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Abstract
The aim of this study was to uncover how digital storytelling advances students’ self-efficacy in mathematics learning and
what kinds of learning experiences contribute to self-efficacy. Four Chinese classes with 10- to 11-year-old students
(N ¼ 121) participated in the project. The mathematics learning theme was geometry. Quantitative data was collected
with questionnaires. The qualitative data was based on teachers’ and students’ interviews and observations. Both data
sets showed that the students’ self-efficacy increased significantly during the project. The most important mediator was
students’ perception of the meaningfulness of mathematics learning; digital storytelling enhanced the students’ ability to
see mathematics learning as useful. They became more confident that they could learn mathematics and understand
what they had learned. They also felt more confident in talking with their classmates about mathematical concepts. The
role of self-efficacy was twofold: it supported students’ learning during the project and it increased due to meaningful
mathematics learning experiences.
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Worldwide, globalization is increasing the requirements of learning for the future. International organizations, such as the Organisation for Economic
Co-operation and Development, the European
Union, and the United Nations (Organisation for
Economic Co-operation and Development, 2013,
2019; Redecker et al., 2011; Scott, 2015), and researchers (Binkley et al., 2012; Griffin et al., 2013) have identified the most important factors in future learning.
How to prepare the younger generation for the future
is an urgent concern in both western and eastern countries (Lee & Tan, 2018). The capacity to use technology
and intelligent tools in learning is an essential aspect of
future competencies.
In addition, one of the most important factors for
successful learning is students’ agency. Many studies
have shown that students’ self-efficacy (SEF) is an
important predictor of how persistent, active, and
effective they are in their learning (Ayotola &
Adedeji, 2009; Bandura, 1986, 1997; Bassi et al.,
2007) and engagement (Ainley & Ainley, 2011;

Linnenbrink & Pintrich, 2003; Reeve et al., 2004).
Bandura (1986, 1997) defined SEF as the belief in
one’s ability to execute a required course of action,
govern one’s choice of behavior, and mobilize and
maintain effort. Usually, SEF is seen as a predictor,
but in this study we investigated how a new video technology, digital storytelling (DST), could support students’ SEF in mathematics learning when integrated
with a student-centered pedagogy. We likewise assessed
what the key mediators were in their learning processes.
Students learned by producing digital stories and
worked in groups, searching for information and solutions for their videos.
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In this article, we first present a conceptual analysis
and introduce the theoretical model of the study’s key
concepts. Adopting a mixed-methods approach, we
collected both quantitative and qualitative data. The
questionnaires consisted of an SEF scale based on
Bandura’s (1986) conceptualization and measures of
engagement, problem-solving, mathematics learning
meaningfulness, and mathematical knowledge creation.
The qualitative data was based on observations and
teacher and student interviews. The data was collected
in four Chinese classrooms with 121 student participants (aged 10 to 11) and their teachers.

Conceptual Analysis
DST for Knowledge Creation and Problem-Solving
Researchers across the globe have investigated DST,
with studies in the United States, Europe, Asia, and
the Middle East. Most of the current literature on
DST focuses on empowering students in their own
lives or social contexts (e.g., Hull & Katz, 2006).
Increasingly, DST studies have focused more on
school subjects given that they can support students’
understanding of subject matter, as well as improve
their technical, presentation, and writing skills. Robin
(2008) found that DST also cultivates students’ higherorder thinking, such as problem-solving and critical
thinking.
According to Niemi et al. (2014), Niemi and
Multisilta (2016), and Multisilta and Niemi (2018),
learning through DST is a socially and culturally related process that happens when interactions occur
among learners, material tools, psychological tools,
and other people (Vygotsky, 1978). In our study, interactions took place between students and also between
learners and mobile devices. The human–device interaction was a continuous and iterative process. Students
used mobile phones and tablets with advanced video
technology. They shot, edited, and modified their stories with different kinds of images and effects. The
technology was intelligent, but the learners had
agency in the human–machine interaction. They decided what they used. Our DST project built on the constructivist learning model, in which students played a
central role in exploring and building knowledge with
the digital technology as creators, producers, and discussants rather than as mere passive recipients. In
many DST studies, the aim has been to promote learning through connective technologies and digital mobile
devices to produce meaningful stories (McGee, 2015).
Jenkins et al. (2009) and Robin (2008) described
DST as a 21st-century pedagogical method. It makes
student-centered knowledge creation possible in
schools (Dreon et al., 2015; Sadik, 2008), and when
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students are constructing knowledge for their videos,
they also often solve problems in their topics and have
a chance to create knowledge from their own starting
points (Lambert, 2013; McGee, 2015; Multisilta &
Niemi, 2018; Niemi et al., 2018; Robin, 2008).
Evidence has suggested that this method encourages
active participation as well as collaborative learning
and creativity (Lambert, 2013; McGee, 2015;
Multisilta & Niemi, 2018; Niemi et al., 2014; Niemi &
Multisilta, 2016; Sadik, 2008; Shelby-Caffey et al.,
2014; Sukovic, 2014; Woodhouse, 2008).
Hung et al. (2012) applied a project-based DST
approach to a science course at an elementary school
and concluded that DST can effectively enhance students’ science learning motivation, problem-solving
competency, and learning achievement. Overall, DST
creates a stronger sense of purpose in learning (Hull &
Katz, 2006). Engagement, which refers to the intensity
of a person’s behaviors and emotional quality during a
task (Niemi et al., 2018; Reeve et al., 2004), often
includes peer-to-peer relationships among students.
This collaboration has been an important advantage
for mathematics learning as well. The process encourages student participation and engagement, helping
them better learn the concepts. Suwardy et al. (2013)
emphasized that digital stories, especially student-led
productions, demand a certain level of understanding
of the topic, which prompts students to reflect and
think more deeply as they personalize their experience
and communicate their ideas (see also Sandars et al.,
2008). Gould and Schmidt-Crawford (2010) applied
DST to trigonometric functions and reported that it
provided students with a learning opportunity that
connected mathematical concepts to their real-world
experiences. Schiro (2004) used DST to teach students
algorithms and problem-solving. The main advantage
of DST is that it situates learning in an interesting,
engaging, and relevant context.

SEF in Academic and Nonacademic Learning
Bandura (1986) introduced the concept of SEF in the
1980s. Since then, its importance as an integral component of human agency has been confirmed in several
studies on learning and learning outcomes (Ayotola &
Adedeji, 2009; Bassi et al., 2007; Britner & Pajares,
2006; Schulz, 2005; Wang et al., 2008). Bassi et al.
(2007) collected the learning outcomes of academic
and nonacademic tasks and showed convincingly that
high SEF learners had much better outcomes than low
SEF learners. These results were also evident in students’ achievement levels in the Programme for
International Student Assessment’s (PISA’s) measurements (Schulz, 2005). Wang et al. (2008) found that
SEF is related to learning outcomes, learning
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motivation, learning strategies, and internal attribution. Internal attribution reflects a learner’s perceived
confidence in a learning assignment or task. Learning
motivation and strategies are clearly associated with
positive and predictable effects on learning results
(Wang et al., 2008).
A belief in SEF helps determine how much effort
individuals will expend on an activity, how long they
will persevere when confronting obstacles, and how
resilient they will be in the face of adverse situations.
It influences thought patterns and emotional reactions:
individuals with low personal SEF often perceive tasks
to be tougher than they really are. This belief nurtures
stress, depression, and a restricted vision of how best to
solve a problem. Individuals with high SEF beliefs, in
contrast, approach difficult tasks and activities with
feelings of conviction and serenity (Bandura, 1997).
By strengthening students’ SEF, educators can help
learners who have motivational and emotional
difficulties.

SEF in Mathematics Learning
Learning mathematics has been a difficult issue in most
educational systems. Students are either uninterested in
mathematics or have so-called “mathematics anxiety,”
which prevents them from involving themselves in
mathematics learning (Whyte & Anthony, 2012).
Most countries have students dropping out of mathematics courses in high school and college (Fan &
Wolters, 2014).
The relationship between SEF and mathematics
learning has been widely researched. Schulz (2005)
found that mathematics, SEF, and student expectations were related. His results, based on PISA’s 2003
mathematics measurements, revealed that SEF is positively correlated with learning outcomes and negatively
correlated with mathematics anxiety. These findings
are largely consistent across member countries of the
Organisation for Economic Co-operation and
Development (Schulz, 2005). Several studies have
since confirmed the relationship between mathematics
learning and SEF (Deacon, 2011; Fast et al., 2010; Lee,
2009).
Renninger (2011) also explored how motivation and
SEF are related in mathematics learning. She identified
three clusters of motivational profiles, proving that the
higher the SEF, the better students learned mathematics, even when they did not have much interest in mathematics learning. However, SEF and motivational
factors are often interrelated. Findings from
Abramovich et al. (2019) indicate that, when working
with mathematical contents, educators should accommodate teaching and learning such that they support
students’ motivation and SEF. Studies of SEF indicate
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that the mere amount of instruction in mathematics has
minor and even insignificant effects, whereas SEF
increases if teaching activates students’ personal knowledge construction toward understanding, and if the
learning environment is mastery-oriented, challenging,
and caring (Kes¸an & Kaya, 2018).

Engagement in Learning
In this DST study, engagement was related to motivation and emotional perception. We defined engagement
from two perspectives: positive emotional experience
and persistence. Taylor and Parsons (2011) analyzed
the concept of engagement and found several types:
academic, cognitive, intellectual, institutional, emotional, behavioral, social, and psychological. A
common feature of these definitions is that learners
are motivated and actively involved in learning processes, and they perceive learning as relevant, real,
and often also intentionally interdisciplinary.
Engagement plays an important role, especially in science and mathematics learning (Ayotola & Adedeji,
2009). Student engagement has been the focus of
research in mathematics and science learning because,
in the last two decades, much evidence has emerged
that students are not motivated in these subjects or
have related emotional problems (e.g., mathematics
anxiety) preventing them from getting involved.
Evidence suggests that if students do not fear mathematics and, rather, embrace it, they can succeed
(Uzunboylu et al., 2012; Whyte & Anthony, 2012).
Learners may experience anxiety when the situation
requires more than their existing skills provide
(Csikszentmihalyi, 1990, pp. 72–77). In this study,
when preparing their video productions, the aim was
that students would work persistently and that their
learning would be emotionally rewarding. Positive
emotions are like fuel when working toward a goal.
In earlier studies, engagement with positive emotions
and SEF had a strong relationship, especially in mathematics learning (e.g., Kes¸an & Kaya, 2018; Uzunboylu
et al., 2012; Whyte & Anthony, 2012).

Meaningfulness in Mathematics Learning
The meaningfulness of learning has its roots in the late
1960s (Ausubel, 1962). A challenge with efforts to
make mathematics more meaningful for students has
been that students either see mathematics as difficult or
cannot see how it is related to real life. The PISA
framework (Organisation for Economic Co-operation
and Development, 2006) proposes that learners should
identify and understand the role of mathematics in
today’s world. They need to learn mathematics in a
way that corresponds with current and future
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challenges and demands, helping them to become constructive, committed, and reflective citizens. One
approach to making mathematics more meaningful is
including a paradigm of mathematical literacy as part
of mathematics education (Jablonka, 2003; Machaba,
2018; Masal & Yılmazer, 2014; Niemi et al., 2018;
Uzunboylu et al., 2012; Vithal & Bishop, 2006). The
PISA framework described mathematical literacy and
highlighted that learners should identify and understand the role of mathematics in today’s world
(OECD, 2006).
Machaba (2018) asserted that mathematical literacy
aims to develop students’ capability and willingness to
use mathematical concepts and make sense of them in
real-life situations. Mathematical literacy is based on
content but is connected to authentic contexts; learners
have to solve familiar and unfamiliar problems and
tasks required for decision-making and communication.
In this DST study, the students worked in small groups.
They planned a mathematics-related video story, seeking
information and designing a presentation in which
mathematical concepts were applied to real life.

learning experiences. According to Schunk and
Meece, a sense of mastery, meaningfulness, positive
emotions, and interest are important mediators of
SEF. Kotluk and Kocakaya (2017) saw DST as an
excellent tool to develop SEF. In our model, we used
the key experiences found in connection with DST as
mediators: knowledge creation, problem-solving,
engagement, and learning meaningfulness (Jenkins
et al., 2009; McGee, 2015; Multisilta & Niemi, 2018;
Niemi et al., 2014; Robin, 2008). Because our study had
pretests and posttests, we could first identify the role of
SEF in the pretest and then examine mediators of SEF
in the posttest. The model thus worked as a basis for
quantitative hypothesis testing. We used the qualitative
data to deepen our understanding of the quantitative
findings.
Based on the foregoing considerations, we posed the
following hypotheses:
Hypothesis 1: SEF (pre) will increase during the
intervention.
Hypothesis 2: The beginning SEF will affect students’
perceptions of mathematical knowledge creation,
mathematics learning meaningfulness, problemsolving, and engagement.

Theoretical Model and Research Questions
We created a theoretical conceptual model (see Figure 1)
based on earlier studies showing that SEF is related to
learning outcomes, learning motivation, learning strategies, and internal attribution (Ayotola & Adedeji, 2009;
Bassi et al., 2007; Britner & Pajares, 2006; Schulz, 2005;
Wang et al., 2008). These learning experiences have been
found to be essential perceptions when DST is applied in
schools. Therefore, in this model, the focus is first on
how SEF mediates students’ mathematical knowledge
creation, problem-solving, engagement, and mathematics learning meaningfulness.
Second, the model assumes that pedagogical methods and students’ positive cognitive and emotional
experiences in mathematics learning mediate their
SEF. Schunk and Meece (2006) found that educators
can influence SEF development through students’

Hypothesis 3: Mathematical knowledge creation,
mathematics learning meaningfulness, problemsolving, and engagement will work as mediators for a
higher SEF.

Context, Methods, and Materials
Our aim was to discover how DST, as a student-driven
pedagogical method with mobile phones and tablets,
could advance students’ SEF in mathematics learning
in Chinese classrooms. The school, in an area with a
diverse population, was affiliated with a Chinese

Mathemacal
knowledge
creaon

DST

Self-eﬃcacy
Pre

Problemsolving
Mathemacs
learning
meaningfulness

Engagement

Figure 1. Theoretical Concepts of the Study

Self-eﬃcacy
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university. The students were from local areas and not
selected by any special criteria. The teachers and students were used to pedagogical projects, although they
had not used DST before. We informed the school
principal and teachers about the project, and the principal invited the teachers to volunteer. The school
informed parents and students about the research and
the students’ participation. Neither the teachers nor the
students received any reward for participation.
Four teachers and their fourth-grade classes participated in the study. Students at this age (10 to 11) were
selected because, globally, there is an urgent need to find
new methods to increase their interest in mathematics
learning. One longitudinal study revealed a continuous
20% decline in mathematics interest and mathematical
achievement, starting from age 9 and continuing to age
16 (Gottfried et al., 2007). This decline has been confirmed by many other studies (e.g., Potvin & Hasni,
2014) and is typical during the transition from primary
to secondary school, when students are 11 to 12 years
old. The participating Chinese teachers recommended
this age because they had seen this decline in practice.
The classes integrated DST into mathematics lessons
during normal school days. The theme was geometry—
specifically, how to measure and calculate surface area
and apply this knowledge in their everyday lives. The
teachers did not teach area calculations. The students,
working in small groups, were to acquire new knowledge and plan how they might present the principles of
calculation to their peers through videos on their
mobile phones or tablets with advanced video technology. The teachers’ role was to facilitate the working
process, scaffold groups by providing materials and
tools when needed, and coach the students with questions (Niu & Niemi, 2019). The DST pedagogical process in the classrooms was implemented in four stages:
1. Preparation: the teachers introduced and explained
the project. The students formed groups, selected the
group topic, discussed options, and made plans for
their videos.
2. Development: the students actively searched for
information and solutions using the Internet and
information sources for their digital stories, and
recorded their videos.
3. Production: the students edited and produced their
digital stories.
4. Outcome: the students shared their videos and
taught each other. Feedback and assessment were
also carried out at this stage.
The DST method cultivates student-driven knowledge creation. The students could ask for help from
the teachers if they did not know how to proceed or
had difficulties, but they were expected to be the active
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agents in their learning. In the preparation stage, the
teachers discussed with the students the process of creating digital stories of mathematical concepts and
showed one example. All of the students received a
handout (see Appendix 1), which described the important elements in good digital stories to guide them. The
study was not based on a design with experimental and
control groups. Rather, it was a field experiment that
took place in the real-world setting of school
classrooms.

Data Gathering
At the beginning of the project, the students completed
a pretest questionnaire to assess their SEF. Originally,
there were 130 students. Some students were absent due
to illness or other reasons during post-measurements;
122 students participated in both measures. One student’s answers were disqualified because the student
had responded to all questions, including background
questions, using the same irrelevant score. The final
number of students was thus 121 (see Table 1). The
sample consisted of all fourth-graders in the selected
school to provide rich data for quantitative multivariate analysis, as well as qualitative observations and
analysis. Because the students were aged 10 to 11, the
questionnaires had to be short and easy to complete.
To obtain further insight into the process, at least one
researcher observed each lesson in the classrooms. We
also took photographs and had discussions with the
teachers and students before and after each lesson.
The researchers interviewed the teachers, students,
and principal after the project. Interviews were conducted on completion so that our questions would
not bias or influence the outcomes.

Instruments and Analysis Methods
The questionnaires consisted of an SEF scale following
Bandura’s (1986) ideas of measuring SEF based on a
well-tested questionnaire from earlier researchers
(Schwarzer & Jerusalem, 1995). Measures of engagement, problem-solving, mathematics learning meaningfulness, and mathematical knowledge creation had
been tested in earlier studies (Niemi & Multisilta,
2016; Niemi et al., 2018). The process of designing
and validating the instruments in two languages had
many phases. All the instruments were originally created in English and translated collaboratively by two
postdoctoral researchers with extensive experience in
international comparative studies, one Englishspeaking and one Chinese-speaking. The meanings of
the questions and the set of instructions were checked
several times between languages, ensuring that they
could be understood the same way. The questions
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Table 1. Study Participants.
Participants (n)
Population

Girls

Boys

Total

Classes (n)

DST lessons (n)

Age (years)

Chinese classes

56

65

121

4

6–10

10–11

were first tested by a few 11-year-old students in China
to confirm that they understood the meaning and could
respond. A 1–10 scale was used (which is commonly
used in Chinese schools instead of a 1–5 scale), with
which the students were familiar.
The quantitative data was analyzed using descriptive
statistics and correlations. Factor analysis was used for
the SEF measures to confirm the structure found in
earlier studies (Schwarzer & Jerusalem, 1995). It was
one-dimensional in both pre- and post-measures, with
high reliability scores (a ¼ .95). We analyzed the structures of the other instruments using exploratory factor
analysis, and the summative variables were counted
based on validity and reliability (see Table 2). All of
the items had a scale from 1 ¼ not at all true for me to
10 ¼ very true for me. The other variables were found
through factor analysis (principal axis) and given the
following names: engagement, mathematical knowledge creation, problem-solving, and mathematics
meaningfulness. Based on the structural analysis, the
internal consistency reliability scores varied between
.77 and .95: SEF (pre and post), a ¼ .95; engagement,
a ¼ .82; mathematical knowledge creation, a ¼ .77;
problem-solving, a ¼ .78; and mathematics meaningfulness, a ¼ .94. Mathematical knowledge creation consisted of three items, with two of them covering
mathematical content. It came out that almost all of
the students used the highest value, 10, in these two
content questions, and the results were skewed. These
two items were omitted in the regression analysis, and
the remaining item was included as a variable named
mathematical knowledge-seeking.
We used regression analysis to test the theoretical
model of the study. The normality of the variables
was examined before the regression analysis. The students mainly used the very positive scores of the scale
in all measures, particularly in the post-measures, to
describe their experiences during the DST project.
The distributions were negatively skewed, illustrating
that the students had very positive experiences during
the DST project and underwent a powerful change to
very high SEF. Only a few students used the lowest
values. Both Kolmogorov–Smirnov and Shapiro–
Wilk tests indicated that the variables differed from
normality (p < 0.05). For the regression analysis, the
variables were recoded, combining the first classes of
the SEF scales and other mediators. For the SEF

scales, 1–4 were recoded as 1; 5 was recoded as 2; 6
was recoded as 3; 7 was recoded as 4; 8 was recoded as
5; 9 was recoded as 6; and 10 was recoded as 7. For the
other mediators, 1–8 were recoded as 1; 9 was recoded
as 2; and 10 was recoded as 3. The new distributions
are shown in Table 3.
Values for asymmetry and kurtosis were also calculated. Traditionally, values between 2 and 2 are considered acceptable to prove normal univariate
distribution (George & Mallery, 2010). As shown in
Table 3, SEF fulfilled the kurtosis criteria in the beginning, but the dependent variable’s kurtosis value
is 2.446 and does not completely fulfil the criteria
because the students’ SEF had grown so much. Linear
regression analysis was used because the aim was not to
generalize the findings but to obtain knowledge about
the relationships between the mediators and SEF.
Besides the quantitative data, we also collected qualitative data to enhance the quality and reliability of
this research. Using the main theoretical concepts
as starting points (see Figure 1), we applied a
flexible deductive content analysis to the qualitative
interview data. We wanted to hear all the
interviewees’ comments outside the conceptual model
and get feedback on the challenges in the DST project.
The themes of the students’ interview questions were as
follows:
• What did you learn from using DST in learning
math?
• Compare how you learned math before with learning through DST. In your opinion, which way do
you like more? Please explain why you like it more.
• When making the digital story, did you have difficulties or challenges? How did you solve the difficulties and challenges in your group?
• Please reflect on the whole process of using DST in
math learning. How did you feel using it? Were you
engaged and participating actively in the activities?
The themes for the teachers’ interview questions
were as follows:
• What is your overall experience with DST as a
teaching method?
• How does DST change teachers’ pedagogy?
• How does DST support students’ learning?

Niemi and Niu
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Table 2. Study Measures.
Scale

Cronbach’s a

Items in questionnaires

SEF scale

.95 (pre)
.95 (post)

I can solve even the harder problems if I try hard enough.
Even though I sometimes run into difficulties, I usually find a way
to reach my objective.
For me, it is easy to hold onto my objectives and reach my goals.
I am confident that I can work well, even in surprising situations.
Because of my resourcefulness, I know how to act in situations I can’t predict.
I can solve most problems if I try hard enough.
I can stay calm even in tougher situations, because I trust in my
abilities to deal with things.
When I run into a problem, I often find multiple solutions.
If I am in trouble, I can think of solutions to the problems.
I can usually act no matter what obstacles I run into.

Engagement

.82

Mathematical
knowledge
creationa

.77

Problem-solving

.78

Mathematics
meaningfulness

.94

After the digital storytelling
I learned:
I enjoy math more than before.
how to work even harder in order to learn math.
I learned:
new things about geometric shapes.
how to calculate the surface area of different geometric shapes.
how to find new or additional information for learning math.a
I learned:
how to succeed at making videos with my group mates in practice.
how to bring my own thoughts and ideas to a common group project.
how to solve problems I run into in the project.
I see more clearly than before that math is useful for me.
I am more certain that I can learn math.
I have a better understanding of what I have learned in math.
I feel more confident when talking about matters relating to
math with my classmates.

a

Mathematical knowledge creation was changed to mathematical knowledge-seeking for regression analysis because the two other variables about
learning contents were extremely skewed, M ¼ 9.6 (kurtosis ¼ 3.11) and M ¼ 9.8 (kurtosis ¼ 3.98), and they were left out.

Table 3. Descriptive Statistics.
Variable

Minimum

Maximum

M (SE)

SEF (pre)
SEF (post)
Mathematical knowledge-seeking
Mathematics meaningfulness
Problem-solving
Engagement

1.00
1.50
1.00
1.00
1.00
1.00

7.00
7.00
3.00
3.00
3.00
3.00

4.8669
6.0868
2.6529
2.4194
2.6309
2.4545

(.14236)
(.11452)
(.06712)
(.06769)
(.05760)
(.06818)

SD

Skewness (SE)

Kurtosis (SE)

1.56591
1.25969
0.73836
0.74457
0.63363
0.75000

0.673
1.677
1.743
0.978
1.627
1.002

0.477
2.446
1.167
0.588
1.284
0.577

(.220)
(.220)
(.220)
(.220)
(.220)
(.220)

(.437)
(.437)
(.437)
(.437)
(.437)
(.437)

Note. N ¼ 121.

Results
Changes in SEF During the DST Intervention
The first research hypothesis, which focused on
changes in SEF during the DST intervention, expressed

that SEF (pre) would increase. The changes were tested
at the item level using parametric and nonparametric
tests (see Table 4). All the changes in the mean values
were statistically significant (p < .001). The standard
deviations were smaller in each SEF variable in the
post-measure. The student group was more homogenous, and changes were strongly toward high scores,
as illustrated in Figure 2.
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Table 4. Students’ SEF Before and After the DST Project.
Pre

Post

95% CI

SEF questions

M

SD

M

SD

z

Lower

Upper

1. I can solve even the harder problems if I try hard
enough.
2. Even though I sometimes run into difficulties, I
usually find a way to reach my objective.
3. For me, it is easy to hold on to my objectives and
reach my goals.
4. I am confident that I can work well even in surprising situations.
5. Because of my resourcefulness, I know how to act
in situations I could not predict.
6. I can solve most problems if I try hard enough.
7. I can stay calm even in tougher situations, because
I trust in my abilities to deal with things.
8. When I run into a problem, I often find multiple
solutions.
9. If I am in trouble, I can think of solutions to the
problems.
10. I can usually act no matter what obstacles I run
into.

8.69

1.871

9.48

1.184

7.938

1.076

0.511

7.96

2.230

9.17

1.730

5.488

1.341

0.510

6.76

2.530

8.88

1.649

7.548

2.582

1.666

7.58

2.411

9.03

1.565

5.575

1.878

1.031

7.42

2.224

9.04

1.551

6.784

2.011

1.229

8.56
7.79

1.793
2.183

9.21
9.02

1.360
1.589

5.361
5.361

0.961
1.619

0.328
0.843

7.02

2.293

8.92

1.636

6.977

2.309

1.476

8.01

2.256

8.97

1.643

4.086

1.357

0.561

7.72

2.218

8.92

1.824

5.467

0.744

1.653

Note. N ¼ 121. The significance and asymptotic significance (two-tailed) was p < .001 for all questions.

Figure 2. Students’ SEF Mean Values Before (Series 1) and After (Series 2) the DST Project.

The summative variable of SEF was used in a
power analysis. Table 5 indicates that the observed
power was the highest possible with all assessing
methods. Based on the analysis, we can conclude that
the null hypothesis can be rejected, and the first
hypothesis—“SEF will increase during the intervention”—is confirmed.

SEF as a Predictor
The second hypothesis expressed that SEF (pre) would
affect students’ perceptions of mathematical

knowledge-seeking (originally mathematical knowledge
creation), mathematics learning meaningfulness,
problem-solving, and engagement. As shown in
Table 6, SEF (pre) was significantly correlated with
SEF (post; r ¼ .48). Regression analyses of SEF’s
effect on different learning experiences led to the following standardized beta scores: mathematics meaningfulness
(b ¼ .32,
p < .001),
problem-solving
(b ¼ .25, p ¼ .006), engagement (b ¼ .28, p ¼ .002), and
mathematical knowledge-seeking (b ¼ .25, p ¼ .005).
The strongest effect (very statistically significant) was
on mathematics meaningfulness (see Table 7). The
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Table 5. Power Analysis of the Repeated Measurements of SEF.
Effect on SEF

Value

F

Hypothesis df

Error df

Noncentrality
parameter

Observed
powera

Pillai’s trace
Wilks’ lambda
Hotelling’s trace
Roy’s largest root

0.671
0.329
2.038
2.038

244.557b
244.557b
244.557b
244.557b

1.000
1.000
1.000
1.000

120.000
120.000
120.000
120.000

244.557
244.557
244.557
244.557

1.000
1.000
1.000
1.000

Note. Design: Intercept Within-Subjects Design: SEF. Significance was p < .001 for all questions.
a
Computed using a ¼ .01. bExact statistic.

Table 6. Correlations Between Pre and Post SEF and Students’ Learning Experiences.
Variables

1

2

3

4

5

1.
2.
3.
4.
5.
6.

.476**
.320**
.248**
.283**
.254**

.692**
.474**
.500**
.403**

.552**
.829**
.568**

.412**
.654**

.499**

SEF (pre)
SEF (post)
Mathematics meaningfulness
Problem-solving
Engagement
Mathemetical knowledge-seeking

**Correlation is significant at the .01 level (two-tailed).

Table 7. SEF as a Predictor of Students’ Learning Experiences.
SEF as an independent variable
Dependent variables

Model summary

Engagement
Mathematics meaningfulness
Problem-solving
Mathematical knowledge-seeking

R2 ¼ .080
R2 ¼ .102
R2 ¼ .061
R2 ¼ .065

(adjusted
(adjusted
(adjusted
(adjusted

.072),
.095),
.054),
.057),

F(1,
F(1,
F(1,
F(1,

effects on the other dependent variables were more
moderate, although at least p < .006. Overall, we can
conclude that Hypothesis 2 is accepted.

Mediators for a Higher SEF
The third hypothesis expressed that mathematical
knowledge-seeking, mathematics learning meaningfulness, problem-solving, and engagement would work as
mediators for a higher SEF. All of the mediators had
significant intercorrelations with SEF at the end of
the project (from r ¼ .40 to r ¼ .69; see Table 6).
The highest correlation of SEF (post) was with
mathematics meaningfulness (r ¼.69); the second highest was with engagement (r ¼.50). Engagement and
mathematics meaningfulness had a very strong relationship (r ¼.83), making meaningfulness related to
motivational aspects and vice versa. For a better understanding of the different mediators’ effects on students’
SEF at the end of the project, we applied regression

119) ¼ 10.303
119) ¼ 7.959
119) ¼ 7.796
119) ¼ 8.229

B

SE

b

t

p

.135
.152
.100
.121

.042
.041
.036
.042

.283
.320
.248
.254

3.213
3.687
2.792
2.869

.002
<.001
.006
.005

analysis. The model was based on the concepts in
Figure 1.
A significant regression equation was found, F(5,
115) ¼ 31.575, p < .001 (see Table 8), with an R2 of
.579 (adjusted .560). In the model, the predictors
explain 56% of the variance in SEF at the end of the
project. All of the independent variables had an effect
on SEF, but they varied. The strongest predictor was
mathematics meaningfulness (b ¼ .760, p < .001), the
second strongest was SEF (pre; b ¼ .285, p < .001),
and the third strongest was engagement (b ¼ .226,
p ¼ .041).
Problem-solving
and
mathematical
knowledge-seeking did not have a direct effect on
SEF (post) and were not significant. Mathematics
learning meaningfulness had high intercorrelations
with the other mediators (see Table 6), which may suppress the effect.
We can conclude that Hypothesis 3 is confirmed, but
only partially. Only mathematics meaningfulness impacted SEF clearly. The other mediators’ effects were much
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Table 8. The Effect of Students’ Learning Experiences on SEF at the End of the Project.
Dependent variable

Independent variable

B

SE

b

t

p

SEF (post)

Mathematics meaningfulness
Problem-solving
Mathematical knowledge-seeking
Engagement
SEF (pre)

1.285
0.243
0.115
0.380
0.229

.203
.168
.145
.184
.052

.760
.122
.068
.226
.285

6.317
1.443
0.791
2.063
4.426

<.001
.152
.430
.041
<.001

Note. Model summary: R2 ¼ .579 (adjusted .560), F(5, 115) ¼ 31.575, p < .001.

Figure 3. Empirical Findings Between the Theoretical Concepts.
Note. Beta values inform the effects. The original concept of mathematical knowledge creation was changed to mathematical
knowledge-seeking based on the data.

lower, or else suppressed by the high correlations with SEF
(pre) and meaningfulness during the project. Mathematics
meaningfulness included the following items:
• I see more clearly than before that math is useful
for me.
• I am more certain that I can learn math.
• I have a better understanding of what I have learned
in math.
• I feel more confident when talking about matters
relating to math with my classmates.
The data indicates that DST provided opportunities
to learn mathematics such that students understood
what they had learned and had the confidence to talk
about mathematics with their peers. The main quantitative findings are presented in Figure 3.

Qualitative Perspectives on Students’ SEF
The qualitative data was analyzed from the perspective
of the conceptual model while allowing for other issues
that emerged in the discussion. The interviews were an
important information source, but observations also
validated the students’ experiences. The students’ SEF

was observed in how they worked during the project,
determined by a combination of persistence and trust
in their ability to make a good video. In the classroom
observations, we saw that the students wanted to
improve their digital story videos: they shot the video
many times, added images and music, and tried various
methods to make the videos better. At first, the students were not sure what they were doing; this was the
first time they had undertaken a student-centered
learning project. Gradually, we noticed that they
became more confident, and dared to make something
new by trying out different possibilities. Many problems had to be solved. By the end of the project, the
students were proud of their achievements. We saw
their joy, confidence, and pride when they presented
their videos and taught their peers.
In the student interviews, one student said the following: “I feel really happy about doing this. In the
beginning, I felt it was difficult to make the digital
story. After we finished the digital story, we felt so
proud of ourselves, that we can do such difficult
things.” Another student had this to say: “We really
enjoyed doing it. We were very serious about doing the
things. When we saw the final results, we also felt very
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proud of ourselves, that we can achieve so much.” One
boy excitedly added to the conversation:
Teacher, did you know that we took the video shot
seven times? We did it again and again until we were
satisfied. In the past, when I did my homework, I only
tried to do it twice. If the second time I did not succeed,
I just gave up. In our DST project, we just kept on
trying to do it better and better and find more ways
to solve the problems.

Meaningfulness. The students’ digital story videos demonstrated that their mathematics learning happened in
authentic contexts. The students were trying not only
to discover how to calculate the surface area of three
geometric shapes, but also to connect those shapes to
real-life situations. For example, the students investigated parking spaces, flag shapes, the floor, the roof
designs of different buildings, earring designs, and
many geometric elements that they had not paid attention to previously. Here are quotes from two students:
“I have learned different geometric shapes and how to
calculate the size of the shapes and how to use it in a
real-life situation”; “I learned to use many different
ways to calculate the area size of different geometric
shapes.”
The students’ digital videos confirmed what the
interview data evidenced: the students connected their
mathematics learning with real-life phenomena. One
mathematics teacher discussed how the students constructed their knowledge and its impact on their learning: “The students discovered ways by themselves; they
will remember the things much better than by the
teacher just giving the knowledge to them in lectures.”
She commented on her students’ knowledge creation
and application:
The students paid lots of attention to how to create
knowledge to calculate the area size of geometric
shapes. They tried to discover many different ways to
do it. They also found information on how to use
knowledge in real-life situations. We can pay more
attention to this in the future to make the digital stories
more attractive for the audience.

The same teacher also remarked:
The digital storytelling method is a very good way for
students to learn. It was the first time we did this. It
included many elements; the students were not only
learning math and taking and editing video using computers and iPads, but also learning many skills, such as
communication, collaboration, presentation skills, etc.
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The principal noted that “the digital storytelling
method contains so many different aspects, . . . [such
as] how to create knowledge and how to use the knowledge and how to present the knowledge to others.” The
teachers’ interview data indicated that the students
were actively constructing and creating knowledge,
which had a great impact on how they experienced
meaningful learning.
Engagement. The classroom observations and photographs of the students in the learning process confirmed that they were extensively engaged in the DST
production. They used time in school and at home to
prepare the videos. Regarding the students’ participation and engagement in learning, one teacher commented: “All the students actively participated in the
learning process and activities.” Another teacher confirmed: “In my teaching career of more than 15 years, it
was the first time that the students came to my office
and asked to start the lesson before the lesson time.
This has never happened before.” This teacher added:
“The children were very excited and engaged with what
they were doing during the digital storytelling project.”
A third teacher stated: “The school gate closes at 5:00
p.m., but the students did not want to go home; they
wanted to continue to work on their digital story
project.”
When we asked the students to reflect on their feelings and learning from the DST project, several
responded similarly to the following child: “I also
had fun doing it, and I am also very into doing DST.
Since the very beginning, I felt that it is very interesting
to do the activities, and I am very engaged in all the
activities.” The students were strongly engaged in
mathematics study with the DST learning method.
They emphasized that it was fun and it made them
solve problems. One said: “I like to use DST to learn
math. The reason is that it is much more fun and I’m
the one who finds a way to solve the problem. I feel
proud of myself.” Another added: “I also like using
DST to learn math. I feel that my interests and motivation to learn math increased.”
Problem-Solving. In the videos, the students first introduced the theme they had selected from the topics proposed by the teachers. They actively searched for
information and used their prior knowledge to construct new knowledge to solve problems. Often, they
strove to discover several approaches and ways to solve
the problem. One teacher stated during the interviews:
“Every child was very active and had high spirits . . . .
The students are learning how to research and how to
solve problems.”
When the students answered the question comparing
traditional lessons and DST in learning mathematics,
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they stated clearly that they liked the latter. One said:
“In digital storytelling, we find ways to learn math by
ourselves. We can make decisions!” Another stated: “I
like using the digital storytelling method to learn. It
gave us the opportunity to talk, discuss, and show
our ideas . . . . We found our own ways to calculate
the area size of geometric shapes.”
Challenges with DST. The teachers’ comments indicated
that challenges did exist in using the DST learning
method. One teacher commented: “It took quite a
long time to carry out the project. We need to plan it
better when we use it next time.” Teachers are pressured with a demanding curriculum and have limited
time, making it challenging for them to invest the time
necessary for a student-centered learning method.
Another teacher noted: “We need to find more physical
space for the students to create their videos, since the
classroom is too small for all students to do their group
work.” When many students are in one class and the
classroom’s physical size limits the space for group
work, DST can be especially challenging.
Benefits of DST. A quote from the school principal
described the project in an interesting way: “Through
conducting the digital storytelling project at our school,
we realized that the students have much more resources
and capability to do many things. In the past, we have
underestimated students’ skills and abilities.” One student gave a comprehensive summary of the project:
We felt that it was exciting when we tried to find ways
to solve the math problems, and we took videos when
we were trying to solve the math problems. It is very
nice to do this in a group together. It is not like the
normal way of learning math. In the normal way, the
teacher teaches us one way to solve the math problem,
then we practice what the teacher told us. In the digital
storytelling way, it is very nice to discuss and do the
research with your peer students together. We were
very concentrated and engaged in what we were doing.

Discussion
The aim of this pilot study was to discover how DST
enhances students’ SEF in mathematics learning and
what kinds of learning experiences contribute to SEF.
Usually, SEF is a predictor of successful learning. In
this study, it was first an independent variable and
then, after the DST project, the dependent variable.
It has been an important factor in mathematics learning for decades, but the ways DST can promote it are
still a new research area. The results are promising, but
given that the DST method is dependent on many

variables, more research is needed to confirm the
effects of the students’ own activity, the teachers’ facilitating role, and the possible influence of the researchers in the classroom. This study was conducted in
authentic circumstances—in a school setting—and
this kind of research is always open to many interrelated factors that influence the results.
Being a predictor of students’ perceived learning, the
effect of SEF was statistically significant at a moderate
level. The strongest effect of SEF (pre) was how meaningful students perceived their mathematics learning to
be (b ¼ .32, p < .001); its effects on other measured
learning experiences varied (b ¼ .25–.28). By providing
grounds for successful learning, SEF (pre) had a positive effect on learning experiences, as many studies of
academic tasks have shown (Ayotola & Adedeji, 2009;
Bassi et al., 2007; Britner & Pajares, 2006; Schulz, 2005;
Wang et al., 2008), particularly in mathematics learning
(Abramovich et al., 2019; Renninger, 2011).
This study also examined how learning experiences
with DST affected SEF in the posttest. The model of
regression analysis explained 56% of the variance in
SEF. The most important mediator was students’ perceptions of the meaningfulness of mathematics learning. This variable included questions about how useful
they considered mathematics learning, how confident
they were that they could learn mathematics, and
whether they understood what they had learned and
felt more confident when talking about mathematics
with their classmates. These issues are fundamental
and began to be noted in the late 1960s (Ausubel,
1962). Meaningfulness later came to be seen as a keystone in constructivist learning. Key elements in meaningful learning are authentic contexts and materials,
students’ active involvement in the learning process,
knowledge construction, purposeful learning, and collaboration (Ausubel, 1962).
Expanding meaningful learning to mathematics,
Oers (2013) criticized teaching only mathematical
facts or skills; rather, it is important that students
understand what they learn. Vithal and Bishop (2006)
emphasized a person’s meaningful learning experiences.
One of the most important reasons for the high values
in all the variables in the DST project is that DST gave
the students opportunities to structure their own learning and apply concepts to real-life contexts. In producing the videos to teach mathematics to their peers, they
had to find the knowledge they needed, write scripts,
make design and implementation decisions, and
problem-solve. This process helped the students to
learn mathematical concepts and increase their mathematical literacy, which is an important concept in
mathematics education (Machaba, 2018; Masal &
Yılmazer, 2014; Uzunboylu et al., 2012; Vithal &
Bishop, 2006). The DST project offered new ways of
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enhancing students’ motivation to learn mathematics
by making it more meaningful and connecting it with
real-life contexts.
The qualitative and quantitative data shows that the
students’ SEF increased significantly during the project, even though it lasted only 4–6 weeks. Important
goals were to ascertain whether DST can help children
to have more agency in their learning, to promote
equity and the quality of learning in schools, and to
increase SEF. The findings provide strong evidence
that these goals were achieved. A DST approach
can make mathematics meaningful, and meaningful
experiences in mathematics learning can enhance students’ SEF.

Limitations and Future Research
This study had limitations, and the findings point to
the need for further research. It was conducted in only
one school for a few weeks. It is important to follow
students’ development and motivation for longer periods of time in more settings to be able to generalize the
findings. The DST method was new to the students and
teachers; it provided more options than normal lessons
and it made the school day different. This novelty may
have positively biased the findings. More investigation
could determine whether the method works with wider
implementation and in other subjects.
Similarly, DST was applied to only one theme in
geometry. Wider perspectives and applications to
other areas and concepts in mathematics learning are
needed. The participating students were 10 to 11 years
old. Including other age groups in future studies would
secure a more holistic picture about this method of
learning. More information is needed about personal
experiences and how DST can help those with very low
or very high SEF. We did not measure students’ socioeconomic status. Its influence is widely known in education studies (e.g., Organisation for Economic
Co-operation and Development, 2020) and may have
affected the students’ SEF. The results of this pilot
study cannot be generalized to other communities or
populations, but the findings indicate that more
research is warranted, and schools should be encouraged to innovate new methods for SEF and engagement in mathematics learning.
As DST in mathematics learning is a new research
area, we recommend more studies of how educators
can use it to strengthen students’ SEF with meaningful
mathematics learning. The students in this study used
advanced video technology. Future research could use
artificial-intelligence-based analytics of how they proceeded to construct their videos to better understand
their learning processes. This human–device interaction
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could add to the significance of DST in successful
learning processes.

Conclusion
In this DST project, students used mobile phones and
tablets with video technology to create their own products. We brought technology into teaching and learning with student-driven and collaborative approaches
wherein students had autonomy and responsibility in
their learning. According to Robin (2008), DST enhances information-gathering; cultivates higher-order
thinking, such as problem-solving skills and critical
thinking; and facilitates students’ ability to work in
collaborative teams. Saavedra and Opfer (2012)
claimed that 21st-century skills require 21st-century
teaching. In this DST project, the most important
learning experience was meaningfulness in mathematics
learning. Technology was not itself an aim but rather a
tool to be integrated with learning. The students
needed to inquire, analyze, and apply knowledge to
their video stories.
The role of schools has expanded from delivering
content knowledge to developing students’ competence
in applying that knowledge. In most countries
(Organisation for Economic Co-operation and
Development, 2013), educational systems aim to deliver generic skills that provide the competence for knowledge inquiry, critical thinking, problem-solving, and
other so-called 21st-century competencies (Lee &
Tan, 2018). Many studies have investigated how DST
integrates content knowledge and more generic competencies such as active knowledge creation, collaboration, communication, and information technology
(Niemi & Multisilta, 2016; Penttil€a et al., 2016;
Robin, 2008; Wang & Zhan, 2010; Yang & Wu,
2012). However, the role of students’ SEF has not
been the focus of this research.
To foster an innovative learning environment, students must have opportunities to be active agents in
their learning, and technology should be integrated as
a natural part of their learning (Organisation for
Economic Co-operation and Development, 2013).
Mevarech and Kramarski (2014) stressed that 21st-century competencies and mathematics learning should be
integrated, noting that mathematical communication is
an important route for acquiring relevant skills. They
proposed that students in all age groups should be
encouraged to engage in mathematical discourse and
share ideas and solutions, as well as explain their own
thinking. Developing these competencies may result in
enhancing social skills and producing mathematically
literate citizens, bringing future learning to the present.

14

Journal of Pacific Rim Psychology 15(0)

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding
The author(s) disclosed receipt of the following financial support for the research, authorship, and/or publication of this
article: We want to thank the Advanced Innovation Center
for Future Education at Beijing Normal University and the
University of Helsinki for supporting this study financially.

ORCID iD
Hannele Niemi

https://orcid.org/0000-0003-0730-0674

References
Abramovich, S., Grinshpan, A., & Milligan, D. (2019).
Teaching mathematics through concept motivation and
action learning. Education Research International, 2019,
Article 3745406. https://doi.org/10.1155/2019/3745406
Ainley, M., & Ainley, J. (2011). Student engagement with
science in early adolescence: The contribution of enjoyment to students’ continuing interest in learning about
science. Contemporary Educational Psychology, 36(1),
4–12. https://doi.org/10.1016/j.cedpsych.2010.08.001
Ausubel, D. P. (1962). A subsumption theory of meaningful
verbal learning and retention. Journal of General
Psychology, 66(2), 213–224. https://doi.org/10.1080/
00221309.1962.9711837
Ayotola, A., & Adedeji, T. (2009). The relationship between
mathematics self-efficacy and achievement in mathematics. Procedia—Social and Behavioral Sciences, 1(1),
953–957. https://doi.org/10.1016/j.sbspro.2009.01.169
Bandura, A. (1986). The explanatory and predictive scope of
self-efficacy theory. Journal of Social and Clinical
Psychology, 4(3), 359–373. https://doi.org/10.1521/jscp.
1986.4.3.359
Bandura, A. (1997). Self-efficacy: The exercise of control. W.
H. Freeman.
Bassi, M., Steca, P., Fave, A. D., & Caprara, J. G. V. (2007).
Academic self-efficacy beliefs and quality of experience in
learning. Youth Adolescence, 36, 301–312. https://doi.org/
10.1007/s10964-006-9069-y
Binkley, M., Erstad, O., Herman, J., Raizen, S., Ripley, M.,
Miller-Ricci, M., & Rumble, M. (2012). Defining twentyfirst century skills. In P. Griffin, B. McGaw, & E. Care
(Eds.), Assessment and teaching of 21st century skills (pp.
17–66). Springer.
Britner, S. L., & Pajares, F. (2006). Sources of science selfefficacy beliefs of middle school students. Journal of
Research in Science Teaching, 43(5), 485–499. https://doi.
org/10.1002/tea.20131
Csikszentmihalyi, M. (1990). Flow: The psychology of optimal
experience. Harper & Row.
Deacon, M. (2011). Classroom learning environment and
gender: Do they explain math self-efficacy, math outcome
expectations, and math interest during early adolescence?

[Unpublished doctoral dissertation]. University of
Virginia.
Dreon, O., Kerper, R. M., & Landis, J. (2015). Digital storytelling: A tool for teaching and learning in the YouTube
generation. Middle School Journal, 42(5), 4–10. https://
doi.org/10.1080/00940771.2011.11461777
Fan, W., & Wolters, C. (2014). School motivation and high
school dropout: The mediating role of educational expectation. British Journal of Educational Psychology, 84(1),
22–39. https://doi.org/10.1111/bjep.12002
Fast, L., Lewis, J., & Hammond, K. (2010). Does math selfefficacy mediate the effect of the perceived classroom environment on standardized math test performance? Journal
of Educational Psychology, 102(3), 729–740. https://doi.
org/10.1037/a0018863
George, D., & Mallery, M. (2010). SPSS for Windows step by
step: A simple guide and reference, 17.0 update (10th ed.).
Pearson.
Gottfried, A. E., Marcoulides, G. A., Gottfried, A. W.,
Oliver, P. H., & Guerin, D. W. (2007). Multivariate
latent change modeling of developmental decline in academic intrinsic math motivation and achievement:
Childhood through adolescence. International Journal of
Behavioral Development, 31(4), 317–327. https://doi.org/
10.1177/0165025407077752
Gould, D., & Schmidt-Crawford, D. A. (2010). Trigonometry
comes alive through digital storytelling. Mathematics
Teacher, 104(4), 296–30. https://www.jstor.org/stable/
20876864
Griffin, P., McGaw, B., & Care, E. (Eds.). (2013). Assessment
and teaching of 21st century skills. Springer.
Hull, G., & Katz, M.-L. (2006). Crafting an agentive self:
Case studies of digital storytelling. Research in the
Teaching of English, 41(1), 43–81.
Hung, C.-M., Hwang, G.-J., & Huang, I. (2012). A projectbased digital storytelling approach for improving students’
learning motivation, problem-solving competence and
learning achievement. Educational Technology & Society,
15(4), 368–379.
Jablonka, E. (2003). Mathematical literacy. In A. J. Bishop,
M. A. Clements, C. Keitel, J. Kilpatrick, & K. S. Leung
(Eds.), Second international handbook of mathematics education (pp. 75–102). Springer. https://doi.org/10.1007/97894-010-0273-8
Jenkins, H., Purushotma, R., Weigel, M., Clinton, K., &
Robison, A. J. (2009). Confronting the challenges of participatory culture: Media education for the 21st century.
MIT Press.
Kes¸an, C., & Kaya, D. (2018). Mathematics and science selfefficacy resources as the predictor of academic success.
International Online Journal of Educational Sciences,
10(2), 45–58. https://doi.org/10.15345/iojes.2018.02.004
Kotluk, N., & Kocakaya, S. (2017). The effect of creating
digital storytelling on secondary school students’ academic
achievement, self-efficacy perceptions and attitudes
toward physics. International Journal of Research in
Education and Science, 3(1), 218–227.
Lambert, J. (2013). Digital storytelling: Capturing lives, creating community. Routledge.

Niemi and Niu
Lee, J. (2009). Universals and specifics of math self-concept,
math self-efficacy, and math anxiety across 41 PISA 2003
participating countries. Learning and Individual
Differences, 19(3), 335–365. https://doi.org/10.1016/j.
lindif.2008.10.009
Lee, W., & Tan, J. P. (2018). The new roles of twenty-firstcentury teachers: Facilitator, knowledge broker, and pedagogical weaver. In H. Niemi, A. Toom, A. Kallioniemi,
& J. Lavonen (Eds.), The teachers’ role in the changing
globalizing world (pp. 11–31). Brill Sense.
Linnenbrink, E. A., & Pintrich, P. R. (2003). The role of selfefficacy beliefs in student engagement and learning in the
classroom. Reading and Writing Quarterly, 19(2), 119–137.
https://doi.org/10.1080/10573560308223
Machaba, F. M. (2018). Pedagogical demands in mathematics and mathematical literacy: A case of mathematics and
mathematical literacy teachers and facilitators. Eurasia
Journal of Mathematics, Science and Technology
Education, 14(1), 95–108. https://doi.org/10.12973/ejmste/
78243
Masal, M., & Yılmazer, G. (2014). The relationship between
secondary school students’ arithmetic performance and
their mathematical literacy. Procedia—Social and
Behavioral Sciences, 152, 619–623. https://doi.org/10.
1016/j.sbspro.2014.09.253
McGee, P. (2015). The instructional value of digital storytelling: Higher education, professional, and adult learning settings. Routledge.
Mevarech, Z., & Kramarski, B. (2014). Critical maths for
innovative societies: The role of metacognitive pedagogies.
OECD
Publishing.
https://doi.org/10.1787/
9789264223561-en
Multisilta, J., & Niemi, H. (2018). Tools, pedagogical models,
and best practices for digital storytelling. In M. KhosrowPour (Ed.), Encyclopedia of information science and technology (4th ed., pp. 2641–2650). IGI Global. https://doi.
org/10.4018/978-1-5225-2255-3.ch230
Niemi, H., Harju, V., Vivitsou, M., Viitanen, K., Multisilta,
J., & Kuokkanen, A. (2014). Digital storytelling for 21stcentury skills in virtual learning environments. Creative
Education, 5(9), 657–671. https://doi.org/10.4236/ce.2014.
59078
Niemi, H., & Multisilta, J. (2016). Digital storytelling promoting twenty-first century skills and student engagement.
Technology, Pedagogy and Education, 25(4), 451–468.
https://doi.org/10.1080/1475939X.2015.1074610
Niemi, H., Niu, S., Vivitsou, M., & Li, B. (2018). Digital
storytelling for twenty-first-century competencies with
math literacy and student engagement in China and
Finland. Contemporary Educational Technology, 9(4),
331–353. https://doi.org/10.30935/cet.470999
Niu, S., & Niemi, H. (2019). Teachers’ pedagogical role as
mediators in leading and guiding students’ learning in digital storytelling (DST). Seminar.Net, 15(1), 1–24. https://
journals.hioa.no/index.php/seminar/article/view/2908
Oers, B. van (2013). Learning mathematics as a meaningful
activity. In L. Steffe, P. Nesher, P. Cobb, B. Sriraman, &
B. Greer (Eds.), Theories of mathematical learning (pp.
103–126). Routledge.

15
Organisation for Economic Co-operation and Development.
(2006). Assessing scientific, reading and mathematical literacy: A framework for PISA. OECD Publishing.
Organisation for Economic Co-operation and Development.
(2013). Innovative learning environments, educational
research and innovation. OECD Publishing.
Organisation for Economic Co-operation and Development.
(2019). OECD future of education and skills 2030: OECD
learning compass 2030. OECD Publishing.
Organisation for Economic Co-operation and Development.
(2020). Socio-economic status. https://gpseducation.oecd.
org/revieweducationpolicies/#!node=41749&filter=all
Penttil€a, J., Kallunki, V., Niemi, H. M., & Multisilta, J.
(2016). A structured inquiry into a digital story:
Primary school students report the making of a
superball. International Journal of Mobile and Blended
Learning, 8(3), 19–34. https://doi.org/10.4018/IJMBL.
2016070102
Potvin, P., & Hasni, A. (2014). Analysis of the decline in
interest towards school science and technology from
grades 5 through 11. Journal of Science Education and
Technology, 23, 784–802. https://doi.org/10.1007/s10956014-9512-x
Redecker, C., Leis, M., Leendertse, M., Punie, Y., Gijsbers,
G., Kirschner, P., Stoyanov, S., & Hoogveld, B. (2011).
The future of learning: Preparing for change. Publications
Office of the European Union.
Reeve, J., Jang, H., Carrell, D., Jeon., S., & Barch, J. (2004).
Enhancing students’ engagement by increasing teachers’
autonomy support. Motivation and Emotion, 28,
147–169. https://doi.org/10.1023/B:MOEM.0000032312.
95499.6f
Renninger, K. (2011). Motivation and learning in an online,
unmoderated, mathematics workshop for teachers.
Educational Technology Research and Development,
59(2), 229–247. https://doi.org/10.1007/s11423-011-9195-4
Robin, B. R. (2008). Digital storytelling: A powerful technology tool for the 21st century classroom. Theory Into
Practice,
47(3),
220–228.
https://doi.org/10.1080/
00405840802153916
Saavedra, A. R., & Opfer, V. D. (2012). Learning 21st-century skills requires 21st-century teaching. Phi Delta
Kappan,
94(2),
8–13.
https://doi.org/10.1177/
003172171209400203
Sadik, A. (2008). Digital storytelling: A meaningful
technology-integrated approach for engaged student
learning. Educational Technology Research and
Development, 56(4), 487–506. https://doi.org/10.1007/
s11423-008-9091-8
Sandars, J., Murray, C., & Pellow, A. (2008). Twelve tips for
using digital storytelling to promote reflective learning by
medical students. Medical Teacher, 30(8), 774–777.
https://doi.org/10.1080/01421590801987370
Schiro, M. (2004). Oral storytelling and teaching mathematics.
SAGE.
Schulz, W. (2005, April 11–15). Mathematics self-efficacy and
student expectations: Results from PISA 2003
[Paper presentation]. Annual Meeting of the American
Educational Research Association, Montreal, Canada.

16
Schunk, D. H., & Meece, J. L. (2006). Self-efficacy development in adolescence. In F. Pajares & T. Urdan (Eds.),
Self-efficacy beliefs of adolescents (pp. 71–96).
Information Age.
Schwarzer, R., & Jerusalem, M. (1995). Generalized selfefficacy scale. In J. Weinman, S. Wright, & M. Johnston
(Eds.), Measures in health psychology: A user’s portfolio.
Causal and control beliefs (pp. 35–37). NFER-NELSON.
Scott, C. (2015). The futures of learning 2: What kind of learning for the 21st century? (Education, Research and
Foresight: Working Papers 14). UNESCO. https://unes
doc.unesco.org/ark:/48223/pf0000242996_eng
 eda, E., & Jenkins, B. (2014). Digital
Shelby-Caffey, C., Ub
storytelling revisited. The Reading Teacher, 68(3),
191–199. https://doi.org/10.1002/trtr.1273
Sukovic, S. (2014). iTell: Transliteracy and digital storytelling. Australian Academic & Research Libraries, 45(3),
205–229. https://doi.org/10.1080/00048623.2014.951114
Suwardy, T., Pan, G., & Seow, P.-S. (2013). Using digital
storytelling to engage student learning. Accounting
Education, 22(2), 109–124. https://doi.org/10.1080/
09639284.2012.748505
Taylor, L., & Parsons, J. (2011). Improving student engagement. Current Issues in Education, 14(1). https://cie.asu.
edu/ojs/index.php/cieatasu/article/view/745
Uzunboylu, H., Arslan, C., & Yavuz, G. (2012). A study on
mathematical literacy self-efficacy beliefs of prospective

Journal of Pacific Rim Psychology 15(0)
teachers. Procedia—Social and Behavioral Sciences, 46,
5622–5625. https://doi.org/10.1016/j.sbspro.2012.06.484
Vithal, R., & Bishop, A. J. (2006). Mathematical literacy: A
new literacy or a new mathematics? Pythagoras, 64, 2–5.
https://doi.org/10.4102/pythagoras.v0i64.93
Vygotsky, L. (1978). Mind in society. MIT Press.
Wang, S., & Zhan, H. (2010). Enhancing teaching and learning with digital storytelling. International Journal of
Information and Communication Technology Education,
6(2), 76–87. https://doi.org/10.4018/jicte.2010040107
Wang, Y., Peng, H., Huang, R., & Hou, Y. (2008).
Characteristics of distance learners: Research on relationships of learning motivation, learning strategy, selfefficacy, attribution and learning results. Open Learning,
23(1), 17–28. https://doi.org/10.1080/02680510701815277
Whyte, J., & Anthony, G. (2012). Maths anxiety: The fear
factor in the mathematics classroom. New Zealand Journal
of Teachers’ Work, 9(1), 6–15.
Woodhouse, J. (2008, June 23–25). Story-telling: A telling
approach in healthcare education [Paper presentation].
Narrative Practitioner Conference, Wrexham, UK.
Yang, Y.-T. C., & Wu, W.-C. I. (2012). Digital storytelling
for enhancing student academic achievement, critical
thinking, and learning motivation: A year-long experimental study. Computers & Education, 59(2), 339–352. https://
doi.org/10.1016/j.compedu.2011.12.012

Niemi and Niu

17

Appendix 1
Handout
You can evaluate your own and your peers’ videos by
using the following questionnaire:

Suggestion for
improvement
1. How are the important concepts, terms, and information such as the triangle, square, and surface area
displayed in the video?
Extremely well Very well Well Moderately Not really at all
5
4
3
2
1
2. How well is the story of the video structured? Consider the introduction, the interchange between the
pictures and the events, and the ending.
Extremely well Very well Well Moderately Not really at all
5
4
3
2
1
3. How well does the story give explanations and reasoning for things such as why a certain shape is a
triangle?
Extremely well Very well Well Moderately Not really at all
5
4
3
2
1
4. How does the video make the material that is supposed to be learned understandable for the viewer?
Consider the conversations, pictures, animations, etc.
Extremely well Very well Well Moderately Not really at all
5
4
3
2
1
5. How does the subtitling help the viewers understand the most important mathematical terms/the
material which is supposed to be learned?
Extremely well Very well Well Moderately Not really at all
5
4
3
2
1
6. How does the video keep the viewer engaged? Consider the music, the viewing angles, and close and
remote shooting.
Extremely well Very well Well Moderately Not really at all
5
4
3
2
1
7. What is your overall opinion about the video?
Extremely well Very well Well Moderately Not really at all
5
4
3
2
1

