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Abstract

Quasi-experimental research was conducted to identify the effectiveness of Geo-
Gebra in achieving students’ conceptual and procedural knowledge. The research
was performed to identify the effects of a mediator in students’ conceptual
knowledge in relation to procedural knowledge with student achievement. A total
of 284 students were involved in this study. The students in the experimental
group learned using GeoGebra, whereas the students in the control group used
the conventional method. The collected data were analyzed using SPSS 22.0,
AMOS 18, and Anates V4. Findings of the study demonstrate that GeoGebra is
used as a mediator of students’ procedural knowledge in relation to conceptual
knowledge for academic achievement. This study also shows that conceptual
knowledge affected the students’ mathematics procedures. The result of the
study supports the related theory of the role and contribution of conceptual and
procedural knowledge to student achievement. This study provides suggestions as
intervention to increase students’ conceptual and procedural knowledge.

Keywords: achievement, conceptual and procedural knowledge, GeoGebra, limit
function, mediator, quasi-experimental

Introduction

Select computer software can be used to help students become more responsible
for their own learning through creative and interesting exploration in calculus
(Ahmad Fauzi et al.,, 2009). Previous studies proved that using technology in
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education increases motivation and the confidence level, improves problem-solv-
ing skills, and produces an excellent future generation (Sivin-Kachala and Bialo,
2000; Oldknow and Taylor, 2000). The introduction of technology in industry also
provides an opportunity for educators to embed such technology in their teaching
and learning. Teachers are no longer playing the traditional role of educators;
instead, they become facilitators with the use of computers. Rohani et al. (2009)
stated that technology in teaching and learning of mathematics helps in the basic
understanding of this subject and developing intuition in solving mathematical
problems. Teachers must be prepared and willing to accept the current change and
use the latest technology in the classroom.

GeoGebra helps teachers in the teaching and learning process of the mathemat-
ics subject. GeoGebra is dynamic mathematical software for geometry, algebra, and
calculus (Rincon, 2009). GeoGebra is alternative software for teachers in integrating
technology in the teaching and learning process of mathematics (Aizikovitsh and
Radakovic, 2011). Furthermore, many people suggested GeoGebra in activities that
involve mathematical concepts. In addition to being a tool to understand a concept,
GeoGebra is also used to explain a procedure. The most interesting part of Geo-
Gebra is the online community comprising regular users, who contribute and share
their own teaching materials free of charge. The use of GeoGebra in the teaching
and learning of mathematics is a method of effective learning, and it is particularly
useful in the topics of geometry, algebra, and calculus (Rincon, 2009).

Williams (1991) stated that students’ difficulty in conceptual calculus ranges
from the basic concept of all standard modern analyses to the traditional ped-
agogy of introduction to calculus. This difficulty is a problem for teachers who
are trying to teach this concept. The mathematical approach to limit and its
cognitive approach differ slightly. One of the causes of this problem is that the
teaching process is more focused on the syllabus content. A few studies found
that conceptual and procedural knowledge on limit function among students
is low (Setu, 2012). This situation may be caused by the functional concept that
combines different modern mathematical topics, and the limit functional con-
cept has a focused role (Selden and Selden, 1992). Research must be conducted
to obtain clear information on the conceptual and procedural knowledge of
students. Carpenter (1986) stated that the relationship between conceptual and
procedural knowledge is not easy because of the continuous problems in con-
ceptual knowledge. This knowledge is difficult to measure directly and is usually
observed in certain procedures.

Previous studies of GeoGebra in mathematics did not focus on students’
conceptual and procedural knowledge. Experimental studies were performed to
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determine the effectiveness of GeoGebra in teaching (Aizikovitsh and Radakovic,
2011). The studies focused more on proving that GeoGebra could be used to teach
mathematics. Thus, GeoGebra should be shown as a means to solve students’
problem in limited function topic. In this case, teachers must select the most
appropriate teaching strategies that can support their teaching process. The most
suitable teaching strategies are required to guarantee the best achievement in any
possible way (Slameto, 2003). Previous studies proved that students had difficulty
understanding the concept of limit (Juter 2006; Pettersson and Scheja, 2008). This
is viewed as a process on the function (Williams, 1991). Tall and Vinner (1981)
suggested that if students’ conceptual image is influenced by a dynamic process,
they will have the wrong impression of not achieving the limit. Students focus on
the limit especially regarding the procedures that should be followed and explain
concepts based on their understanding (Pettersson and Scheja, 2008).

Conceptual Knowledge

The basic difference between conceptual and procedural knowledge was sug-
gested by Hiebert (1986). According to Hiebert and Lefevre (1986), conceptual
knowledge is knowledge that is rich with relations. Star (2005) stated that con-
ceptual knowledge is understood as knowledge about concepts or principles and
procedural knowledge as knowledge about procedures.

Procedural Knowledge

Procedural understanding refers to a level of understanding that involves
numerous facts and algorithms, and it does not require idea-based knowledge
(Hope, 2006). Procedural knowledge is considered a basic skill that must be
learned by students.

Academic Achievement

Academic achievement means students’ ability and skill to learn subjects
at school (Robiah, 1994). In other words, achievement in this study means the
success of students in examinations at school. The achievement data are collected
from mathematics teachers at school. Kiuru et al. (2014) stated that student
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achievement could be improved if teachers could support students by preparing
suitable teaching methods that interested them.

The present study was conducted to identify the effectiveness of GeoGebra in
conceptual and procedural knowledge, including student achievement. The study
also aims to highlight the effect of students’ conceptual knowledge in the relation
between procedural knowledge and student achievement.

The hypothesized path model is shown in Figure 1. The following specific
research questions are addressed by fitting the hypothesized structural models to
the data and estimating their parameters:

(i) Does conceptual knowledge contribute to mathematical procedures
between students who used GeoGebra and those who used the conven-
tional method?

(ii) Does conceptual knowledge have any direct contribution to the achieve-
ment of students who used GeoGebra and those who used the conventional
method?

(iii) Does conceptual knowledge have any contribution to the achievement
through the mediator of procedural knowledge between the students who
used GeoGebra and those who used the conventional method?

Conceptual

Figure 1. Hypothesized contribution model with con-
ceptual and procedural knowledge and achievement.

Method

Participants and procedure

A total of 284 form-2 students from secondary school were involved as partici-
pants in this study. A total of 136 students used GeoGebra in their learning, and 148
used the conventional method. The students were randomly selected. Quasi-experi-
mental research and non-equivalent pretest and post-test control group design were
conducted. Data were collected using test questions on mathematical conceptual
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and procedural knowledge of the limited function topic with five questions. The test
on mathematical conceptual and procedural knowledge on similar topic is based
on the study conducted by Best and Kahn (2003). The instrument of this test was
verified by the teaching experts in calculus. The pilot study was conducted with 60
secondary school students to determine the validity of discrimination and difficulty
index of each question. The data from the pilot study were analyzed using the
ANATES V4 software, and the result demonstrates that each item in the questions
has the discrimination and difficulty index between 48.44% and 69.53% on average
(Karno, 1996) and a high validity level between 0.82 and 0.83 (Lim 2007). This result
shows that each item in the test is acceptable and valid to be used in the study. The
data from the present study were analyzed using the AMOS 18 software. The study
used the usual matching measurement index as the benchmark in determining the
suitability of a model, such as root mean square error of approximation (RMSEA),
comparative fit index (CFI), goodness of fit index (GFI), Tucker-Lewis fit index
(TLI), and normed chi-square (x*/df) (Hair et al., 2006).

Confirmatory Factor Analysis

Confirmatory factor analysis shows that the standard relations between factors
and items are from 0.59 to 0.78. Figure 2 shows that all the items for each factor in
conceptual and procedural knowledge are above 0.40 and significant. The value of
0.40 is usually used in any factor analysis (Hashim and Sani, 2008). However, some
conceptual (Pa2 and Pa3) and procedural (Pa6, Pa9, and Pal0) items do not meet
such requirements, and they were excluded from the test. The chi-square index
from the model is good and significant (x> = 12.83, df = 4, p < 0.05) (Kline, 2005).
Chi-square/df (12.83/4 = 3.21), CFI = 0.98, GFI = 0.98, and RMSEA = 0.09. This
result shows that the designed model is excellent (cf., Table 1).

Table 1. Confirmatory factor analysis of students’ conceptual and procedural

knowledge
Parameter Coeflicient

CFI 0.98
GFI 0.98
RMSEA 0.09

Df 4
X 12.83
X'/df 3.21

Note: CFI: comparative fit index; GFIL: adjusted goodness-of-fit index; RMSEA: root mean square
error; df: degrees of freedom; XZ: chi-square goodness of fit.
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Figure 2. Confirmatory factor analysis model for

students’ conceptual and procedural knowledge
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Results

Mediating role of conceptual knowledge and relation between procedural knowl-
edge and achievement of students who used the GeoGebra method

The total effect of conceptual knowledge on academic achievement was signif-
icant (p = .36, p < 0.05). Figure 3 shows that conceptual knowledge significantly
predicted student procedural knowledge (p = 0.60, p < 0.05). Student procedural
knowledge significantly predicted academic achievement after controlling for con-
ceptual knowledge (B = 0.45, p < 0.05). The overall model fit was good. Chi-square/
df (5.091/7 = 0.73), CFI = 1.0, GFI = 0.99, and RMSEA = 0.01. The mediation
effect of student procedural knowledge was complete because the direct effect of
conceptual knowledge on achievement was significant (Ed = 0.36, p < 0.05), and
the indirect effect of conceptual knowledge on achievement via student procedural
knowledge was statistically significant (Ei = 0.27, p < 0.05).

Mediating role of conceptual knowledge and relation between procedural knowl-
edge and achievement of students who used the conventional method

Figure 4 shows that the overall model fit was good. Chi-square/df (13.32/7
= 1.90), CFI = 0.96, GFI = 0.97, and RMSEA = 0.08. Conceptual knowledge on

Procedural
Knowledge

Achievement

Conceptual
Knowledge

Figure 4. Standardized coefficients for the model of procedural knowledge mediating the relations
between conceptual knowledge and academic achievement of students who used the conventional
method.
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academic achievement was significant ( = 0.26, p < 0.05), and conceptual knowl-
edge significantly predicted student procedural knowledge (f = 0.44, p < 0.05).
Student procedural knowledge significantly predicted academic achievement
after controlling for conceptual knowledge (p = 0.47, p < 0.05). The mediation
effect of student procedural knowledge was complete because the direct effect
of conceptual knowledge on achievement was significant (Ed = 0.26, p < 0.05),
and the indirect effect of conceptual knowledge on achievement through student
procedural knowledge was statistically significant (Ei = 0.21, p < 0.05).

Discussion

The findings show that the students who used GeoGebra in teaching and learning
the mathematical limited function topic have the same model as the students who
used the conventional method. The findings show that the students’ procedural
knowledge is the significant mediator in the relation between conceptual knowledge
and student achievement. The difference between both models is the given contrib-
uting effect. The mediating effect of procedural knowledge on the students who used
GeoGebra was higher than that on the students who used the conventional method.
The direct contribution of procedural knowledge in student achievement also pro-
duced better results for the students who used GeoGebra than those who used the
conventional method. The findings support the view of Hiebert and Lefevre (1986),
who stated that conceptual knowledge is necessary in solving a basic problem, and
specific procedural knowledge cultivates the required skills to solve a problem.

The findings of the present study show that both teaching methods use the
same model in the form of procedural knowledge as mediator between conceptual
knowledge and student achievement. The findings show that conceptual knowledge
positively affects the increase in students’ procedural knowledge and indirectly
through it, thereby improving student achievement. These findings are similar
to the view of Pesek and Kirshner (2000), who warned that learning procedures
with shallow basic concepts would complicate the understanding of up-to-date
concepts. This condition shows that conceptual knowledge and students’ math-
ematical procedures go hand in hand. Conceptual knowledge can be considered
as an effort to acquire students’ mathematical procedures. The findings show that
students’ conceptual knowledge positively affects their achievement. However, the
effect is still considered low and significant. This result demonstrates that students’
mathematical procedural knowledge has a higher effect on student achievement
than students’ conceptual knowledge.
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The use of GeoGebra shows a better effect on the increase in students’ concep-
tual and procedural knowledge and their achievement. This result is caused by
the fact that GeoGebra can provide easy steps for students to acquire concepts
and procedures in solving a problem. This study strengthens the statement of
Rittle-Johnson and Koedinger (2005), who stated that steps or actions in solving
a problem could facilitate students’ learning. The present study shows that the
use of the conventional method also positively affects the increase in conceptual
and procedural knowledge and student achievement. Both teaching strategies
provide similar effects on the relation between conceptual, procedural knowledge,
and student achievement. The conventional method provides information that
mathematical concepts and procedures can be explained through various forms
of teaching (Rico, 2006). Thus, teaching using the conventional method explains
the mathematical concepts using standard problems similar to those in textbooks.
However, using GeoGebra, mathematical concepts can be explained by providing
different real-life situations.

Although the mediating effect of procedural knowledge in the relation between
conceptual knowledge and student achievement is similar for the students who
used GeoGebra and those who used the conventional method, using the conven-
tional method has a higher mediating procedural effect than using GeoGebra.
Meanwhile, the direct effect of conceptual knowledge on student achievement
is higher in those who used GeoGebra than those who used the conventional
method because the latter are provided with longer time to perform mathematical
procedures. By contrast, the students who used GeoGebra obtain more conceptual
information and less exposure to the mathematical procedures. Harper (2007)
stated that the use of computer technology in teaching and learning could lessen
students’ procedural ability. Engelbrecht et al. (2005) stressed that this situation
could happen because of students’ new strategies in using oral, frames, algebra, and
visual with low procedural knowledge. This condition resulted from the limited
time frame provided in the teaching and learning process.

Conclusion

The presented study shows the importance of conceptual and procedural
knowledge as mediator for student achievement. Procedural and conceptual
knowledge are necessary aspects in mathematical knowledge. This matter can be
highlighted along with the conceptual skills gained to increase procedural knowl-
edge. GeoGebra is a tool that can help students to increase their conceptual and
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procedural knowledge and achievement. GeoGebra can be used to plot a graph
and other facilities in solving problems related to mathematical concepts and
procedures. The study provides relevant information in designing exercises for
teachers. Demand for more studies to prove the effect of GeoGebra in teaching
and learning mathematics that involve various problems to be solved is high. In
addition to students, teachers should be included in similar studies that involve
knowledge, skills, and use of GeoGebra and students’ performance.
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