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ABSTRACT
The purpose of this study is to investigate if information and
communications technology (ICT) helps to improve first grade
students’ basic geometry achievement regarding circles, triangles,
rectangles and squares. Our research compares the level of
geometrical competence of the students taught using our ICT
oriented learning method specifically targeting ‘Realistic
Mathematics Education’ (RME) for geometry concepts, as
opposed to traditional teaching methodology. The designed
software consisted of a story and several activities with and
without the use of computers for circles, triangles, rectangles and
squares. It was designed following the background of RME theory
for geometry concepts. The study dealt with first grade students in
Crete and Athens, who were divided into two groups
(experimental and control). The experimental group consisted of
113 students who were taught about circles, triangles, rectangles
and squares.with the support of computers. There were 121
students in the control group which were not exposed to the
computer oriented curriculum. Students in both groups were pretested and post-tested for their geometry performance. The results
of the study indicated that teaching and learning through ICT is an
interactive process for students at the first grade level and has a
positive effect for the learning of circles, triangles, rectangles and
squares.using the background of RME theory. Also, the most
important outcome of this study was that this teaching
intervention seemed to be more effective for triangles and
rectangles than for circles and squares.
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1. INTRODUCTION
Nowadays, it is widely accepted that information and
communication technologies are used in every steps of education
[1], [2], [3]. Technology acts as a catalyst in children, provides
social interaction and moreover provides additional opportunities
for a rich learning environment that is consistent with modern
times [4]. Although concerns about developmental convenience of
technology have been announced, many studies have determined
that technology has had positive influences on children cognitive
and sensual developments [5], [6].
A growing body of literature provides increasing evidence of the
effectiveness of using computer technologies to facilitate
instruction and learning across a variety of school subjects [7],
[8], [9], [10]. Particularly, studies have demonstrated that
computers have supported the development of the abilities in
children’s memory, problem-solving, literacy and math [11], [12],
[13], [14], [15], [16]. Indeed, ICT can play an essential role in

achieving the objectives of the kindergarten curriculum if
supported by appropriate software applications embedded in
appropriate educational scenarios [17], [18], [19].

2. ICT AND MATHEMATICS
In the most ideal setting, information communication technologies
are treated as a tool for teaching and learning [20], [21], [22].
They are used as a tool for the students to become more familiar
with new technology and to integrate investigation,
communication and understanding across the full range of the
curriculum. Particularly, in the cognitive field of mathematics an
evaluation of learning outcomes regarding computer based
mathematical teaching in students showed that computer-assisted
learning can significantly help in developing proper mathematical
skills and the cultivation of deeper conceptual thinking in
comparison to the traditional mathematical teaching method [23],
[24], [25].
Researchers suggest that the mathematical difficulties students
encounter later are correlated with insufficient development of
mathematical thinking in their early years [26], [27]. Various
researches’ results relate the appropriate use of computers with
the ability of students to more efficiently understand the different
mathematical notions [28], [29]. Thus, it becomes obvious that in
the primary school level a very attractive environment of
investigating the computer use in mathematics education emerges.
Indeed, a vast number of studies show a positive interrelation
between the use of computers and the development of
mathematical thinking in school [8], [30]. Nonetheless, computer
based activities should reflect the theoretical ideas behind them
[31], [32].
Following this principle, the software designed and the students’
activities developed and examined for the purposes of the current
study were inspired by the framework of Realistic Mathematics
Education (RME). RME was based and developed principally
upon Freudenthal’s [33] view of mathematics as a “human
activity.” According to his perspective, in order for mathematics
to be of human value, it has to be taught so as to be useful, it has
to be closely related to reality, close to children and relevant to
the society [33], [34]. RME is an active and constantly evolving
theory of teaching and learning mathematics [35]. Indicative of
this, the learning and teaching trajectories with intermediate
attainment targets were first conducted for the subject of
mathematical calculation at the primary school level and extended
to the subject of geometry [36].
In the whole trajectory of the RME teaching theory, five main
characteristics of understanding geometry concepts are involved:
(a) introducing a problem using a realistic context; (b) identifying
the main objects of the problem; (c) using appropriate social
interaction and teacher intervention to refine the models of the
problem; (d) encouraging the process of reinvention with the

development of the problem; and (e) focusing on the connections
and aspects of mathematics in general [35]. These should be the
main focuses of the learning and teaching procedure concerning
geometry in primary school.
Following the theoretical framework that blends together Realistic
Mathematics Education (RME) and the use of ICT in primary
school, we designed a new model referred to as the First Class
Primary Shape Model (FCPSM) which consisted of five levels.
The majority of previous studies aggregately examined the effects
of various teaching on the geometric shapes. However, a small
number of studies have found that in the first levels of primary
school, various shapes are understood differently by students [16],
[37]. These studies examined the impact of various teaching
interventions on each shape distinctively. Specifically, in the case
of circles and squares, only the thickness and size may be varied.
Rectangles and triangles may also share differences in
characteristics of thickness and size with the addition of other
variable characteristics such as length of sides and orientation.
Moreover, triangles may vary in the degree of their angles,
resulting in a greater variety of shapes. Thus, from the perspective
of characteristic features, circles and squares are the simplest. On
the contrary, triangles are the most complex, and rectangles are of
intermediate difficulty [38], [39].
Our study was based on the above mentioned international
literature; we set out to investigate the following research
question: Is the concept of triangles more difficult to understand
than circles for the first grade students?
In addition, based on the previous studies, we set out to
investigate the following hypotheses:
1.
The students who will be taught circles with educational
intervention based on FCPSM will have a significant
improvement in comparison to those taught using the traditional
teaching method according to the first grade curriculum.
2.
The students who will be taught triangles with
educational intervention based on FCPSM will have a significant
improvement in comparison to those taught using the traditional
teaching method according to the first grade curriculum.
3.
The students who will be taught rectangles with
educational intervention based on FCPSM will have a significant
improvement in comparison to those taught using the traditional
teaching method according to the first grade curriculum.
4.
The students who will be taught squares with
educational intervention based on FCPSM will have a significant
improvement in comparison to those taught using the traditional
teaching method according to the first grade curriculum.
The present study makes an important contribution to the
literature; we examined and compared the effects of a new model
which combines computer and non-computer activities for
teaching circles, triangles, rectangles and squares separately.

3. METHODOLOGY
The present research was conducted in three phases. In the first
and third phases, the pre-test and post-test were given to the
classes respectively. In the second phase, the teaching
intervention was performed.

3.1 Subjects
The study was carried out during the 2011-12 school year in ten
public primary schools located in the cities of Rethymno in Crete
(two classes) and Athens (eight classes). It was an experimental

research which compared the FCPSM teaching process to
traditional teaching based on first grade curriculum. The sample
included 234 first graders consisting of 123 girls and 111 boys
age six to seven years old. There were two groups in the study,
one control (n=121) and one experimental (n=113). In the control
group there was not a computer available for the students’ use.
The classes in the experimental group, in order to participate,
were required to have a laptop computer and a video projector
available for use by children as part of the teaching procedure. For
the uniformity of the survey, instructions were given to the
teachers who taught in the experimental or control groups.
Teachers who participated in the study had university degrees in
education. The teachers in the experimental group ranged from 40
to 50 years old with in-service teaching experience ranging from
18 to 28 years. The teachers in the control group were of ages 38
to 48 years old with in-service teaching experience ranging from
15 to 25 years.

3.2 Instructional Intervention
In the second phase the control group taught with traditional
teaching according to first grade curriculum. Group and
individual activities were given to children every day. The
experimental group covered the same material at roughly the same
time according to the FCPSM teaching. The content of the four
week syllabus of the FCPSM divided in five levels. It comprised
of shapes including a variety of topics concerning fundamental
geometry as circles, triangles, rectangles and squares.
The first level of the teaching intervention was according to
the first characteristic of the teaching theory of RME which
introduces a problem using a realistic context. In this level a story
called ‘The Family of Shapes’ was presented to the students.
Various geometrical shapes including circles, triangles, rectangles
and squares are presented in this story in a fictional family setting
where each member of the family represents a particular shape.
This story was designed using Flash CS3 Professional Edition and
presented with the video projector in the classroom. In this story
Mrs. Square and Mr. Triangle had a daughter Miss Circle. Later
in the story, Miss Circle met Mr. Rectangle, they got married (see
Figure 1) and had many children that looked like their parents and
grandparents.
The second level started with an activity which identifies the main
objects of the problem as underlined by the RME theory.
According to the second characteristics of the RME theory, the
students (a) identified various geometrical shapes by examining
objects in their classrooms, (b) drew certain geometrical shapes
(see Figure 2) and (c) named the shape of a set of various objects
presented to them by the teacher.
The third level of the teaching procedure included activities using
appropriate social interaction to refine the models of the problem.
Firstly, a child had to draw a shape from a bag and to find out the
name of the shape without seeing it. Then, the students split into
groups and each group had to construct a dog or a man using a set
of shapes. The final part of this level involved a computer-based
group activity in which the student had to recognize and choose
the correct shape among other shapes (see Figure 3).
In the fourth level of the teaching procedure, according to the
RME theory, we implemented a process of reinvention with the
development of the shapes in a higher cognitive level where the
properties of an object were presented in a software activity. Next,
the children were separated into groups and cooperated with one
another to make a shape with their bodies on the floor. Then, they

divided into groups and each group was assigned a specific shape.
Each of these groups was instructed to make fake cookies from
plasticine in the form of the groups’ assigned shape (see Figure
4). At the end of this activity, the students in each group shared
their cookies with the other groups.

Figure 4. Each student was instructed to make fake cookies
from plasticine (fourth level).

Figure 1. Students watched the story ‘The Family of Shapes’
(first level).

In the last level of the teaching process, the students played card
games with the properties of shapes. The goal of this card game is
to focus on the connections and aspects of the properties of circles
and triangles as implied by the fifth characteristic of the RME
theory. There were two kinds of card games: the white cards with
shapes and their properties of sides and the yellow cards with
shapes and their properties of angles. The students are separated
into groups and each student in a group starts with a number of
cards in their hand. Each student takes his/her turn throwing a
card on the table. The purpose of the game is to match cards with
identical properties and to collect those cards. At the end of the
game the child who had the majority of cards was the winner.
Afterwards, there were computer activities where the children had
to recognize the shapes from using only the properties of the
shapes. The computer presents a picture as a puzzle. The students
then must drag and drop the corresponding shape, based the
geometrical property displayed on the screen, into the box (see
Figure 5).

Figure 2. The student did a drawing activity (second level).

Figure 5. Students completed a software activity (fifth level).

Figure 3. The student had to recognize shapes (third level).

In the software represented above, once an activity is selected, a
problem is announced verbally and directions are given to the user
through a recorded message. The feedback users get after
following these directions is represented by two different screens,
one positive and one negative. This feedback is accompanied with
the corresponding audio messages. In the first case, the user
receives a ‘well-done’ message (see Figure 6) and in the second
case the user gets a ‘try it again’ message. In both cases, though,
an effort was made to keep these messages to be as little emphatic

as possible. This way, the children’s' interest is focused more on
the mathematical procedure of the application rather than their
result or the competition.

purposes of the present study, we measured the score of circles
and the score of the triangles separately. The scale used to
measure the unstandardized scores for circles is based on a scale
from 0 to 69 and for squares is from 0 to 67. The scale used to
measure the unstandardized scores for triangles is based on a scale
from 0 to 40 and for rectangles is from 0 to 41..

Figure 6. The user receives a ‘well-done’ message.

3.3 Educational Measures
In the first phase, the pre-test was given to the classes of the
experimental and control groups during the beginning of
December 2011 to isolate the effects of the treatment by looking
for inherent inequities in the geometry achievement potential of
the two groups. The pre-test was referred to as First Class Primary
Shape Test (FCPST) and it contained thirty tasks in total. The first
twenty tasks of the FCPST were based on the first level of the
Van Hiele model and the last ten were from the test that was used
in the research by Clements et al. [40] based on the second van
Hiele level.
The theory of the van Hiele model deals specifically with
geometric thought as it develops through several levels of
sophistication under the influence of a school curriculum [41].
The van Hiele model uses five levels, however, for the first grade
students only the first two levels were used. In the Visual Level,
students were able to identify figures such as circles and triangles
as visual gestalts. Conceptualization at this level includes being
able to name, reproduce and group similar geometric objects by
visual recognition. For instance, they might say that a figure is a
rectangle because it looks like a door. In the Descriptive/Analytic
Level, students were able to identify shapes from their properties.
Conceptualization at this level includes identifying geometric
objects according to their properties. For example, a student sees a
rhombus as a figure with four equal sides [42].
Due to the young age of the students, the pre-tests were
administrated in the class with explicit and detailed instructions of
the teacher. These were pencil-and-paper tasks in which the
children were asked to select shapes including rectangles, squares,
triangles and circles on a page with various geometric figures (see
Figure 7). Each task had a weighted grade that was computed
from the student's answers. Particularly, for each correct answer
the student was given one grade and lost one grade for each
incorrect. Scores were computed for each of the individual
geometrical tasks of the FCPST. Since the numbers of problems
varied across tasks, a mean proportion of correct responses for
each of the thirty tasks were produced by dividing the number of
correct responses by the total number of problems on that task
(possible range of standardized scores, 0–1.00). Moreover, for the

Figure 7. Student marks circles.
Similarly, during the third and final phase of the study, after the
teaching intervention, the same test (FCPST) was given to all
students in both the experimental and control groups as a post-test
at the beginning of March 2012 to measure their improvement on
circles and triangles separately.

3.4 Research Design
The present study was a quasi-experimental design with one
experimental and one control groups. Eight first grade classes
from Athens and two from Rethymno participated in this study.
From the eight classes located in Athens, we randomly assigned
four classes to the control group and the remaining four classes
were assigned to the experimental group. We then randomly
assigned one of the two classes from Rethymno to the control
group and the other class to the experimental group. Therefore,
five classes were in the control group (n=121) and the remaining
five classes were in the experimental group (n=113).

4. RESULTS
A set of analyses was conducted to determine the effects of the
mathematics intervention on first grade students’ geometry
knowledge for circles and triangles. The pre-test and post-test
were taken by 234 students. Analysis of the data was carried out

using the SPSS (ver. 19) statistical analysis computer program.
The independent variables were the group (experimental group
and control group) and the shape (circles, triangles, rectangles or
squares). The dependent variable was the students’ FCPST posttest score.

4.1 Comparing the difficulty of
understanding among shapes
The first analysis was a paired t-test among the students’ FCPST
pre-test scores of circles, triangles, rectangles and squares. This
was done in order to examine whether the concept of triangles is
more difficult to understand than the other shapes. Also it was
examined whether the concept of circles are more easy to
understand than the other shapes. Moreover, the difficulty of
squares is higher than circles and lower than rectangles. There
were significant differences in the students’ FCPST pre-test scores
among circles (M =.951, SD =.035) and triangles (M =.837, SD =
.057), t(233) = 29.033, p <. 001, rectangles (M =.859, SD = .100),
t(233) = 15.067, p <. 001, and squares (M =.897, SD =.080),
t(233) = 11.021, p <. 001. Also, there were significant differences
in the students’ FCPST pre-test scores among triangles (M =.837,
SD = .057) and rectangles (M =.859, SD = .100), t(233) = -3.431,
p <. 001, and squares (M =.897, SD =.080), t(233) = -11.653,
p<.001. Moreover, there was a significant difference in the
students’ FCPST pre-test scores among rectangles (M =.859, SD =
.100) and squares (M =.897, SD =.080), t(233) = -6.452, p<.001.
The descriptive statistics for students’ scores for circles and
triangles are presented in Table 1.

Triangles

M, SD
.951,
.035

M, SD

Control and
Experimental

.837, .057

Recta
ngles
M, SD
.859,
.100

Group

.234

1

.234

Error

.812

231

.004

1

Mean
Squar
es
.069

Pre-test

102.0

.000

.306

Group

.030

1

.030

44.38

.000

.161

Error

.156

231

.001

F

Table 3. Comparison of student scores for triangles in posttest: ANCOVA analysis

M, SD
.897,
.080

Table 2. Comparison of student scores for circles in post-test:
ANCOVA analysis
df

After adjusting for FCPST scores for triangles in the pre-test
(covariate), the following results were obtained from the analysis
of covariance (ANCOVA). A statistically significant main effect
was found for type of intervention on the FCPST post-test scores
for triangles, F(1, 231) = 66.558, p < .001, η2 = .224 (Table 3);
thus the experimental group performed significantly higher in the
FCPST post-test for triangles than the control group.

Pre-test

Before conducting the analysis of ANCOVA on the students’
FCPST post-test scores for circles to evaluate the effectiveness of
the intervention, checks were performed to confirm that there
were no violations of the assumptions of homogeneity of
variances and homogeneity of regression slopes [43]. The result
of Levene’s test when pre-test for circles was included in the
model as a covariate was not significant, indicating that the group
variances were equal, F(1, 232) = .342, p = .559; hence the
assumption of homogeneity of variance was not been violated.

Type III
Sum of
Squares
.069

Then, the analysis of ANCOVA on the students’ FCPST post-test
scores for triangles was performed to evaluate the effectiveness of
the intervention. The result of Levene’s test when pre-test for
triangles was included in the model as a covariate was not
significant, indicating that the group variances were equal, F(1,
232) = 2.743, p = .099; hence the assumption of homogeneity of
variance was not been violated.

Squares

4.2 Evaluate the effectiveness of FCPSM for
circles

Sources

4.3 Evaluate the effectiveness of FCPSM for
triangles

Type III
Sum of
Squares
.106

Table 1. Descriptive statistics for students’ FCPST pre-test
scores
Circles

After adjusting for FCPST scores for circles in the pre-test
(covariate), the following results were obtained from the analysis
of covariance (ANCOVA). A statistically significant main effect
was found for type of intervention on the FCPST post-test scores
for circles, F(1, 231) = 44.384, p < .001, η2 = .161 (Table 2); thus
the experimental group performed significantly higher in the
FCPST post-test for circles than the control group.

Sig.

Sources

F

Sig.

η2

1

Mean
Squar
es
.106

30.05

.000

.115

66.55

.000

.224

df

4.4 Evaluate the effectiveness of FCPSM for
rectangles
Then, the analysis of ANCOVA on the students’ FCPST
post-test scores for rectangles was performed to evaluate the
effectiveness of the intervention.
After adjusting for FCPST scores for rectangles in the pre-test
(covariate), the following results were obtained from the analysis
of covariance (ANCOVA). A statistically significant main effect
was found for type of intervention on the FCPST post-test scores
for rectangles, F(1, 231) = 58.108, p < .001, η2 = .201 (Table 4);
thus the experimental group performed significantly higher in the
FCPST post-test for rectangles than the control group.
Table 4. Comparison of student scores for rectangles in posttest: ANCOVA analysis

η2

Pre-test

Type III
Sum of
Squares
1.869

Group
Error

Sources

F

Sig.

η2

1

Mean
Squar
es
1.869

565.1

.000

.710

.192

1

.192

58.10

.000

.201

.764

231

.003

df

4.5 Evaluate the effectiveness of FCPSM for
squares

teaching method according to the first grade curriculum
(hypothesis 1). Therefore, the first hypothesis was confirmed.

Then, the analysis of ANCOVA on the students’ FCPST
post-test scores for squares was performed to evaluate the
effectiveness of the intervention. The result of Levene’s test when
pre-test for squares was included in the model as a covariate was
not significant, indicating that the group variances were equal,
F(1, 232) = .044, p = .834; hence the assumption of homogeneity
of variance was not been violated.

Also, our findings suggest that the students were taught triangles
with educational intervention based on FCPSM had a significant
improvement compared to those taught using the traditional
teaching method (hypothesis 2). As a result, the second research
question answered positively.

After adjusting for FCPST scores for squares in the pre-test
(covariate), the following results were obtained from the analysis
of covariance (ANCOVA). A statistically significant main effect
was found for type of intervention on the FCPST post-test scores
for squares, F(1, 231) = 3.367, p < .001, η2 = .068 (Table 3); thus
the experimental group performed significantly higher in the
FCPST post-test for squares than the control group.
Table 5. Comparison of student scores for squares in post-test:
ANCOVA analysis

Pre-test

Type III
Sum of
Squares
.252

Group
Error

Sources

F

Sig.

η2

1

Mean
Squar
es
.252

115.6

.000

.334

.120

1

.120

55.26

.000

.193

.503

231

.002

df

Results of this study expand the research on the effects of
appropriate software embedded in a computerized environment as
a tool for visualization and mathematical reasoning used
alongside with specially designed activities [26], [23], [32], [27],
[28], [44], [29], [37], [39], [42]. Also, the outcomes of the present
study create a new teaching model with computer and noncomputer activities based on the theoretical framework that blends
together Realistic Mathematics Education of geometric thinking
in primary school.

5. DISCUSSION
The general purpose of the study was to investigate the impact of
instructional intervention using the First Class Primary Shape
Model (specially designed mathematics activities and software
based on Realistic Mathematics Education) for the purpose of
teaching the basic geometrical concepts of circles, triangles,
rectangles and squares in regards to the geometry competence of
the first grade students of primary school. In this research, we
found that it is more difficult for first grade students to understand
the concept of triangles than the other shapes. These students
carried a relatively great amount of geometric knowledge from
kindergarten and as a result, it is possible that the students
understand circles and their properties better than triangles,
rectangles and squares because triangles are more complex shapes
than the other shapes [26], [31]. Similar behavior we have with
rectangles, which are more complex than squares and circles.
Finally, squares are more complex than circles. Our findings agree
with similar researches [38], [16], [37], [39] which implied that
circles are simpler and triangles are most complex.
Moreover, we found that the students that were taught circles with
educational intervention based on FCPSM had a significant
improvement compared to those taught using the traditional

Moreover, we found that the students that were taught rerctangles
with educational intervention based on FCPSM had a significant
improvement compared to those taught using the traditional
teaching method according to the first grade curriculum
(hypothesis 3). Therefore, the third hypothesis was confirmed.
In addition, we found that the students that were taught squares
with educational intervention based on FCPSM had a significant
improvement compared to those taught using the traditional
teaching method according to the first grade curriculum
(hypothesis 4). Therefore, the fourth hypothesis was confirmed.
Our results overlap with the results of other analogous studies
which indicate the positive effects of a computer based-model of
teaching geometry [26], [32], [37], [42]. Also, our results tend to
confirm that other similar studies which indicate the positive
effects of a computer based teaching model for geometric shapes
[23], [28], [44], [29], [39], [45].
Moreover, an important statistical outcome of the present study
was that the partial eta squared for triangles (η2 = .224 - Table 3)
is higher than it was for rectangles (η2 = .201 - Table 4). Also, the
partial eta squared for rectangles (η2 = . 201 - Table 4) is higher
than it was for squares (η2 = .193 - Table 5). Finally, the partial
eta squared for squares (η2 = . 193 - Table 5) is higher than it was
for circles (η2 = . 161- Table 2).
This outcomes supports that, our teaching intervention had a
somewhat greater impact in learning triangles than of learning
circles for first grade students. Also, the present study
demonstrates that our first grade teaching process, the noncomputer based mathematics activities and the computer based
mathematics activities, may support the learning of both difficult
and simple mathematics in the primary school level. Our findings
agree with other similar researches supporting the effective role of
ICT in education and more specifically in mathematical reasoning
[31], [23], [45], [24], [28], [25], [30], [46].
The above discussion should be referenced in light of some of the
limitations of this study. The first limitation of the study is that the
data collected was from the participants residing the cities of
Athens and Rethymno. The second limitation was the
generalizability of this study which was limited to participants
attending public schools. Therefore, the results from this research
can be generalized only to similar groups of students. The results
may not adequately describe students from other regions of
Greece. However, as the study was of small scale and context
specific, any application of the findings should be done with
caution.
Furthermore, the undertaken computer assisted educational
procedure revealed an extended interest for the tasks involved
from the part of the students. It is an ongoing challenge for the
reflective teacher to decide how this technology can be best
utilized in education; especially in light of the current researches
on the effects of such an implementation. This study is simply one

small piece in the puzzle of geometry education in primary
schools.
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