previous studies have shown that students’
motivation in mathematics is still at a lower level. There-
fore, we observed the students’ motivation in four aspects:
Attention, Relevance, Confidence, and Satisfaction. Based on
the overall MANOVA results, it was found that the learning
strategy used in the current study has significant effects on
the students’ motivation. The results from the questionnaire
reveal that Study Group 1 exhibits the highest motivation
level, showing that an inductive reasoning strategy assisted
by GeoGebra is effective in increasing the students’ motiva-
tion level. GeoGebra is known to be highly interactive, user
friendly and helpful in increasing students’ motivation [57],
[58]. Besides, GeoGebra also supports the functional graph
building activity and encourages students to investigate the
graph built. This accords well with the claims from [30], [59],
[60] who assert that GeoGebra supports the building activity
and attracts students’ attention in the classroom. However, the
results indicate that the motivation level for Control Group
is higher than Study Group 2, showing that students who
study mathematics conventionally are more motivated than
those who learn mathematics through an inductive reasoning
strategy. It appears that most students are comfortable with

the conventional learning style that is teacher-centred and
uses a textbook. The students also seem to be more confident
to complete their homework when they only have to use the
formula prepared than drawing a conclusion based on the
observation on specific examples.

Reference [61] claims that, although KPM has provided
some exposure on various learning strategies in mathematics,
most students still prefer conventional learning because most
teachers use this strategy in their mathematics class. These
teachers believe that a conventional learning strategy is more
effective because it involves a two-way communication and
focuses on exercises and formulas.

It also appears that the students in StudyGroup 2 are unable
to adapt themselves to the inductive reasoning learning strat-
egy. Although the time allocated for the students to learn the
Functional Graph II topic was sufficient, the results show
that the students’ motivation level for Study Group 2 is still
low compared to Control Group. According to [62], the time
needed to develop an inductive reasoning skill depends on an
individual. Thus, the students may need more time to adapt
to the inductive reasoning strategy.

B. THE EFFECTS OF AN INDUCTIVE REASONING
STRATEGY ASSISTED BY GEOGEBRA ON STUDENTS’
MOTIVATION FROM THE ATTENTION ASPECT
Motivation is one of the factors that affect student’s achieve-
ments. In the academic setting, motivation is the catalyst that
sparks students’ interest [4], [6]. In the ARCS motivation
model proposed by [14], attention is an aspect thatmeasures if
the lesson is successful in arousing curiosity among students.
Based on theMANOVA results, it was found that the learning
strategy used in this study has a significant effect on the
students’ attention aspect. The results from the questionnaire
show that the students in Study Group 1 score the highest in
the attention aspect, proving that learning through an induc-
tive reasoning strategy and assisted by GeoGebra works in
increasing the students’ motivation in the attention aspect.
This could be due to the fact that an inductive reasoning
strategy assisted by GeoGebra is able to attract the students’
attention toward learning and understanding the Functional
Graph II topic.

This particular finding shows that an inductive reasoning
strategy is able to attract attention because the students are
given the opportunity to get involved actively in lessons.
Besides, the students can make full observations on specific
examples given, find the patterns based on those examples
and consequently draw general conclusions. This is in con-
trast to the conventional learning style in which the lessons
are teacher-centred and focus on formulas and exercises
without conducting investigations. Through this conventional
learning, the students may be bored easily while curiosity
is blocked because they only passively receive information.
In the inductive reasoning strategy, the students are more
active and the lessons are more student-centred in which they
make observations before reaching any conclusions. These
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TABLE 12. Tests between-subjects effects for motivation.

TABLE 13. Estimated marginal means (Group) for motivation.

activities will spark the students’ interest and arouse their
curiosity [25], [63]–[65].

Furthermore, the findings also show that learning through
an inductive reasoning strategy assisted by GeoGebra helps
increase students’ attention in the classroom. GeoGebra pro-
vides a learning environment that is more fun and encourages
the students’ curiosity. Geogebra contains graphics, texts and
colors that can be modified and influence the students’ emo-
tion. The features provided via GeoGebra greatly help the
students to observe and find results more deeply [30]–[32].
GeoGebra also provides new experiences for the students.
With GeoGebra, the students can explore on their own until

they feel more comfortable and more interested to continue
their studies. GeoGebra provides a learning environment that
allows the students to be active and flexible in receiving the
information [28].

C. THE EFFECTS OF AN INDUCTIVE REASONING
STRATEGY ASSISTED BY GEOGEBRA ON STUDENTS’
MOTIVATION FROM THE RELEVANCE ASPECT
Besides the attention aspect, the ARCS motivation theory
also includes relevance as one of the motivation aspects.
Sometimes, students fail to correlate the knowledge learned
with their daily life. When the students feel that a lesson is
important, it is useful and can be used in the future [66].
Also, a lesson is relevant when it fulfills students’ goals and
provides positive effects on their attitude.

Based on the MANOVA results, it was found that the
learning strategy used in the current study has a significant
effect on the students’ relevance aspect. The results from
the questionnaire show that the students in Study Group 1
receive the highest score for the relevance aspect, show-
ing that GeoGebra provides many advantages to this par-
ticular group. This finding proves that learning through an
inductive reasoning strategy assisted by GeoGebra is effec-
tive in improving the students’ motivation in the relevance
aspect. Learning through an inductive reasoning strategy
requires a clear instruction for every activity. With the help
of GeoGebra, the students can better understand the instruc-
tions because GeoGebra provides clearer information and
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better images. GeoGebra can help the students identify the
importance of functional graphs and correlate themwith daily
life situations. GeoGebra can demonstrate how Functional
Graph II is relevant in life and explain how the Functional
Graph concept works. This finding is also supported by the
research conducted by [67] who claims that GeoGebra can
help students to relate between existing knowledge and newly
received knowledge. GeoGebra also helps students to conduct
observations and explorations until they can feel their use and
relevance in daily life [57].

However, the findings reveal that the motivation mean
score for the relevance aspect for Control Group is higher than
that for Study Group 2, showing that the students in Control
Group can better understand the learning activity since they
depend on their teacher. That is, when they have difficulties
in understanding a concept, they can ask for explanation
from their teacher. This helps students to better understand
the lessons and relate them in life [68], [69]. In contrast,
the students in Study Group 2 have to draw their own con-
clusions based on their understanding on the given examples.
When the instruction given is not clear, they find it difficut to
correlate the lesson in their daily life. This is also supported
by [14], [70] and [71] who assert that the instruction used in
an inductive reasoning strategy needs to be more precise in
order to help students feel its importance in real life.

D. THE EFFECTS OF AN INDUCTIVE REASONING
STRATEGY ASSISTED BY GEOGEBRA ON STUDENTS’
MOTIVATION FROM THE CONFIDENCE ASPECT
Confidence is one of the important aspects in the ARCS
motivation theory to ensure that students are encouraged to
continue their studies. This confidence aspect allows students
to build self-confidence by participating and enjoying the
learning process. Most students have a negative perception
on mathematics because of the lack of confidence in solv-
ing mathematical problems. The confidence aspect will help
them build self-confidence and make them feel that they
will be successful. So, it is crucial for teachers to consider
students’ confidence level when preparing the lessons.

Based on MANOVA results, it was found that the learning
strategy used in the current study has a significant effect
on the students’ confidence aspect. The results from the
questionnaire show that the mean score of the confidence
aspect for Control Group is almost the same with Study
Group 1 but higher than Study Group 2. This proves that the
students’ motivation for the confidence aspect is higher with
an inductive reasoning strategy assisted by GeoGebra. The
GeoGebra software provides an environment that helps stu-
dents understand easily through visualization [30]–[32]. The
visual aids provide the opportunity for students to observe
easily and improve their confidence level. Using GeoGebra
in the classroom can address the difficulty encountered by
students when they are unable to picture and draw the graph
correctly [72]. With the help of GeoGebra, students can visu-
alize the effect of parameter change on a graph and this will

improve their understanding. As a result, students can answer
correctly and their confidence level will increase.

The results also reveal that the mean score of the confi-
dence aspect for Control Group is almost similar to that for
Study Group 1, showing that the students are comfortable in
following the lessons that can help them answer examination
questions. It is generally accepted that conventional learning
puts more emphasis on memorizing, exercising and exposing
students to past examination questions [73]. Students usually
prefer to be exposed to lessons that are centered on teachers
in which they are always given exercises and questions that
can help them answer examination questions. When students
keep practicing, their skill in drawing a graph can indirectly
improve. Students are also given questions that can help them
answer examination questions and this can increase their
confidence.

The results show that the mean score for Study Group 2 is
the lowest in the confidence aspect. The students in this group
may be less skilled in using this strategy and spend more time
making observations, finding patterns and drawing their own
conclusions. Besides, they may not allocate time to practice
drawing a graph correctly. Furthermore, they may be less
exposed to the examples of other questions. Subsequently,
they are unable to answer the questions given correctly, caus-
ing a negative perception on the lesson. Reference [18] claims
that, when students always fail to carry out the task correctly,
they will not enjoy learning and will avoid completing the
task, causing the lack of confidence in learning.

Therefore, the current study proves that learning through
an inductive reasoning strategy assisted by GeoGebra and
conventional learning can provide positive effects on stu-
dents’ confidence aspect. The results are also in tandem with
past studies [74], [75], confirming the fact that an induc-
tive reasoning strategy assisted by GeoGebra in mathematics
can boost students’ motivation from the confidence aspect.
Although conventional learning is always downgraded, this
learning style actually makes the students more confident in
the current study.

E. THE EFFECTS OF AN INDUCTIVE REASONING STRATEGY
ASSISTED BY GEOGEBRA ON STUDENTS’ MOTIVATION
FROM THE SATISFACTION ASPECT
The last motivation aspect in the ARCS motivation theory
is satisfaction. Satisfaction refers to students’ intrinsic moti-
vation and their attitude on extrinsic benefits [66]. Intrinsic
strengthening offerings such as oral compliments and extrin-
sic strengthening offerings such as monetary benefits are part
of the measurement of students’ satisfaction. It is impor-
tant to ensure that students obtain satisfaction in learning
so that they will feel content after successfully completing
their studies. Based on the MANOVA results, it was found
that the learning strategy used in the current study has a
significant effect on the students’ satisfaction aspect. The
results from the questionnaire show that the mean score
of the satisfaction aspect for Control Group is the highest
among all groups, proving that the students’ motivation for
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the satisfaction aspect is higher through conventional learning
compared to the inductive reasoning strategy assisted by
GeoGebra. However, in this study, time constraint might
trigger dissatisfaction among the students in Group 1 in
learning the topic of Functional Graph II using GeoGebra.
It appears that adequate time is essential to ensure that a given
treatment in an experimental group is effective [76]. Besides
that, to ensure that students are satisfied in their lessons, they
must be able to respond promptly. However, this was not
possible for the students in StudyGroups 1 and 2 because they
took too much time to explore, observe and generalize the
given examples. Consequently, they were unable to present
their findings in front of the class with their peers. According
to [77] and [78], students’ satisfaction can be increased if they
are given the chance to present their work or opinion to their
friends so that they can promptly respond or comment.

The students in Control Groupwere centered on the teacher
and the lesson could run smoothly according to the plan.
Therefore, the students had the opportunity to receive prompt
feedback from their teacher and friends. This situation suc-
cessfully improved their confidence because they could iden-
tify their achievement after solving the mathematics problem
given. This made them feel satisfied because they were able
to end their lesson successfully [79]. Critically, the findings
of the current study show that learning through an inductive
reasoning strategy assisted by GeoGebra causes a low level
in the satisfaction aspect among the students.

V. IMPLICATIONS AND LIMITATIONS OF THE STUDY
Through this study, it can be clearly seen that an inductive
reasoning strategy assisted by GeoGebra plays a significant
role in increasing students’ motivation in the context of the
ARCS model. The learning strategy is able to enhance three
out of four motivation aspects in the ARCS model, namely
the aspects of attention, relevance and confidence. However,
in this study, the satisfaction aspect is not significantly dif-
ferent for Study Group 1. As for the aspect of attention,
an inductive reasoning strategy assisted by GeoGebra suc-
ceeds in gaining the students’ attention and interest in learn-
ing and engaging themselves in mathematics classrooms.
In the aspect of relevance, the studentsmay use themathemat-
ics concepts constructed in the future. The learning strategy
alsomeets the needs of the students for the topic of Functional
Graph II. As for the confidence aspect, the students can
build confidence by participating and enjoying their learning
process during this GeoGebra-assisted inductive reasoning
learning strategy. However, one of the limitations in this
study is the lack of study time which may cause students’
dissatisfaction with the new learning strategy. In order to
improve the results, the study period should be extended.
Therefore, it is recommended that future researchers should
allocate more time so that students can familiarize themselves
with the strategies used. In this way, the data obtained may
be more accurate. However, the overall MANOVA results
show that the students are more motivated in learning math-
ematics through an inductive reasoning strategy assisted by

GeoGebra. This is because the students can be fully involved
in constructing their understanding and visualization through
GeoGebra. At this stage, it seems that an inductive reasoning
strategy assisted by GeoGebra can be applied by teachers
in mathematics classes for the topic of Functional Graph II
in efforts to increase their students’ motivation. It has been
established that when students’ motivation is high, their
achievement can be improved.

This study focused on the topic of Functional Graph II
involving Form-Four students in a secondary school in
Pasir Gudang, Malaysia. The topic employed in this study
can be further expanded to other appropriate topics such
as Circles, Quadrilaterals and Pythagoras Theorem. The
implementation of this learning strategy is in line with the
objectives of secondary mathematics education in Malaysia,
which include consistently practicing mathematical process
skills such as reasoning, using technology to build concepts,
mastering skills, exploring mathematical ideas, and solving
problems.

VI. FUTURE RESEARCH
Among the improvement that can be considered for future
research is to use additional instruments in order to obtain
more information and clearer findings. An example of an
additional instrument is an interview protocol. Interviews
should be included in future studies because interview data
will show clearer results and more in-depth qualitative
input. Through interviews, the real motives and feelings of
the participants can be gauged in greater depth. In addi-
tion, researchers can also make more subtle observations
on several aspects that cannot be captured via quantitative
data.

In addition, future researchers should provide an initial
exposure on Geogebra to students involved so that the stu-
dents can become more familiar and proficient in using the
tools available in GeoGebra. In this study, we exposed to
the students about the use of GeoGebra at the beginning of
the study. However, the exposure period was limited and the
students were only exposed to the tools and functions needed
for the purpose of the current study. It is suggested that the
exposure should be made longer in the future so that stu-
dents can master the use of GeoGebra. This longer exposure
can prevent errors; the extended period allotted can be used
effectively by students in carrying out the activities provided.
Future researchers also need to ensure that all students are
equipped with appropriate skills in using this software before
the actual study is conducted so that the data obtained is more
accurate and the treatment given is more effective.

Finally, it is suggested that further studies should be
conducted in order to examine the relationship between
motivation and students’ inductive reasoning after learn-
ing through a Geogebra-assisted inductive reasoning strat-
egy. This suggestion can help researchers to observe clearly
the strength of the relationship between students’ moti-
vation and their inductive reasoning through this learning
strategy.
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VII. CONCLUSION
This study presents the effectiveness of a strategy employed
to increase students’ motivation during problem solving in
the Functional Graph II topic. The main impact can be
seen clearly through an inductive reasoning strategy assisted
by GeoGebra. Previously, most mathematics teachers were
not ready to use the inductive reasoning strategy assisted
by technology such as GeoGebra. Most students were also
more comfortable learning conventionally via memorizing
and doing exercises [68], [80]. Past research has shown that
the Functional Graph II topic is too abstract and difficult [60].
This problem can be solved by using GeoGebra that provides
visualization. Our findings show that, by using an inductive
reasoning strategy assisted by GeoGebra, the students are
more motivated to continue their mathematics class. The
students can engage themselves fully in building understand-
ing and the visualization made via GeoGebra can attract
students throughout the lesson. Moreover, this strategy can
clearly show how the mathematical concept is relevant in
the students’ real life. Thus, applying an inductive reasoning
strategy assisted by GeoGebra in the education system is
highly recommended. Teachers and students should embrace
this strategywith an openmind so that it can run smoothly and
efficiently. In the end, we hope that the findings of the current
study can improve the quality of mathematics education in
Malaysia and further contribute toward the success of the
Malaysian Education Development Plan 2013-2025.
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