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Abstract

Research findings in the field of Mathematics Education emphasize that storytelling is an effective instructional
tool in the teaching of mathematics, as it provides a meaningful context that attracts students’ interest and makes
learning a pleasant process. The use of stories and fairy tales in the teaching of mathematics motivates students
to learn and provides students with an authentic context to understand mathematical concepts and procedures. It
is a clear way to incorporate mathematics into other, broader cognitive domains and promotes mathematical
discussion in the classroom. The main purpose of this study was to investigate the role that the use of storytelling
can play in teaching fractions to third grade students. The study sample consisted of 76 third graders, who
attended two primary schools in the city of Florina (Greece). This sample was divided into experimental (n=38)
and control (n=38) group. In this study target-focused teaching stories were used. These stories were written in
accordance with the objectives of a new Curriculum for rational numbers teaching. The study results showed that
the use of storytelling had a positive effect on students’ achievement in fractions, as the experimental group
performed significantly better than the control group. The students who benefited most from the use of
storytelling were those with medium, especially, with low performance. Finally, the use of storytelling had a
positive effect on specific mathematical skills, such as comparing fractions, finding equivalent fractions, creating
and manipulating representations and problem solving.

Keywords: teaching fractions through storytelling, teaching/learning fractions, students of different achievement
levels

1. Introduction
1.1 Advantages of Using Storytelling in Teaching Mathematics

In the past three decades an increasing interest in using storytelling in mathematics teaching and learning
emerged (Hong, 1996; Hellwig, Monroe, & Jacobs, 2000; Haury, 2001; Mink & Fraser, 2005; Skoumpourdi &
Mpakopoulou, 2011; Szurmak & Thuna, 2013). The combination of storytelling and mathematics allows
students to use their strong points in one cognitive area to support their learning in another (Thraikill, 1994).

The use of storytelling in teaching mathematics can spark students’ interest, reduce their anxiety, engage them in
the educational process (Zazkis & Liljedahl, 2009; O’Neill, Pearce, & Pick, 2004; Casey, Kersh, & Young, 2004)
and provide an alternative explanation of a mathematical idea or principle (Koellner, Wallace, & Swackhamer,
2009). Storytelling supports memory, provides learning motivation (Van den Heuvel-Panhuizen, Boogaard &
Doig, 2009; Mink & Fraser, 2005; Bintz, Moore, Wright, & Dempsey, 2011; Jennings, Jennings, Richey, &
Dixon-Krauss, 1992; Young, 2001) and improves analytical skills. Teachers can use stories to introduce, explain
and discuss mathematical concepts in a memorable way (Zazkis & Liljedahl, 2009). Integrating storytelling
within mathematics teaching develops literacy skills and promotes mathematical language (Wiburne & Napoli,
2008). Storytelling helps teachers to create a dynamic and interactive learning environment that supports
students to make sense of mathematical vocabulary (Bintz & Moore, 2002).

Students must not only comprehend and learn mathematical concepts but also be able to connect mathematics
with everyday life situations and communicate their mathematical knowledge to others (Altieri, 2009).
Storytelling can stimulate discussion about ways in which mathematics are associated with everyday situations
and students’ experiences (Koellner, Wallace, & Swackhamer, 2009).
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According to Skoumpourdi and Mpakopoulou (2011, p. 199), teachers can use storytelling “to provide a model,
illustrate a concept, pose a problem and stimulate an investigation”. Storytelling allows teachers to connect
students’ informal knowledge and experiences with more formal problem-solving procedures. In particular, when
main characters of the story are used to pose a mathematical problem, they can engage student’s imagination and
creativity and create enthusiasm in the classroom (Casey, 2004). Thus, the students’ energy is directed towards
mathematical knowledge. Moreover, the visual representations in the picture stories stimulate students’
imagination (Monroe & Livingston, 2002; Berkowitz, 2011) and provides “informative story lines that foster
children’s curiosity” (Wiburne & Napoli, 2008, p. 2).

The use of storytelling creates a meaningful framework for conducting mathematical discussion (Lewis, Long, &
Mackay, 1993; Anderson, Anderson, & Shapiro, 2004; Nesmith & Cooper, 2010; Flevares & Schiff, 2014; van
Oers, 2013; Griffiths & Clyne, 1991) and introducing mathematical activities. In addition, teacher, through
stories, can pose interesting problems to the students and teach them problem-solving strategies.

1.2 Fraction Difficulties

Fractions are among the most complex and most important mathematical concepts students come up against
during their elementary school years (Behr & Post, 1992; Behr, Wachsmuth, Post, & Lesh, 1984; Ni, 2001), as
they constitute a foundation for learning algebra (Fennell, Faulkner, Ma, Schmid, Stotsky, Wu et al., 2008). It has
also been underlined that learning fractions is one of the most serious obstacles to students’ development of
mathematical thinking (Behr, Harel, Post, & Lesh, 1993).

In the last decades researchers have identified many factors that contribute to students’ difficulties in learning
fractions. Lortie-Forgues, Tian and Siegler (2015) identified seven sources of students’ difficulties in fractions.
These difficulties involve (1) fraction notation, (2) limited accessibility to fraction magnitude, (3) opacity of
fraction arithmetic processes, (4) complicated relations between fractions and whole number arithmetic
processes, (5) complicated relations among procedures for different fraction arithmetic operations, (6) opposite
direction of effects of multiplying and dividing positive proper fractions, (7) large number of distinct procedures
in fraction arithmetic. It has also been proposed that students’ weak performance in fractions is due to
instructional approaches that teachers use to teach fractions (Lamon, 1999). Teaching fractions focuses more on
memorizing procedures than understanding (National Mathematics Advisory Panel, 2008; Lemonidis & Kaiafa,
2014; Lortie-Forgues, Tian, & Siegler, 2015). This teaching practice is linked to negative outcomes, as students
have difficulty in remembering processes that they learn without understanding. Moreover, when students have
not developed conceptual understanding, they usually invent the processes they have forgotten and generate their
own (incorrect) algorithms (Lortie-Forgues, Tian, & Siegler, 2015).

Although many resources have been created to help teachers use storytelling in teaching mathematics, there is
little research to show how successful this approach is. Most of the research that has been contacted focuses on
students of Preschool Education (Perger, 2011). Flevares and Schiff (2014) underline the need for well-structured
research in this field, with clear objectives and systematic methodology. In addition, no research was identified
that systematically investigated the potential effects of storytelling on teaching and fraction learning. Finally, this
study used target-focused teaching stories written in accordance with the objectives of a new Curriculum for
rational numbers teaching (Lemonidis, 2017).

Therefore, the originality of the study lies in the fact that it attempts to systematically investigate the effect of
storytelling, through the use of target-focused teaching stories, on the fraction teaching and learning and to
explore the students’ mathematical skills that may be improved through the use of storytelling.

1.3 Research Questions

The research questions for this study were:

1) Does storytelling, as an instructional tool, affect Third Grade Primary Students’ achievement in fractions?
2) Which students benefit most from the use of storytelling in teaching fractions?

3) What are the specific mathematical skills that storytelling may positively influence?

2. Method

2.1 Participants

The study sample consisted of 76 third graders, who attended two primary schools in the city of Florina (Greece)
in 2015-2016. This sample was divided into experimental (n=38) and control (n=38) group. None of the
participants waw diagnosed with learning disabilities.
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2.2 Procedure

The same teacher (the researcher) applied the teaching program to both groups (experimental and control group).
Students of both groups (experimental and control) followed the same curriculum for the teaching of fractions
(Lemonidis, 2017) and had the same textbook (student book and notebook), which was created by the
researchers in accordance with the principles and objectives of the particular curriculum.

When introducing a new mathematical concept to the experimental group, the teacher was reading a teaching
story to students while the pictures accompanying the text were displayed. Then, a brief discussion on the
content of the story took place in the classroom, while the students were working on math activities related to the
story and learning objectives. The Teacher was reading the story in an interactive way that fostered
communication to accomplish the goal of meaningful student engagement (Courtade, Lingo, Karp, & Whithey,
2013; Fisher, Flood, Lapp, & Frey, 2004). The Students were encouraged to strategically and purposefully
interact with both the teacher and the content of the story. This reading experience requires students to be active
participants than passive listeners (National Early Literacy Panel, 2008). Subsequently, students explored
mathematical concepts through the processing of textbook activities (student book and workbook).

When introducing a new mathematical concept to the control group, the teacher used manipulative materials.
The Students worked with objects, area models, fraction walls, fraction strips and number lines to explore
fraction concepts. Subsequently, the students approached mathematical concepts through the processing of
textbook activities (student book & workbook).

The teaching Intervention lasted for 4 weeks, 4 times per week, 45 min per session. Consequently, the teaching
of the experimental and control group differed in the way of introducing the new concept. 10 days after the
teaching intervention, the researchers gave the students the post test.

2.3 Data Collection Tools

Pre-test questionnaire. This test was developed by the researchers and included 9 activities related to second
grade math. The purpose of this test was to determine whether the experimental and control group were
equivalent and to divide the sample of each group into three subgroups (high, medium and low performance
group) based on their performance on the test.

Post-test questionnaire. This test was developed by the researchers and included 10 activities and problems that
were in line with the teaching objectives of the intervention. These activities were referring to:

a) The part-whole interpretation of fraction

Students were asked to represent fractions as parts of a set or parts of an area model.

Students were asked to associate the visual representation of the fraction with its symbolic representation.
b) Placing fractions on number line diagram

Students were asked to match fractions with their locations on a number line. Students were asked to represent
fractions as locations on a number line

¢) Creating and manipulating fraction representations

Students were asked to create the representation of a fraction

Students were asked to represent the solutions of a problem or an activity
d) Comparing fractions

Students were asked to compare two fractions

Students were asked to find a fraction that is bigger than another one.

e) Problem solving

Students were asked to solve problems about comparing fractions with common numerator or common
denominator.

2.4 Intervention Materials

a) Student Book and Workbook. All participants (experimental and control group) received a printed (color print)
booklet with all the syllabus. The development of teaching material followed the learning and teaching trajectory
of the new curriculum for the teaching of rational numbers, proposed by Charalambos Lemonidis (2016). This
curriculum is an integrated proposal for teaching fractions and decimal in Elementary School from the 1st to the
5th grade.
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The main innovations proposed by this curriculum are summarized below:

Fraction teaching precedes decimal teaching. Rational number teaching starts from fractions in the 3rd grade,
while decimal numbers are introduced in the 4th grade, based on decimal fractions.

Emphasis on understanding. Curriculum emphasizes the understanding of the concept of fraction and the
procedures associated with performing fraction operations. It aims at fostering conceptual understanding of the
fraction before students learn rules and written algorithms.

Supporting developmental progressions in learning. Concepts presentation follows an evolutionary development
that is consistent with students’ abilities and is based on Learning Trajectories Approach.

Teaching approaches and tools. The Curriculum emphasizes the use of everyday life contexts, problem solving,
storytelling and educational technologies.

Using models to visualize mathematical concepts. The Curriculum proposes the use of many types of fraction
models to promote students’ understanding. Models (objects, area models, fraction walls, fraction strips, number
lines) significantly contribute to the visualization of concepts and relationships that are not always visible in
symbolic representations of rational numbers.

Mental calculation and estimation. The curriculum emphasizes the mental calculation and estimation procedures
aiming at a fuller understanding of rational numbers. Mental manipulation of numbers, relationships and
operations contributes to number sense development and problem-solving skills development (Lemonidis, 2005).

In this study we used the trajectory part that was addressed to 3rd grade students.
The main key points in the learning trajectory are as follows:

e  Recognizing and formatting unit fractions

e  Recognizing and formatting simple fractions

e  Placing fractions on a number line diagram

e  Comparing fractions with common numerator or common denominator

e  Recognizing and creating equivalent fractions using models

b) Teacher's book.

¢) Picture stories (experimental group). The stories that were used in experimental intervention were target-
focused, namely, they were in accordance with the curriculum objectives. These stories constitute a narrative unit
that includes seven episodes. The main character of the story has such features that make him sympathetic to
students who can identify with him. He is a unit fraction that wants to raise his value in order to be accepted by
his parents and teachers. In this effort, two whole numbers, 3 and 5, help him. The Students watch characters’
adventures and at the same time they learn fractions and their properties. The Stories give teachers and students
the chance to discuss concepts, such as friendship, companionship and diversity.

d) Manipulative materials for experiential learning activities (control group).
3. Results
3.1 Students’ Performance in Pre-Test

The results of initial assessment test showed that there was no statistically significant difference between the two
groups (experimental and control group) [U=691.00, p>0.05]. Students’ achievement test mean score for the
experimental group before the teaching intervention was 6.90 with a standard deviation of 2.157. The same value
was 6.95 with a standard deviation of 2.235 for control group students. These scores indicate that the
achievement levels of the two groups were similar at the beginning of the study.

Each group was divided into three subgroups on the basis of student performance in the pre-test. Table 1 shows
the descriptive statistics of the three subgroups for each group.

Table 1. Performance of the subgroups in pre-test

Experimental group Control group
Subgroups N M(SD) N M(SD)
High achievement students 16 8.95(0.82) 18 8.90(0.86)
Medium achievement students 13 6.47(0.70) 11 6.33(0.88)
Low achievement students 9 3.88(0.72) 9 3.83(0.83)
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Finally, the subgroups of the experimental group were compared with those of the control group (one to one) to
find out if they were equivalent. Due to the small number of observations in each subgroup, non-parametric test
was performed using the Mann Whitney test.

The mean score of every subgroup of the experimental group was compared with the corresponding subgroup of
the control group. Regarding the results of this comparison presented in Table 2 we can observe that there is no
statistically difference in the average performance of the three subgroups of the experimental and control groups.

Table 2. Comparative presentation of the average performance of the three subgroups of the experimental and
control groups

Experimental group Control group
Subgroups N M(SD) N M(SD) p
High achievement students 16 8.95(0.82) 18 8.90(0.86) 0.986>0.05
Medium achievement students 13 6.47(0.70) 11 6.33(0.88) 0.910>0.05
Low achievement students 9 3.88(0.72) 9 3.83(0.83) 0.931>0.05

3.2 Students’ Performance in Post-Test

According to the results of the Kolmogorov Smirnov test for the experimental group [df=38, p=0.20>0,05] and
the control group [df=38, p=0.20>0.05], in both research groups, the performance variable is normally
distributed. Therefore, parametric control (t-test) was performed. According to the results of the t-test, there was
a statistically significant difference in the students’ performance between the experimental and control group
[t=2.517, df=74, p=0.017<0.05]. The experimental group students’ performance test mean score, was 7.89 with a
standard deviation of 1.328 after the intervention. The same value was 6.96 with a standard deviation of 1.842
for the control group students.

Subsequently, the subgroups of the experimental group were compared with those of the control group (one to
one) to find out if they were equivalent. Due to the small number of observations in each subgroup,
non-parametric test was performed using the Mann Whitney test.

Table 3 shows a comparative presentation of the average performance of the three subgroups of the experimental
and control groups.

Table 3. Comparative presentation of the average performance of the three subgroups of the experimental and
control groups

Experimental group Control group
Subgroups N M(SD) N M(SD) P
High achievement students 16 9.08(0.62) 18 8.57(0.92) 0.0966>0.05
Medium achievement students 13 7.67(0.13) 11 6.27(0.69) 0.000<0.05
Low achievement students 9 6.08(0.73) 9 4.58(0.67) 0.002<0.05

According to the results, there is no statistically significant difference in high achievement students’ performance.
Instead, medium and low achievement students of experimental group performed significantly better than the
same subgroups of the control group.

A two-way analysis of variance (two-way ANOVA test) was conducted to explore the influence of two
independent variables (group and subgroup) on the students’ performance in post-test. All effects were
statistically significant at the 0.05 significance level. The main effect for “group” yielded an F ratio of F(1,70)=
44.9, p=0.00<0.05. The main effect for “subgroup” yielded an F ratio of F(2.70) = 147.91, p=0.00<0.05. The
interaction effect was significant, F(2.70)=4.04, P=0.022<0.05.

These results indicate that the performance of the students in the experimental group was better than that of the
control group, while their performance is also influenced by the group the students belong to (high, medium or
low achievement group).
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Figure 1. Estimated marginal means of the post-test

3.3 Students’ Performance in Specific Mathematical Skills

In order to determine the specific mathematical abilities on which the use of storytelling had a positive effect, we
classified the activities of the post-test into six categories, based on their content. The categories were as follows:
the part-whole interpretation of fraction, number line use, fractionscomparison, fraction equivalence, creating
and manipulating fraction representations and problem solving.

As shown in Table 4, the use of storytelling had a positive effect on specific mathematical skills, such as
comparing fractions, finding equivalent fractions, creating and manipulating representations and problem solving.
There was no statistically significant difference between the two groups in activities that are related to the
part-whole interpretation of fraction and to place fractions on the number line.
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Table 4. Comparative presentation of the average performance of two groups in specific mathematical skills

M SD U p
Part-whole interpretation of fraction 683.50 0.574
Experimentalgroup 1.87 0.30
Control group 1.83 0.33
Use of number line 676.50 0.607
Experimentalgroup 1,63 0,47
Control group 1.57 0.51
Comparing fractions 465.00 0.007
Experimentalgroup 1.84 0.44
Control group 1.50 0.54
Equivalent fractions 551.00 0.029
Experimentalgroup 0.39 0.21
Control group 0.28 0.25
Creating and manipulating fraction 528.50 0.040
representations Experimentalgroup 2.16 0.67
Control group 1.79 0.79
Problem-solving 515.50 0.025
Experimentalgroup 1.47 0.40
Control group 1.19 0.55

4. Discussion
4.1 Effect of Storytelling on Student Performance in Fractions

The main purpose of this study was to investigate the role that the use of storytelling can play in teaching
fractions to third grade students. The results showed that the use of storytelling had a positive effect on students’
achievement in fractions, as the experimental group performed significantly better than the control group. These
results are in agreement with the findings of other studies indicating improvement in student performance in
mathematics when teacher incorporated storytelling in math teaching (Capraro & Capraro, 2006a; Casey et al.,
2008; Mink & Fraser, 2005; Bintz et al., 2011; Jennings et al., 1992; Moyer, 2000; Beard, 2003).

There was no statistically significant difference between the two groups on performance of high achieving
students. On the contrary, medium achieving students and low achieving students of the experimental group
performed significantly better than the corresponding students of the control group. This confirms that students
who benefit most from the use of storytelling were the medium and low achieving students.

It seems that the use of storytelling has enhanced these students’ interest and motivations (Van den
Heuvel-Panhuizen, Boogaard, & Doig, 2009; Mink & Fraser, 2005; Bintz et al., 2011; Jennings et al., 1992;
Young, 2001). According to U.S. Department of Education (1986, p. 23), “even students with low motivation
and weak academic skills are more likely to listen, read, write, and work hard in the context of storytelling”.
However, even high achieving students can improve their understanding of mathematical concepts by better
understanding how those concepts are related to real-life issues (Price, 2009) and the world of imagination.

4.2 Effect of Storytelling on Specific Mathematical Skills

The use of storytelling had a positive effect on mathematical skills, such as comparing fractions, finding
equivalent fractions, creating and manipulating representations and problem solving. There was no statistically
significant difference between the two groups in activities that are related to the part-whole interpretation of
fraction and to place fractions on the number line. Finding equivalent fractions and comparing fraction are
procedures that require a conceptual understanding of fractions and are associated with the development of
fraction sense (Fennell & Krap, 2016; Carvalho & da Ponte, 2013). It seems that storytelling contributed to a
deeper understanding of mathematical concepts. The story provided students with a familiar and meaningful
framework to explore, manipulate and understand mathematical ideas, concepts and procedures (Griffiths &
Clyne, 1991). The story made abstract concepts more concrete, while the integration of concepts within a
meaningful context contributed both to the understanding of mathematical concepts and keeping them in
memory (Szurmak & Thuna, 2013). Storytelling provided students with the structure of a system to remember
what they learned and incorporate new knowledge into the existing information system (McLellan, 2006).

The use of storytelling in teaching mathematics allowed students to approach mathematical concepts in a
learning environment with rich stimuli that contributed to conceptual understanding of mathematical concepts
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(Capraro & Capraro, 2006a; Van den Heuvel-Panhuizen, Boogaard, & Doig, 2009; Whitin & Whitin, 2001).
Students who have difficulty in mathematical concepts can benefit from a didactic approach that is often more
entertaining and less intimidating (Price, 2009).

The students of experimental group performed significantly better than those of the control group in terms of
creating and manipulating fractional representations. Their representations were clear, which helped them to
perform better in comparing fractions, finding equivalent fractions and problem-solving. It seems that the
relationship was bidirectional. On the one hand, the students who were able to create clear and correct fractional
representations could effectively handle fractions and relationships between them and, on the other hand, those
who had understood the meaning of the fraction and the relationships between the fractions, could clearly
represent their thinking through the use of shapes. The mental images that created students by the stories
provided them with visual representations that gave them extra information about mathematical concepts and
helped them to create more vivid representations of fraction (Monroe & Livingston, 2002; Berkowitz, 2011).

Representations that students created through the use of the stories enriched their mathematical understanding.
The students had the opportunity to transform the ideas presented through the stories into their own personal
representations. Transforming an idea includes processes, such as rethinking, re-creating and reconstructing it in
a new form (Whitin & Whitin, 2001).

Finally, the students of the experimental group performed significantly better than those of the control group in
problem solving. This result is in line with previous studies that found improvement of students’ ability in
problem solving when teachers used storytelling in teaching mathematics (Casey et al., 2008; Smith, 1996;
Jacobs & Rak, 1997; Melser & Leitze, 1999; Young & Marroquin, 2006).

Integrating mathematical concepts and procedures within a meaningful context gave students the opportunity to
create richer representations and study the features of the concepts in different circumstances. Moreover,
students can make sense of the characteristics of mathematical concepts through the characters’ action within the
story. Storytelling often connects the mathematical problem-solving process with that involved in understanding
the content of a story. It provides teachers with interesting and meaningful information about students’ thinking
that is sometimes more powerful than separately assessing either mathematical understanding or reading
comprehension based on a story (Smith, 1996). As the development of mathematical concepts took place along
with the story evolution, students had the opportunity to understand “how fraction behaves”, how its value
changes, and what they should consider when comparing two fractions with a common numerator or common
denominator. Subsequently, students could transfer this knowledge to solving problems with similar content.

As mentioned previously, there was no statistically significant difference between the two groups in activities
that are related to the part-whole interpretation of fraction and to place fractions on the number line. The
part-whole fraction scheme undoubtedly presents significant advantages, as it is very specific and easily
accessible by students, especially when they come into contact with the concept of fraction for the first time.
However, the part-whole fractions scheme has some important limitations. Negative fractions cannot be
represented in this way, as it is very difficult to imagine fractions with large numerators and denominators, while
improper fractions can be confusing within the part-whole interpretation (Mack, 1993; Siegler, Thompson, &
Schneider, 2011).

The fact that the two groups (experimental and control) did not differ in students’ performance on the part-whole
interpretation of fraction and in the location of fractions on the number line may mean that Third Grade students
have difficulty in seeing the fraction as a measurement, who face the number line by the logic of the part-whole
interpretation. However, this is a conjecture which requires further investigation.

4.3 Instructional Implications

The results from this study suggest that careful selection of a story and its targeted inclusion in teaching can
support students’ understanding of mathematical concepts. Storytelling provides students with a meaningful
context in which they can communicate and discuss the mathematical ideas inherent in the text (McDuffie &
Young, 2003). Students’ learning is more successful when material is presented in a way that is meaningful to
them (Price, 2009). The context story provides students an opportunity to develop meaningful knowledge of
concepts and processes through investigation rather than memorizing (Carparo & Carparo, 2006).
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