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Abstract 
The purpose of this study is to examine the effects of concrete and technology-assisted learning tools on 
developing the conception of place value, mathematical achievement and arithmetical performance of primary 
school 4th graders. The study group was comprised of three different primary schools. There were no group 
differences prior to intervention based on the scores obtained from “Place Value Test”, “Mathematics 
Achievement Test” “Arithmetic Performance Test”. The study has been conducted over 8 class hours with two 
experimental and a control group. Results showed that; place value conception, mathematical achievement and 
arithmetic performance achievement of experimental groups using concrete (trial 1) and technology-assisted 
(trial 2) learning tools was higher than the control group where no intervention has been made. No significant 
difference has been observed between the "Place Value Test" and “Mathematics Achievement Test” post-test 
and retention test score averages of Trial 1 and Trial 2 groups, but there was a significant difference between 
trial groups and control group. According to the retention test results, obtained three weeks after the practice, 
all the groups did remember what has been taught to them. In this sense, it is deemed to be important to use 
effectively designed teaching tools in mathematics education to improve the achievement levels of students. 
© 2017 IJCI & the Authors. Published by International Journal of Curriculum and Instruction (IJCI). This is an open-access 
article distributed under the terms and conditions of the Creative Commons Attribution license (CC BY-NC-ND) 
(http://creativecommons.org/licenses/by-nc-nd/4.0/). 
Keywords: arithmetic performance; concrete tools; digital material; mathematics achievement; place value 

1.  Introduction 

The ever-growing importance of mathematical skills in reaching academic and 
professional success in the modern world is an undeniable fact. When teaching 
mathematics, the highly complicated processes of the subject-specific cognitive 
development must be taken into consideration. In general, the development of numerical 
skills takes place at a different rate for each child. In particular, the fact that individuals 
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with difficulties in learning mathematics lag two-years behind their peers (Shalev, 2004) 
led researchers to provide additional learning opportunities that aim to give education 
together with their peers in standard classes and increase their potential. Early detection 
of individuals with lower achievement levels in mathematics and the effectiveness of the 
education provided to such students are deemed to be important in leading them to 
achievement (Olkun, Altun, Cangöz, Gelbal & Sucuoğlu, 2012), since brain plasticity is at 
a very high level during early ages (Zamarian, Ischebeck & Delazer, 2009). As the brain is 
more flexible during the younger years in terms of learning, renewing and changing 
abilities, intervention (education) programs are now being developed for younger children 
(Griffin, Case & Siegler, 1994; Whyte & Bull, 2008; Wilson, Revkin, Cohen, Cohen & 
Dehaene, 2006). One of the areas where intervention programs are being used in 
mathematics education is the place value concept. 

1.1.  Place Value Concept 

Each figure in a multi-digit number takes-up a value depending on its position. This is 
called the place value. Place value is a complicated system that is difficult to indicate. 
Furthermore, place value (PV) concept also constitutes the basis of many areas of 
mathematics programs in schools. Because the number system we are using is a 
precondition in areas such as arithmetic and evaluation works. PV concept is the building 
stone of multi-digit operations, particularly for those related to arithmetic development. 

Despite being very important for mathematics education, the concept of PV is probably 
the biggest challenge for kids up to that point regarding numbers. Because PV concept was 
not so important in the past for the learning processes of students and it was thought that 
children would grasp this concept in no time (Olkun & Toluk-Uçar, 2018). As a result, 
many children are facing difficulties in learning PV concepts and mastering related skills 
(Baroody, 1990). 

1.2.  The Relation between Mathematics Achievement, Arithmetical Performance and Place 
Value Concepts 

Individuals having difficulties in learning mathematics are also finding it difficult to 
understand simple number concepts and lack the intuition of perceiving numbers. They 
experience problems in learning numerical conditions and making calculations. Even if 
they provide correct answers to questions or use the right method, they may do it 
mechanically and without any confidence (Education-Skills, 2001). They have difficulties 
in performing simple arithmetic works (Shalev et al, 2001) and performing skills based on 
remembering when solving verbal problems (Geary, 2004). They have difficulties in 
estimating the size and dimension of numbers. They are insufficient in understanding the 
relation between numbers (Sharma, 2015). They are slow in grasping numbers and 
working with numbers (Geary, 2004). 
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It has been reported that students with particular difficulties in understanding 
mathematics are finding it difficult in integrating numbers into place value structure 
(Dietrich, Huber, Dackermann, Moeller & Fischer, 2016). The difficulties in understanding 
the place value system is deemed as a great obstacle for the mathematical development of 
students (Chan et al., 2014; Nataraj & Thomas, 2007), because understanding PV is a basic 
numerical skill and forms the basis of the following numerical development. 
Understanding the PV concept is located right at the center of developing number sense 
and forms the basis of four basic operations of mathematics (addition, subtraction, 
multiplication and division) (Nataraj & Thomas, 2007). PV concept constitutes the 
infrastructure of many areas in school mathematic programs and a comprehensive grasp 
of this concept has a significant effect on learning many themes such as whole numbers, 
decimal numbers, problem solving, and percentages among others (Andreasen, 2006; Chan 
et al, 2014). Therefore, a grasp of PV concept by students acts as an important pre-
condition skill factor for their future achievement in mathematics (McGuire & Kinzie, 
2013; Nataraj & Thomas, 2007; Sarı & Olkun, 2019). In other words, a flexible 
understanding of place value plays an important role in learning and understanding 
mathematics (Ladel & Kortenkamp, 2016). 

Despite the general assumption by researchers that PV concept is an important factor 
for the arithmetic achievement of students and understanding several areas of 
mathematics (percentage, fraction etc.), the studies conducted reveal that most of the 
students are deprived of the understanding of PV concept (Baroody, 1990; Cooper & 
Tomayko, 2011; Dinç-Artut & Tarım, 2006; Thomas, 2004; Ian Thompson, 2000; Thouless, 
2014; Tosun, 2011). For instance; a study conducted by Cooper and Tomayko (2011) has 
reported that students deprived of the PV idea have considered the numbers “26” and “62” 
to be the same. Similarly, a study by Thouless (2014) reported that students had difficulties 
in understanding the concept of decimal base, which led them fail to develop a skill of 
correctly solving mathematic-based verbal problems. This is an indication that the 
students have a limited understanding of the PV concept. 

The limited understanding of PV concept by students can be seen in the domestic body 
of literature too. A study by Dinç-Artut and Tarım (2006) asked primary school students 
to give as many tokens as the number seen in the units digit of number “16” and they did 
extend the correct amount of tokens (6 of them), however they only gave 1 token for the 
tens digit, instead of 10 units. Tosun (2011) reported that primary school 5th grade 
students were unable to distinguish between place value and face value and unable to 
understand the relation between them. 

Looking at the findings in the domestic and international literature as a whole; it can be 
said that many students from all levels are experiencing significant difficulties with 
regards to PV concept. This failure in understating PV concept is limiting the future 
mathematics achievement of both normal developing children and of those having 
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difficulties in learning mathematics and causes hardships in the education of many 
children (Byrge, Smith & Mix, 2014). Insufficient development of PV concept can lead to 
negative consequences in terms of mathematics achievement of students. In primary school 
level mathematics in particular, basic arithmetic based on place value can obstruct or slow 
down conceptual understanding of algorithms (Cooper & Tomayko, 2011). In case this 
deficiency of understanding is not rectified, the gap arising from the place value idea will 
make it even harder for children to deal with more complicated algorithms (Cuffel, 2009). 

1.3.  Concrete and Technology-Assisted Tools in Mathematics Education 

Concrete (manipulative) tools are objects designed to clearly and tangibly represent 
abstract mathematical ideas (Moyer, 2001). In other words, concrete manipulatives or 
physical manipulatives are objects that are used as tools that help students to try and 
explore mathematical concepts (Demetriou, 2016). Concrete tools are important as they 
help mathematics to become meaningful for students by ensuring some concepts, theories 
and operations to be expressed tangibly; contribute to create an environment where 
students are made to feel that they are learning and ensure students gain a positive 
attitude towards mathematics (Bulut, Çömlekoğlu, Özkaya-Seçil, Yıldırım & Tuncay-
Yıldız, 2006).  

Concrete tools, along with advancements in technology, merge the beneficial aspects of 
concrete manipulatives and the unique capabilities of computer technology to create a new 
manipulative class (virtual or computer-based manipulatives) (Burns & Hamm, 2011). In 
this sense, technology-assisted (virtual) manipulatives are the interactive, web-based 
virtual presentations of dynamic objects that offer opportunities for creating mathematical 
information (Demetriou, 2016). Virtual manipulatives are tools that can be used by 
students to solve their troubles when creating connections between mathematical concepts 
and operations and they provide interactive environments where students can get instant 
feedback about their actions (Durmuş & Karakırık, 2006). In this sense, virtual 
manipulatives are dynamic, interactive, flexible and easy to manage (Petit, 2013). 

A review of the body of literature indicates that the use of concrete and technology-
assisted manipulatives in mathematics education have different kinds of impacts on the 
achievement of students. In other words, studies have yielded different findings with 
regards to the impact of using concrete and virtual manipulatives on the mathematics 
achievement of students in teaching mathematics. Some studies indicate that the use of 
concrete tools have an impact on the achievement of students (Kontaş, 2016; Larbi & 
Mavis, 2016; Olkun, 2003). For instance, Kontaş (2016) conducted a study with 7th 
graders, concluding that the use of concrete tools in geometry increased the achievement 
of students compared to those who did not use any and that it also had an impact on the 
attitudes of the students. Larbi and Mavis (2016) concluded that the concrete tools, algebra 
tiles, used in their study had an impact on the   students’ achievement in algebra. 
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Some studies indicate that the use of virtual tools have an impact on the mathematics 
achievement of students (Demetriou, 2016; Olkun, 2003; Reimer & Moyer, 2005). 
Demetriou (2016) reported that even though both concrete and virtual manipulatives are 
developing the symmetry capabilities of students, use of virtual manipulatives can increase 
the student performance more than the use of concrete manipulatives. Reimer and Moyer 
(2005), on the other hand, conducted a study with third grade students with regards to 
virtual manipulatives and fractions and reported a statistically meaningful development 
in the conceptual knowledge of students and a meaningful relation between the final test 
scores of the students in terms of their conceptual and procedural knowledge. 

There are other studies which conclude there are no meaningful differences between the 
use of concrete and virtual tools in teaching mathematics (Fung, 2005; Yuan, Lee & Wang 
2010; Kablan, Baran, Işık, Kal & Hazar, 2013; Suh & Moyer, 2007; Yaman & Şahin, 2013). 
For instance, Fung (2005) reported the use of both concrete and virtual manipulatives 
develop the spatial capabilities of students. However, no evidence was produced with 
regards to one being better than the other. Similarly, an empirical study by Kablan, Baran, 
Işık, Kal and Hazar (2013) compared PowerPoint teaching materials with concrete 
teaching materials but no meaningful difference has been observed between the successes 
of groups. 

All these findings are evidence that the use of manipulatives in teaching mathematics 
have a small or medium size impact on the learning capabilities of students (Carbonneau, 
Marley & Selig, 2013). However, the number of studies comparing the use of concrete and 
computer-assisted manipulatives is limited and it is difficult to generalize such studies 
among mathematical concepts and class levels (Burns & Hamm, 2011). Therefore, it is 
possible to say that there is a need for more studies where concrete and technology-assisted 
tools are used in learning environments.  

In conclusion, the conducted studies have shown that scientific learning environments 
based on educational interventions are being designed to develop the concept of PV. Even 
though the educational interventions are providing the authors with some kind of idea 
about the development of PV concept, the limitations of these studies need to be tackled, 
through the currently designed study. This is deemed to be important so that the outcomes 
can be generalized at a wider scale and that these educational materials can be used in 
real classes. From this point of view, the purpose of this study is to examine the effects of 
concrete and technology-assisted tools on the place value achievement, mathematics 
achievement and arithmetic performance of primary school fourth grade students with 
lower achievement levels in mathematics.  This study has made contributions in terms of 
comparing the effects of concrete and technology-assisted tools used in learning- teaching 
environments and to reveal such effect. In particular, trying to reveal the effects of learning 
environments achieved through concrete and technology-assisted education intervention 
oriented towards place value concept on the mathematics achievement and arithmetic 
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performance of students is another valuable aspect of this study. Within the scope of the 
mentioned purpose and importance, the problems and sub-problems of the study are given 
below: 

Problem: Does a teaching process not including any concrete tools, technology-assisted 
materials and any interventions have any effect on the place value achievement, 
mathematics achievement and arithmetic performances of students studying in primary 
school 4th grade? 

Under the scope of the aforementioned problem, answers have been sought for the 
following sub-problems: 

1)   Is there a meaningful difference between the “place value achievement test” pre-test-
final test and retention test score averages of primary school 4th grade students in 
terms of the type of tool (concrete, technology-assisted, no intervention) used during 
the teaching process? 

2)   Is there a meaningful difference between the “mathematics achievement test” pre-
test-final test and retention test score averages of primary school 4th grade students 
in terms of the type of tool (concrete, technology-assisted, no intervention) used 
during the teaching process? 

3)   Is there a meaningful difference between the “arithmetic performance test” pre-test-
final test and retention test score averages of primary school 4th grade students in 
terms of the type of tool (concrete, technology-assisted, no intervention) used during 
the teaching process? 

2.  Method 

2.1.  Research Design 

This research has been conducted as a 3x3 split-plot factorial (mixed) design. In mixed 
designs, there are at least two independent variables whose effects on dependent variable 
are being examined. One of these variables defines different empirical action conditions 
while the other defines the recurring measurements of participants in different times 
(Büyüköztürk, Çakmak, Akgün, Karadeniz & Demirel, 2016, p.215). The first parameter 
specified in factorial design refers to the type of tool used in the study group while the 
second parameter refers to the number of measurements made in each group. The 
independent variable of the study is the type of tool used during the teaching process. 
Independent variable has three dimensions, namely; not using any kind of tools at all, 
using concrete tools and use of technology-assisted materials. Dependent variables of the 
research are students’ place value achievement, mathematics achievement and arithmetic 
performance levels. Symbolic view of research design is given in Table 1. 
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Table 1. Symbolic view of research design 

Group Pre-test  Post test Retention test 
G1 O1, O2, O3  O4, O5, O6 O7, O8, O9 
G2 O1, O2, O3 X1 O4, O5, O6 O7, O8, O9 
G3 O1, O2, O3 X2 O4, O5, O6 O7, O8, O9 

G1: Learning environment where students are thought without any interventions (Control) 
G2: Learning environment where concrete tools are used (Trial 1) 
G3: Learning environment where technology-assisted learning tools are used (Trial 2) 
O1: Place value achievement pre-test 
O2: Mathematics achievement pre-test 
O3: Arithmetic performance post test 
O4: Place value achievement post test 
O5: Mathematics achievement post test 
O6: Arithmetic performance post test 
O7: Place value achievement retention test 
O8: Mathematics achievement retention test 
O9: Arithmetic performance retention test 
X1: Use of concrete tools 
X2: Use of technology-assisted learning tools 
 

Despite being a strong research model, factorial design does at the same time contain 
some weaknesses such as the risk of awareness mitigation of the subjects as multiple 
measurement tools are distributed to the groups. Therefore, it is suggested to perform some 
monitoring works a certain while after completing the empirical action (Heppner, 
Kivlighan & Wampold, 1999). In this sense, three weeks after the end of the trail a 
retention test has been conducted to see whether the impact of the teaching is still on. 

2.2.  Study Group 

The study group of the research consisted of 4th grade students from three different 
public primary schools with intermediate socio-economic levels located in Nevşehir 
province. Group matching method has been employed for determining the study group of 
the research. This method works by defining groups that are equal and/or close in terms of 
the averages of relevant variables (quoted by Büyüköztürk from Eckhardt & Ermann, 
2014, p. 22). In order to conduct such a group matching, 370 4th grade students from three 
different primary schools have been subjected to "Place Value Test [PVT]”, “Mathematic 
Achievement Test [MAT]” and “Arithmetic Performance Test [APT]”. In every school, the 
bottom 25% group who received low scores from each one of these tests has been included 
in the research. With regards to the general average of the groups, students below 6,91/  
for PVT (The highest possible score from the test is 21), below 4,58/  for MAT (The highest 
possible score from the test is 24) and below 46,20/  for APT (The highest possible score 
from the test is 200) have been included in the study groups. The average and standard 
deviation values of the scores obtained by the groups through the measuring tools applied 
as pre-test are shown in Table 2. 
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Table 2. The Average and Standard Deviation Values Related to Pre-Test Scores Obtained by Trial 1, Trial 2 
and Control Groups from Tests 

Placement Test Groups N X  sd 

Place Value Test 

Trial 1** 19 5.36 3.16 

Trial 2*** 23 5.91 1.86 

Control 21 4.38 2.11 

Mathematics Achievement Test 

Trial 1 19 4.05 1.61 

Trial 2 23 4.13 1.18 

Control 21 3.19 1.88 

Arithmetic Performance Test 

Trial 1 19 45.73 21.95 

Trial 2 23 44.08 13.94 

Control 21 41.47 15.21 
** Trial 1, Learning environment using concrete tools 
*** Trial 2, Learning environment using technology-assisted learning tools 
 

As indicated in Table 2, the place value test average of Trial 1 group (concrete) is X = 
5.36, Trial 2 group’s (technology-assisted) average is X  = 5.91 and Control group’s average 
is X  = 4.38. Trial 1 group’s mathematics achievement test average is X = 4.13, Trial 2 
group’s average is X  = 4.13 and Control group’s average is X  = 3.19'. And in terms of 
arithmetic performance test averages, Trial 1  average is X   = 45.73, Trial 2 average is X  
= 44.08 and Control group average is X  = 41.47. 

2.3.  Data Collection Tools 

During the data collection phase of the current study; participants included in the trial 
and control groups have been subjected to place value test, mathematic achievement test 
and arithmetic performance test as pre-test, post-test and retention test.  

Place value test has been developed by Sarı and Olkun (2019). The test contains a total 
of 21 questions containing grouping and ungrouping skills related to the place value 
concept. The questions are related to reading and writing numbers based on place value. 
A reliability study by Sarı and Olkun (2019) conducted on a total of 175 people reported 
the KR-20 coefficient as .84. In this study the KR-20 reliability coefficient has calculated 
as .86 over a total of 370 people. 

Mathematics achievement test has been developed by Fidan (2013) based on primary 
school 4th grade mathematics curriculum (Ministry of National Education, 2015). It 
contains such topics as counting numbers, number patterns, four operation questions and 
problems and fractions among others. The KR-20 reliability coefficient of the test has been 
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calculated as .96, while the reliability coefficient of the current test has been calculated as 
.91. The duration of the test is one class hour. 

Arithmetic performance test has been developed by De Vos (1992) and adopted into 
Turkish by Olkun, Can, and Yeşilpınar (2013) and it consists of arithmetic operations 
(addition, subtraction, multiplication and division). It consists of a total of 200 questions, 
with 40 questions in each column. First column is about addition, 2nd column is 
subtraction, 3rd column is multiplication, 4th column is division and 5th column is about 
mixed operations. Applied as a limited-time test, Olkun et al. (2013) found the KR-20 
reliability coefficient as .95. KR-20 coefficient has been calculated as .94 in this study. Each 
column is distributed separately to the students during the test and the recommended 
duration for each column is 1 minute. 

2.4.  Research Process 

The stages followed during the research process are shown in Figure 1. During the first 
stage of the research process, the concrete tools to be used in the study have been identified 
and the technology-assisted material has been developed. The process of developing 
technology-assisted materials and the scope of the material has been explained by Sarı, 
Aydoğdu and Özaydın-Aydoğdu (2019). 

 
Figure 1. Stages followed during the research process 
As already specified under the study group title, pre-tests have been conducted to 

identify the students to take part in the research. Students with lower achievement rates 
in the pre-tests have been included to the research. Afterwards, the control and trial groups 
of the research have been formed. Groups have been randomly assigned as trial or control 
groups. 

The actual practice for both trial groups and control group lasted 8 class hours (2 weeks). 
Groups have been subjected to retention test following a three-week break. Mathematics 
classes in trial and control groups have been held for 4 hours per week.  

In Trial 1 group, concrete tools have been used to perform activities oriented towards 
the place value concept. As concrete tools, Dienes blocks and Snapcube have been used. In 
Trial 2 group, educational digital materials, related to place value concept have been used. 
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The concrete tools and digital materials were described in ESM (see Appendix A). No 
intervention has been made during the learning-teaching process of the control group. 
Students continued to receive education in their own classrooms. During the pre-test, final-
test and retention test stage, students have been taken from their classes and subjected to 
the tests. 

2.5.  Data Analysis 

Before deciding on which analysis technique is to be used, data have been reviewed to 
see if they meet normality assumptions. One of the other conditions of checking normality 
assumption is to interpret Skewness and Kurtosis values. Data of independent variables 
indicate that Skewness and Kurtosis values are lower than the accepted threshold of 1.96 
(Can, 2014). In this sense, it has been decided that data are distributed normally and 
parametric statistical analysis methods could be used. One-Way Analysis of Variance 
(ANOVA) has been used for the comparison of pre-test score averages obtained from the 
groups (Büyüköztürk, 2010, p.48-54; Can, 2014, p.147-158).  

In order to interpret the "Place Value Test”, “Mathematic Achievement Test” Arithmetic 
Performance Test” scores obtained during the pre-test, final-test and retention test stages 
of the experimental design, Two-Way ANOVA method for Mixed Measurements has been 
used. With regards to the groups formed in accordance with the methods used for the 
research, Two-Way ANOVA method for Mixed Measurements can be used to test the 
difference between the scores obtained by the groups in the repetitive measurements and 
also to test the difference between measurements regardless of groups (Büyüköztürk, 
2010). Analyses have been conducted by using SPSS 20.00 package program. 

3.  Findings 

3.1.  Findings Related to the Difference between Control and Trial Groups’ Place Value 
Achievement and Pre-test, Final-test and Retention Scores 

ANOVA results related to the average pre-test score differences for place value 
achievement are given in Table 3. 

Table 3. ANOVA results related to the place value achievement pre-test scores of the control and trial groups 
of the study 

Groups  N Df Mean of Squares F p* 

Between groups 26.229 19 2 13.115 2.279 .111 

Inter-groups 345.200 23 60 5.753   

Total 371.429 21 62    
*p<.05 
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Looking at the results of One-Way Analysis of Variance (ANOVA) (Table 3), held to 
determine if there are any meaningful differences between the pre-test score averages 
obtained by trial and control groups from place value test, there are no meaningful 
differences between the place value [F[2-60]= 2.279, p> .05], pre-test score averages of the 
groups involved in the research. Therefore, it is safe to say that groups were on an equal 
level in terms of place value achievement pre-test scores before the commencement of the 
research. 

The average and standard deviation values per group of the scores obtained by students 
from pre-test, post-test and retention tests are given in Table 4. 

Table 4. Place value achievement test average and standard deviation values 

Groups 

PRE-TEST POST-TEST RETENTION 

N X  S N X  S N X  S 

Control group 21 4.38 2.11 21 7.38 4.59 21 8.14 4.13 

Concrete Tools 19 5.37 3.17 19 13.11 4.95 19 13.32 4.96 

Technology-assisted 23 5.91 1.86 23 13.35 2.90 23 14.70 2.98 

 

Regarding the place value achievement test of the control group students, their pre-test 
average score is X =4.38, final-test average score is X =7.38 and retention test average 
score is X =8.14. The average scores obtained from the same test by the students taught 
by using concrete tools are X =5.37 for pre-test, X =13.11 for final- test and X =13.32 for 
retention test. Finally, the students taught by using technology-assisted tools scored a pre-
test score average of X = 5.91, final-test score average of X = 13.35 and retention test score 
average of X =14.70 from the same test. ANOVA test results comparing the average scores 
of groups and measurements are given in Table 5. 
Table 5. ANOVA results of place value achievement test pre-test-final test-retention scores 

Variance source SS df SM F p* η2 

Between Subjects 2613.619 62     

     Group (Concrete tool-tech-  
     assisted-control group) 

813.644 2 406.822 13.561 .000 .311 

     Error 1799.975 60 30.000    

Inter-Subjects 2528.257 126     

     Measurement (pre-test –   final- 
     test - retention) 

1752.162 2 876.081 184.202 .000 .754 

     Group*Measurement 205.365 4 51.341 10.795 .000 .265 

     Error 570.730 120 4.756    

Total 5141.876 188     

*p<.05 
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Data given in Table 5 indicates that group*measurement factor has a joint effect on 
dependent variable. According to this, there is a meaningful difference between the place 
value achievement test scores of students learning in different learning environments 
F(4,120)=10.795, p<.05. In order to identify the two sub-groups whose difference has 
caused this effect, one of the post-hoc methods, “Scheffe” test has been applied.  

Table 6. Post-hoc results of place value achievement test scores 

  Control group Concrete tool Technology-assisted 

Group Measurement 
Pre-

test 

Post-

test 
Retention 

Pre-

test 

Post-

test 
Retention 

Pre-

test 

Post-

test 
Retention 

Control 

group 

Pre-test - -3.00 -3.76 -.99 -8.72* -8.93* -1.50 -8.97* -10.31* 

Post-test  - -.76 2.01 -5.72* -5.93* 1.47 -5.97* -7.31* 

Retention   - 2.77 -4.96* -5.17* 2.23 -5.20* -6.55* 

Concrete 

tool 

Pre-test    - -7.74* -7.95* -.54 -7.98* -9.33* 

Post-test     - -.21 7.19* -.24 -1.59 

Retention      - 7.40* -.03 -1.38 

Technology

-assisted 

Pre-test       - -7.43* -8.78* 

Post-test        - -1.35 

Retention         - 
*p<.05 
 

According to the multiple comparison results between groups and measurements (Table 
6), there is a meaningful difference between the pre-test ( X = 5.37) – post-test ( X = 13.11) 
and pre-test ( X = 5.37) – retention test ( X = 13.32) scores of the students who learned by 
using concrete tools. Furthermore, the analysis result indicates that there is no meaningful 
difference between the post-test ( X = 13.11) and retention test ( X = 13.32) score averages 
of the students in this group. Based on this finding, it can be said the place value 
achievement of the students using concrete tools has increased following the trial. In 
addition, the fact that there is no meaningful difference between the final test and 
retention test results of the students makes it possible to say that the knowledge learned 
with regards to place value concept has not been forgotten. 

Following the post hoc analysis, a meaningful difference has been observed between the 
pre-test ( X = 5.91) – final test ( X = 13.35) and pre-test ( X = 5.91) – retention test ( X = 
14.70) scores of students who used technology-assisted learning materials. There is no 
meaningful difference between the score averages obtained by these students from final-
test ( X = 13.35) and retention test ( X = 14.70). According to this, after the experiment 
there was an increase in the place value achievement of students using technology-assisted 
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learning materials. Furthermore, having no difference between the final test and retention 
test is an indication that the students did not forget what they have learned about place 
value concept. 

No meaningful difference has been observed between the pre-test score average ( X = 
4.38) – final test score average ( X = 7.38) and retention test score average ( X = 8.14) scores 
obtained from the place value achievement test by the control group students. In the non-
intervention group, the place value achievement of the students had continuously 
increased according to the measurements. Even though there was an increase in the place 
value achievement of the students in this group, comparing the differences between the 
groups leads us to the conclusion that students subjected to an experimental action are 
more successful. Measurement differences between groups have been comparted and can 
be found below. 

According to the multiple comparison analysis, there is a meaningful difference between 
the place value post-test achievement score average ( X = 13.11) of the students using 
concrete tools and the post-test achievement score ( X = 7.38) of the control group not 
subjected to any interventions. Similarly, there is a meaningful difference between the 
place value post-test achievement score average ( X = 13.35) of the students using 
technology-assisted materials and the post-test achievement score ( X = 7.38) of the control 
group not subjected to any interventions. However, there is no meaningful difference 
between the place value post-test achievement score average ( X = 13.11) of the students 
using concrete tools and the place value post-test achievement score average ( X = 13.35) 
of the students using technology-assisted materials. This finding suggests that the place 
value achievement of students in trial groups is higher than those in the control group. 
The fact that there is no difference between the students using concrete tools and the 
students using technology-assisted material is an indication that these tools have similar 
effects on the place value achievement of the students. 

A review of the place value achievement scores obtained from the retention test indicates 
a meaningful difference between the score averages of students using concrete tools ( X = 
13.32) and control group students ( X = 8.14). Similarly, there is a meaningful difference 
between the place value achievement score average obtained from retention test by 
students using technology-assisted material ( X = 14.70) and the achievement score 
average of control group students ( X = 8.14). Finally, in all of the measurements there is 
no meaningful difference between the place value achievement test average scores of the 
students using concrete tools ( X = 13.32) and students using technology-assisted material 
( X = 14.70). This finding indicates that the effect of the experimental action continues in 
a similar way in trial groups. At the same time, comparing the retention test scores of trial 
and control groups indicates a higher place value achievement in favor of the trial group 
students. 
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3.2.  Findings Regarding the Difference between Mathematics Achievement and Pre-test, 
Post-test and Retention Scores of Control and Trial Groups 

ANOVA results related to the average score differences, between and inter-groups, by 
the students obtained from mathematics achievement pre-test, is given in Table 7. 

Table 7. ANOVA results related to the mathematics achievement test pre-test scores of the control and trial 
groups 

Groups  N df Mean of Squares F p* 

Between groups 11.523 19 2 5.762 
2.323 .107 

Inter-groups 148.794 23 60 2.480 

Total 160.317 21 62    
*p<.05 
 

Looking at the results of the One-Way Analysis of Variance (ANOVA), held to determine 
whether there are any meaningful differences between the pre-test scores averages 
obtained by the trial and control groups from mathematics achievement test (Table 7), 
there is no meaningful difference between the mathematics achievement test [F[2-60]= 
2.323, p> .05] pre-test score averages of the groups involved in the study. This finding is 
an indication that the groups were at a similar mathematics achievement level before the 
trial. 

Concerning the second sub-problem of the research, “Is there a meaningful difference 
between the “mathematics achievement test” pre-test-post-test and retention test score 
averages of primary school 4th grade students in terms of the type of tool (concrete, 
technology-assisted, no intervention) used during the teaching process?”, the average and 
standard deviation values obtained by students in pre-test, post- test and retention tests 
is given in Table 8. 

Table 8. Mathematics achievement test average and standard deviation values 

Groups 

PRE-TEST POST-TEST RETENTION 

N X  S N X  S N X  S 

Control group 21 3.19 1.89 21 4.67 3.61 21 5.00 3.54 

Concrete Tools 19 4.05 1.61 19 10.16 4.17 19 8.68 3.62 

Technology-assisted 23 4.13 1.18 23 10.09 2.68 23 7.70 2.44 

 
According to the mathematics achievement test score averages given in Table 8, 

mathematics achievement test pre-test average score of the control group students is X
=3.19, post-test average score is X =4.67 and retention test average score is X =5.00. The 
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average scores obtained from the same test by the students using concrete tools have been 
calculated as X =4.05 for pre-test, X =10.16 for post-test and X =8.68 for retention. 
Students using technology-assisted tools had pre-test score average of X = 4.13, final test 
score average of X = 10.09 and retention test score average of X =7.70 for the same test. 
ANOVA results testing the difference between the average scores are given in Table 9. 

Table 9. ANOVA results of mathematics achievement test pre-test-final test-retention scores 

Variance source SS df SM F p* η2 

Between Subjects 424.509 2 212.255 11.726 .000 .281 

     Group (Concrete tool-tech-  

     assisted-control group) 

1086.062 60 18.101    

     Error 1248.635 126     

Inter-Subjects 686.190 2 343.095 100.241 .000 .626 

     Measurement (pre-test –   final- 

     test - retention) 

151.719 4 37.930 11.082 .000 .270 

     Group*Measurement 410.726 120 3.423    

     Error 2759.206 188     

Total 424.509 2 212.255 11.726 .000 .281 
*p<.05 
 

According to the ANOVA results, given in Table 9, of the score averages obtained from 
mathematics achievement test, the group*measurement factor has a joint effect on the 
dependent variable. According to this finding, there is a meaningful difference in the 
mathematics achievement test scores of the students, depending on the type of material 
they are using F(4, 120)=11.082, p<.05. Scheffe test has been performed to identify the 
groups and measurements where these differences have occurred.  

Table 10. Post-hoc results of mathematics achievement test scores 

  Control group Concrete tool Technology-assisted 

Group Measurement 
Pre-

test 

Post-

test 
Retention 

Pre-

test 

Post-

test 
Retention 

Pre-

test 

Post-

test 
Retention 

Control 

group 

Pre-test - -1.48 -1.81 -.86 -6.97* -5.49* -.94 -6.90* -4.51* 

Post-test  - -.33 .61 -5.49* -4.02* .54 -5.42* -3.03 

Retention   - .95 -5.16* -3.68* .87 -5.09* -2.70 

Concrete tool 
Pre-test    - -6.11* -4.63* -.08 -6.03* -3.64* 

Post-test     - 1.47 6.03* .07 2.46 
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Retention      - 4.55* -1.40 .99 

Technology-

assisted 

Pre-test       - -5.96* -3.57* 

Post-test        - 2.39 

Retention         - 
*p<.05 
 

According to Scheffe test findings (Table 10), there is no meaningful difference in the 
pre-test ( X = 3.19), post-test ( X = 4.67) and retention ( X = 5.00) test score averages of the 
control group students in their mathematics achievement. According to this finding, no 
progress has been observed in the development of mathematics achievement of the 
students not subjected to any intervention. 

There is a meaningful difference between the mathematics achievement test score 
averages pre-test ( X = 4.05) – post-test ( X = 10.16) and pre-test ( X = 4.05) – retention test 
( X = 8.68) results of the students using concrete tools. But there is no meaningful 
difference between the post-test ( X = 10.16) and retention test ( X = 8.68) score averages 
of the students in this group. This finding could be an indication that there is an increase 
in the mathematics achievement of students using concrete tool after the experiment and 
also that the effect is still on-going. 

Similarly, there is also a meaningful difference in the mathematics achievement test 
score averages pre-test ( X = 4.13) -post-test ( X = 10.09) and pre-test ( X = 4.13) - retention 
( X = 7.70) test of the students using technology-assisted materials. There is no meaningful 
difference between the score averages obtained by these students in post-test ( X = 10.09) 
and retention ( X = 7.70) test. According to this, it can be said that the achievement rate of 
the students using technology-assisted material has increased following the experiment 
and the effect of the experiment is still ongoing.  

Analyzing the differences between groups on the basis of the measurements taken in 
post-hoc analysis, there is a meaningful difference in the mathematics achievement post-
test score averages; between the control group students ( X = 4.67) and students using 
concrete tool ( X = 10.16) and control group students ( X = 4.67) and students using 
technology-assisted material ( X = 10.09), but there is no meaningful difference between 
students using concrete tool ( X = 10.16) and students using technology-assisted material 
( X = 10.09). According to this finding, mathematics achievement of the students subjected 
to experimental action was higher than that of the control group students. In addition to 
this, there was no difference in terms of mathematics achievement between trial groups 
(concrete-technology-assisted). This can be interpreted as concrete tools and technology-
assisted materials have similar kind of effects on the development of mathematics 
achievement of students. 
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Looking at the score averages of the retention test, there is a meaningful difference 
between control group students ( X = 5.00) and the students who used concrete tools ( X = 
8.68). 

3.3.  Findings Regarding the Difference between Arithmetic Performance Test Achievement 
and Pre-test, Final-test and Retention Scores of Control and Trial Groups 

The results of ANOVA, held to analyze the difference between the pre-test score 
averages obtained by students from the arithmetic performance test, is presented in Table 
11. 

Table 11. ANOVA Results Related to the Arithmetic Performance Test Pre-test Scores of Trial 1, Trial 2 and 
Control Groups 

Groups  N df Mean of Squares F p* 

Between groups 186.109 19 2 93.054 
.318 .729 

Inter groups 17580.748 23 60 293.012 

Total 17766.857 21 62    
*p<.05 
 

According to the One-Way Analysis of Variance (ANOVA) results (Table 11), held to 
identify any meaningful differences between the pre-test score averages obtained by the 
groups from the arithmetic performance test, there is no meaningful difference between 
the groups in terms of arithmetic performance test [F[2-60]=.318, p> .05] pre-test score 
averages. 

Table 12. Arithmetic performance test average and standard deviation values 

Groups 

PRE-TEST POST-TEST RETENTION 

N X  S N X  S N X  S 

Control group 21 41.48 15.21 21 51.10 17.63 21 55.86 21.71 

Concrete Tools 19 45.74 21.95 19 64.37 23.61 19 58.05 20.91 

Technology-assisted 23 44.09 13.95 23 66.48 17.68 23 65.61 17.61 

 

According to the arithmetic performance test results given in Table 12, the average score 
obtained by the control group students from pre-test is X  = 41.48, average score obtained 
from post-test is X = 51.10 and average score obtained from retention test is X  = 55.86. 
The average score values obtained from the same test by students using concrete tools has 
been calculated as X = 45.74 for pre-test, X =64.37 for post-test and X =58.05 for retention 
test. Students using technology-assisted learning material scored a pre-test score average 
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of X =44.09, post-test score average of 66.48 and retention test score average of X = 65.61. 
ANOVA and post-hoc analysis results, comparing the average scores of groups and 
differences between measurements are given below. 

Table 13. ANOVA results of arithmetic performance test pre-test-final test-retention scores 

Variance source SS df SM F p* η2 

Between Subjects 60061.249 62     

     Group (Concrete tool-tech-  

     assisted-control group) 

2937.591 2 1468.795 1.543 .222 .049 

     Error 57123.658 60 952.061    

Inter-Subjects 20414.62 126     

     Measurement (pre-test –   final- 

     test - retention) 

11353.552 2 5676.776 88.515 .000 .596 

     Group*Measurement 1365.011 4 341.253 5.321 .001 .151 

     Error 7696.057 120 64.134    

Total 424.509 2 212.255 11.726 .000 .281 
*p<.05 
 

According to the ANOVA results of the score averages obtained from the arithmetic 
performance test, as shown in Table 13, group*measurement factor has a joint effect on 
the dependent variable. According to this finding, the type of material used by students 
leads to a meaningful difference between the arithmetic performance test scores F(4, 
120)=5.321,p<.05.  

Table 14. Post-hoc results of arithmetic performance test scores 

  Control group Concrete tool Technology-assisted 

Group Measurement 
Pre-

test 

Post-

test 
Retention 

Pre-

test 

Post-

test 
Retention 

Pre-

test 

Post-

test 
Retention 

Control 

group 

Pre-test - -9.62 -14.38 -4.26 -22.89 -16.58 -2.61 -25.00* -24.13* 

Post-test  - -4.76 5.36 -13.27 -6.96 7.01 -15.38 -14.51 

Retention   - 10.12 -8.51 -2.20 11.77 -10.62 -9.75 

Concrete 

tool 

Pre-test    - -18.63 -12.32 1.65 -20.74 -19.87 

Post-test     - 6.32 20.28 -2.11 -1.24 

Retention      - 13.97 -8.43 -7.56 

Pre-test       - -22.39* -21.52 
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Technology-

assisted 

Post-test        - .87 

Retention         - 
*p<.05 
 

According to the Scheffe test results (Table 14), measurements did not yield any 
meaningful differences between groups. The analysis conducted indicated a meaningful 
difference between the pre-test ( X =44.09) and post-test scores ( X =66.48) of the students 
using technology-assisted a material. But in terms of arithmetic performance, there is no 
other meaningful difference between the measurements among the groups. According to 
this finding, there was an increase in the mathematics performance of students using a 
technology-assisted material, following the experiment. The fact that there is no difference 
between the final test and retention test scores of these students is an indication that the 
effect of the experiment is still ongoing.  

4.  Discussion, Conclusions and Recommendations 

This current research is examining the effect of concrete and technology-assisted 
learning tools on developing the place value conception, mathematics achievement and 
arithmetic performances of students. The findings acquired from this research can be 
distributed under three different main headlines; the effect of concrete and technology-
assisted learning tools on developing the place value conception, on developing 
mathematics achievement and on developing arithmetic performance. 

The effect of both concrete and technology-assisted learning tools on developing the place 
value perception of primary school 4th grade students is significantly high when compared 
with students who did not use any such learning tools. In other words, prepared with the 
purpose of developing place value concept, concrete (Dienes blocks, snap cubes) and 
technology-assisted (place value materials) learning tools were effective in developing the 
place value conception of students. The acquired findings are in line with the literature. 
Previous researches have shown that concrete tools (Broadbent, 2004; Kamii and Joseph, 
1988; Moore, 1992; Schmidt, 1995; Valeras & Becker, 1997) and technology-assisted 
learning tools (Mutlu & Sarı, 2019) have positive effects on developing the place value 
perception of students. For instance, “decimals-based game” designed by Broadbent (2004) 
proved that the use of concrete materials helps students to develop their level of 
understanding the structure of counting system. Similarly, a study conducted by Mutlu 
and Sarı (2019) on 3rd grade students reported that computer-assisted educational 
materials develop the place value understanding of students. Computer-assisted education 
did not have any meaningful effect on the affective variables of students, such as anxiety 
and attitude. 

Concrete and technology-assisted learning tools helped students to develop their place 
value conception much higher than the control group students, because concrete learning 
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materials are objects that are used to make abstract mathematical concepts more concrete 
and they simplify the understanding process of these concepts (Moyer, 2001). Furthermore, 
technology-assisted learning tools are dynamic, interactive, flexible, manageable and easy 
to receive feedback (Petit, 2013; Sarama & Clements, 2016) and therefore they provide 
important opportunities for creating an effective learning-teaching process. Both concrete 
and technology-assisted tools play important roles in helping students to produce 
meaningful ideas (Clements, 1999). Concrete and technology-assisted are highly important 
as they are helping abstract mathematical ideas to be expressed tangibly, making 
mathematics meaningful for students, and also because they contribute to creating an 
environment where students can feel the things they are learning (Bulut, Çömlekoğlu, 
Özkaya-Seçil, Yıldırım & Tuncay-Yıldız, 2006). 

One of the important findings of this research was that the comparison of the effect of 
both concrete and technology-assisted learning tools on developing the place value 
conception of students did not yield any meaningful difference. In other words, concrete 
and technology-assisted learning tools had a similar effect on developing the place value 
concept. A review of the literature did not yield a clear preference between computer and 
concrete manipulatives in mathematics education (Burns & Hamm, 2011). Some 
researches emphasize the effect of concrete tools (Clements, 1999; Petit, 2013; Kontaş, 
2016; Larbi & Mavis, 2016; Sarama & Clements, 2016) while others favor technology-
assisted learning tools (Li & Ma, 2010; Turgut & Dogan-Temur, 2017) to have a better 
effect on mathematics achievement. From this perspective, this current research has shed 
some valuable light onto this uncertainty as it has revealed the same level of effect by 
concrete and technology-assisted learning tools on the place value conception of primary 
school 4th grade students. Concrete and technology-assisted learning tools are particularly 
useful in comprehensive and well-planned education environments. Environments 
designed with both concrete and technology-assisted concrete tools provide students with 
meanings that they can use to build, enhance and bind their mathematical ideas (Clements 
& McMillen, 1996; Sarama & Clements, 2016). 

Another finding of the study is related to revealing the effect of concrete and technology-
assisted learning materials, designed to develop the place value conception, on the 
mathematics achievement and arithmetic performance of primary school 4th grade 
students. The learning environment with concrete learning tools, used by the trial groups 
was more effective on the mathematics achievement of students when compared to the 
mathematics achievement of control group students. Likewise, the environment using 
technology-assisted learning tools had a meaningful effect on the mathematics 
achievement of students when compared to the environment not using such tools. And the 
use of concrete and technology-assisted learning tools yielded a similar effect on 
mathematics achievement. In other words, the effect of both concrete and technology-
assisted learning tools on developing mathematics achievement of students is at a similar 
level.  
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With regards to the effect of concrete and technology-assisted learning environments, 
designed to develop the place value conception of students, on the arithmetic performances 
of 4th grade students, the arithmetic performance developing effect on trial groups in 
technology-assisted learning environment was higher when compared to the control group 
students and those in a learning environment using concrete tools. The possible reasons 
for the greater development of arithmetic performance in technology-assisted learning 
environment could be the content of the educational design, such as various counting 
strategies (taking a reference at 5 and 10) and grouping/solution strategies. 

The reflection of the developed place value conception on both mathematics achievement 
and arithmetic performance is in line with the findings in literature. Failure to get a grasp 
of decimal system and place value concept creates difficulties in learning several other 
related concepts (Sarı & Olkun, 2019), because place value concept is highly important 
when learning to count (Boulton-Lewis, 1993), four operations, and the technique of 
operations (Dinç-Artut & Tarım, 2006). At the same time, there are several studies which 
point out to the critical importance of understanding PV concept in solving a mathematical 
problem (Fuson et al., 1997). The critical importance of place value in learning to count 
and performing four operations (Chan et al., 2014), place value performance estimating 
mathematics performance at a high level (Moeller et al., 2011; Sarı & Olkun, 2019) are 
important in the mathematics achievement of students. Understanding the concept of 
place value (PV) is a basic numerical ability and forms the basis of future numerical 
development. Therefore, place value conception of students acts as a pre-conditional skill 
for the further mathematics achievement of students (McGuire & Kinzie, 2013; Nataraj & 
Thomas, 2007). In other words, a flexible understanding of place value plays an important 
role in learning and understanding mathematics (Ladel & Kortenkamp, 2016). 

Another finding of the research is related to the retention test scores. The fact that there 
is no meaningful difference between the retention test, held three weeks after the trial, 
and post-test average scores is an indication that practices with both concrete and 
technology-assisted learning tools make the PV-related acquirements of students 
permanent. From this perspective, it is possible to say that computer-assisted education is 
important for ensuring retention of learned knowledge. Computer-assisted education is 
seen as a tool that helps knowledge to become permanent (Kula & Erdem, 2005). Findings 
related to the retention of learned knowledge have similarities with the findings in 
literature. Knowledge gained in learning environments with computer assisted education 
software are observed to be more permanent than those gained in environments without 
such tools (Mutlu & Sarı, 2019). 

This research also includes a number of limitations. First of all, both concrete and 
technology-assisted learning tools have been applied to students with relatively weaker 
place value conception. In his sense, their effect is unknown on students with ordinary and 
higher level of achievement. Furthermore, arithmetic performance achievement has 
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developed more in environments using a technology-assisted learning tool. This is 
something that requires support through future studies. It is also deemed important to 
expand the samples of the study so that not only the effect of concrete tools and technology-
assisted materials on dependent variables is reviewed but the interaction between 
dependent variables is also analyzed. 
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Appendix A. Description of Materials Used in Research Process 

In Trial 1 group, concrete tools have been used to perform activities oriented towards the 
place value concept. As concrete tools, Dienes blocks and Snapcube have been used, as 
shown in Figure 1. Concrete tools have been used by the students under the guidance of 
their teacher. Learning-teaching process has been ensured through activities based on 
grouping and resolution strategies forming the place value concept. Learning-teaching 
process of Trial 1 group has been shaped within the scope of 8-hour study plan and study 
pages. 

 
Figure 1. Concrete tools used in the study (Dienes blocs and Snap cubes) 
In Trial 2 group, educational digital materials, related to place value concept have been 
used. Educational exercise software has been created by running analysis, design and 
development processes. During the analysis stage, place value acquirements, included in 
mathematic teaching program, have been reviewed. 9 different sections have been created 
in the application by taking these acquirements into consideration. Design of the sections 
have been prepared in relation to the grouping and resolution skills related to place value. 
Sections consist of the following stages: counting the multitudes given, grouping or solving 
the multitudes given, verbal expression of multitudes and symbolic expression of 
multitudes (See Figure 2, Figure 3 and Figure 4). Educational digital material developed 
for the place value concept has been practised with the students throughout the 8 class 
hours. Materials have been uploaded into computers in the schools of students and two 
students were available in each computer to try the application. 
 

  

Figure 2. Application screens (Home page and Section menu) 
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Figure 3. First section, placing the beads (Counting, Placing beads and Entering decimal 
and unit values) 

  
Figure 4. Fourth section: number of eggs and expressing their place value (Giving a certain 
amount of eggs and Expressing the number of eggs in tens and units) 
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