
Author’s Proof

Before checking your proof, please read the instructions below.

• Carefully read the entire proof and mark all corrections in the appropriate place, using the Adobe Reader commenting tools

(Adobe Help).
• Provide your corrections in a single PDF file or post your comments in the Production Forum making sure to reference the relevant

query/line number. Upload or post all your corrections directly in the Production Forum to avoid any comments being missed.
• We do not accept corrections in the form of edited manuscripts nor via email.
• Do not provide scanned or handwritten corrections.
• Before you submit your corrections, please make sure that you have checked your proof carefully as once you approve it, you won’t

be able to make any further corrections.
• To ensure the timely publication of your article, please submit the corrections within 48 hours. After submitting, do not email or

query asking for confirmation of receipt.

Do you need help? Visit our Production Help Center for more information. If you can’t find an answer to your
question, contact your Production team directly by posting in the Production Forum.

Quick checklist
� Author names - Complete, accurate and consistent with your previous publications.

� Affiliations - Complete and accurate. Follow this style when applicable: Department, Institute, University, City, Country.

� Tables - Make sure our formatting style did not change the meaning/alignment of your Tables.

� Figures - Make sure we are using the latest versions.

� Funding and Acknowledgments - List all relevant funders and acknowledgments.

� Conflict of Interest - Ensure any relevant conflicts are declared.

� Supplementary files - Ensure the latest files are published and that no line numbers and tracked changes are visible.

Also, the supplementary files should be cited in the article body text.

� Queries - Reply to all typesetters queries below.

� Content - Read all content carefully and ensure any necessary corrections are made.

Author queries form

Query no. Details required Author’s response

Q1 The citation and surnames of all of the authors have been highlighted.
Check that they are correct and consistent with the authors’ previous
publications, and correct if need be. Please note that this may affect the
indexing of your article in repositories such as PubMed.

Q2 Confirm that the email address in your correspondence section
is accurate. Please note that any changes to the corresponding
authorship would require individual confirmation from all original and
added/removed corresponding authors.

Q3 Confirm whether the insertion of the article title is correct.

https://helpx.adobe.com/acrobat/using/commenting-pdfs.html
https://zendesk.frontiersin.org/hc/en-us/categories/200397292-Article-Production-
gülyaz
Yapışkan Not
They are all correct, you can publish.


gülyaz
Yapışkan Not
Yes I confirm.

gülyaz
Yapışkan Not
Tittle is correct.



Query no. Details required Author’s response

Q4 If the following authors would like their LOOP profile to be linked to
the final published version, please ensure they register with Frontiers
(at https://www.frontiersin.org/Registration/Register.aspx) and please
provide us with the URLs of their profile link(s) (not email addresses)
when submitting the proof corrections. Non-registered authors and
authors with profiles set to private mode will have the default profile
image displayed. Please note: We won’t be able to add profile links after
publication.
Tolgay Karanfiller
Ezgi Pelin Yıldız

Q5 There is a discrepancy between the styling of the author names in the
submission system and the manuscript. We have used [Meryem Gülyaz
Cumhur, Murat Tezer, Ezgi Pelin Yıldız] instead of [Meryem Cumhur,
MURAT TEZER, Ezgi Pelin Yildiz]. Please confirm that it is correct.

Q6 Confirm that all author affiliations are correctly listed. Note that
affiliations are listed sequentially as per journal style and requests for
non-sequential listing will not be applied. Note that affiliations should
reflect those at the time during which the work was undertaken.

Q7 Confirm that the keywords are correct and keep them to a maximum
of eight and a minimum of five. (Note: a keyword can be comprised of
one or more words.) Note that we have used the keywords provided at
Submission. If this is not the latest version, please let us know.

Q8 Verify that all the equations and special characters are displayed
correctly.

Q9 Ensure to add all grant numbers and funding information, as after
publication this will no longer be possible. All funders should be credited
and all grant numbers should be correctly included in this section.

Q10 Check if the section headers (i.e., section leveling) were correctly
captured.

Q11 Your article includes identifiable human images. We have blurred this
image. Please check this link for author’s responsibility for publication
of identifiable images.

If permissions have been obtained, please confirm and we will
add the following to your Ethics statement:

Written informed consent was obtained from the individual(s) for
the publication of any identifiable images or data included in this article.

Q12 If you decide to use previously published, copyrighted figures in your
article, please keep in mind that it is your responsibility, as the author,
to obtain the appropriate permissions and licenses and to follow any
citation instructions requested by third-party rights holders. If obtaining
the reproduction rights involves the payment of a fee, these charges are
to be paid by the authors.

Q13 Ensure that all the figures, tables and captions are correct, and that all
figures are of the highest quality/resolution. If needed, please upload
improved Figures in the Production Forum. Please note that Figures
and Tables must be cited sequentially, as per section 2.2 of the author
guidelines.

https://www.frontiersin.org/Registration/Register.aspx
https://www.frontiersin.org/about/policies-and-publication-ethics#InclusionIdentifiableHumanData
https://zendesk.frontiersin.org/hc/en-us/articles/115001975425-Do-I-need-to-obtain-copyright-licenses-for-reuse-of-already-published-material-
https://www.frontiersin.org/about/author-guidelines
https://www.frontiersin.org/about/author-guidelines
gülyaz
Yapışkan Not
They will open LOOP profile.

gülyaz
Yapışkan Not
Yes I confirm.


gülyaz
Yapışkan Not
Yes I confirm.


gülyaz
Yapışkan Not
Yes I confirm.


gülyaz
Yapışkan Not
Yes they are all correct.


gülyaz
Yapışkan Not
Yes I am sure that all of them are correct.

gülyaz
Yapışkan Not
Yes they are all correct.


gülyaz
Yapışkan Not
Yes I confirm. Human image belongs to me.


gülyaz
Yapışkan Not
This is not third, it is first-party rights.


gülyaz
Yapışkan Not
Yes I am sure, I confirm.




Query no. Details required Author’s response

Q14 Expand the following terms if applicable.
KMO, CM, and STEM.

Q15 Please confirm that the Data Availability statement is accurate. Note that
we have used the statement provided at Submission. If this is not the
latest version, please let us know.

Q16 If your article requires an Ethics statement, please confirm that the
statement in this proof is correct. If this is not the latest version, please
provide a revised Ethics statement.

Q17 Confirm that the details in the “Author Contributions” section are
correct.

Q18 Confirm if the text included in the Conflict of Interest statement is
correct.

Q19 Provide accessed date for the reference "Fox, 2006."

Q20 Cite the reference “Freeman et al., 2013” inside the text.

Q21 Provide page range for the reference "Kelekçi and Yılmaz, 2015."

gülyaz
Yapışkan Not
Yes I expanded the given terms.
CM: Concrete Models
KMO: Kaiser-Meyer Olkin
STEM: Science, Technology, Engineering, and Mathematics


gülyaz
Yapışkan Not
Yes, I confirm.


gülyaz
Yapışkan Not
Yes, I confirm.

gülyaz
Yapışkan Not
Yes, I confirm.


gülyaz
Yapışkan Not
Yes, I confirm.

gülyaz
Yapışkan Not
26 July, 2021.


gülyaz
Yapışkan Not
Please delete Freeman et al., 2013 from the text.


gülyaz
Yapışkan Not
Pages: 992-1007.




fpsyg-13-964991 August 3, 2022 Time: 21:13 # 1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

TYPE Curriculum, Instruction, and Pedagogy
PUBLISHED xx xx 2022
DOI 10.3389/fpsyg.2022.964991

OPEN ACCESS

EDITED BY

Ahmet Koç,
Hittite University, Turkey

REVIEWED BY

Tolga Güyer,
Gazi University, Turkey
Ebubekir Bozavlı,
Atatürk University, Turkey

*CORRESPONDENCE

Meryem
Q2

Gülyaz Cumhur
meryem.cumhur@neu.edu.tr

SPECIALTY SECTION

This article was submitted to
Educational Psychology,
a section of the journal
Frontiers in Psychology

RECEIVED 09 June 2022
ACCEPTED 28 July 2022
PUBLISHED xx xx 2022

CITATION

Cumhur MG, Tezer M, Karanfiller T
and Yıldız EP (2022) Opinions
and evaluations of mathematics
teachers on concrete models of their
design in the context of positive
psychology.
Front. Psychol. 13:964991.
doi: 10.3389/fpsyg.2022.964991

COPYRIGHT

© 2022 Cumhur, Tezer, Karanfiller and
Yıldız. This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Opinions and evaluations of
mathematics teachers on
concrete models of their design
in the context of positive
psychology

Q3

Q1
Meryem Gülyaz Cumhur1*, Murat Q4Tezer1, Tolgay

Q5

Karanfiller2

and Ezgi Pelin Yıldız3

1Faculty
Q6

of Arts and Sciences, Near East University, Nicosia, Cyprus, 2School of Applied Sciences,
Cyprus International University, Nicosia, Cyprus, 3Department of Computer Technology, School
of Technical Science, Kafkas University, Kars, Turkey

The purpose of this study is to investigate the opinions and evaluations of

pre-service mathematics and pre-service primary school teachers regarding

the concrete models of their design during the COVID-19 Pandemic in the

context of positive psychology. In this study, a mixed research method,

in which quantitative and qualitative research methods are used together

was used. The participant group of the study consists of 441 pre-service

mathematics and pre-service primary school teachers studying at universities.

For the conduct of the qualitative research, 44 pre-service teachers were

selected using the purposive sampling method. “Mathematics Teaching

Practices Enriched with Concrete Models Perception Scale” developed by the

researchers was used to collect the quantitative data to reveal the opinions

of teachers regarding mathematics teaching practices enriched with concrete

models. In this study, open-ended questions were used to obtain qualitative

data, and the data were evaluated with content analysis. According to the

results of the study, it was determined that the majority of the pre-service

teachers had positive perceptions of concrete models. Pre-service teachers

argued that they would use concrete models in their professional lives and

that these models were indispensable for mathematics education. In addition,

advantages and disadvantages for mathematics educators regarding the use

of concrete models are presented.

KEYWORDS

pre-service teacher,
Q7

primary mathematics education, positive psychology, concrete
models, teaching mathematics

Frontiers in Psychology 01 frontiersin.org

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2022.964991
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2022.964991&domain=pdf&date_stamp=2022-14-xx
mailto:meryem.cumhur@neu.edu.tr
https://doi.org/10.3389/fpsyg.2022.964991
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.964991/full
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/


fpsyg-13-964991 August 3, 2022 Time: 21:13 # 2

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

Cumhur et al. 10.3389/fpsyg.2022.964991

Introduction

Educational
Q8

curricula

Q9

commonly
Q10

involve learning scientific
models (Justi and Gilbert, 2002; Kim, 2020). These models
contribute to the professional development of both researchers
and teachers (Harrison, 2001). Since mathematics is the basis of
the rapid progress of technology and science, people in our age
need to be able to use mathematics in their daily life in order to
adapt to these developments. However, although mathematics
is an important science for society, many people perceive
mathematics as irrelevant to daily life. According to Muller and
Burkhardt (2007), many people think of mathematics only as the
grammar of the language of mathematics, its rules, and minor
operations. Therefore, one of the problems in mathematics
education stems from the traditional view that regards the
nature of mathematics as a detached, non-everyday pursuit.
Since students learn mathematics to be successful in exams, not
in daily life, mathematics turns into an unpleasant course.

This purpose of mathematics education has an impact on the
structuring of mathematics classes. Therefore, in mathematics
teaching, more examples should be considered in which
students can understand the importance of mathematics in
their daily living and solve real mathematical problems in their
daily lives (Kaiser and Schwarz, 2006). Strong, shareable, and
reusable concrete models used by mathematicians are the most
important cognitive objects of mathematics education (Lesh
and Yoon, 2007; Nugroho and Jailani, 2019). Concrete models
are objects that concretize abstract mathematical concepts and
mathematical tools formed specifically for this purpose such as
pictures and objects from real life; they are objects that can be
touched and moved (Cramer and Wyberg, 2009).

In teaching practices enriched with concrete models,
students’ tendency to see mathematics as a discipline isolated
from real life is eliminated, and they are made to realize
that a way of thinking that produces solutions to real-life
problems through models is a dimension of mathematics
(Milli Eğitim Bakanlığı [MEB], 2018). Concrete models are an
interdisciplinary issue that covers many other fields besides
mathematics (Lingefjärd, 2007) as the source of modeling
problems may be different disciplines other than mathematics
(Cheng, 2001). Interdisciplinary problem solving, on the other
hand, includes the subjects of mathematics, engineering, and
science, which enable students to overcome real-life problems
that they encounter now or will encounter in the future
(Mousoulides and English, 2011).

Effective classroom management skills are essential for pre-
service teachers. Unfortunately, many teachers do not receive
adequate classroom management training before embarking on
their teaching careers and feel unprepared for the demands
of managing student behavior in their classrooms. Although
mathematics teaching practices enriched with concrete models
in effective classroom management have been defined, effective
classroom management has an important place between

research basis and teacher education requirements. As a result,
many prospective teachers need to be prepared to effectively
manage student behavior upon completion of a teacher
preparation program, as they are not exposed to classroom
management content.

In summary, while teaching practices enriched with
concrete models represent a process, concrete models are
the result of repeated processes in which students express
their opinions, interpret, test, and organize (Carreira and
Baioa, 2011). From these perspectives, the purpose of teaching
practices enriched with concrete models is to enable students
to better understand mathematical concepts, to teach them to
solve and formulate unique problems, to become aware of their
critical and creative aspects, and to contribute to shaping their
attitudes toward mathematics (Blum, 2002; Blum et al., 2007).
According to Aydın (2008), the purpose of teaching practices
enriched with concrete models is to predict, explain, describe,
and understand different aspects of the real world.

With the changes in mathematics education in recent
years, learning environments in which students represent
knowledge with concrete models and the necessity of learning
by discovering and understanding are emphasized. Concrete
models can be used in mathematics classes to realize this
situation and to provide a better understanding of mathematical
concepts. In order for concrete models to be effective in
teaching mathematics, teachers must have the skills to choose
appropriate materials and manipulatives and to use them
effectively (Thompson, 1994). Therefore, both teachers and pre-
service teachers need to recognize concrete models that can be
used in mathematics teaching and to know how to use them in
the learning-teaching process (Akkaya et al., 2009).

Thompson (1994) conducted a series of studies on the
usage of concrete models in mathematics education and these
studies made their way to today since the first publications
of Bruner and Dienes. In addition, he reported an important
success in teaching adding and subtracting algorithms with
elementary school students. To present an effective education
in mathematics teaching, manipulatives, concrete models,
shapes, computer-assisted education, mathematical games,
worksheets, and books are indispensable elements of this
process (Drews and Hansen, 2007).

Pedagogical framework(s)

Concrete models are objects that facilitate the problem-
solving skills of students. They are effective in terms of
both cost and benefit. Concrete models are concrete objects
that describe real-world information. They positively affect
the performance of students on math problems. Teaching
practices enriched with concrete models in mathematics
teaching affect students’ perceptions positively. However,
concrete models cannot be used effectively enough due to
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the intensive school mathematics curriculum and limited time
(McNeil et al., 2009).

The use of concrete objects in mathematics teaching offers a
new perspective. It enables students to do mathematics without
understanding mathematics (Kim, 2020). It may be difficult
to express the sharp distinction between concrete and abstract
models in mathematics teaching by accepting that concrete
models are effective. Instead, manipulatives can be used. Studies
on how young children comprehend symbolic relationships are
possible with teaching practices enriched with concrete models
(Sterner et al., 2020). Concrete models enable students to access
concepts and objects that are difficult to attain in mathematics
teaching (McNeil et al., 2009).

Cramer and Wyberg (2009) argue that teachers should use
multiple models to support subject teaching in mathematics.
They also emphasize that concrete models improve students’
calculation skills. For students who have problems manipulating
their mental images, concrete models can positively reduce
this difficulty. Concrete models prevent students from using
wrong strategies and reduce misconceptions. There may be a
misuse of teachers at the point of applying concrete models
in mathematics teaching. Concrete models may have their
strengths and limitations. Using multiple concrete models can
be an effective strategy to enable students to learn meaningfully
(Salimi et al., 2020).

The Concrete-Representational-Abstract (CRA) approach
is a three-stage strategy that promotes overall conceptual
understanding using sensory teaching techniques that introduce
new concepts. Each stage is based on previously taught concepts.
This approach is an effective one used in mathematics courses
and for teaching in many different areas of mathematics, which
includes an exploration-learning strategy that helps students
transition between conceptual and content knowledge. With
this approach, concrete models gain importance and make
positive contributions to students’ learning in the transition
from mathematics to abstract (National Council of Teachers of
Mathematics [NCTM], 2020).

Teaching practices enriched with concrete models is a
process that offers students the opportunity to communicate
with mathematical ideas and develop their teamwork skills.
In addition, this process helps teachers to recognize the
mathematical thinking, skills, and abilities of a wide range of
students. Thus, teachers assume the role of facilitator in activities
where concrete models are used (Fox, 2006).

Lesh and Doerr (2003) presented their views on the reasons
for developing teaching practices enriched with concrete
models. Teachers believe that many of the skills they try
to give cannot be evaluated with standard tests, and they
believe that most of their students are more successful
than implied by standard test results with teaching practices
enriched with concrete models. In the context of positive
psychology, intellectual foundations in the field of educational
administration are questioned. In this study, it was aimed to

determine the opinions of pre-service mathematics and pre-
service primary school teachers regarding mathematics teaching
practices enriched with concrete models. Since visual objects are
more memorable, it is important that such a study is conducted
in order for students to learn abstract mathematics subjects
better. In addition, since pre-service teachers will graduate after
a short time and will be engaged in teaching activities, they will
be able to better transfer these subjects to students by using
teaching practices enriched with concrete models.

Teachers’ perceptions of positive psychology are based on
the characteristics of positive people, which is a neglected subject
of psychology in recent years. An analysis has been made about
how positive psychology can be benefited from in the field of
humanistic psychology, which is fed by positive psychology, and
educational administration (Aydın et al., 2013). While teachers
use concrete models in teaching mathematics, their personal,
and general efficacy beliefs are directly proportional to their
positive psychology perceptions (Kelekçi and Yılmaz, 2015).
In addition, since concrete models that provide permanent
learning in students also increase problem solving skills,
they add a positive meaning and predict positive psychology
perceptions of both teachers and students (Anık and Tösten,
2019).

Materials and methods

Research design

In the research, the opinions and evaluations of pre-
service mathematics and pre-service primary school teachers
about the concrete models they designed were examined. The
research was designed with a mixed-method in which qualitative
and quantitative approaches were used together. By placing
Mixed Method Researches in an analysis of some common
research paradigms, it is important to complement and meet
the increasingly complex needs of contemporary researchers.
There are several benefits to adopting Mixed Method Research
as it integrates post-positivism and interpretive frameworks
by explaining the key principles and key theoretical principles
of the mixed methods approach, which includes collecting
both quantitative and qualitative data in response to research
questions (Saraswati et al., 2021). This integrated method
includes collecting, analyzing, and combining qualitative and
quantitative data in one or more stages (Hesse-Biber, 2010).
Fully mixed concurrent dominant status design: F2 is used
in our study. A fully mixed concurrent dominant status
design involves conducting a study that mixes qualitative and
quantitative research within one or more of, or across the
aforementioned three components in a single research study.
In this design, the quantitative and qualitative phases are
mixed concurrently at one or more stages or across the stages
(Leech and Onwuegbuzie, 2009).
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Participants

Regarding the characteristics of the mixed research study,
it was tried to reach the widest possible participant group
in the participatory quantitative research section. During the
scale development phase of the research, 441 pre-service
teachers studying mathematics and pre-service primary school
teaching departments of the education faculties of universities
in Turkey and Cyprus were surveyed. Of the pre-service teachers
participating in the research, 54% are female and 46% are male.
In the qualitative part of the research, in order to conduct
in-depth research, it was aimed to select information-rich
situations in the context of the purpose of the study, and 44 pre-
service teachers were reached by using the purposive sampling
method. In the qualitative aspect of the research, it was aimed
to reveal the opinions of pre-service teachers on “Mathematics
Teaching Practices Enriched with Concrete Models.” For this,
the interview technique, one of the qualitative research designs,
was used. The data obtained from the interview at the end
of the qualitative research were analyzed by using the content
analysis technique. Qualitative research is frequently preferred
in accordance with research subjects in terms of making events
and perceptions in natural environments, being holistic, and
providing in-depth information about the subject (Yıldırım and
Şimşek, 2013). In the present study, the “Mathematics Teaching
Practices Enriched with Concrete Models” course was given 3 h
per week for 8 weeks (3 × 8 = 24 h) to pre-service mathematics
and pre-service primary school teachers by using the Moodle
system with the distance education method. In the research,
the distance education method was preferred to perform the
teaching due to the COVID-19 pandemic and to reach more
pre-service teachers.

Data collection tools

In the study, the “Mathematics Teaching Practices Enriched
with Concrete Models Perception Scale” was used as a data
collection tool. While preparing the questionnaire, the literature
was surveyed and the form consisting of 26 items and 4 open-
ended questions was prepared by applying the opinions of
three field experts and a qualitative research expert. In order
to apply the questionnaire, the necessary permissions were
obtained via e-mail, and after the permissions were obtained,
the questionnaires were implemented with the help of Google
Forms. The questionnaire form consists of 26 items and is in
a 5-point Likert type. For each of the 26 items, one is asked
to choose one of the options of strongly disagree, disagree,
neither disagree nor agree, agree, and strongly agree. The ninth
question was prepared as negative. While calculating the scale
score, the answers were given (5-point Likert type) 1, 2, 3, 4,
and 5 points, respectively. Reliability test was applied to the
scale in the study and the Cronbach’s alpha value was found as

0.81. It is said that this reliability value for the scales is good
(Büyüköztürk et al., 2017).

In this research, it is aimed to evaluate pre-service
mathematics teachers’ and pre-service primary school teachers’
opinions and perspectives on mathematics teaching practices
enriched with concrete models. In this direction, answers to the
following open-ended questions were sought:

1. Has the concrete model you developed contributed to your
professional development? Please explain.

2. Are concrete models suitable for every subject in
mathematics teaching? Why? Why not?

3. What are the advantages and disadvantages of concrete
models in teaching mathematics?

4. Do you intend to use concrete models in your professional
life? Why? Why not?

The analysis results obtained in the research were tested
by coding with the consensus of two experts with qualitative
research experience. The researcher first coded the interview
records of the research. These codings were repeated by two
independent experts apart from the researchers. The reliability
formula of Miles and Huberman (1994) was used to calculate
the reliability of the interviews.

As a result of the coding, the reliability level of the “Interview
Questions for Pre-service Teachers” was found to be 84% with
the first expert and 88% with the second expert. According
to Yıldırım and Şimşek (2013), a degree of reliability of 70%
is sufficient. Since this rate was exceeded in this study, it
was concluded that the data obtained after the qualitative
research were reliable.

Learning environment

During the 8-week education period, the students
were taught about concrete models; on the condition,
that one topic was covered each week. These topics are
respectively: Explanation and Transformation of Concrete
Models, Interpreting Concrete Models, Developing and
Solving Concrete Models, Verifying Concrete Models, Using
Concrete Models, The Importance of Concrete Models in
Mathematics Curriculum, The Place of Concrete Models in the
Mathematics Curriculum, and Construction and Presentation
of Concrete Models. After the 8-week course, each of the
44 pre-service mathematics and pre-service primary school
teachers was asked to develop a concrete model as a project on
a topic they chose. Thus, while the pre-service teachers were
given more information about the research topic, they were
provided answers to the scale and qualitative questions these
were more realistic.

In Figure 1, the training made on the Moodle platform is
given. In the training, it was tried to comply with the standards
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FIGURE 1

Sample

Q11
Q12 lectures

Q13

made with concrete models (by MC).

FIGURE 2

The transition from concrete to abstract and its representation
(by MC).

specified by National Council of Teachers of Mathematics
(NCTM). In Figure 2, the projects produced by the pre-service
teachers at the end of the lesson are given.

Due to the COVID-19 pandemic, teacher candidates were
asked to send the concrete models they produced to the authors’
address by courier.

Data analysis

“Mathematics Teaching Practices Enriched with Concrete
Models Perception Scale” was applied after 8 weeks of training
to collect the necessary data for the statistical analysis of
the research problem. The collected data were transferred to
a computer environment and analyzed with the SPSS 24.0
program. The mean and standard deviation values of each item
were calculated. By collecting quantitative data with the related
scale, the opinions of pre-service mathematics teachers and pre-
service primary school teachers about concrete models they
developed themselves were revealed. After the qualitative data
on open-ended questions were analyzed with frequency values,
the obtained findings guided the collection of quantitative data.
Thus, exploratory design, one of the mixed methods, was used in
the research. The KMOQ14 test used to explain whether the selected

sample is sufficient takes a value between zero and one. KMO
value must be greater than 0.50. With a value of 0.905, the
sample is considered well suited for factor analysis. If p < 0.05
as a result of Bartlett’s test, it is seen that the result is significant
(Büyüköztürk et al., 2017).

Before the scale was applied to the pre-service teachers, a
pre-application was made with the questionnaire form. After
the validity and reliability analyzes were made, it was applied to
the participants again to obtain descriptive findings. In addition,
exploratory factor analysis was performed while developing
the perception scale. Factor loads of “Mathematics Teaching
Practices Enriched with Concrete Models Perception Scale” are
given in Table 1.

As a result of factor analysis and examination of the
breakpoints in the Scree Plot Graphic (Figure 3), it was
understood that the scale was divided into five sub-factors.
However, after Varimax rotation in the factor analysis, the total
variance explained by the five factors is 66.940%, which is good
(Büyüköztürk et al., 2017).

TABLE 1 Factor loads of mathematics teaching practices enriched
with concrete models perception scale.

Factor loads

Item 1st factor 2nd factor 3rd factor 4th factor 5th factor

Item 1 0.825

Item 2 0.816

Item 3 0.799

Item 4 0.796

Item 5 0.787

Item 6 0.777

Item 7 0.738

Item 8 0.690

Item 9 0.627

Item 10 0.803

Item 11 0.791

Item 12 0.773

Item 13 0.734

Item 14 0.728

Item 15 0.663

Item 16 0.603

Item 17 0.825

Item 18 0.788

Item 19 0.749

Item 20 0.689

Item 21 0.593

Item 22 0.766

Item 23 0.664

Item 24 0.592

Item 25 0.834

Item 26 0.753
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FIGURE 3

Scree plot graphic.

Considering the factors in the Mathematics Teaching
Practices Enriched with Concrete Models Perception Scale,
which emerged in the distribution of 26 items, the following can
be said:

The first factor is the “benefit” factor, the second factor is
the “usage” factor, the third factor is the “planning” factor, the
fourth factor is the “sustainability factor,” and the 5th factor
is the curriculum factor. These factors include items related to
the evaluation of mathematics teaching practices enriched with
concrete models.

Results

The findings obtained from the analysis of the data were
presented in tables and comments were made according to these
tables. The descriptive statistical findings of the Mathematics
Teaching Practices Enriched with Concrete Models Perception
Scale applied to “Pre-service mathematics and pre-service
primary school teachers” and the answers to the open-ended
questions were given in tables by conducting content analysis.

In Table 2i, it is seen that the perceptions of most of
the pre-service teachers about concrete models are in the
form of “Agree” (X = 3.41; Sd = 0.265). In general, pre-
service teachers responded positively to the items in the benefit
sub-factor and said they agree (X = 3.67; Sd = 0.415).
They also stated that CM helps to understand mathematical

concepts more clearly, makes it easier for students to learn
knowledge, provides permanent learning, enables meaningful
learning, increases students’ interest in the class, creates a
fun learning environment, and develops students’ psychomotor
skills. However, on the contrary, pre-service teachers stated that
designing CM would take time instead of saving time, and they
said that CM developed the imagination of the students.

Pre-service teachers said neither agree nor agree on the
items in the usage sub-factor (X = 3.31; Sd = 0.376). In
addition, pre-service teachers were undecided about the “In
order for CM to be used effectively, Pre-service teachers must
be equipped,” “CM can be moved,” “CM can be used during an
activity in the course,” “CM can be used for reinforcement at
the end of the class,” and “CM can be used for assessment at
the end of the class” items. However, in this sub-factor, it was
emphasized that CM could be used to increase visibility and
attract attention at the beginning of the lesson.

Pre-service teachers said neither agree nor agree on the
items in the planning sub-factor (X = 2.75; Sd = 0.519). In
addition, pre-service teachers were undecided about the “CM
is easy to prepare,” “Concrete models are durable,” “Concrete
models are compatible with STEM,” “CM is visually aesthetic,”
and “CM can be prepared with easily available materials” items.

In general, pre-service teachers said an “agree”
response to the items in the sustainability sub-factor
(X = 3.67; Sd = 0.563). In addition, pre-service teachers
were agree with the “CM contains real-life objects,” “Concrete
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TABLE 2i Mathematics teaching practices enriched with concrete
models perception scale.

Items X SD

Benefit 3.67 0.415

1 CM helps to understand mathematical concepts
more clearly.

3.78 0.935

2 CM makes it easier for students to learn
knowledge.

3.65 0.874

3 CM provides permanent learning. 3.79 0.918

4 CM enables meaningful learning. 3.41 0.991

5 CM saves time. 2.45 0.981

6 CM increases students’ interest in the class. 3.95 0.832

7 CM creates a fun learning environment. 3.91 0.880

8 CM develops students’ psychomotor skills. 4.12 0.88

9 CM does not develop students’ imaginations. 1.95 0.808

Usage 3.31 0.376

10 In order for CM to be used effectively. Pre-service
teachers must be equipped.

3.17 1.055

11 CM can be moved. 2.89 0.705

12 CM can be used during an activity in the course. 3.37 1.268

13 CM can be used to increase visibility. 3.88 0.879

14 CM can be used to attract attention at the
beginning of the class.

3.70 0.807

15 CM can be used for reinforcement at the end of the
class.

3.18 0.74

16 CM can be used for assessment at the end of the
class.

2.97 0.742

Planning 2.75 0.519

17 CM is easy to prepare. 2.24 0.842

18 Concrete models are durable. 2.23 0.814

19 Concrete models are compatible with STEM. 3.05 0.721

20 CM is visually aesthetic. 3.18 0.804

21 CM can be prepared with easily available materials. 3.03 1.185

Sustainability 3.67 0.563

22 CM contains real-life objects. 3.54 0.85

23 Concrete models can be improved by making some
changes.

3.84 0.974

24 CM can be used in other subjects by making some
changes on it.

3.63 0.764

Curriculum 3.72 0.718

25 CM are objects that concretize abstract
mathematical concepts.

3.74 1.005

26 It is necessary to use concrete models in
mathematics teaching.

3.69 0.851

Total 3.41 0.265

models can be improved by making some changes,” “CM can be
used in other subjects by making some changes on it” items.

In addition, pre-service teachers said an “agree” response to
the items in the curriculum sub-factor. In addition, pre-service
teachers were agree with the “CM are objects that concretize
abstract mathematical concept” and “It is necessary to use
concrete models in teaching” items.

TABLE 2ii Pre-service teachers’ opinions on questions.

Question 1(a)

Contribution f %

Yes 43 97.8

No 1 2.2

Total 44 100

Question 1(b)

Causes f %

Concretizing the topic covered 10 22.73

Providing richness to the topics to be covered 8 18.18

Creating an effective learning environment 7 15.91

No answer 5 11.36

Being able to motivate students 4 9.09

Being able to deliver an effective and lasting class 4 9.09

Providing productivity to professional development 3 6.82

Providing learning by doing 3 6.82

Total 44 100

Question 2

Suitability f %

Yes 38 86.36

It is possible to design a concrete model for every subject 28 63.64

Using creativity/Concrete models can be designed for any subject 6 13.64

No comment 4 9.09

No 6 13.64

More suitable for primary school students 3 6.82

It may not be suitable for every subject 2 4.55

In some subjects, the presentation method alone is sufficient 1 2.27

Total 44 100

Question 3(a)

Advantages f %

Concretizing abstract knowledge 30 68.18

Providing permanent learning 15 34.09

Enabling students to develop positive attitudes toward mathematics 9 20.45

Increasing student motivation 8 18.18

Creating a learning environment by doing and living 4 9.09

Being fun 4 9.09

Question 3(b)

Disadvantages f %

It requires financial means 19 43.18

It should be used under teacher control 10 22.73

It can cause time loss in crowded classrooms 9 20.45

There is no concrete model suitable for every subject 6 13.64

Total 44 100

Question 4

(Continued)
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TABLE 2ii (Continued)

Effect on learning f %

To ensure permanent learning 10 22.73

To increase motivation 7 15.91

To make the class productive 6 13.64

To prevent abstract knowledge from being memorized 6 13.64

To make the class fun 5 11.36

To enable critical thinking 4 9.09

To enable creative thinking 3 6.82

To create an environment for learning by doing-living 3 6.82

Total 44 100

Below are the findings regarding the open-ended questions
in Table 2ii. After the qualitative research, the results obtained
depending on the coding are given in the form of themes
and sub-themes. Contribution, causes, suitability, advantages,
disadvantages, and effect on learning were determined as the
main themes. In Table 2ii, one can be seen that approximately
97.8% of the pre-service teachers answered “yes” to the first
question and that mathematics teaching practices enriched with
concrete models contributed to their professional development.

In the explanation part of the first question in Table 2ii
above, the direction of the contribution of mathematics
education applications enriched with concrete models to the
professional development of pre-service teachers is described.
In terms of frequency value, the first rank is occupied by making
the topic covered concrete whereas the last rank is occupied by
contributing in terms of ensuring learning by doing-living.

According to Table 2ii, it was seen that 86% of the pre-
service teachers gave “yes” and 14% gave “no” answers to the
question “whether concrete models are suitable for all subjects”
along with their reasons.

The statements in Table 2ii indicate the advantages of
teaching practices enriched with concrete models applied
by pre-service teachers. The resulting sub-themes are
“Concretizing abstract knowledge,” “Providing permanent
learning,” “Enabling students to develop positive attitudes
toward mathematics,” “Increasing student motivation,”
“Creating a learning environment by doing and living,” and
“Being fun.”

The statements in Table 2ii are among the disadvantages
of teaching practices enriched with concrete models applied by
pre-service teachers. The resulting sub-themes are “It requires
financial means,” “It should be used under teacher control,” “It
can cause time loss in crowded classrooms,” and “There is no
concrete model suitable for every subject.”

All of the pre-service teachers stated that they intended
to use concrete models in their professional lives. Table 2ii
above shows the opinions of pre-service teachers about why they
wanted to use mathematics teaching applications enriched with
concrete models in their professional lives. The first among these
is the statement “To ensure permanent learning.” In addition,

they plan to use it in their professional lives to increase student
motivation. In addition, pre-service teachers think that CM
makes the lesson productive, prevents memorization of abstract
information, makes the lesson fun, provides critical-creative
thinking, and provides learning by doing-living.

Discussion, conclusion, and
recommendations

In this part of the research, the conclusion drawn from the
findings obtained as a result of the study and suggestions in line
with these conclusion are provided.

Discussion and conclusion

It is seen that the opinions of the majority of pre-service
mathematics teachers and pre-service primary school teachers
about mathematics teaching practices enriched with concrete
models are positive in the form of “Agree.” In addition, it
was observed that pre-service teachers did not use negative
expressions in items such as concrete models containing real-
life objects. On the contrary, it has been determined that these
models are objects that embody abstract mathematical concepts,
help students understand mathematical concepts more clearly,
and enable students to learn more information. Pre-service
teachers also emphasized that concrete models provide easy,
permanent, and meaningful learning, increase students’ interest
in the lesson and that they should be used in mathematics
teaching. At the same time, they said that these models create
a fun learning environment, increase the psychomotor skills of
the students and that these models are aesthetic.

About 97.8% of the pre-service teachers answered “yes” to
the first open-ended question. Accordingly, it was seen that
mathematics teaching practices enriched with concrete models
contribute to their professional development. This result is in
parallel with the study of Thompson (1994). In the explanations
part, as regards the contributions of mathematics education
applications enriched with concrete models to their professional
developments, pre-service teachers mentioned “concretizing
abstract knowledge” with the highest frequency and “ensuring
learning by doing-living” with the lowest frequency.

Almost all of the pre-service teachers answered “yes” to
the question “Are concrete models suitable for every subject in
mathematics teaching?” Among the advantages of mathematics
teaching practices enriched with concrete models pointed out
by pre-service teachers, in line with Nugroho and Jailani (2019),
it is mentioned that it concretizes abstract knowledge and
provides permanent learning. The fact that students develop
a positive attitude toward mathematics is in parallel with
Blum (2002) and Blum et al. (2007). They also provided
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statements such as increasing motivation, creating a learning
environment by doing and living, and being fun. Larson (1983)
underlines that no conflict really exists between covering the
usual content of a course in mathematic methods and at the
same time encouraging positive attitudes toward mathematics
and combating math anxiety.

Among the disadvantages of mathematics teaching practices
enriched with concrete models applied by pre-service teachers,
the following were pointed out: it requires financial means, it
should be used under teacher control, it can lead to time loss
in crowded classrooms, and there is no concrete model suitable
for every subject. This result shows that we reached the same
conclusion as McNeil et al. (2009).

All of the pre-service teachers stated that they intended to
use concrete models in their professional lives. This result proves
that concrete models are an indispensable part of mathematics
education, as indicated in the study of Drews and Hansen
(2007) and Kim (2020). In the pre-service teachers’ opinions
on why they wanted to use mathematics teaching practices
enriched with concrete models in their professional lives, the
expression “to provide permanent learning” takes the first place.
It is followed by the desire to increase student motivation,
make the class productive, and prevent abstract knowledge
from being memorized. This result is in parallel with Nugroho
and Jailani (2019). In addition, as in the study of Cramer
and Wyberg (2009), they intend to use it in their professional
lives to make the class more fun, to provide critical-creative
thinking, and to ensure learning by doing-living. It is also known
that positive psychology affects school-age children positively,
both their attitudes and motivations (Akdoğan, 2021). It can
be thought that the use of concrete models in mathematics
teaching creates a positive psychology context for children’s
motivation and attitudes.

Recommendations

• It can be argued that the lack of a concrete model suitable
for every subject can be compensated for with Computer-
Aided Education called “semi-concrete.”
• The fact that there are very few works in the literature

on mathematics teaching practices enriched with concrete
models shows that more studies should be done
on this subject.
• The fact that all teachers will use Mathematics Teaching

Practices Enriched with Concrete Models in their
professional lives shows that, depending on international
education policies, teachers should take new learning
approaches practically in undergraduate courses in
education faculties and that this is inevitable in
mathematics education.
• Senior students studying in education faculties of

universities can be given such models as homework

and projects for research purposes, and they can be
asked to prepare and present class examples suitable
for these models. However, knowledgeable people must
evaluate these sample lessons. These sample lessons need
to be evaluated by knowledgeable people. Mathematics
is said to be one of the most difficult subject in all
countries of the world. Especially since the mathematics
curriculum is intense and time is limited, mathematics
and primary school teachers need to make choices that
will use time economically while determining an effective
teaching model. They can apply mathematics teaching
practices enriched with concrete models as a method
that will provide important results in students’ academic
success and save time.
• Using mathematics teaching practices enriched with

concrete models for using problem-solving strategies,
making effort to solve problems, loving problem
solving, and having self-confidence in problem-
solving to improve students’ problem-solving skills
and structure in mathematics and especially geometry
classes can play a key role in eliminating low student
performance.
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