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Abstract In this study, it is aimed to determine the
effect of visualization on mathematics achievement in the
thesis studies conducted in Turkey. In this context, the
findings obtained from individual studies are combined via
meta-analysis. For this purpose, Council of Higher
Education (CoHE) National Thesis Center database was
thoroughly scanned by using keywords. A total of 35 thesis
studies, 26 of which are master’s thesis and 9 of which are
doctoral dissertations were reached as a result of the
scanning performed. 34 theses are included in the
meta-analysis in line with their inclusion criteria and 42
effect sizes were calculated pertaining to these thesis. To
examine the normal distribution of effect sizes and to
perform other analyses, statistical programs of MetaWin
and Comprehensive Meta-Analysis (CMA) were used
respectively in the study. In the calculation of effect sizes,
quantities of studies included in meta-analysis Hedges’s g
was used and confidence level in calculations of effect
sizes was taken as 95%. The average effect size value
calculated in accordance with random effect model was
found as 0.811 with the standard error of 0.076. Positivity
of effect size shows that the implication effect is in favour
of the experimental group. Basing on this, it can be said
that visualization has a moderate effect on mathematics
achievement.

Keywords Visualization, Mathematics, Achievement,
Meta-Analysis

1. Introduction

There are a lot of researches and publications in
numerous fields of expertise (psychology, engineering, arts,
medicine, economics, chemistry etc.) regarding
visualization [26]. Along with these fields, visualization is

also seen in intensive language communication. Visual
representations are used to fulfill the function of language
in communication [43]. So the importance of visualization
should not be ignored. Because it is found out that human
beings are tend to trust visual information more than other
forms of sensory information in many cases [55]. The
reason why visual information convinces people more
might be the role of eyesight in forming the basis of the
biological and socio-cultural existence of human beings [6].
Therefore visual information and visualization are a part of
human life and valued by humans.

Visualization is also utilized in mathematics as in many
other fields of science. But the meaning of visualization in
mathematics is different in comparison with other fields of
science. Visualization is a reasoning activity in
mathematics [26]. Information stated by a different
representation in mathematics can also be expressed by a
visual representation. This visual representation may
facilitate the process of understanding in mathematics. For
example utilization of pictorial presentations might help to
deduce simply and directly [41]. In a more general saying
all kinds of relationships of a mathematical object can be
apprehended easier and more rapidly due to visualization
[22].

Visualization has a key role for mathematicians and they
have been using visualization for a long time in their
studies [48]. Actually, visual presentations in mathematics
are as old as mathematics itself [52, 57]. Rival [52]
mentioned that geometry and other branches of
mathematics were predominantly based on images in the
past. Even numerous important developments based on
visuals left their marks on the history of mathematics [13].
Consequently, it can be stated that mathematics and
visualization also were one within the other more in the
past.

The basic issue in the mathematics instruction has
always been comprehension [23]. Comprehension is
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possible if mathematical discovery is made properly [61].
In this case, the importance of facilitating mathematical
discovery comes forward. Visual presentations convey the
information systematically and especially by using
interesting and effective ways and, visualization serves an
important purpose like facilitating learning and teaching
mathematics [61]. Especially the developments in
computer technology make it possible for visual
presentations to have a wide scale of diversity [46]. Hence,
it can be said that it is necessary to include visualization in
mathematics instruction to provide mathematical discovery
and comprehension resulting from it.

Even though various terms (visual reasoning, spatial
thinking, visual images, spatial images etc.) are used in the
field of visualization, there is not a general acceptance of
these terms [26]. Similarly, even though there are
numerous concepts (spatial ability, spatial reasoning,
spatial concepts, mental maps etc.) in the field, there is not
a more general clear agreement in the field of spatial
literature [45]. When the body of literature is checked,
visualization and spatial thinking might seem as different
terms but they have the same meaning and visualization is
also expressed as visual thinking or visual imagery [26].
Visualization and spatial thinking are not discriminated
and they are regarded as they have the same meaning in this
study. However it is stated in the literature that concepts of
spatial thinking and spatial ability have the same meaning
[66, 67] or different meanings [67] and even spatial ability
has a narrower meaning than spatial thinking [45]. Spatial
visualization, on the other hand, is regarded either as a
sub-component of spatial ability [11, 45, 66] or used
instead of spatial ability. Moreover, the concepts of spatial
ability, spatial visualization, visual-spatial ability, and
three-dimensional visualization are regarded as they have
the same meaning in the body of literature [66]. It is
obvious that there are numerous interrelated and
interchangeable terms are used on the subject of
visualization. Even though these terms are used differently
at some points, they are all connected to visualization.
Consequently, it turns up that some concepts are directly
(visual thinking, visual imagery etc.) or indirectly (spatial
thinking) used instead of visualization and indirectly as a
sub-component (spatial visualization).

There are various definitions of visualization in
literature. By considering these definitions and conceptual
relationship mentioned up to now, it is tried to specify the
criteria to be included in the study. According to
Hershkowitz [30, p. 75], “Visualization generally refers to
the ability to represent, transform, generate, communicate,
document, and reflect information on visual.” In that case,
visual information is a requisite of visualization. At this
point, knowledge of what could be regarded as visual
information in mathematics, how to compose visual
information and how to use it becomes important for a

better understanding of visualization and forming the study.

The visual information, which is used effectively for
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mathematical discovery and comprehension during the
visualization process, is shaped mentally by using paper
and pencil or by technology [70]; it is composed of visual
designs such as figures, pictures, images or diagrams etc. [6,
9]. In other words, visual information can be created via
mind, paper and pencil or technology and visual designs
from which implications regarding mathematical
information could be made constitute visual information.
Visual presentations of mathematical problems, principles
or concepts are used and produced during mathematical
visualization process [70], problems are solved and
characteristics are proved [26]. Accordingly, visual
information can be used to comprehend and prove
mathematical concepts and to solve problems. In
visualization which is a type of reasoning in mathematics
visual, spatial, mental or physical elements are used [26].
In general, dissertations investigating the effect of
visualizing mathematical information via paper and pencil
or technology by various visual designs (figures, graphics,
pictures, images or diagrams etc.) on the mathematic
achievement of students are examined in this study.

There are numerous thesis studies investigating the
effect of visualization on mathematics achievement in
Turkey. Different results have been obtained by these
thesis studies. The relationship between visualization and
mathematics achievement is examined for different factors
(educational level, implemented technique of visualization,
learning domain, implementation period and sample size)
in these theses. More extensive evaluations can be done by
combining these researches. The relationship between
visualization and mathematics achievement and
determination of the effects of different variables on
achievement is important in terms of inspiring researchers
and leading researches to be conducted in this field. At that
point, the role of meta-analysis studies arises. By
meta-analysis, results of similar studies done
independently can be combined by statistical method and
interpreted coherently [15]. Investigating the literature,
there are not any meta-analysis studies examining the
effect of visualization on mathematics achievement. In this
study, it will be tried to statistically reveal the effects of
visualization on  mathematics  achievement by
meta-analysis from the point of various variables basing on
thesis regarding visualization in mathematics instruction.

2. Materials and Methods

2.1. Research Model

The purpose of this study is reviewing the literature
with regard to the effects of visualization in mathematics
instruction. In this context, findings of individual studies
are combined by meta-analysis. Thus, the effect sizes
regarding the effects of wusing visualization on
achievement are calculated and a general assessment is
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searched.

Meta-analysis is accepted as the analysis of the analyses.

Meta-analysis enables the researchers to statistically
analyze the results of individual analyses and combine the
findings [25]. In other words, meta-analysis is a research
method aiming to determine the relevant field of science
by quantitatively combining the results of certain
researches done in any field [54].

Meta-analysis is used to reduce the limitedness of
individual studies. To do this, primarily all studies on a
certain topic are collected. Then the results of these
studies are synthesized by using statistical tools [24].
While synthesizing the studies through meta-analysis, the
effect size is used to standardize the results and facilitate
inter-study comparisons [42]. Effect size is a value
reflecting the strength of the relationship between two
variables [12]. In other words, it means the size of the
relationship between variables. It can be thought that
effect size is a common measure for the studies included
in meta-analysis and the studies can be interpreted by
using the same standard by this means. Based on the
definitions, it can be said that the purpose of meta-analysis
is to combine quantitative data obtained from individual
studies and to reach a general conclusion regarding the
related topic.

Meta-analysis has five steps [47]:

1) All possible studies regarding a certain topic are
found,

2) Consistent criteria are developed to provide the
selectivity of studies,

3) Information regarding the topic are extensively
determined and recorded for each study,

4) The recorded data is analyzed,

5) A summary of conclusion based on the findings is
drawn.

In this study, it is tried to determine the level of the
effect of visualization on mathematics achievement by
following the mentioned steps.

2.2. Data Collection

The research data was collected within January 2017.
The data sources of the research were composed of
master’s thesis and doctoral dissertations performed in
Turkey and examining the effect of visualization on
mathematics achievement. As visualization techniques are
used in mathematics instruction (computer-based,
worksheets, paper folding etc.) Council of Higher
Education (CoHE) National Thesis Center database was
thoroughly scanned online by using keywords such as
“mathematics instruction, achievement” in order not to
miss relevant dissertations and 483 recorded theses were
found. These theses were reviewed one-by-one and
experimental  studies investigating the effect of
visualization on mathematics achievement were
determined. Basing on the determined theses, the keywords
were determined in terms of visualization. These keywords

are “visualization, visual representation, computer, website,
dynamic software, spatial visualization, spatial ability,

spatial thinking, visual thinking, visual imagery,
visual-spatial ability, three-dimensional visualization,
learning object, augmented reality, origami, Maple,

GeoGebra, Cabri, Cabri 3D, Geometer’s Sketchpad and
Autograph”. Then CoHE database was re-scanned.
Additionally, since “Matlab, Mathematica, MuPad,
MathAID, and Crocodile Mathematics” are dynamic
software programs used in visualization, the names of these
programs were scanned in CoHE database as keywords. At
the end of these scannings, a total of 35 dissertations, 26 of
which are master’s thesis and 9 of which are doctoral
dissertations, are reached. The theses that would be
included in the meta-analysis were specified in line with
the below criteria:

1) The thesis should be prepared between the years of
2003-2017.

2)  The thesis should be either in Turkish or in English.

3) The thesis should be open to access in CoHE
National Thesis Center database or could be
accessed via Turkish Document Provision System
(TUBESS).

4) The thesis should be related to preschool,
elementary school, middle school, high school and
university students in Turkey.

5) The thesis should have both experimental and
control group and designed through pretest-posttest
model.

6) Visualization techniques should be implemented to
the experimental group and other instruction
approaches should be implemented to the control
group in the thesis.

7) The statistical values such as arithmetic means,
standard deviation values or required statistical
values (T-Test, analysis results of F-Test and
pretest-posttest correlations etc.) to calculate effect
size should be given in thesis.

8) Information regarding validity and reliability of
assessment instruments used in thesis should be
available.

One of the master’s theses is not included in the analysis
as it does not involve the required statistical values in
accordance with specified criteria to calculate the effect
size. As 4 achievement tests were implemented to the same
experimental group in one of the doctoral dissertations, 4
effects sizes were calculated. In other words, this
dissertation was evaluated as 4 different studies. In another
doctoral dissertation the same achievement test was
implemented to 2 different experimental groups and so 2
effect sizes were calculated. In other words, it was
evaluated as 2 different studies. Also, 3 different
achievement tests were implemented to the same
experimental group in one of the master’s thesis and 3
different effect sizes were calculated, this thesis was
regarded as 3 different studies. In another master’s thesis, 3
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different achievement tests were implemented in
accordance with the grade levels and thereby 3 effect sizes
were calculated. Therefore, this thesis was regarded as 3
different studies. In order to prevent confusion regarding
this type of studies, letters “a, b, ¢, and d” were written next
to the year of the study. At the end, 34 studies were
included in the meta-analysis and 42 effect sizes were
calculated.

2.3. Data Coding

A coding form was created regarding the inclusion
criteria in order to be used at the phases of meta-analysis
process. This form included the information of thesis
number, name, author, publication year, type, educational
level of sample, sample size, implemented visualization
technique, learning domain where the implementation is
done, implementation period, statistical information
regarding experimental and control groups (sample size,
arithmetic mean, standard deviation etc.), information
regarding validity and reliability of utilized assessment
instruments. The information about theses to be included
in the meta-analysis on the forms was separately coded by
two researchers. The researchers got together after coding,
compared the forms and agreed on coding. By doing this,
it was aimed to determine the accuracy of the studies to be
included in meta-analysis and to include the data in
analysis without any mistake.

2.4. Data Analysis

Effect size is used to standardize the results and facilitate
inter-study comparisons in the meta-analysis [42]. There
are two approaches for calculating effect size: fixed effect
model and random effect model. In fixed effect model, it is
assumed that effect sizes of the universes of researches in
meta-analyses do not differ. Therefore effect sizes and
standard deviations of the universes are accepted as zero
[21]. In this context, each study has a real effect value [12].
In random effect model, on the other hand, it is assumed
that effect sizes of meta-analyzed studies differ from 1
study to the other. Therefore, effect sizes and standard
deviations of the universes are different from zero. In this
context, effect value of each study might differ [21].

In order to select the model to be used in the
meta-analysis, it is tested whether the effect sizes of the
included studies have homogenous distributions or not. In
order to do this, the results of Q-Statistic are checked. If
effect sizes have homogenous distribution, fixed effect
model should be used and if effect sizes have
heterogeneous distribution, random effect model should be
implemented [21]. Q-Statistics is used to test the null
hypothesis which asserts that all studies included in
meta-analysis share a common effect size by chi-square
distribution. If the obtained Q value is lower than the
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corresponding value in chi-square (X?) table in terms of
significance level (p-value) and degree of freedom (df),
homogeneity is obtained. However, if the studies to be
included in the meta-analysis are obtained from
unpublished articles, it is more reasonable to use random
effect model [12]. Basing on this information, random
effect model was used in this study.

In the study statistical program of MetaWin was used to
examine normal distributions of effect sizes and
Comprehensive Meta-Analysis (CMA) was used for the
other analyses. To calculate the effect sizes of studies
included in meta-analysis formats where mean (X ) and
standard (SD) deviations and sample sizes (N) of
experimental and control groups or formats, the necessary
statistical values (p value, t value etc.) can be entered via
the interface provided by CMA program.

Publication bias is examined by using funnel plot and
Rosenthal’s safe N statistic in the study. If there is no
publication bias, funnel plot shows that the effect sizes of
included studies in meta-analysis are symmetrically
distributed around the general effect size [12]. However
asymmetrical distribution might be caused by various
factors and also might express a real heterogeneity [60].
Therefore it might not be true to say that an asymmetrical
distribution always results from publication bias.
Rosenthal’s N statistics (fail-safe N-FSN) might be defined
as the number of studies to be added to analysis in order to
reduce the effect calculated in meta-analysis to zero [12]. If
N value increases, the reliability of the result of the study
also increases [21]. Basing on Rosenthal’s statistics Mullen
Muellerleile and Bryant [44] stated that if the value
obtained from N/(5k+10) (k is the number of studies
included in meta-analysis) is higher than 1, the result of
meta-analysis would be sufficiently resistant for following
studies.

Hedges’s g was used in the study to calculate effect sizes
of the included studies in meta-analysis and the reliability
level in effect size calculations was taken as 95%. The
following criteria were taken into consideration to interpret
the effect sizes obtained from meta-analysis: If effect size
is between 0 and 0.20, it has low effect level; if between
0.21 and 0.50, it has a small level effect; if between 0.51
and 1.00, it has medium effect level and if more than 1, the
effect level is large [15, p. 521]. Educational level,
implemented technique of visualization, learning domain,
implementation period and sample size were determined as
moderator variables in the study. Analog ANOVA test was
utilized in the analysis of moderators.

3. Findings

Descriptive statistics of the theses conducted in Turkey
in terms of the effect of visualization in mathematics
instruction are given in Table 1.

>
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Table 1. Descriptive statistics of the theses investigating the effect of visualization on mathematics achievement

Frequency Percentage (%)
Master’s Thesis 25 73.53%
Study Type - -
Doctoral Dissertation 9 26.47%
2003 2 5.88%
2006 1 2.94%
2007 2 5.88%
2008 1 2.94%
2009 3 8.82%
2010 1 2.94%
Study Year
2011 3 8.82%
2012 6 17.65%
2013 6 17.65%
2014 4 11.76%
2015 4 11.76%
2016 1 2.94%
Elementary School 1 2.94%
. Middle School 18 52.94%
Educational Level -
High School 6 17.65%
University 9 26.47%
. . Geometry 21 61.76%
Learning Domain -
Mathematics 13 38.24%
Computer-based 27 79.41%
Visualization Technique Worksheet 3 8.82%
Paper folding (origami) 11.76%
1 -20 participants - -
. 21-40 participants 12 35.29%
Sample Size —
41-60 participants 14 41.18%
61 or more participants 8 23.53%
1 -5 hours 1 2.94%
6-10 hours 9 26.47%
11-15 hours 5 14.71%
. . 16-20 hours 4 11.76%
Implementation Period
21-25 hours - -
26-30 hours 6 17.65%
31 hours and above 1 2.94%
Unspecified 8 23.53%
Total 34 100

As seen in Table 1, 25 of the theses (73.53%) included in
meta-analysis are master’s thesis and 9 (26.47%) are
doctoral dissertations. The highest number of the theses
were conducted in 2012 and 2013 (6 theses, 17.65%)
between the years of 2003 and 2017. When the educational
level is considered, the highest number of the theses (18
theses, 52.94%) was regarding middle schools and the
lowest number of theses (1 thesis, 2.94%) was done at
primary schools. 21 of the theses (61.76%) were about
geometry and 13 of them (38.24%) were about
mathematics. Mostly computer-based visualization
techniques are used in the theses (27 theses, 79.41%).
When the values are examined in terms of sample size,
there is no thesis having a sample of 1-20 participants. 12
studies (35.29%) used a sample of 21-40 participants, 14

studies (41.18%) used a sample of 41-60 participants and 8
studies (23.53%) used a sample of 61 participants and
above. Visualization techniques in thesis are implemented
between 6-10 hours at most (9 thesis, 26.47%). There are 8
thesis studies (23.53%) implementation periods of which
are unspecified.

3.1. Findings Regarding Effect of Visualization on
Mathematics Achievement

Normal distribution plot is examined for the
convenience of combining the effect sizes of 34 studies
included in meta-analysis. Normal distribution plot
regarding the effect sizes in the studies is given in Figure 1.
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Figure 2. Funnel plot of the studies included in meta-analysis

When normal distribution plot in Figure 1 is examined,
it is seen that the effects sizes of the studies included in
meta-analysis are scattered around normal distribution line
and between the confidence intervals indicated by dotted
lines. Therefore it can be said that the effect sizes of the
studies are normally distributed and could be statistically
combined.

Funnel plot regarding the possibility of publication bias
related to studies included in meta-analysis before the
calculation of effect values with respect to determination
of the effect of visualization on mathematics achievement
is given in Figure 2.

When Figure 2 is examined, it is seen that the studies
intensively gathered in the middle part of the funnel plot.
The studies also show an almost symmetrical scatter on

both sides of vertical line showing the combined effect size.

This appearance points out a possibility of low level of
publication bias. Therefore Rosenthal’s safe N was also
examined in addition to funnel plot. The information
regarding Rosenthal’s safe N statistic which was calculated

with regard to meta-analysis about the effect of
visualization on mathematics achievement is given in
Table 2.

Table 2. Results of rosenthal’s FSN statistic calculated with regard to
meta-analysis examining the effect of visualization on mathematics
achievement

Bias State
Z value for monitored studies 18.07074
P value for monitored studies 0.00000
Alpha 0.05
Direction 2
Z value for Alpha 1.95996
Number of monitored studies 42
FSN 3529

As seen in Table 2, N value is found as 3529. In
accordance with the formula of N/(5k+10) by Mullen et al.
[44] related to publication bias basing on Rosenthal’s
proposition the result is 3529/(5*42+10) = 6.0409.
Therefore it can be said that the studies included in
meta-analysis are resistant to publication bias.
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Homogeneity values, average effect sizes and
confidence intervals of the studies in terms of fixed and
random effect models to determine the model to be used to
calculate effect sizes of studies included in meta-analysis
are given in Table 3.

When Table 3 is examined, homogeneity value of the
studies included in meta-analysis through fixed effect
model was calculated as Q=120.630. It is determined in
Chi Square table that the critical value of the degree of
freedom 41 at 95% significance level is 56.942. According
to these findings, Q value (120.630) is larger than the
critical value (for df=41, x? =56.942) corresponding
degree of freedom 41 in Chi Square table. Basing on this, it
can be said that the studies included in meta-analysis have

heterogeneous structure. Therefore, random effect model
was used to calculate average effect sizes of studies
included in meta-analysis. The average effect size
calculated by using random effect model values was found
as 0.811 by 0.076 standard error. The positive value of
effect size proves that implication effect is in favour of
experimental group. The calculated effect value (0.811) is
close to strong level according to Cohen et al. [15].
Consequently, it can be said that visualization has a large
positive effect on mathematics achievement.

The forest plot showing the distribution of the effect size
values of primary studies constituted in terms of random
effect model is given in Figure 3.

Table 3. Average effect sizes and lowest and highest values of confidence interval in terms of effect model

Model | Average Effect Size 95% Confidence Interval of Effect Size Standard | Homogeneity | Degree of o
Value (ES) Lower Limit Upper Limit Error (SE) Value (Q) Freedom
Fixed 0.772 0.687 0.858 0.044
120.630 41 0.000
Random 0.811 0.661 0.960 0.076
study name statistics for each study Hedges'’s g and 95% CI
Hedges’s Standard Lower Upper
g error Variance limit limit Z-Value p-Value

Agag 2009 0.438 0.322 0.104  -0.194 1.069 1.359 0.174 4.
Akgill, 2014 a 1.610 0.412 0169  0.803  2.416 3.911 0.000 -
Akgill, 2014 b 1.201 0.401 0.160  0.416  1.986 2.999 0.003 om
Akgill, 2014 ¢ 0.688 0.327 0.107 0.047  1.330 2.102 0.036 "
Aksoy, 2007 0.720 0.309 0096  0.114 1.327 2.328 0.020 ——
Aktiimen, 2007 0.416 0.290 0.084  0.152  0.985 1.436 0.151 —.—
Andig 2012 1.119 0.361 0.131 0.410 1.827 3.096 0.002 ——
Balci Seker, 2014 1.553 0.319 0102 0928 2477 4.871 0.000 —
Basaran Simsek, 2012 0.759 0.347 0.121 0.078  1.440 2.185 0.029 ——
Bulut, 2009 0.700 0.309 0.095  0.095  1.305 2.266 0.023 ——
Gekmez, 2013 a 0.539 0.223 0050 0102  0.976 2.420 0.016 =
Gekmez, 2013 b 1.207 0.246 0.060  0.725  1.688 4.908 0.000 -
Gekmez, 2013 ¢ 1.016 0.240 0.058  0.545 1.486 4.229 0.000 .
Gekmez, 2013 d 0.973 0.237 0.056  0.508 1.438 4.098 0.000 R B
Dagdelen, 2012 0.704 0.320 0.102 0.077 1.331 2.202 0.028 ——
Doktoroglu, 2013 a -0.232 0.256 0.065 -0.733  0.269  -0.908 0.364
Doktoroglu, 2013 b -0.128 0.255 0.065 -0.628  0.372 -0.502 0.615 1
Doktoroglu, 2013 ¢ 0.804 0.265 0070  0.284 1.324 3.031 0.002 —a—
Giibagci, 2009 0.603 0.303 0.092  0.008 1.197 1.988 0.047 el
Giiburnu, 2013 0.566 0.352 0124  -0.123  1.256 1.610 0.108 ——
Giines, 2016 1.846 0.306 0.093  1.248 2.445 6.043 0.000 —E—
Ibili, 2013 a 0.518 0.273 0.075  -0.017 1.053 1.898 0.058 .
Ibili, 2013 b 0.446 0.294 0.088  0.129 1.021 1.519 0.129 .
Ipek, 2003 0.513 0.235 0.055  0.051 0.974 2.178 0.029 .
Kabaka, 2006 0.363 0.358 0128  -0.339 1.065 1.013 0.311 —.—
Kalay, 2015 0.431 0.216 0.047  0.007  0.855 1.990 0.047 —
Kan, 2014 0.993 0.254 0.065 0494  1.492 3.903 0.000 —=—
Karaaslan, 2013 0.216 0.327 0107  -0426  0.857 0.658 0.510 —tl—
Konyalioglu, 2003 0.601 0.200 0.040 0209  0.993 3.004 0.003 -
Kiislii, 2015 1.510 0.305 0.093 0912 2108 4.950 0.000 -
Oniir, 2008 0.611 0.275 0.075  0.073 1.149 2.226 0.026 . =
Ozgakir Stimen, 2013 0.575 0.254 0.065  0.077 1.074 2.265 0.024 -
Ozgelik, 2014 1.064 0.273 0.074 0.530 1.599 3.903 0.000 e
Samur, 2015 1.841 0.392 0.153 1.074  2.608 4.702 0.000 — -
Simsek, 2012 0.379 0.261 0.068  -0.134  0.891 1.449 0.147 4
Takicak, 2012 1.018 0.261 0.068 0.507 1.530 3.903 0.000 R =
Tayan, 2011 2.347 0.341 0.117 1678  3.017 6.873 0.000 —
Tekin, 2010 1.059 0.298 0.089 0474  1.643 3.552 0.000 ——
Topaloglu, 2011 1573 0.356 0127 0875 2272 4.414 0.000 ——
Tural Sénmez, 2012 0.859 0.239 0.057 0.390 1.327 3.591 0.000 —
Yiicesan, 2011 0.653 0.292 0.085 0.082  1.225 2.240 0.025 —R—
Zengin, 2015 0.404 0.334 0112  -0.250 1.059 1.211 0.226 -

0.811 0.076 0.006  0.661 0.960  10.651 0.000 &

-4.00 -2.00 0.00 2.00 4.00
Favours A Favours B

Figure 3. Forest graph of the effect sizes of the studies in terms of random effects model
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Black squares in Figure 3 show effect sizes of individual
studies and lines on both sides of squares show lower and
upper limits of the effect size within 95% confidence
interval. The surface of the squares points out the weight of
the related study in overall effect size. The numerical
values regarding the weight of individual studies are also
given at the right side of Figure 3. Equilateral quadrangle
below the squares presents the overall effect size of studies.
When effect sizes are examined, it is seen that the lowest
value is -0.232 while the highest value is 2.347. 40 of
calculated effect sizes are positive and 2 of them are
negative. Consequently, the visualization technique
implemented in 40 studies has an effect in favour of
experimental group.

When primary studies included in meta-analysis are
reviewed, it is seen that 8 studies have low level effect in
terms of the effect of visualization on mathematics
achievement [1, 4, 31b, 33, 34, 36, 58, 69], eighteen studies
have medium level effects [2c, 3, 10, 14, 16a, 16d, 17, 20c,
27,28, 314a, 32, 35, 37, 49, 50,65, 68], fourteen studies have
strong effects [2a, 2b, 5, 8, 16b, 16¢, 29, 39, 51, 53, 59, 62,
63, 64] and 2 studies have low level negative and weak
effects [20a, 20b].

3.2. Findings about the Effect Sizes in Terms of
Educational Level

Results regarding the calculated effect sizes in
accordance with the effect of visualization on mathematics
achievement in terms of educational level (middle school,
high school, university) are given in Table 4.
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The homogeneity value between the groups in terms of
educational level was calculated as (Qg) 0.056. The critical
value of the degree of freedom 2 at 95% significance level
in Chi Square table is 5.991. It is seen that Q value is
smaller than the corresponding critical value at degree of
freedom 2 in Chi Square table (Qg=0.056, p=0.972). Thus,
a statistically significant difference between the groups in
terms of educational level cannot be found. According to
Cohen et al. [15], effect sizes calculated in terms of
education levels have a medium-level effect.

3.3. Findings about the Effect Sizes in Terms of
Implemented Visualization Technique

Results regarding the calculated effect sizes in
accordance with the implemented technique of
visualization ~ (computer-based, = worksheet,  paper
folding-origami) to determine the effect of visualization on
mathematics achievement are given in Table 5.

The homogeneity value between the groups in terms of
implemented technique of visualization was calculated as
(Qg) 0.816. The critical value of the degree of freedom 2 at
95% significance level in Chi Square table is 5.991. It is
seen that Q value is smaller than the corresponding value at
degree of freedom 2 in Chi Square table (Qg=0.816,
p=0.665). Thus, a statistically significant difference
between the groups in terms of implemented technique of
visualization cannot be found. According to Cohen et al.
[15], effect sizes calculated in terms of implemented
technique of visualization have a medium-level effect.

Table 4. Effect size differences in terms of educational level

Homogeneity Value Average Effect | 95% Confidence Interval for Effect Size | standard
Variable p n .
Between Groups (Qg) Size Value (ES) Lower Limit Upper Limit Error (SE)
Educational Level 0.056 0.972
Middle School 23 0.808 0.579 1.037 0.117
High School 6 0.871 0.397 1.346 0.242
University 12 0.823 0.607 1.039 0.110
Table 5. Effect size differences in terms of implemented technique of visualization
Homogeneity Value Average Effect | 95% Confidence Interval for Effect Size | standard
Variable p n .
Between Groups (Qs) Size Value (ES) Lower Limit Upper Limit Error (SE)
Impleme_nted _Tec_hmque of 0816 0.665
Visualization
Computer-based 35 0.826 0.649 1.004 0.091
Worksheet 3 0.672 0.387 0.957 0.146
Paper Folding-Origami 4 0.793 0.468 1.119 0.166
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3.4. Findings about the Effects Sizes in Terms of
Learning Domain

Results regarding the calculated effect sizes in
accordance with the learning domain (mathematics,
geometry) to determine the effect of visualization on
mathematics achievement are given in Table 6.

The homogeneity value between the groups in terms
learning domain was calculated as (Qg) 0.662. The critical
value of the degree of freedom 1 at 95% significance level
in Chi Square table is 3.841. It is seen that Q value is
smaller than the corresponding value at the degree of
freedom 1 in Chi Square table (Qg=0.662, p=0.416). Thus,
a statistically significant difference between the groups in
terms of learning domain cannot be found. According to
Cohen et al. [15], effect sizes calculated in terms of field of
education have medium-level effect.

3.5. Findings about the Effect Sizes in Terms of
Implementation Period

Results regarding the calculated effect sizes in
accordance with the implementation period (6-10 hours,
11-15 hours, 16-20 hours, 26-30 hours, unspecified) to
determine the effect of visualization on mathematics
achievement are given in Table 7.

When Table 7 is examined, it is seen that there is no
study with 21-25 hours of implementation period and
implementation period in 8 studies are not specified in
hours. Therefore, the effect size for the implementation
period of 21-25 hours could not be calculated. The
homogeneity value between the groups in terms of
implementation period was calculated as (Qg) 6.711. The
critical value of the degree of freedom 4 at 95%
significance level in Chi Square table is 9.488. It is seen
that Q value is smaller than the corresponding value at the
degree of freedom 4 in Chi Square table (Qg=6.711,
p=0.152). Thus, a statistically significant difference
between the groups in terms of implementation period
cannot be found. According to Cohen et al. [15], the effect
size of implementation period of 16-20 hours has a large
effect and the calculated effect sizes for implementation
periods have medium-level effect.

3.6. Findings about the Effect Sizes in Terms of Sample
Size

Results regarding the calculated effect sizes in
accordance with sample size (21-40 participants, 41-60
participants, 61 participants and above) to determine the
effect of visualization on mathematics achievement are
given in Table 8.

Table 6. Effect size differences in terms of learning domain
Variable Homogeneity Value . ; A_verage Effect 95% Confidence Interval for Effect Size Standard
Between Groups (Qg) Size Value (ES) Lower Limit Upper Limit Error (SE)
Learning Domain 0.662 0.416
Mathematics 15 0.753 0.611 0.895 0.072
Geometry 27 0.863 0.640 1.085 0.114
Table 7. Effect size differences in terms of implementation period
Variable Homogeneity Value 0 I Average Effect | 95% Confidence Interval for Effect Size | standard
Between Groups (Qg) Size Value (ES) Lower Limit Upper Limit Error (SE)
Implementation Period 6.711 0.152
6-10 hours 11 0.648 0.323 0.972 0.166
11-15 hours 10 0.749 0.588 0.910 0.082
16-20 hours 4 1.251 0.843 1.660 0.209
26-30 hours 6 0.718 0.328 1.108 0.199
Unspecified 8 0.996 0.513 1.478 0.246
Table 8. Effect size differences in terms of sample size
Variable Homogeneity Value 0 . A_\verage Effect | 95% Confidence Interval for Effect Size | standard
Between Groups (Qg) Size Value (ES) Lower Limit Upper Limit Error (SE)
Sample Size 0.162 0.922
21-40 participants 14 0.830 0.574 1.085 0.130
41-60 participants 17 0.823 0.512 1.133 0.159
61 or more participants 11 0.775 0.618 0.932 0.080
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When Table 8 is examined, it is seen that there is no
study with a sample size of 1-20 participants. Therefore
effect size of this group could not be calculated. The
homogeneity value between the groups in terms of sample
size was calculated as (Qg) 0.162. The critical value of the
degree of freedom 2 at 95% significance level in Chi
Square table is 5.991. It is seen that Q value is smaller than
the corresponding value at the degree of freedom 2 in Chi
Square table (Qg=0.162, p=0.922). Thus, a statistically
significant difference between the groups in terms of
sample size cannot be found. According to Cohen et al.
[15], the effect sizes calculated in terms of sample size
have medium-level effect.

4. Discussions and Conclusions

In this study, which examines the effect of visualization
on mathematics achievement, 42 effect sizes related to
individual studies were calculated. It is seen that 40 of
these effect sizes have positive and 2 of them have
negative values. The average effect size value of 42
studies calculated in accordance with random effect model
is 0.811. According to Cohen et al. [15], this effect value
is close to large. In this respect, it can be said that
visualization in mathematics has a strong positive effect
on the achievement. This result coincides with the studies
which state that different visualization techniques used in
mathematics instruction increase achievement [7, 18, 19,
38, 40, 56].

Regarding the studies included in meta-analysis
educational level, implemented visualization technique,
learning domain, implementation period and sample size
were determined as moderator variables and their effect
sizes were calculated.

In the study, educational level was divided into 3
groups such as middle school, high school and university
and their effect values were calculated. In accordance with
the effect values calculated in terms of educational level,
no statistically significant difference was found between
groups. The effect sizes calculated for these 3 groups have
medium-level effects. It can be concluded that
visualization has a similar positive effect in terms of
educational levels.

The implemented techniques of visualization were
divided into 3 groups; computer-based, worksheet and
paper folding (origami) and the effect values of these
groups were calculated. In accordance with the effect
values calculated in terms of implemented techniques of
visualization, no statistically significant difference was
found between groups. The effect values calculated for
these 3 groups have medium-level effect. It indicates that
visualization has a similar positive effect in terms of
implemented techniques of visualization.

The effect values with regard to 2 groups (mathematics
and geometry) were calculated in terms of the learning
domain. In accordance with the effect values calculated in
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terms of learning domain, no statistically significant
difference was found between groups. The effect values
calculated for these 2 groups have medium-level effect.
However, it is seen that the effect value calculated for
geometry is greater and close to a strong level effect. In
this context, it can be said that the effect of visualization
on achievement in geometry is greater than its effect on
mathematics.

The implemented periods were divided into 5 groups
6-10 hours, 11-15 hours, 16-20 hours, 26-30 hours and
unspecified and their effect values were calculated. No
study was found related to 21-25 hours group in the study
and the effect value of this group could not be calculated.
In accordance with the effect values calculated in terms of
the implementation period, no statistically significant
difference was found between groups. However, it is seen
that the effect value calculated for 16-20 hours group is at
a strong level, the effect sizes with regard to 8 studies in
which the implementation periods were not given in hours
are close to strong level and other effect sizes have a
medium-level effect.

Effects sizes of 3 groups were calculated in terms of
sample size: 21-40 participants, 41-60 participants, 61
participants and more. Since there was no study regarding
1-20 participants group in terms of sample size, any effect
value of this group could not be calculated. In accordance
with the effect values calculated in terms of sample size,
no statistically significant difference was found between
groups. The effect sizes of these 3 groups have
medium-level effects. This indicates that visualization has
a similar positive effect in terms of sample size.

5. Recommendation

In this study, the effect of visualization in mathematics
instruction was examined only in terms of achievement by
using various variables. Therefore the effects of
visualization on attitudes and motivation of students in
mathematics instruction can also be investigated in terms
of various variables.

As a consequence of the research, it is seen that
visualization has a positive effect on mathematics
achievement. Only 1 study done on the educational level
of primary schools can be found among the theses in this
topic. Therefore, it could be said that the studies
investigating the effect of visualization on mathematics
achievement for the preschool and primary school levels
are needed.

In the study, it is seen that predominantly
computer-based techniques are used as the implemented
technique of visualization. Even so, it is also observed that
computer-based techniques of visualization used in
mathematics instruction do not make any significant
differences in comparison with other techniques used. As
a result, other techniques of visualization can be utilized
in order to increase mathematics achievement in
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technologically insufficient environments.

Notes

An earlier version of this paper was presented at IV.
International Eurasian Educational Congress, 11-14 May
2017, Pamukkale University, Turkey.
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