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Abstract
Integrating the properties of computer algebra systems and dynamic geometry environments, Geogebra became
an effective and powerful tool for teaching and learning mathematics. One of the reasons that teachers use
Geogebra in mathematics classrooms is to make students learn mathematics meaningfully and conceptually.
From this perspective, the purpose of this study was to investigate whether instruction with Geogebra has effect
on students’ achievements regarding their conceptual and procedural knowledge on the applications of derivative
subject. This study adopted the quantitative approach with pre-test post-test control group true experimental
design. The participants were composed of two calculus classrooms involving 31 and 24 students, respectively.
The experimental group with 31 students received instruction with Geogebra while the control group received
traditional instruction in learning the applications of derivative. Independent samples t-test was used in the
analysis of the data gathered from students’ responses to Applications of Derivative Test which was subjected to
them before and after teaching processes. The findings indicated that instruction with Geogebra had positive
effect on students’ scores regarding conceptual knowledge and their overall scores. On the other hand, there was
no significant difference between experimental and control group students’ scores regarding procedural
knowledge. It could be concluded that students in both groups were focused on procedural knowledge to be
successful in learning calculus subjects including applications of derivative in both groups. On the other hand,
instruction with Geogebra supported students’ learning these subjects meaningfully and conceptually.
Keywords: applications of derivative, conceptual knowledge, Geogebra, procedural knowledge, teaching math
1. Introduction
With the advent of technology, various readily available technological tools were designed and used for
educational purposes (Heid, 1997). From the perspective of teaching mathematics, technologies such as
educational software, interactive whiteboards and computers are integrated into classroom use to provide more
comprehensive learning opportunities for students (Öçal & Şimşek, 2017). As software, Computer Algebra
Systems (CAS) and Dynamic Geometry Environments (DGE) are considered as two important examples among
modern educational technologies especially for teaching mathematics (Botana & Valcarce, 2001). Both software
categorized as CAS and DGE have wide variety of applications in teaching mathematics and helpful tool for
students’ understanding of mathematics subjects. Advantages of effective use of any of these software in
classroom environment were mentioned in the previous literature excessively (e.g., Artigue, 2002; Erbas &
Yenmez, 2011; Furner & Marinas, 2007; Healy & Hoyles, 2002; Kabaca, 2006; Öçal, 2017). For example, CAS
software packages such as Derive, Mathematica and Wolfram Alpha enable students to do mathematical
computations with mathematical symbols. Some examples also provide students with graphical or tabular
demonstrations of algebraic computations and step-by-step solutions for them (Kabaca, 2006). These software
packages provide students with enriched learning environments to discover mathematical ideas and theories
(Artigue, 2002; Kabaca, 2006). On the other hand, software packages with the features of DGE such as Cabri
Geometry, Geometer’s Sketchpad and Cinderella are useful tools for students to visualize mathematical
structures, concretize its abstract nature, and construct link between algebra and geometry (Hohenwarter & Jones,
2007). Considering the fact that same mathematical structure may vary or be perceived differently in different
contexts, the properties of DGE software packages enable students to see the differences and comprehend the
reason-result relations in various contexts, and observe them from multiple perspectives, especially with its
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dragging property (Hohenwarter & Jones, 2007). They also allow students to explore both algebraic and
geometric representations of the same mathematical structures (Hohenwarter & Fuchs, 2004). Therefore, they
can make connections between different forms and explore how any change in one form of any mathematical
structure influence its other forms. In addition, students can do modeling activities, so they can construct and
understand relation between real life and abstract mathematical structures and concepts studied (Hohenwarter &
Fuchs, 2004; Pierce & Stacey, 2011).
In recent years, a software package called Geogebra is widely used in mathematics classrooms (e.g., Aydos,
2015; Öçal, 2017; Shadaan & Leong, 2013; Tatar & Zengin, 2016). The prominent feature of Geogebra is that it
combines the properties of both CAS and DGE in a single software package (Hohenwarter & Fuchs, 2004). This
software allows users to see the algebraic, graphical and spreadsheet forms of any mathematical objects at the
same time (Hohenwarter & Jones, 2007). Therefore, using Geogebra promotes students’ meaningful and
conceptual understanding of intended mathematics topics. In addition, mathematics education researchers
provided evidences that effective use of Geogebra supported and had positive impact on students’ conceptual
understanding and performances in wide variety of mathematics topics including geometry (e.g., Samur, 2015),
analytic geometry (e.g., Tatar, 2012; Zengin & Tatar, 2014), algebra (e.g., Healy & Hoyles, 2002), and calculus
(e.g., Aydos, 2015; Tatar & Zengin, 2016; Kepceoğlu, 2010).
This study specifically interested in the applications of derivative which is one of the topics covered in calculus.
Here, the calculus is mainly perceived as a basis for advanced mathematics topics (Mahir, 2009). Considering
the applications of derivative, solving max-min and related-rate problems, problems, finding tangent lines of a
function at a given point and interpretation of graphs of functions and/or their derivatives constitute the content
in calculus courses. Comprehending the applications of derivative topic plays key role for further mathematics
courses and other interdisciplinary areas (Tall, 1993). For example, those who comprehend interpretation of
graphs of functions and their derivatives are expected to be successful in analytic geometry and complex analysis
courses. On the other hand, the related-rates and max-min problems are focusing on the concept of change.
Along with the interpretation of graphs of functions, learning them may be helpful for students to construct
relations in interdisciplinary courses such as physics (Meltzer, 2002). Although it is of great importance for
students to understand applications of derivative in calculus, various studies indicated that students experienced
difficulties in learning them (e.g., Mahir, 2009; Tall, 1993; Tatar & Zengin, 2016). Taking the importance of this
topic, higher order thinking skills are necessary to meaningfully understand the contents. As known, students
need to understand how the functions are constructed and know the interrelation among these function, their
derivatives and their graphical representations. They also need to interpret the meaning of and make
justifications from the algebraic or graphical representations of the functions and/or their derivative
(Hohenwarter & Fuchs, 2004). However, students consider that the concepts and applications covered are
abstract and include various formal definitions and proofs (Tall, 1993). In addition, they are struggling with
relating the algebraic expressions or equations with their graphical, tabular or other representations. For these
reasons, students prefer to memorize the solutions steps for specific problems and follow the procedures, instead
of trying to understand the calculus topics and concepts meaningfully and conceptually.
As stated in Aspinwell and Miller’s (1997), Mahir’s (2009) and Tatar and Zengin’s (2016) studies, one of the
reasons that students experience difficulties in learning calculus stems from the insufficiency of conceptual
knowledge. In addition, since students perceives the computations done in solving calculus problems as first
priority, they mainly focus on procedural knowledge (Aspinwell & Miller, 1997). In this study, the focus was on
students’ conceptual and procedural knowledge in learning applications of derivative topic. Therefore, the
concepts of conceptual and procedural knowledge should be defined. Based on Star’s (2005) definitions, the
conceptual and procedural knowledge refer to the following meanings in this study. “The term conceptual
knowledge has come to encompass not only what is known (knowledge of concepts) but also one way that
concepts can be known (e.g., deeply and with rich connections)” (p. 408). Therefore, the conceptual knowledge
involves the students’ understanding of the interpretation of the concepts and the relations among these concepts
(Arslan, 2010). For conceptual knowledge, understanding the concepts and the relations among them is essential.
On the other hand, Star (2005) defined the term procedural knowledge that “… indicates not only what is known
(knowledge of procedures) but also one way that procedures (algorithms) can be known (e.g., superficially and
without rich connections)” (p. 406). Therefore, the procedural knowledge involves the rules, the algorithms and
operational procedures to be followed in fulfilling mathematical tasks (Yanık, 2016). Not giving attention to
conceptual knowledge and relying heavily on procedural knowledge may only have limited effect on students’
success in learning the topics studied. In fact, there should be balance between conceptual and procedural
knowledge in learning a specific topic, because conceptual and procedural knowledge develop simultaneously
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and each knowledge type interact with each other. The improvement in one type of knowledge influence the
other one (Rittle-Johnson, Siegler, & Alibali, 2001). As Rittle-Johnson et al. (2001) indicated that “increase in
one type of knowledge lead to gains in the other type of knowledge, which in turn lead to further increase in the
first” (p. 347), students need to have both type of knowledge to be successful in learning any topic. From this
perspective, it can also be inferred that there is no precise distinction between the conceptual and procedural
knowledge. For students, one type of knowledge may include parts of other type of knowledge or vice versa
(Star, 2005; Yanık, 2016). However, one type may be dominant.
In order to make calculus students have balanced procedural and conceptual knowledge and feel confident in
learning the calculus topics, especially the applications of derivative, procedurally and conceptually, therefore, to
be successful in learning calculus, there are various ways of instructional methods. Considering the applications
of derivative in calculus, numerous researchers indicated that Geogebra assisted instructions had significant
influence on students’ achievements. In the experimental studies from different grade levels, teaching
mathematics with Geogebra has positive influence on students’ achievements on different mathematics topics
(e.g., Dikovic, 2009; Shadaan & Leong, 2013; Samur, 2015; Zengin & Tatar, 2014; Tatar, 2012) compared to
those receiving traditional/textbook-based instructions or interventions. There are also evidences that Geogebra
assisted instructions supports students’ conceptual and procedural knowledge on different courses, including
applications of derivative in calculus. For example, Aydos (2015) investigated the influence of teaching
mathematics with Geogebra on gifted high school students’ conceptual understanding of limit and continuity
subjects. It was found that experimental group students who received intervention with Geogebra had better
scores in the test measuring their conceptual knowledge than those who received traditional instructions. Similar
study with the same subjects was also conducted by Kepceoğlu (2010) for pre-service mathematics teachers.
Regarding students’ conceptual understanding, experimental group students receiving instruction with Geogebra
outperformed than those who received traditional instruction. Similarly, Tatar and Zengin (2016) found that first
grade university students’ conceptual understanding on definitive integral was higher in the experimental group
which the instruction was mainly done with Geogebra. Lastly, Zulnaidi and Zakaria (2012) investigated the
effect of Geogebra on students’ achievements regarding their conceptual and procedural knowledge on functions.
When their conceptual and procedural knowledge are taken into account, students in the experimental group
achieved significantly higher scores than those in control group.
The studies in the literature mainly focused on students’ achievements in different subjects. It was also observed
that the studies investigating the effect of Geogebra on students’ conceptual and procedural knowledge were
limited and mainly focusing on their conceptual knowledge. From this perspective, this study aims to investigate
the effect of Geogebra aided instruction on students’ performance in geometric meaning of derivative and its
applications (applications of derivative) topic. With this aim, this study compared the effect of instructional
activities using Geogebra on students’ performance regarding their conceptual, procedural knowledge and
overall scores with the performance of students receiving instructions without Geogebra.
1.1 Hypotheses of the Study
According to the aims proposed, the null hypotheses were as follows:
H01: There is no statistically significant difference between experimental (receiving instruction with Geogebra)
and control (receiving traditional instruction) group students’ conceptual knowledge scores in the subject of
applications of derivative.
H02: There is no statistically significant difference between experimental and control group students’ procedural
knowledge scores in the subject of applications of derivative.
H03: There is no statistically significant difference between experimental and control group students’ overall
scores in the subject of applications of derivative.
2. Method
This study adopted the quantitative approach with pre-test post-test control group true experimental design
(Fraenkel & Wallen, 2006). This design is widely used in educational experimentation by investigating and
seeking for possible reasons of the events or phenomenon studied (Karasar, 2009). This design requires
randomization during constituting the groups. Its power is obvious that it helps researchers to control the factors
that may mislead the results of the study over the control and experimental groups (Cohen, Manion, & Morisson,
2000). In addition, all threats related to internal validity are controlled with this design (Campbell & Stanley,
1963). In this study, the effect of the instruction with Geogebra towards students’ conceptual, procedural
knowledge and overall performance on the geometric meaning of derivative and applications of the derivative
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topics was compared to the effect of instruction without using technology with this design.
2.1 Participants
This experimental study carried out in two sections of calculus classes. There were total of 55 second grade
students enrolled in the department of elementary school mathematics education in the faculty of education in a
public university located in the eastern part of Turkey. There were 31 students in one section and 24 students in
the other section. The convenience sampling method was utilized to carry out this study (Cohen, Manion, &
Morisson, 2000). Among them, the group with 31 students was randomly assigned as experimental group, in
which the Geogebra aided instruction was utilized. The other group with 24 students was assigned as control
group, in which their instruction did not included technology use.
Considering the students’ background information, they all graduated from the quantitative departments of high
schools in Turkey. Regarding Turkish mathematics curriculum, all high school students in the same departments
receives the same curriculum. The curriculum for pre-calculus course covers the basic rules in different function
types, limit, derivative and integration (Ministry of National Education [MoNE], 2013). Therefore, it was
assumed that they have basic knowledge about limit, derivative and integration.
To be enrolled in elementary school mathematics education department in a university, they had to take national
wide university entrance exam (over 1.8 million students takes this exam each year). Students were emplaced to
the universities according to the score gathered from this exam. Therefore, their exam scores vary only in a small
range. In addition, students in the same grade level were randomly assigned to any of the sections due to
university policies. Moreover, the midterm exam results ensured that both groups were equivalent in terms of
mathematical ability.
2.2 Data Collection Tools and Procedure
The main data collection tool used in this study is the Applications of Derivative Test (ADT). It was
administered to control and experimental groups as pre- and post-tests. This test involves six open-ended
questions, three of which were focusing primarily on procedural knowledge. On the other hand, remaining three
questions were mainly focusing on conceptual knowledge. The questions were either adapted from different
course books (e.g., Adams & Essex, 2010; Balcı, 2010) or prepared by the researchers.
The procedural knowledge questions in the ADT were related to max-min problem, finding the tangent line of a
function at given point and a problem related to related rates. On the other hand, the conceptual questions in
ADT involved the interpretation of graphs of a function and derivative of a functions according to sub-questions
asked, and the interpretation of the functions under specific conditions and with properties.
The English version of one of the procedural question in ADT was as follows:
“A rectangle has its two edges on y-axis and line y=6 and one of its corner on curve y=x2. For all such rectangles,
what are the dimensions for the rectangle with largest area?”
The English version of one of the conceptual sub-question in ADT was as follows:
“Given graph of derivative of a function, what are the ranges that the f(x) is concave up?”
Before using the test as data collection tool, a rubric involving the purpose of test, the definitions for procedural
and conceptual knowledge and criteria for selecting the questions in line with the purpose proposed was prepared.
In this study, the definition for conceptual and procedural knowledge in Star’s (2005) study was used in line with
the purpose of the study. As it was mentioned, there is no certain boundaries to define which knowledge is
conceptual or procedural (Star, 2005; Yanık, 2016). However, students might have greater conceptual knowledge
about a specific topic than procedural knowledge or vice versa (Rittle-Johnson et al., 1999). Similarly, the
problem solutions can also be mainly relied on either conceptual or procedural knowledge. Therefore, this notion
was taken into consideration when selecting the questions asked in the ADT and categorizing them as conceptual
or procedural.
The criteria for selecting the questions were whether the questions cover the topics studied, whether the
questions were mainly focusing on either procedural or conceptual knowledge, and whether the questions were
appropriate for second grade students’ mathematical abilities. The rubric and ADT was subjected to two
lecturers who had experience in teaching calculus. The final version was prepared and applied according to the
experts’ recommendations and consensus.
After assigning the sessions as control and experimental groups, both were subjected to ADT for 50 minutes.
Each week, the calculus course was four hours per week. The same instructor taught the topic covering the
applications of the derivative in three weeks. He asked the same question and did the same applications in both
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sessions. The difference between the sessions during teaching activities were that the instructor solved the
questions and did the activities by means of Geogebra. There were more than 15 Geogebra files used during the
instructions, two of which were as follows. For example, he presented the geometric meaning of the derivative
by relating the derivative formula via Geogebra. He explained how the instant change in the value of x
influences the slope by using the dragging property of Geogebra.

Figure 1. The material used to explain the geometric meaning of derivative for experimental group

Figure 2. Model presented to students for house plan problem
On the other hand, the lecturer drew the shape and write the derivative formula on the board. Then, he tried to
make a relation among the static graph drawn, the slope of function at given point, and the derivative formula.
Another example can be given for max-min problem. The instruction solved the house plan problem. Given that
the rectangular shaped house has hallway, workroom and square shaped kitchen and its circumference is 76 m,
the question was asking to find the value of x, if the house has widest kitchen. With the conditions given in the
question, the model for house plan problem was presented to students as in the Figure 2.
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Figure 3. Snapshot of the Geogebra file for modeled house plan problem
In control group’s classroom, the lecturer solved the questions by getting help from the presented model on the
board. He did the necessary calculations by referring to this model. On the other hand, previously prepared
Geogebra file for house plan problem was presented to the students in experimental group’ classroom. By
dragging the point B or increasing or decreasing the value of x, he showed the relation between the area of the
kitchen on the graph and the value of x. Snapshot of the Geogebra file for modeled house plan problem is shown
in the Figure 3. Considering the point M on the interactive graph connected to house plan shown on the left side
of Geogebra snapshot, the x-axis represents the area of the kitchen while y-axis represents the value of x.
The instructor taught the topic covering the geometric meaning of the function, the relation between the graphs
of a function and its derivative, max-min problems and related rates for three weeks (12 class hours). At the end,
the ADT was again subjected to students as post-test. Students were supposed to complete the test within 50
minutes. The summary of the research design was shown in the Table 1.
Table 1. The summary of the research design
Groups

Pre-test

Intervention

Post-test

Geogebra

ADT

Teaching with Geogebra

ADT

Control

ADT

Teaching without Geogebra

ADT

2.3 Data Analysis
The ADT was composed of six questions, three of which were related to conceptual knowledge while the rest
were related to procedural knowledge. The assessment rubric for ADT was prepared by two researchers and the
lecturer who had experience in teaching calculus course. According to the full consensus between them, each
question was graded ranged from 0 to 5.0 point was given for empty or completely incorrect answers. On the
other hand, completely correct answers were graded as 5. There was a difference between grading criteria for
questions related conceptual and procedural knowledge. A procedural knowledge question, for example, was
graded according to the expected steps followed by students. The possible alternative solutions were also
considered. On the other hand, a question, for example, related to conceptual knowledge included five
sub-questions based on the graphs of derivative of a function. Each correct answer for sub-questions were graded
as 1 point. This brought the total score of 5 from this conceptual knowledge question. Therefore, the total score
to be gained was 15 for conceptual and procedural knowledge questions separately. The total score to be gained
from ADT was 30. Each student’s pre- and post-test scores were by both researchers for getting scoring
agreements between the scorers (Fraenkel & Wallen, 1996). Interrater reliability for scorers’ observations of
students’ answers to pre- and post-tests of ADT was found to be 92% and 87%, respectively, which were under
acceptable level (Marques & McCall, 2005). For the disagreed observations, the scorers discussed and finalized
the scoring to reach complete agreement for all observations.
Before beginning to conduct the study, the equivalence of the groups should be satisfied (Büyüköztürk, 2008).
Although there were various evidences for the equivalence of the groups, both groups were administered to ADT
as pre-test in order to determine whether control and experiment group students’ mathematical abilities and
knowledge involve any possible difference. To check that the groups were equivalent, the ADT was subjected to
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the students in both groups as pre-test by applying independent samples t-test with p=.05 level of significance
(Moore, 1995). For the analyses, SPSS 20 was used. Before the analysis, the assumptions underlying t-test
should be met. These are the assumptions of independence, normality and homogeneity of variance
(Büyüköztürk, 2008). Since two groups involved different individuals and were independent of each other, the
first assumption was met. For the assumption of normality, if the sample sizes were less than 50, the
Shapiro-Wilks test should be used (Büyüköztürk, 2008). The sig. values for students’ scores in Geogebra and
control groups were found to be p=.225 and .171>.05, respectively. These results yielded that the second
assumption was met. Lastly, the homogeneity of variance was evaluated using Levene’s test for equality of
variances, in which the sig. value of p should be higher than p=.05 level of significance to assume that the group
variances are equal (Tabachnich & Fidell, 2007). The Levene’s test yielded the sig. value of p=.826>.05, which
ensured that the variances of Geogebra and control groups students’ scores were equal. To control whether the
groups were equivalent, the independent samples’ t-test result is shown in the Table 2.
Table 2. Independent samples t-test results for Geogebra and control groups students’ pre-test scores in ADT
Groups

N

Mean

SD

Geogebra

31

3.06

1.569

Control

24

2.92

1.613

t

Df

sig

.342

53

.733*

*p>.05.

Table 2 indicated that there was no statistically significant mean difference for Geogebra group students’ scores
(M=3.06, SD=1.569) and control group students’ scores (M=2.92, SD=1.613); t(53)=.342, p=.733>.05. These
values implied that the groups are equivalent and the study could be conducted to these groups (Moore, 1995).
Same procedure was applied to students’ scores gathered from conceptual and procedural knowledge questions
and their overall scores in the post-test application of ADT. The first assumption (assumption of the
independence) was already met. The other assumptions (the assumptions of normality and homogeneity of
variances) were also met as shown in the Table 3.
Table 3. Shapiro-Wilk Test and Levene’s Test results to ensure the assumptions of normality and equality of
variances for Geogebra and control group students’ scores in post-test of ADT
Shapiro-Wilk Test
Scores gathered
from

Levene’s Test for Equality of
Variances

(Assumption of Normality)

Groups
Statistics

Df

Sig.

Conceptual
Knowledge
Questions

Geogebra

.950

31

.161*

Control

.977

24

.829*

Procedural
Knowledge
Questions

Geogebra

.950

31

.153*

Control

.922

24

.065*

Geogebra

.962

31

.336*

Control

.926

24

.080*

All Questions

F

Sig.

.172

.680*

2.861

.097*

.147

.703*

*p>.05.

Table 3 indicated that all sig. values in Shapiro-Wilk Test were higher than p=.05 level of significance for both
Geogebra and control group students’ scores gathered from conceptual and procedural knowledge questions and
all questions in post-test of ADT. Therefore, assumption of normality for independent samples t-test was met
(Büyüköztürk, 2008). In addition, Levene’s test for equality of group variances revealed that the sig. values of p
for groups’ scores gathered from conceptual and procedural knowledge questions and all questions in post-test of
ADT were also higher than p=.05 level of significance. Therefore, the assumption of homogeneity of variances
was also met (Tabachnich & Fidell, 2007). Therefore, all assumptions underlying independent samples t-test
were met. The effectiveness of instruction with using Geogebra on students’ learning of conceptual and
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procedural knowledge about the applications of derivative was investigated by using the independent samples
t-test (Fraenkel & Wallen, 1996). Geogebra and control group students’ overall scores were also compared by
means of the same test in order to see the effectiveness of the instruction with Geogebra on the topic
investigated.
3. Findings
An independent samples t-test was utilized the compare the effect of instructions with and without using
Geogebra. In the comparison, students’ scores related to conceptual and procedural knowledge on the
applications of the derivative were taken into account. In the analysis, the independent variable was the type of
instruction, namely, the instructions with and without using Geogebra (Geogebra and control groups). On the
other hand, the dependent variables were students’ scores related to conceptual, procedural knowledge and their
overall scores gathered from students’ response to the ADT as post-test.
First null hypothesis was about whether students’ post-test scores gathered from questions investigation students’
conceptual knowledge were affected by the type of instructions. The independent samples t-test scores were
shown in the Table 4.
Table 4. Independent samples t-test results for Geogebra and control groups students’ post-test scores for
conceptual knowledge questions in ADT
Groups

N

Mean

SD

Geogebra

31

7.26

2.503

Control

24

5.33

2.590

t

Df

sig

2.786

53

.007*

*p<.05.

Table 4 indicated that there was a statistically significant difference in the mean scores for students’ conceptual
knowledge scores from post-tests for the Geogebra group (M=7.26, SD=2.503) and the control group (M=5.33,
SD=2.590); t(53)=2.786, p=.007<.05). Therefore, the first null hypothesis (H01) was rejected. This finding
showed that the students exposed to the instruction with Geogebra statistically achieved better scores from the
questions investigating students’ conceptual knowledge in post-test as compared to control group students who
were instructed without Geogebra during teaching processes. It was observed that there was 1.99 points
difference between the groups’ mean scores on the questions related to conceptual knowledge.
Considering Geogebra and control group students’ post-test scores for the questions related to procedural
knowledge in ADT, the Table 5 showed the results of the analysis. The null hypothesis (H02) indicated that there
was no statistically significant difference between the means of Geogebra and control group students’ procedural
knowledge scores.
Table 5. Independent samples t-test results for Geogebra and control groups students’ post-test scores for
procedural knowledge questions in ADT
Groups

N

Mean

SD

Geogebra

31

7.47

3.899

Control

24

6.44

2.965

t

Df

sig

1.075

53

.287*

*p>.05.

According to the Table 5, it was observed that there was only 1.03 mean difference between the Geogebra and
control groups students’ post-test scores for the procedural knowledge questions. Despite, Table 5 indicated that
there was no statistically significant mean difference for the scores gathered from the procedural knowledge
questions for Geogebra (M=7.47, SD=3.899) and control group students (M=6.44, SD=2.965); t(53)=1.075,
p=.287>.05. Therefore, the second null hypothesis (H02) was accepted. This finding indicated that instruction with
Geogebra did not have statistical impact on students’ procedural knowledge during learning the topic covering the
applications of derivative over the instruction without using Geogebra.
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The last null hypothesis (H03) indicated that there was no statistically significant difference between mean post-test
scores of Geogebra and control groups. Examining this null hypothesis, Table 6 indicated whether the instruction
method using Geogebra was effective on students’ learning of applications of the derivative.
Table 6. Independent Samples t-test results for Geogebra and control groups students’ overall post-test scores in
ADT
Groups

N

Mean

SD

Geogebra

31

14.73

4.897

Control

24

11.88

4.658

t

Df

sig

2.187

53

.033*

*p<.05.

Similar analysis was conducted for students’ overall scores in post-test. The independent samples t-test results
indicated that there was a statistically significant mean difference for students’ overall scores in Geogebra group
(M=14.73, SD=4.897) and that in control group (M=11.88, SD=4.658); t(53)=2.187, p=.033<.05. Therefore, the
last null hypothesis (H03) was rejected. This finding revealed that the mean difference between students’ overall
students’ scores in the groups was 2.85. Therefore, students in Geogebra group achieved significantly higher
scores in the post-test of ADT compared to those who were taught without using it. This brought the
interpretation of that instruction with using Geogebra is significantly better way to teach applications of
derivative compared to that without using it.
4. Discussion and Conclusion
Comparing experimental and control group students’ achievements regarding their conceptual and procedural
knowledge and overall scores on applications of derivative subject, the findings of this study revealed three main
results. Although there was no significant difference between the groups’ mean scores for the questions
investigating their procedural knowledge, groups’ mean scores differed significantly both for the questions
regarding conceptual knowledge and for their overall scores in the post-test of ADT.
From these findings, it was obvious that teaching the application of derivation with Geogebra had significant
impact on students’ achievement regarding their conceptual knowledge. This situation might be attributed to
nature of the subject investigated and the beneficiary characteristics of Geogebra during using in the classroom
environment. It was evident that the concepts in the calculus are abstract and students need to deal with formal
definitions and proofs (Tall, 1993). Although students are better in follow rules and solution algorithms when
dealing with calculus problems, they could not understand the concepts conceptually (Aspinwell & Miller, 1997).
Since the application of derivative requires higher order thinking skills due to the necessity of combining the
understanding of the concepts, relating with other forms of the same mathematical structures and interpreting
them, they experience difficulties in learning this subject. However, Geogebra involves both CAS and DGE
properties. Therefore, students could see the visual forms of abstract algebraic structures in the subject of
applications of the derivative. They had opportunities to observe the influence of changes in one from to another.
This helped students to make connections between the algebraic and graphical representations, so it eased the
interpretation of graphical representation of the functions and/or derivative of functions (Botana & Valcarce,
2001; Hohenwarter & Fuchs, 2004). They could also formulate generalizations while dealing with the
interpretation of the functions and/or derivative of the functions by means of Geogebra (Artigue, 2002; Yılmaz,
Argün, & Keskin, 2009). This situation could promote students’ conceptual knowledge in the subject of
applications of derivative. On the other hand, students relied on static images and formal definitions of
derivatives of functions and of their interpretations and more heavily on procedural applications. This could have
hardened students’ understanding and became an obstacle for students to improve their conceptual knowledge in
this topic.
Secondly, teaching this topic with Geogebra had no significant influence on group students’ scores regarding
procedural knowledge. As known in the literature, students experience difficulties in learning calculus and tend
to memorize the facts, definitions and follow algorithms (Aspinwell & Miller, 1997; Mahir, 2009). Therefore,
they generally focus on procedural knowledge to be successful in calculus. Although relying only on procedural
knowledge might have limited effect on students’ success, there should be balance between conceptual and
procedural knowledge in order to meaningfully comprehend the subject studied. From the findings related to
students’ conceptual and procedural knowledge, it could be concluded that students in both groups were in
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similar achievement levels. In fact, the traditional instructions promote the procedural knowledge (Aspinwell &
Miller, 1997). From the findings, both types of instructional methods had similar effect on students’
achievements in learning it (M=7.47, SD=3.899 for control group receiving traditional intervention and M=6.44,
SD=2.965 for experimental group receiving intervention with Geogebra). However, the experimental group
students’ mean scores were still one point higher than that for control group students. Therefore, there is an
evidence that students’ procedural knowledge about the applications of derivative could also be improved if the
necessary attention was given while preparing and presenting the Geogebra activities focusing on students’
procedural knowledge.
Thirdly, the findings indicated that teaching this subject with Geogebra had significant effect on students’ overall
scores. Comparing the other studies investigating the effectiveness of interventions with Geogebra (e.g., Shadaan
& Leong, 2013; Tatar & Zengin, 2016; Zengin & Tatar, 2014; Zulnaidi & Zakaria, 2012), this finding was an
expected result. In addition, similar findings were also found in the studies that other dynamic environment
software had positive impact on learning mathematics subjects (e.g., Erbas & Yenmez, 2011; Furner & Marinas,
2007; Healy & Hoyles, 2002). The reason for this finding could be attributed to the opportunities that Geogebra
facilitates in the learning environments. As known, the Geogebra provide dynamic and interactive environment.
This helps student to make connections between algebraic and graphical representations and interpretations
accordingly (Tatar & Zengin, 2016).
Lastly, the main difference between control and experimental students’ overall scores came from their scores
regarding conceptual knowledge. It is generally stressed in the literature that students need conceptual
knowledge instead of mostly relying on procedural knowledge (e.g., Mahir, 2009; Rittle-Johnson et al., 2001).
Therefore, it could be implied that teaching with Geogebra combining both the properties of CAS and DGE had
positive impact on students’ conceptual knowledge and its effective use should be supported in the mathematics
classrooms.
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