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INTRODUCTION

It is well recognized that teaching early language and literacy skills with mathematics fosters the
development of each of these skills (Altindag Kumasg, 2022). For this aim, children’s literature and
mathematics may be combined to assist both fields. Because children’s literary elements such as picture
books offer more experience comparison to textbooks (Burns & Silbey, 2000) and using these elements
in the classroom is one of the best teaching approaches (Acer & Gozen, 2020). Also, including these
elements like picture books and stories in the classroom enhances and differentiates mathematics
instruction while considering the unique needs of each student (Forbringer et al., 2016). Thus, integrating
children’s literary elements into mathematics, can support high levels of interaction between teachers and
students (Kaya & Haydar, 2021).

This teaching approach, which integrates of mathematics and literature content areas, not only
contributes to students but also teachers in various ways (Edelman et al., 2019). According to literature,
the use of literary elements in mathematics teaching provides the presentation of mathematical concepts
in a (real life) context, making mathematical connections, developing mathematical language, and
cognitive and affective processes related to mathematics (Columba et al., 2005; Green, 2013; Hassinger -
Das et al., 2015; Lemonidis & Kaifa, 2019; Mink & Fraser, 2005). However, there are also studies that
draw attention to the need to be cautious in some respects against such an approach (Forbringer et al.,
2016; Nurnberger-Haag et al., 2020a). Because literary elements like picture books that are used to teach
mathematics may not always achieve the needed standards because they could contain misconceptions
and ignore the students’ developmental processes that must be considered when teaching a mathematical
subject like numbers or numeracy (Nurnberger-Haag, 2017; Powell & Nurnberger-Haag, 2015; Ward et
al., 2017). So, the characteristics of the teachers who would implement the integration in their classrooms,
as well as the choice of literary elements to be used, play a significant part in this method, where the two
curriculum areas are combined. Researchers investigate this topic to learn more about pre-service and in-
service teachers’ competencies, beliefs, and classroom behaviors related to this approach (Cooper et al.,
2020; Farrugia & Trakulpdetkrai, 2020; Prendergast et al., 2019; Rogers et al., 2015). These findings
reveal that while though pre-service and in-service teachers have similar ideas about the context and they
conduct their lessons similarly, they also have misconceptions like this approach is generally for kids not
all students from all ages and it’s not appropriate for teaching all areas of mathematics (Larkin &
Trakulphadetkrai, 2019; Trakulphadetkrai, 2018). In-service teachers may be less hesitant to incorporate
literary aspects into mathematics lessons because of these assumptions. The development of these views
may have been influenced by investigations done mostly with young children and in the setting of
mathematics (Edelman et al., 2019). Whereas using children’s literary elements in mathematics teaching
has many potentials in the context of teacher education (Can et al., 2020; Durmaz, 2022; Ginsburg &
Uscianowski, 2017; Jett, 2018). Because this integration helps to increase teachers’ self-efficacy in
mathematics and encourages them to design innovative mathematics lessons (Jett, 2018), which is one of the
important goals of a constructivist curriculum. However, research indicates that pre-service and/or in-service
teachers benefit from this integration in a limited way (Rogers et al., 2015). So much so that while they rarely
utilize this approach to teach a new concept or problem-solving, which are effective ways of integrating, they
often care about the relavance of the book to the subject rather than the quality of the book and have lack of
noticing the mathematical context of the book (Cooper et al., 2020; Prendergast et al., 2019). However, a
considerable number of studies indicate that no curriculum can achieve its goal without teachers.

Whatever the reason, it is believed that it is vital to look at the studies on the subject from a wider
angle since teachers may be preventing students from benefiting from this approach, which can enrich
and distinguish mathematics classes. Because it is well recognized that teachers’ views have a direct
impact on how they teach (Staub & Stern, 2002). Based on these factors, the objective of this study is to
expose the conceptual, social, and intellectual framework of the literature on the use of literary elements
in mathematics instruction. It would therefore help move future research on the subject and teaching
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methods forward by providing a general framework for studies on the subject.

Literature Review

In the literature, studies on using literary elements in mathematics can be classified as those carried out
with students at different educational levels, parents and/or caregivers, pre-service and in-service teachers,
investigating some characteristics of children’s literary elements in scope of mathematics, experimental
studies, and reviews (such as systematic review, meta-analysis, and bibliometric analysis etc.).

Most of the studies are conducted with kindergarten and pre-school students (Bjorklund & Palmér,
2020; Bjorklund & Palmér, 2022; Capraro & Capraro, 2006; Casey et al., 2004; Casey et al., 2008; Elia et al.,
2010; Green et al., 2018; Hassinger-Das et al., 2015; Hong, 1996; McGuire et al., 2020; Purpura et al., 2017;
Purpura et al., 2021; Rathé et al., 2016; Segal-Drori et al., 2018; Skoumpourdi & Mpakopoulou, 2011; Van den
Heuvel-Panhuizen et al., 2009; Van den Heuvel-Panhuizen & Van den Boogaard, 2008; Van den Heuvel-
Panhuizen et al., 2011; Van den Heuvel-Panhuizen et al., 2016; Wijns et al., 2022; Young-Loveridge, 2004), and
some of them are conducted with primary school students (Cooper et al., 2011; Lemonidis & Kaifa, 2019;
McAndrew et al., 2017; Mink & Fraser, 2005; Russo et al., 2021), and middle school students (Durmaz &
Migoogullari, 2021; Giinbas, 2015; Yal¢in et al., 2022). Since the focus of research with pre-school or
kindergarten children is about early mathematics, studies with parents are also conducted (Gaylord et al.,
2020; Godwin et al., 2016; Goldstein et al., 2016; Uscianowski et al., 2020), and some of these studies focus
on parent-child interaction in the process of reading books about mathematics (Hendrix et al., 2019; Hojnoski et
al., 2014; Vandermaas-Peeler et al., 2009).

There are also many studies carried out with pre-service and in-service teachers. In studies in which
pre-service teachers are the participants of the research, usually (Can et al., 2020; Durmaz, 2022; Edelman,
2017; Harding et al., 2017; Jett, 2014; Leonard et al., 2014; Livy etal., 2021; Nesmith et al., 2017; Nurnberger-
Haag et al., 2020b; Nurnberger-Haag et al., 2021b; Prendergast et al., 2019; Purdum-Cassidy et al., 2015;
Rogers et al., 2015; Wheeler & Mallam, 2020) are examined the beliefs and opinions of pre-service and in-
service teachers towards this integration, analyzed integrated activities and lesson plans with children’s literary
elements or focused on teacher education/professional development. The studies carried out with in-service
teachers mostly deal with their views and experiences related to children’s literary elements and mathematics
integration (Can & Durmaz, 2023; Cotti & Schiro, 2004; Farrugia & Trakulpdetkrai, 2020; Hojnoski et al.,
2016; Jett, 2018; Livy et al., 2021; Prendergast et al., 2019; Stites et al., 2020; Toh et al., 2017; Yang et al.,
2022).

Research aimed at examining literary elements, which are as important as pre-service and in-service
teachers in the integration process, is aimed at investigating the selected books’ characteristics in the context of
a specific topic such as numbers and geometry (Darragh, 2018; Fellus et al, 2022; Nesmith & Cooper, 2010;
Nurnberger-Haag, 2017; Nurnberger-Haag et al., 2020a; Splinter et al., 2022; VVan den Heuvel-Panhuizen & Elia,
2012; Ward et al., 2017), setting out the various field-specific guidelines or criteria for selecting qualified books
for integration, and potential misconceptions that literary elements may include (Nurnberger-Haag et al., 2020a;
Nurnberger-Haag et al., 2021a; Powell & Nurnberger-Haag, 2015; VVan den Heuvel-Panhuizen & Elia, 2012).

Finally, there are experimental studies also related to the subject (Edelman et al., 2019). In these, it is
seen that the effects of instructional interventions like early intervention or techniques such as interactive reading
are employed, and their effects are reported. Some of the variables discussed in these experimental studies are
verbal problem-solving ability (Gilinbas, 2015), modeling ability (Wijns et al., 2022), mathematics
performance (Van den Heuvel-Panhuizen et al., 2016), performance on length measurement (Van den Heuvel -
Panhuizen et al., 2011), arithmetic/mathematical achievement/knowledge (Jennings et al., 1992; Purpura et al.,
2017; Purpura et al., 2021), interest in mathematics (Jennings et al., 1992), using mathematical words and/or
mathematical language (Jennings et al., 1992; Purpura et al., 2017; 2021), success about fraction concept
(Lemonidis & Kaifa, 2019), and attitude towards geometry (McAndrew et al., 2017).
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There are also reviews about this topic (Edelman et al., 2019; Inal-Kiziltepe, 2018; Op't Eynde et al.,
2022b; Powell & Nurnberger-Haag, 2015) because the body of the literature about the topic has some mixed
results (Edelman et al., 2019). So, some researchers conducted these kinds of studies to see the landscape of
using literary elements in education and mathematics. For example, Zhang et al. (2023) aimed to examine the
experimental studies on the subject, they investigated the articles published between 2000-2022. They included
the studies which are indexed in EBSCO, Education Research Complete, JSTOR and Springer. They found out
that a large part of the studies was related to the early childhood mathematics and there are very limited studies
on high school students. Edelman et al., (2019) also examined empirical studies which were published between
1991-2016 in their meta-analysis. They used ERIC, EBSCOHOST and Google Scholar for literature review
and used “children’s literature” and “mathematics” keywords. Edelman et al. (2019) also figured out that
empirical studies on this topic is quite few. When they analyzed these (n=23) experimental studies, they
figured out that the studies were carried out under the titles of student success, motivation and engagement,
mathematical discourse, and pre-service/in-service teacher education. They underlined the need of the
studies which are focus on mathematics success, making international comparisons and conducting studies
with a wider age range. Finally, Arizpe (2021) conducted a study in which she evaluated the studies on
children’s picture books between 2010-2020. To the best of our knowledge, there is no bibliometric analysis
about the topic. In fact, there is limited study using bibliometric tools in mathematics education (Drijvers et
al., 2020).

It has been determined that bibliometric studies, which is one of the powerful systematic review
tools, conducted specifically on mathematics education are carried out on a general topic such as
mathematics education or specific issues such as number sense, mathematics anxiety, instrumental
orchestration, ICT in mathematics education, problem solving, primary school mathematics education
(Drijvers et al., 2020; Ersozlii & Karakus, 2019; Gokge & Giiner, 2021; Giiner & Gokge, 2021; Jiménez-
Fanjul et al., 2013; Kuilig, 2023; Ozkaya, 2018; Ramirez & Rodriguez Devesa, 2019; Suseelan et al., 2022;
Trinh Thi Phuong et al., 2022). So, no studies related to the research topic have been encountered. For
example, Wu (2018) examined the research on children’s picture books without any distinction about
content areas. He analyzed a total of 286 articles published between 1993 and 2015, which he obtained
because of his search in Web of Science (WOS), with HistCite software. Wu (2018) used only “picture
book” and “picturebook” as keywords in his study focused on bibliometric analysis and presented a more
general perspective on the studies about children’s picture books.

As can be seen, the studies on the subject were carried out in a way to cover certain years and
keywords, while other studies were carried out in the context of meta-analysis and descriptive analysis.
For this reason, it is thought that a more holistic perspective on the use of literary elements in mathematics
education would be gained with the bibliometric analysis to be made within the scope of this study.
Because bibliometric analysis is carried out by selecting the publications and selected keywords by the
authors on this subject (Pring, 2015). Thus, in addition to the advantages of systematic review and meta-
analysis studies, the change of the subject over time can be illustrated (Donthu et al., 2021), some
predictions can be provided about future studies by connetting different publications related to the subject
with the co-word analysis to be conducted (Marin-Marin et al., 2021), and it may be possible for interested
researchers to notice research gaps in the subject (Chen et al., 2019). In light of this rationale, the following
research questions were chosen:

1. How do the articles on the use of literary elements in mathematics teaching change
according to the years they were published?

2. Which authors, articles, journals, institutions, and countries are the most influential in the
studies on the use of literary elements in mathematics teaching?

3. Regarding the use of literary elements in mathematics teaching, what kind of intellectual,
social, and conceptual structure emerges in terms of cooperation between countries,
cooperation between authors and co-word network?
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METHOD

Research Design

In this study, the use of literary elements in mathematics instruction was investigated using bibliometric
analysis. Because systematic review studies like bibliometric analysis can be conducted in a way that is both
more thorough and clearer (Andrews, 2005). Additionally, the linkages between any publication, author, or
cited author with other publications and authors connected to the topic of interest can be shown through the
maps produced as a result of the study (Zupic & Cater, 2015).

Research Instruments and Processes

The data were obtained through Scopus, among the international citation indexes or search engines Web
of Science, Scopus, Google Scholar, Microsoft Academic and Dimensions (Moral-Muiioz et al., 2020). For
this, first, in the Web of Science and Scopus indexes, which are two indexes where qualified international
publications are indexed, initial search was made with the search code written based on the keywords used in
the research on this subject. As more documents were reached in Scopus, the study was carried out on the
articles in the Scopus index (Mongeon & Paul-Hus, 2016). Because in the first search using the same keywords,
it was seen that there were more publications in Scopus than in WOS. Since Scopus is more comprehensive in
terms of the relevant subject, the study was continued with it. A search was made for all times covering the
date of 09/21/2021. Social Studies and Psychology filters were used because the studies that fit the scope of
the study were not directly related to the field of educational sciences in the Scopus database and some studies
on this subject were related to the field of psychology. The range of studies using literary elements such as
children’s picture books to many fields such as education, culture, psychology, and literature was effective in
making this decision (Arizpe, 2021). The code used in the search is as follows:

TITLE-ABS-KEY ((math*ORgeom*ORcounting*) AND ("children’s literature" OR "children’s book"
OR "picture book" OR "picturebook™ OR "tradebooks™ OR "trade book™ OR "story book™ OR "storybook™" OR
"stories” OR "storybase" OR "storyline™ OR "storytell*" OR "shared book" OR "read-aloud" OR reading))

After this search code was applied, a total of 25,179 studies were reached. When the obtained studies
were adjusted to be only articles according to the document type, they returned 17,213; 15776 when only in
English publications are selected; when journal is selected as the source type, 15,406 articles remain. Finally,
when Social Studies and Psychology filters were activated, 6885 articles remained. These articles were also
re-examined in terms of the title of the publication and the abstracts to provide a more accurate result on the
subject, so the data were extracted by excluding the articles that are not related to the subject. This was done
to prevent the inclusion of irrelevant studies as a limitation of the bibliometric analysis (Zupic & Cater, 2015).
The title and abstract were examined while performing the necessary data cleaning for studies that did not
match the scope of the research (Le Thi Thu et al., 2021). Studies in which the keywords used during the data
cleaning were used out of the scope of this research (for example, the use of the word story while explaining
the narrative research methodology) were not included in the analysis. As a result, a total of 484 articles were
included in the bibliometric and descriptive analysis. The approach used in the data collection phase is
explained in the context of the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA)
(Pham et al., 2021) diagram (Fig. 1).
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«Total articles after filtering based on field, language and source
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« Articles after screening for eligibility (n=6885)

« Articles for bibliyometric analysis (n=484 )

Figure 1. PRISMA diagram for the study in SCOPUS database

Data Analysis

Both descriptive statistics and bibliometric analysis were used to analyze the data. In this context,
bibliometric analysis techniques were used to examine the distribution of studies on the use of literary elements
in mathematics education by years, the top ten cited articles, the authors who contributed to the field and the
number of publications, the active journals in this field, countries, and institutions. The determination of
keyword analysis, source co-citation network analysis, and author co-citation network analysis was also made
using collaborative network analysis. The package application VOSviewer (Version 1.6.9) (Van Eck &
Waltman, 2010) was chosen as the analytical tool for cooperative network investigations.

Ethic

The "Higher Education Institutions Scientific Research and Publication Ethics Directive" was
followed to the letter when conducting this study. No one engaged in any of the behaviors listed in the
second section of the aforementioned regulation, "Actions Contrary to Scientific Research and
Publication Ethics." Since the study used only publicly available materials and involved neither human
data gathering nor any experimental procedures, it does not need permission from an ethics committee.

RESULTS
First, the distribution of 484 articles reached because of the review according to years was examined and
presented in Figure 2.
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Figure 2. Number of publications about literature elements in mathematics education between 1951
and 2021 (September)

Accordingly, it is seen that the articles about literary elements in mathematics teaching were first
published in 1951. It is seen that the number of studies on this subject has increased. But this increase does not
show a regular trend. The highest number of publications (n=64) on the subject were made in 2020, and these
publications constitute 13.22% of all publications on the subject.

The list of the top 10 authors who have the most publications on the use of literary elements in
mathematics teaching is presented in Figure 3.

Number of Publications by Authors

Capraro, R.

Albano, G. = Weber, K.
> = Yang, K.L.
Van den Heuvel- = Powell, S.R.
Panhuizen, M. = Cooper, S.
sl = Elig, I
= Herbst, P.

= Purpura, D.J.
Van den Heuvel-Panhuizen, M.
Albano, G.
Capraro, R.M.

Figure 3. Top authors of literature elements in mathematics education

The three most prolific authors are Weber, K. (14%, n=6), Yang, K. L. (14%, n=6) and Powell, S. R.
(12%, n=5), respectively. There are a total of 229 journals that include studies on using literary elements in
mathematics education. Among these journals, the journals that include the most research on the subject are
given in Table 1.

Table 1. Top ten journals for using literary elements in mathematics education

Journal Number Of Citescore
Publications (Impact
Factor)
Primus 17 0,7
International Journal of Mathematical Education in Science 19
and Technology 14 '
Reading Teacher 14 1,6
Early Childhood Research Quarterly 12 4,4
Educational Studies in Mathematics 12 3,4
Journal Of Educational Psychology 11 9,5
Early Education and Development 10 3
International Journal of Science and Mathematics Education 10 4
ZDM-International Journal on Mathematics Education 10 3,6
Journal Of Adolescent and Adult Literacy 9 18
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Accordingly, it was determined that the most publications on the subject were published in Primus
(n=17) journal. This journal is followed by the “International Journal of Mathematical Education in Science
and Technology”, and “Reading Teacher” with 14 articles each. However, these journals are not the journals
with the highest impact factor among the top 10 journals. Co-citation analysis (with at least 20 citations) of
journals that include studies on literary elements in mathematics education was also conducted in the study
(Figure 4).
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Figure 4. Co-citation analysis on journals

Accordingly, it was seen that the journals on this subject were collected in 4 different clusters. It was
determined that the main clusters, the red cluster, mostly focused on mathematics education and reading, while
the green cluster focused more on developmental psychology and special education. The distribution of studies
on the using literary elements in mathematics education by institutions and countries is presented in Table 2.

Table 2. Top affiliates and countries

Rank Affiliates Record Rank Countries/ Record
Articles Regions Avrticles
1 Vanderbilt University 8 1 USA 267
1 Purdue University 8 2 UK 28
1 The University of Texas at Austin 8 3 Turkey 22
1 Texas A&M University 8 4 Canada 19
1 Michigan State University 8 5 Australia 18
1 University of Wisconsin- 8 6 Indonesia 16
Madison
2 National Taiwan Normal 7 7 Netherlands 11
University
2 University of Michigan Ann Arbor 7 8 Germany 9
2 Rutgers University News 7 8 Taiwan 9
Brunswick
3 Florida State University 6 9 Israel 8
Sweden
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From the table it is seen that six universities share the first pace with eight articles each. The second
place is also sharing with three universities with seven articles each. The institutions that provided the funds
for the research on the using of literary elements in mathematics education were also examined in the Figure
5.

RECORD

Ministry of Science and Technology, Taiwan -4
James S. McDonnell Foundation
Government of Canada 4
Social Sciences and Humanities Research...
Institute of Education Sciences
U.S. Department of Education 7
National Institutes of Health 8
Eunice Kennedy Shriver National Institute. ..
U.S. Department of Health and Human... 9
National Science Foundation 41

Figure 5. Funding Agencies

It has been determined that a total of 117 funds have been supported for research carried out in this
context. Among these funding agencies, those who shared the top three places that offered the most funding
was National Science Foundation (n=41), U.S. Department of Health and Human Services (n=9), Eunice
Kennedy Shriver National Institute of Child Health and Human Development (n=8), National Institutes of
Health (n=8) respectively. The list of the most cited publications among the studies on this subject is presented
in Table 3.

Table 3. Top articles that received the most citations

. . Times
Article Author(s) Published Journal Cited
1.Teaching disciplinary  literacy to Shanahan, T., & 2008 Harvard 632
adolescents:  Rethinking  content-area  Shanahan, C. Educational
literacy Review
2.Number sense growth in kindergarten: A Jordan, N.C., 2006 Child 363
longitudinal investigation of children at risk Kaplan, D., Development
for mathematics difficulties Nabors, Olah L.,
&
Locuniak, M.N.

3.A case study of computer gaming for Ke, F. 2008 Computers and 271
math: Engaged learning from gameplay? Education
4.The real story behind story problems: Koedinger, 2004 Journal of the 243
effects of representations on quantitative KR., & Learning Sciences
reasoning Nathan, M.J.
5.Formal and informal home learning Skwarchuk, 2014 Journal of 219
activities in relation to children's early S.L., Sowinski, Experimental
numeracy and literacy skills: The C., & LeFevre Child Psychology
development of a home numeracy model JA.
6.Cognitive arithmetic and problem solving:  Jordan, N.C., & 1997 Journal of 209
a comparison of children with specific and  Montani, T.O. Learning
general mathematics difficulties Disabilities
7.What is disciplinary literacy and why does  Shanahan, T., & 2012 Topics in 207
it matter? Shanahan, C. Language

Disorders
8.An analysis of arithmetic problem posing  Silver, E.A., & 1996 Journal for 197
by middle school students Cai, J. Research in
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Mathematics

Education
9.Science as the center of a coherent, French, L. 2004 Early Childhood 193
integrated early childhood curriculum Research
Quarterly
10.The development of spatial skills  Casey, B.M., 2008 Cognition and 169
through interventions involving block  Andrews, N., Instruction
building activities Schindler, H.,
Kersh, J.E.,
Samper, A., &
Copley, J.

The most cited article is published in the Harvard Educational Review with the title “Teaching
disciplinary literacy to adolescents: Rethinking content-area literacy”. This article was published by Shanahan
T., & Shanahan, C. in 2008 and received 632 citations. When the most cited articles are examined, we are
faced with a wide spectrum of research on the use of literary elements in mathematics teaching, such as problem
solving, disciplinary literacy, integrated education programs (STEAM etc.), and early childhood. To represent
the cooperation network between countries and authors in the context of the publications, Figure 6 is produced.

greece

cagada
china

belgium

netherlands

southiafrica australia U" | inddBesia

i 7
unitedikingdom sPain ‘v

turkey

" ,VOSviewer

Figure 6. Co-authorship network among countries

The figure includes 48 countries as well as 40 links that have been formed between them. The United
States (13 links), the United Kingdom (9 links), and the Netherlands (6 links) are the nations with the most
connections. This demonstrates the large number of studies with an American or British focus. These nations’
cooperative social networks are stronger as a result. The outcomes of the co-authorship analysis are shown in
Figure 7.
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Figure 7. Co-authorship network among authors

A total of 10 links and 3 clusters were identified in the analysis. Authors usually appear to have 2 or 3
connections. Therefore, we can conclude that authors who carry out studies on the using literary elements in
mathematics teaching mostly work alone. The authors’ co-citation network analysis is presented in Figure 8.
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Figure 8. Co-citation authors network

When the cut-off point for at least 40 citations was determined among the authors working on this
subject, the number of authors decreased to 37. When the co-citation network of 37 authors was examined,
4 clusters emerged. The first cluster, the red one, includes names such as Van den Heuvel Panhuizen, M.,
Elia, 1., Ginsburg, H.P. and Casey, B. The studies in this cluster are about the use of children’s literary
products in mathematics teaching, children’s picture books and early childhood mathematics education.
Therefore, it is possible to infer that the works of the authors in this cluster are mostly cited from the focus
of children’s picture books. It is seen that names such as Alibali, M.W. and Carpenter, T.P. in the second
cluster (green) work on story problems. The third cluster (blue) is further away from the other three clusters
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and includes names such as Vygotsky, L.S. Since the use of literary elements in mathematics teaching brings
in-class discussions and sharing, some studies on the subject were referred to Vygotsky’s social
constructivism theory (Nurnberger et al., 2020a). In the fourth and last cluster (yellow), names such as Geary,
D.C., Fuchs, D., and Fuchs, L.S. stand out. Such a cluster may have emerged because these researchers work
on learning disabilities focused on both language skills and mathematics in the intervention programs they
developed and applied to children’s books to support both areas. When the co-citation network on the use of
literary elements in mathematics teaching is evaluated in general, this subject finds its answer in different
subjects such as problem solving, children’s books and intervention programs, and it is also cited from fields
such as psychology, which is related to educational sciences, together with different fields of educational
sciences.

In studies on the use of literary elements in mathematics teaching, co-word analysis was performed
to reveal the frequency of keywords used by the authors and the relationship between them (Figure 9).
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Figure 9. The co-word analysis

As a result of the co-word analysis, it is seen that a total of 13 but 2 main clusters emerged. These
clusters are shaped around words close to the keywords “content (area) literacy and disciplinary literacy”
and “elementary mathematics education (pre-school and primary school)”. When the changes in the
keywords used by the authors in their studies are analyzed on a yearly basis, the following picture emerges:
in 2010-2012, textbooks, pedagogy, writing and constructivism; in 2012-2014 literature, reading, content
area reading and problem solving; in 2014-2016, mathematics, storytelling, word problems and elementary
education; in 2016-2018 early childhood, picture books, comprehension, digital storytelling, disciplinary
literacy and reading strategy, and finally in 2018-2020, shared reading, parent-child interactions, preservice
teachers, children’s books, content literacy, and professional development keywords are used.

In addition to this, the prominent words are mathematics (n=51), early childhood education (n=32),
mathematics education (n=22), (reading) comprehension (n=18), early childhood (n=17), problem solving
(n=17), content (area) literacy (n=16), children’s literature (n=15), instructional tools (strategy, method,
technique, and material) and digital storytelling (n=13). When the connections between the keywords are
examined, it is seen that the mathematics education and mathematics keywords have a connection with
children’s literature; there is a connection between content (area) literacy and children’s literature, but there
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is no connection between content (area) literacy, mathematics education and mathematics. This situation can
be considered as an indication that the limitations of the keywords chosen by the authors are left aside, that
the studies linking these three areas are limited. Therefore, this table, which emerged because of the common
word analysis, offers some perspectives on the conceptual structure of the use of literary elements in
mathematics education (Oztiirk & Gékhan, 2021).

DISCUSSION, CONCLUSION, LIMITATIONS, AND RECOMMENDATIONS

A search was conducted on the Scopus database for the years 1951-21 September 2021 as part of this
study, which examined bibliometric and descriptive analysis of the papers on the use of literary elements
(children’s picture books, stories, and reading etc.) in mathematics instruction. The inclusion criteria led to
access to a total of 484 studies. First, a descriptive analysis was performed on the data. As a result, it was
discovered that the first study on the issue was conducted in 1951 and that the studies revealed an erratic
upward tendency. The most research on the integration of literary elements into mathematics instruction was
done in 2020. Although not regularly, the number of studies generally tends to increase after 2010. In this case,
the importance of various literacy such as mathematical literacy due to international exams such as
“Programme for International Student Assessment (PISA)” may have played a key role. This finding of the
study coincides with the results of Wu (2018). Because he also found that the change of studies on children’s
picture books according to years tend to increase, albeit irregularly.

Three of the researchers who have the most publications on the use of literary elements in mathematics
education are Weber, K., Yang, K.L., and Powell, S.R. Weber, K. conducts studies on the reading of
mathematical texts and proof as a dimension of mathematical reading. Yang K.L. has a similar ground that
conducted studies on reading mathematical content and focused on reading comprehension. Powell, S. R., on
the other hand, conducted studies on mathematical vocabulary, learning disabilities, and children’s picture
books. Powell, S. R. is followed by Cooper, S., Elia, I., Herbst, P., Purpura, D.J., and Van den Heuvel-
Panhuizen, M. It is seen that the related authors also carry out studies on children’s picture books, problem
solving, mathematical language and stories. However, if we consider the author keywords used, it is difficult
to claim that there is a high level of cooperation among researchers working on the subject. Accordingly, the
studies of the authors who published the most in terms of selected keywords were carried out in a way to
include different dimensions of mathematical reading and literary elements. This associates with the
contribution of the context that stories and various mathematical texts provide for learning mathematics
(Golden, 2012; Trakulphadetkrai et al., 2019). When the journals that include studies on this subject are
examined, it is seen that the authors mostly publish in journals that focus on topics such as mathematics
education, early childhood education, reading, literacy and educational psychology. This may be related to the
multidimensional nature of the subject and the importance given to reading for learning.

Considering the distribution of studies on the use of literary elements in mathematics education
according to institutions and countries, it is seen that there are six institutions that share the first place with
eight publications each. As in the distribution of the top ten universities, the most publications on the subject
originated in the USA. This may have arisen because only in English publications were included in this study.
A similar view emerges when the funds received by the related publications are examined. The National
Science Foundation gave the researchers the most support on this issue. The number of funds given by the
institutions following the National Science Foundation are close to each other.

When the most cited publications on the subject are examined, it is seen that “Teaching disciplinary
literacy to adolescents: Rethinking content-area literacy” by Shanahan T., and Shanahan, C. “What is
disciplinary literacy and why does it matter?” by the same authors. Also, these publications are among the ten
most cited publications. The fact that each of the articles in the top ten were published in different journals can
be considered as an indicator of the multidisciplinary nature of the subject. In addition, the prominence of
discipline-specific literacy such as mathematical literacy due to international exams such as PISA may be one
of the reasons for this finding.
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Finally, co-word analysis was performed in the study. Thus, the current research on the use of literary
elements in mathematics education and the conceptual structure of the relevant subject have been revealed.
Especially after 2012, the prominence of keywords such as content literacy, disciplinary literacy, storytelling,
digital storytelling, pre-service teachers, picture books/children’s books and professional development
suggests that the professional development and storytelling processes of pre-service and in-service teachers
gain importance. Research on the subject is carried out using digital media or picture books (e.g., Kildan &
Incikabi, 2015). However, the trend of research is moving towards teacher education (e.g., Farrugia &
Trakulpdetkrai, 2020; Prendergast et al., 2019).

When the frequencies of the keywords are examined, it is noticed that the studies on the subject still
focus on the early childhood period and children’s books. This is in line with the findings of Edelman et al.
(2019), Gokee and Giiner (2021), and Zhang et al. (2023). Gokge and Giiner (2021) stated that as a result of
their comprehensive bibliometric review on the field of mathematics education, one of the most repeated terms
is early childhood. This situation draws attention to the need for studies at advanced grade levels and different
fields not only for children’s literary elements and mathematics teaching but also for all mathematics education
subjects in the literature. So, research examining the use of literary elements in mathematics education,
especially at different educational levels in middle school school and beyond, still points to an important
research gap on the subject (Zhang et al., 2023). Because, in the literature, it is noted that very few of the
studies on the subject are conducted experimentally, while the studies are mostly carried out at the early
childhood level (Clarissa et al., 2021; Edelman et al., 2019). The lack of an emphasis on integrating
mathematics and children’s literature in the curricula of many countries may be one of the reasons of this
finding has emerged (Prendergast et al., 2019; Wikholm & Aerila, 2017). Another reason may be that studies
based on parent-child interaction are also being conducted in this field. But, even in preschool classrooms
where literary elements are often used, teachers may not consider classroom libraries to be a suitable place to
do mathematics. This brings with it missed opportunities of teaching mathematics (Stites et al., 2020). The fact
that the studies are mostly carried out in this age range may cause pre-service and in-service teachers to hold
negative beliefs about the use of literary elements in mathematics education. Because there is still not enough
evidence about how books and other literary elements other than children’s books can contribute to
mathematics teaching, too (Jett, 2014; Nurnberger-Haag et al., 2020a, 2020b). Also, there is some evidence
about that the teachers’ attitude towards using children’s books for mathematics teaching is the most important
factor of the mathematics and literature integration (Hsiao & Chang, 2016). Their attitudes may affect from
their beliefs, awareness levels about the integration process (Can & Durmaz, 2023). Some studies show that
most of the in-service teachers never use or rarely use literary elements in their classrooms (Livy et al., 2021).
In line with this study, Op't Eynde et al. (2022a) call for the researchers to do much more reseach about teacher
characteristics. In contrast to this call, in their mathematics education focused review Gokege and Giiner (2021)
warn the researchers to focus on students rather than teachers because there are a lot of keywords such as
professional development, teacher knowledge and beliefs etc in the mathematics education literature. However,
in-service and pre-service teachers still need extra support for the use of literary elements in mathematics
teaching (Edelman, 2017; Livy et al., 2021; Rogers et al., 2015), and when support is provided, they may
develop their integration abilities (Durmaz, 2022; Wheeler & Mallam, 2020). So, this call made throughout
mathematics education may not be fully responded to for a while in this field. Because professional
development and teacher training are still important to develop teachers’ pedagogical knowledge, experience
and self-consciousnes about integration (Livy et al., 2021). But, based on the keywords that emerged in the
context of this bibliometric analysis, it is thought that it is important to conduct research that reveals on which
mathematics subjects, for which grade level, under what conditions, with what kind of literary elements, and
on which variables the integration of literary elements into mathematics teaching is effective (McGuire et al.,
2020; Op't Eynde et al., 2022b; Russo et al., 2021).

There are some limitations of this study, in which bibliometric and descriptive analyzes of articles about
the use of literary elements in mathematics education are applied. First, the data of the study were obtained
only from the Scopus database. The studies obtained from WOS were also accessed, but since VOSviewer, the
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tool used in the analysis, could not process the data obtained from these two different databases together, the
study was conducted with the Scopus database, which gave much more documents because of the literature
search. In the future, more inclusive studies can be carried out by using other analysis tools with data from
more than one database. Search techniques and documents are also limitations of present study. Before
literature search, the keywords frequently used in studies on the subject were examined and a search code was
created accordingly. Since the selected keywords were searched in the title, abstract and keywords section, a
large body of research were reached in the first search. The reason for this situation is that, as seen in the
findings of the research, the studies on the subject have spread to many different fields and to many different
journals. The author benefited from such a search strategy because she wanted to include all studies that may
be relevant to the subject. Then, to eliminate irrelevant studies, a data cleaning process was carried out and the
abstracts of the studies were examined. Thus, a literature review was conducted that is both comprehensive
enough to reach all the studies on the subject and limited enough to exclude irrelevant studies. In the future,
research can be carried out by choosing more specific keywords. But the aim of this study is to draw a
framework as inclusive as possible for researchers interested in this subject. Finally, the last access date of the
data obtained through Scopus is 09.21.2021. Since new studies are included in the databases every day, it is
possible to reach more comprehensive results in the future. Despite its limitations, it is thought that the
framework and landscape that figured out because of this study may support researchers, practitioners and
stakeholders who are interested in this subject to take the necessary precautions for the future.
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