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Abstract

Gamified learning is an instructional strategy that motivates students to learn, and
the use of multiple representations assists learning by promoting students’ think-
ing and advanced mathematical problem-solving skills. In particular, emergency dis-
tance learning caused by the COVID-19 pandemic may result in a lack of motivation
and effectiveness in learning. This study designed an online gamified learning activ-
ity incorporating multi-representational scaffolding and compared the differences in
the learning achievement and motivation for the gamified activity and general syn-
chronous distance learning. In addition, for the group that conducted the gamified
learning activity, we measured the participants’ flow, anxiety, and emotion during
the activity. A total of 36 high school students participated in the experiment. The
results indicated that the gamified learning activity was not significantly effective
in terms of enhancing learning achievement. In terms of learning motivation, a sig-
nificant decrease in motivation was found for the group using general synchronous
learning, while a significant increase in motivation was found for the group using
synchronous gamified learning. This indicates that despite the negative impact of
the pandemic on learning, gamified learning still enhances students’ learning moti-
vation. The results of flow, anxiety, and emotion showed that the participants had
a positive and engaged experience. Participants provided feedback that the multi-
representational scaffolding facilitates learning.

Keywords Gamification - Game-based learning - Multi-representational
scaffolding - Synchronous learning - Distance learning

<1 Huei-Tse Hou
hthou @mail.ntust.edu.tw

Graduate Institute of Applied Science and Technology, National Taiwan University of Science
and Technology, #43 Keelung Road, Section 4, Taipei, Taiwan

Published online: 24 March 2023 @ Springer


http://orcid.org/0000-0003-1783-8830
http://crossmark.crossref.org/dialog/?doi=10.1007/s10639-023-11708-6&domain=pdf

Education and Information Technologies

1 Introduction

Traditional mathematics (math) teaching is often lecture-based when teaching
students standard problem-solving steps, allowing students to practice repeatedly
to become familiar with problem solving steps for mathematical problems, which
is less effective for improving students’ ability to analyze problems and solve
complex problems (Dagoc & Tan, 2018) and fails to motivate students to learn
(Safapour et al., 2019). Because math courses often require complex calculations,
many students view math as difficult and time-consuming, and requiring a high
degree of patience, so they are not interested in math courses (Guven & Ozcelik,
2017; Tarasova & Savvina, 2019). Some students do not have poor math skills,
but rather have anxiety about learning math (Ashcraft & Kirk, 2001), and math
learning anxiety can lead to students not wanting to learn math and can reduce
their effectiveness in learning math (Lukowski et al., 2019; Foley et al., 2017). As
areview study by Balt et al. (2022) mentions, this is a vicious cycle. Students will
become more anxious because of their poor achievement in math, and this anxi-
ety will lead to students avoiding math, which in turn will lead to students not
improving their math skills. Fortunately, using a variety of instructional strategies
to reduce math anxiety has the opportunity to break this vicious cycle.

The impact of the COVID-19 pandemic has forced many schools to switch to
synchronous remote education, which is also called emergency remote education
(Bozkurt et al., 2020). In emergency remote education, there are more issues to
be covered, such as the psychological stress brought by the pandemic itself, the
loss of face-to-face communication, and so on (Bozkurt et al., 2020; Winter et al.,
2021). Remote education is more accessible than traditional classroom education
and is not limited by the location of teachers and students and can be accessed
from all over the world (Ragusa & Crampton, 2017). However, in emergency
distance learning situation, teachers may often lack the time and experience to
design online courses carefully, and students face challenges such as distractibil-
ity, moodiness, and long periods of persistence and attention, which can influence
their learning experience and engagement (Donham et al., 2022). Other studies
have also found that low interaction, technological limitations, and deconstruc-
tion resulting from emergency distance learning have significant effects on dis-
tance education effectiveness (Tulaskar & Turunen, 2022). In distance education,
students’ eyes are easily tired and the demand for network equipment and high
internet bandwidth (Xue et al., 2020). However, in the more severe years of the
pandemic, the distance learning policies that resulted from the pandemic acceler-
ated the adoption of technology as an educational tool, and despite the limitations
of distance learning, the advantages of developing examples of distance learning
were recognized, and the various instructional methods used in this adaptation
process gave teachers and students the opportunity to grow together as lifelong
learners (McBee et al., 2022). Synchronous distance learning has also become
a common teaching method in the post-pandemic era. Among the various strate-
gies, gamified learning is one of the potential strategies to promote learners’ moti-
vation. Long remote courses can lead to students’ inability to focus on remote
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courses but using gamified learning in the classroom can engage and motivate
students (Glover, 2013) and increase student engagement in the course (Hanus &
Fox, 2015; Huang & Hew, 2015).

Gamified learning enhances students’ motivation to learn (Hamari et al., 2014;
Zainuddin et al., 2020). In gamified learning, teachers blend game elements into
classroom instruction, allowing students to work in groups, and interact and com-
pete for points on learning tasks, while the process promotes motivation, social
interaction, and reflective behaviors to achieve tasks (Manzano-Leon et al., 2021).

Gamification has been widely used to design better instructional activities that
aim to increase student attention, motivation, engagement, flow, and other posi-
tive experiences (Oliveira et al., 2020). A review by Arufe-Giraldez et al. (2022)
found that gamification, when combined with other teaching modes, can have a
positive impact on intrinsic motivation and self-directed learning. The review
also found that many studies have researched the combination of gamification
with social networks, virtual reality, augmented reality and mobile appliances.
Suitable gamification mechanisms with technology-presented multimedia can
reduce students’ anxiety in learning mathematics (Coffland & Huff, 2022). Gami-
fied learning activities with various technologies such as mobile technology, aug-
mented reality (AR) and virtual reality (VR) are increasingly discussed. However,
considering the features and uncertainties of distance learning, it is necessary to
consider the technology-oriented gamification strategies that can be most easily
adopted and effective for teachers and students. For example, although VR allows
learners to experience immersive virtual worlds, research suggests that the use
of VR must consider cost, ease of use, technical challenges, and ethics (Imogen
et al., 2020). Limitations on the VR experience are that users may feel disori-
ented, dizzy, or fearful of colliding with real objects, and must be used in a safe
range (Rauschnabel et al., 2022). Therefore, in distance learning, it is necessary
to consider the students’ and teachers’ network environment and hardware and
software, ease of use, and security issues to adopt technology or media. Besides,
the mechanisms and rules of gamified learning may cause students cognitive load
or learning anxiety (Spieler et al., 2020). Therefore, tools are needed to reduce
the cognitive load imposed by gamified learning, of which mind tools are a possi-
ble option (Teemueangsa, & Jedaman, 2021; Chen et al., 2022). At this point, the
use of mind tool designed to support gamified learning activities has potential for
distance learning and is the tool used in this study to provide scaffolding support
for gamified learning activities.

Mind tools are digital applications such as databases, web-based tools, and multi-
media presentation tools that enable students to learn content in a variety of different
assistive ways (Jonassen & Carr, 2020; Russell, 2015). Mind tools serve as learn-
ing aids for students to think more effectively (Jonassen, 1995) and can improve
attention and learning achievement, and reduce stress in the classroom (Diamond
et al., 2019; Nesbitt & Farran, 2021). Also, mind tools are carriers that allow teach-
ers to provide scaffolding. Wood et al. (1976) and Maryam et al. (2019) referred to
the functions that scaffolds have, including learning guidance, learning load reduc-
tion, learning process control, and demonstration. Hou and Keng (2021) proposed a
dual scaffolding framework in which peer interaction is used as a peer scaffold and
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technology is used to provide cognitive scaffolding during gamified learning in order
to facilitate peer interaction, cognitive thinking, and collaborative problem solving.

In math and science subject learning, the way content is represented has a signifi-
cant impact on learning. Berthold and Renkl (2009) used both textual and graphi-
cal representations of mathematical knowledge and found that for representational
knowledge (e.g., formulas), using textual representations helped learning, but that
using both textual and graphical representations helped students integrate and
understand complex knowledge. Mnguni’s (2014) research suggests that transform-
ing concepts that are difficult to observe with the naked eye (such as chemical equa-
tion of glucose metabolism) into a visual representation in science learning can help
students construct knowledge. A review by McElhaney et al. (2014) also pointed out
that dynamic visualizations (e.g., videos, gifs) help students construct knowledge,
and that the simultaneous use of multiple representational scaffolds does not neces-
sarily have a dual effect on learning achievement but is useful for the construction
of knowledge in students’ cognitive processes. Wang et al. (2018) suggested that
the use of pictures or video representations of scaffolding can be useful for learning
scientific knowledge or abstract knowledge, but the presentation needs to take into
account the students’ familiarity with the presentation. In their study, Liang and She
(2021) used both a text scaffold and a text-and-picture scaffold to support students
in solving mathematical problems. Their findings showed that either scaffold could
help students learn mathematics, but the use of multiple representation scaffolds was
more effective in helping students solve mathematical problems. In the design of
multiple representation scaffolds, Rau and Matthews (2017) suggested that multi-
ple representation scaffolds should not be presented in multiple ways, but should
be linked to construct concepts, and that poorly designed multiple representations
can cause cognitive load and cognitive errors for students. In an emergency remote
education context, it is worth exploring whether the combination of multiple repre-
sentational scaffolds and gamification can help learners’ cognition and motivation in
mathematics learning.

This study used the Mind Tool for Gamified Learning (MTGL) (Chen et al.,
2022, in press) for gamified learning and multiple representations of scaffolding.
MTGL is a web application that runs on mobile devices. It can present gamified
mechanics such as real-time checking of scores, points, leaderboards, and presents
different representations of scaffolding including text, images, and videos.

In this study, the teaching content was “three-dimensional geometry and surface
area.” The researcher designed three types of representational scaffolds. The presen-
tation of geometric knowledge in multiple representations has been shown to be an
effective design for mathematical learning (Gero & Reffat, 2001; Berthold & Renkl,
2009). A variety of common mathematical representations, including 2D scaffolding
or 3D scaffolding used in geometry instruction, are useful for learning (Hoffmann &
Németh, 2021; Choo et al., 2020; Harron et al., 2022). The multiple representational
scaffolding designed for this study includes a “textual description of geometric com-
position,* a “2D perspective drawing,” and a “3D geometric model presentation video.

The design of this study was expected to help students improve their mathe-
matical problem-solving skills and to promote collaborative problem solving with
peers through gamification. It was also expected that the gamified mechanism may
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increase learners’ motivation to learn mathematics, reduce their anxiety, help them
to achieve flow, and promote their learning achievement. Few studies have explored
the design of multi-representational remote gamified learning activities, and few
studies have explored the learning achievement, flow, motivation, and anxiety of
learners in such activities. The innovation and importance of this study is to provide
a combination of multi-representational scaffolding and gamification mechanisms,
and to conduct a multidimensional empirical evaluation to complement the gap in
this research field.

2 Literature review
2.1 Limitations of emergency remote mathematics education

In most mathematics courses, students may often learn knowledge, concepts, and
skills that are removed from their real-world context (Kelley & Knowles, 2016). As
a result, their learning may be less likely to transfer to real-world complex prob-
lem solving (Dagoc & Tan, 2018). Some students have negative attitudes toward
mathematics, and these negative attitudes affect their performance and motivation,
and reduce their learning achievement in mathematics (Liles et al., 2017). In addi-
tion, reduced motivation to learn mathematics can lead to students’ boredom, lack of
curiosity, and difficulty in grasping and understanding complex mathematical con-
cepts during the learning process, all of which can contribute to the negative impact
on students’ achievement in mathematics (Fouze & Amit, 2017). Ashcraft and Kirk
(2001) suggested that students’ fears or worries about mathematics cause them to be
anxious about learning mathematics, and that mathematics anxiety predicts math-
ematics test scores (Lukowski et al., 2019), and past research findings suggest that
mathematics anxiety leads to poor achievement in mathematics (Foley et al., 2017).
The global pandemic of COVID-19 has brought many changes to education. Many
schools have had to switch to online remote education. Bao (2020) pointed out that
in face-to-face course teaching, teachers often use body language, facial expres-
sions, and speech sounds to deliver lessons, but “body language” cannot be deliv-
ered through online courses. Remote education suffers from a lack of feedback from
the expressions and behaviors of the students attending the class (Abate et al., 2021),
and teachers of remote courses are unable to control what students must learn and
therefore rely on student autonomy. Therefore, the implementation of online remote
education and its learning effectiveness depend heavily on the high level of active
learning and self-organization of students outside the classroom (Bao, 2020; Bar-
lovits et al., 2021). Past research has identified many problems that teachers face
during remote education such as lack of information technology equipment in stu-
dents’ homes, lack of communication between students and parents, lack of student
motivation, and even effects on students’ mental health (Kruszewska et al., 2020).
Distance learning requires creating a fun environment in which students can main-
tain a high level of interest in learning over time (Sansone et al., 2012). A study by
Adnan and Anwar (2020) found that most students found remote education to be less
effective than traditional learning due to the lack of interaction with the instructor,
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response time, and lack of traditional course socialization, making it difficult for stu-
dents to work in small groups in a remote learning mode.

In Huber et al. (2021), it was found that using gamification in emergency dis-
tance learning could enhance the interaction of distance learning, and Cantwell et al.
(2022) used gamification to design learning activities and found that gamification
was a highly acceptable application in emergency distance learning. These two stud-
ies are among the very few studies that have examined the use of gamification in
emergency distance learning, however, neither study has examined learning achieve-
ment, and both suggested that future studies should examine learning achievement.

Therefore, this study aimed to design an online remote gamified teaching activity
in order to enhance students’ motivation and achieve good learning achievement in
the post-pandemic era when remote education may be frequently required.

2.2 Ganmified learning

Gamification is intended to use game elements in a non-gaming environment to
enhance motivation for participation (Deterding et al., 2011). Gamification began
to be emphasized over the past decade and has been used in many different areas,
including education (Richter et al., 2015). Among various learning strategies, gami-
fication has been recognized as an effective way to enhance students’ motivation,
and the addition of game elements in educational systems helps to motivate students
and improve their skills and learning achievement (de Sousa Borges et al., 2014).
Game elements also evoke a sense of engagement, motivation, and achievement in
learners. The most commonly used game elements are points, badges, and leader-
boards (Barata et al., 2017; Rodrigues et al., 2019; Saleem et al., 2022).

Huang and Hew (2015) showed that gamified learning was effective in engag-
ing students, and the use of a point system motivated students to complete tasks.
Feedback mechanisms play an important role in gamified learning, and immediate
feedback on student performance encourages students to become more engaged in
learning (Attali & Arieli-Attali, 2015). Past research has shown that gamified learn-
ing most affects student motivation, engagement, learning achievement, and social
interaction (Kalogiannakis et al., 2021). When students use gamified learning strate-
gies, their learning anxiety and cognitive load are reduced, and it helps to improve
their learning performance. Jagust et al. (2018) found that gamified activities help to
improve students’ performance in mathematics learning. The use of gamification in
mathematics learning can promote the interest of students with low intrinsic learn-
ing motivation (Stoyanova et al., 2018).

2.3 Multi-representational scaffolding

The concept of scaffolding is derived from Vygotsky’s (1978) theory of cognitive
development, the most important of which is his advocacy of the Zone of Proxi-
mal Development (ZPD) (Brown et al., 2003). ZPD refers to the gap between the
ability of an individual to solve a problem on his or her own and the level of abil-
ity achieved with the help of others (Raymond, 2000). The purpose of scaffolding
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is to provide temporary support while the students are problem solving, but also
to help them acquire skills to be able to solve problems independently in the
future (Collins et al., 1989; Wood et al., 1976).

Kusmaryono et al. (2020) found that after applying scaffolding strategies in
mathematics classrooms, students successfully reflected on and corrected their
mistakes when solving previously encountered problems, which further improved
their learning achievement and was effective in reducing their mathematical anxi-
ety. Past research has also found a significant decrease in student anxiety with the
use of scaffolding strategies (Mitchell et al., 2017) and that scaffolding increases
student motivation and learning achievement in a gamified cooperative learning
environment (Chen & Law, 2016). In Hou and Keng’s (2021) study, a dual scaf-
folding framework was proposed, which integrates peer scaffolding and cognitive
scaffolding for educational games: (1) peer scaffolding, which emphasizes group
collaboration in designing game mechanics to facilitate learners’ interactive
behaviors and discussion behaviors; (2) cognitive scaffolding: in games, players
can scan game cards for immediate feedback or additional clues. It was found that
the effective use of dual scaffolding helps learners develop higher level cognitive
thinking and peer interaction and can facilitate learners’ collaborative problem
solving.

Liang and She’s (2021) study of mathematics instruction found that the use of
multiple representational scaffolds promoted students’ conceptual understanding
and problem-solving abilities in mathematics better than single representational
scaffolds. Sutiarso’s (2017) study aimed to investigate the effect of various types
of scaffolding presentation on students’ learning of geometric concepts, and found
that diagrammatic or graphic scaffolding was effective for improving students’
understanding of geometric concepts, especially for students with learning difficul-
ties. Berthold and Renkl (2009) presented both text and graphs to enhance students’
understanding of mathematics. Ott et al. (2018) pointed out that the application of
multiple representations not only allows students to learn mathematical problems
from multiple perspectives, but also gives students the opportunity to choose their
preferred representations and then use other representations as an aid to learning.

2.4 Summary

In summary, many classes have been forced to switch to online remote education
or blended learning because of the wave after wave of COVID-19 and its ongoing
viral variants. However, as mentioned above, remote education in general poses
many limitations for teachers and students. Therefore, in this study, we designed a
comparison of the learning achievement and motivation between a remote gami-
fied teaching activity with multiple representational scaffolds and a traditional
remote discussion activity, and explored the flow, anxiety, and emotions of the
learners in the gamified activity to understand the advantages and limitations of
this teaching approach.
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2.5 Research hypothesis and research questions

This study used mathematics as the subject matter and the mind tool developed by the
research team to design a gamified teaching activity that incorporated multiple representa-
tional scaffolds, while using remote synchronous teaching software and Google Jamboard
to conduct the activity. The study was divided into a control group and an experimental
group. The control group used general distance learning in synchronous distance learning,
where the teacher guided the students with learning sheets online, while the experimental
group performed the multi-representational scaffolding-based gamified activity designed
by this study in synchronous distance learning.

It was assumed that the experimental group would have higher learning achieve-
ment and motivation than the control group. In addition to this, we also measured
the flow, activity emotions, and activity anxiety of the experimental group. The
study assumed that the experimental group would have above median flow, posi-
tive activity emotions, and low anxiety. Based on the above research hypotheses, the
research questions posed in this study are as follows.

1. What are the differences in the learning achievement of the control group and the
experimental group?

2. What are the differences between the control group and the experimental group
in terms of motivation?

3. What are the performance of the experimental group in terms of flow, activity
anxiety, and activity emotion?

2.6 Online gamified learning activity with multi-representational scaffolds

In this study, we designed a multi-representational scaffold for a synchronized online
gamified learning activity, which included several tasks to allow students to learn the unit
of “three-dimensional shapes and surface area” in the course, as shown in Fig. 1. During
the activity, teachers used the Mind Tool for Gamified Learning (MTGL) (Chen et al.,
2022) to plan learning progress and to provide points and scaffolding. Students used
MTGL to get learning information and scaffolding, Google Meet to communicate, and
Google Jamboard to piece together boards and assemble them to complete the layout.

In Step 1, the teacher introduced the game mechanism and story situation to the
students. In this learning activity, the students played the role of an architect, ana-
lyzed which geometric shapes make up the three-dimensional shapes of the building,
and calculated the surface area to complete the interior painting plan of the build-
ing. In Step 2, the teacher showed the task and explained the pictures of the level,
including the three-dimensional shape of the building (fixed view), the top view, the
bottom view, and the front view. The diagrams were labeled with the length of the
base and height (5 min for each question). During the process students could view
the scaffolds by paying the accumulation points in MTGL, as shown in Fig. 2, which
included various representations of the scaffolds. In Step 3, the students were asked
to make an expanded view on Google Jamboard based of the three-view drawing
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Step

Length of time

Description

The screen on the device

1

5 minutes

Description of the
activity mechanism
and story situation:
you have to act as
architects,
commissioned by
the mayor, need to
help the citizens
build their desired
house, to help the
house painted
beautiful color!

N/A

5 minutes per
question

(3 questions in
total)

The teacher present
the questions (three
questions in total),
which include the
name of the
building, a static 3D
view of the building,
a top view, a bottom
view, and a front
view.

Level 1: The Rabbit House - Task Description

Overhead View

Underside View

Side View

4m 4m

Al views are in plan view

10 minutes per
question

(3 questions in
total)

Group discussion
on problem solving.
The group has 15
points by default,
and after solving
each problem, the
teacher will give
additional points
based on
performance. These
points can be used
to purchase the
multiple
representation
scaffolding viewing
tips on the MTGL

| orag to compiete the expand view |

«

I Use the

view

«

Intertface

1 Pocspactveofra green
praton)

05Love 2 How many planes doos e
rpanced dagyam campose o

—~

Intertface

Scaffold on
MTGL

10 minutes

At the end of the
activity, teachers
will be awarded
based on the
ranking of points
accumulated

N/A

Fig. 1 The process and mechanism of the gamified activity

seen in Step 2, and to calculate the surface area (10 min per question). After the stu-
dents finished their answer, they would upload the final result through MTGL for the
teacher to check. The teacher reviewed and gave feedback and points immediately
after the answers were given. After the answer time was over, the teacher would
show the next question. The points earned during the activity could be used by the
students to exchange the scaffolds as hints later in the game.

@ Springer



Education and Information Technologies

Scaffold Description Images
Text The use of text representations to describe the composition of 05 Level 2, How many planes does
Scaffolding | three-dimensional shapes is the most basic form of the expanded diaaram compose of?

repre‘sentatllon for learning ma-thematlcs, helpln-g students to‘ The green block is composed of 5 planes, the

associate pictorial representations or to make direct connections | | orange block is composed of 6 planes, and the
; L . lock i f 6 pl

to visually seen pictorial representations (Rau & Matthews, red block s composed o5 6 plancs

2017).

Perspectiv | Perspective diagrams that present three-dimensional shapes in 03 Level 1, Perspective of the
e view static pictures. Graphic representations can provide students orange part
with different perspectives on concepts. (Gero & Reffat, 2001)

360- Rotating the video 360 degrees to present different viewpoints 01 Level 1, 360-degree
degree of the three-dimensional image. 3D graphics' viewpoint ol
rotation transformation can assist students in thinking about how to
video transform it into an expanded image. (Gero & Reffat, 2001;
Haenselmann & Effelsberg, 2012)

B _360 8RB i

Puzzle on | Through the operations on the Jamboard, the 3D

Google representations are converted into 2D plane drawings to assist
Jamboard | students in calculating the surface area of 3D shapes. In other
words, the appropriate mathematical representation conversion
in single representation systems or in multiple representation
systems is an essential element for developing mathematical
thinking and problem-solving skills.

(Brenner, et al., 1999; Cramer, Post, & delMas, 2002)

Fig.2 Multi-representational scaffolding

3 Methods
3.1 Design and participants

This study adopted a mixed-methods research design using a parallel mixed design
(Teddlie & Tashakkori, 2009), in which the quantitative part was the quasi-experi-
mental research method with a pretest-posttest analysis and the qualitative part was
an open-ended questionnaire analysis for gamified learning experience. The partici-
pants were students from a high school in northern Taiwan aged 15-17 years old.
All of the participants had taken a course in line symmetry and three-view diagrams
concepts prior to high school. They must pass an assessment before entering high
school, thus confirming that the participants had a basic prior knowledge of the sub-
ject related to this study unit.
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Before the study, the participants had experience with distance learning and gam-
ified learning in a physical classroom.

There were 16 participants (6 males, 10 females) in the control group (general
remote teaching) and 20 (3 males, 17 females) in the experimental group (teach-
ing by multi-representational scaffolding gamified activity). Purposive sampling
was used, with one actual class as a group, to better fit the actual teaching situation.
Each group of participants was divided into groups of 4 people for activities. All
participants were informed of the details of the experiment and signed an informed
consent form before the activity was performed. The research process and scales of
this study were reviewed by the Office of Research Ethics, National Chengchi Uni-
versity, Case No. (NCCU-REC-201,812-E091).

3.2 Research procedure

Before the learning activity, the two groups took a pre-test on the learning achieve-
ment and motivation scale (25 min), followed by a learning activity (60 min) in
which the control group was divided into groups of four to read the problem-solv-
ing teaching materials, discuss them online, and complete the learning sheets. The
experimental group was divided into groups of four to conduct the abovementioned
gamified teaching activities. After completing the learning activities, each group
was given a post-test (30 min). Both groups completed the learning achievement and
motivation scale post-test. The experimental groups also completed the flow, activ-
ity anxiety, activity emotion, and gamified activity feedback questionnaires.

3.3 Instruments
3.3.1 Learning achievement measurement

In this study, the same learning achievement measures were used in the pretest and
posttest to evaluate the learning achievement of the learners before and after the
teaching activities. The questions were divided into five single-choice questions (1
point each, 5 points in total) and two calculation problems (5 points each, 15 points
in total), with a total of 20 points. The test was designed by the researcher, and the
expert validity was assessed by a senior mathematics teacher with more than 20
years of teaching experience to determine the correctness of the content and expert
validity. Figure 3 shows one of the questions.

3.3.2 Learning motivation scale

According to the ARCS model of motivation proposed by Keller (1987), learning
motivation consists of four factors: Attention, Relevance, Confidence, and Satis-
faction. This study used a questionnaire adapted from Chen (2008) based on this
model, which uses a 5-point Likert scale, with 1 being strongly disagree and 5 being
strongly agree, with higher scores indicating higher learner motivation. In this study,
the overall reliability of this scale was 0.975 (Cronbach’s a=0.975), which is a high
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The building is composed of a red square cone and a green square
column, as shown in the figure. Which option is the red square cone ?

Task 1 Overhead View an/ \sm avam avam
8m ) - (B) wiam o .
o m
avam am Tom
vz fovzm
ZE\\\
: Side View
Underside View P,
8m O et O N

8m

All views are in plan view

Fig.3 A question of learning achievement measurement

degree of reliability. Some of the questions are as follows: “The quality of teaching
materials helped to hold my attention.”, “The way the information is arranged on
teaching the materials is helped keep my attention”.

3.3.3 Flow scale

To investigate the learners’ flow during the learning activities, the flow scale of Kiili
(2006) was used as the flow scale, and the Chinese version of the scale was trans-
lated and embellished by Hou and Chou (2012). The flow scale is divided into two
dimensions: flow antecedents and flow experiences. The questionnaire was designed
using a 5-point Likert scale. In this study, the overall reliability of the flow scale
was 0.74 (Cronbach’s a=0.74), which is acceptable. Some of the questions are as
follows: “The goals of the game were clearly defined”, “My sense of time altered
(either speeded up or slowed down).”

3.3.4 Activity anxiety scale

In this study, to investigate the influence of the activity on the anxiety degree of
the learners when they participated in the teaching activities, the Chinese version of
Krashen’s (1981, 1982) Affective Filter Hypothesis was used, and the activity anxi-
ety scale in the Learning Experience Scale adapted by Hung (2001) was used; its
narrative was embellished to better fit this study. A total of eight questions, includ-
ing a reverse question, were used in this study, with 5 indicating “strongly agree”
and 1 indicating “strongly disagree” on a 5-point Likert scale. The overall reliability
of this scale was 0.86 (Cronbach’s «=0.86), which is a good level of reliability.
Some of the questions are as follows: “The quality of teaching materials helped to
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hold my attention.”, “The way the information is arranged on teaching the materials
is helped keep my attention.”

3.4 Activity emotion scale

In this study, we referred to the learning emotion scale of Bieleke et al. (2020),
which was used to examine the emotions of the learners during the experiment,
including positive and negative emotions. In this study, we modified the scale to fit
the description of this study. The scale was divided into two dimensions, positive
and negative emotions, and a 5-point Likert scale with 12 questions was used. The
questions focused on the emotions before, during, and after the learning activity,
including enjoyment and hope as positive emotions, and anxiety and boredom as
negative emotions. In this study, the reliability of positive emotion was 0.867 (Cron-
bach’s a=0.867) and the reliability of negative emotion was 0.742 (Cronbach’s
a=0.742). Some of the questions are as follows: “During the game, my learning

ELINT3

emotion was happy.”, “During the game, my learning emotion was confident.”

3.5 Gamified activity feedback questionnaire

The feedback questionnaire for the gamified activity consisted of four open-ended
questions as shown in Table 1. The main purpose was to collect students’ qualitative
feedback on this gamified activity. The questions included asking whether the gami-
fied activity made people want to learn more, whether the scaffolding of the three
representations provided in the game contributed to the construction of knowledge
concepts, and whether the mechanism of gamification and online manipulation con-
tributed to a deeper understanding of learning.

4 Result and discussion

4.1 Learning achievement analysis

To understand the learning achievement of the two groups of participants under the
two teaching methods, the Wilcoxon signed-rank test was used to test the differ-

ence between the pretest and posttest of learning achievement as shown in Table 2.
The difference between the pre- and post-test scores of students in the control group

Table 1 Gamified activity feedback questionnaire

No. Question

1 Do you think the three hints (text, perspective, and 360-degree rotation video) used in this activity
in the system could help you to learn this course? Which prompt was most helpful to you? Why?

2 Does the way of using Google Jamboard to assemble the boards to the diagram help you understand
and solve the spatial concept of the diagram? Why?

3 Does this gamified activity make you want to learn geometry more than a regular math class? Why?
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Table 2 Wllcox.on 51gn.ed-rank Group N Test M D 7z P
test of the learning achievement
of the two groups

Control group 16  pre 516 270 -247° 0.01
post 422 296

Experimental group 20  pre 638 332 -0.75 0.45
post 628 3.93

"p<.05

reached a significant level (Z = -2.47, p=.01). The post-test scores were signifi-
cantly lower than the pre-test scores, indicating that the post-experimental learn-
ing achievement of the students in the general distance teaching activity group was
significantly lower. Students in the experimental group did not achieve significant
differences in learning outcomes after the test (Z = -0.75, p=.45), indicating that
there were no significant differences in the learning achievements of students in the
experimental group before and after the test.

The Mann-Whitney U test was used to compare the learning achievements of
the two groups, and the results are shown in Table 3. In the post-test of learning
achievement, there was also no significant difference between the two groups (Z =
-1.57, p=.124), indicating that there was no difference in students’ learning achieve-
ment after the two teaching activities.

As this study was conducted in the early stage of emergency remote education
in Taiwan, students were still not familiar with synchronous remote instruction,
as Roman and Plopeanu (2021) showed that students’ lack of preparation, techno-
logical problems, and negative emotions about the pandemic in the early stage of
emergency remote education had a negative impact on their learning performance in
remote instruction, resulting in a significant decrease in the learning achievement of
students in the control group and no significant increase in the performance of the
experimental group after the experiment. There was no difference in the learning
performance of the two groups of students. The results of this study also indicate to
a certain degree that in the case of emergency remote education, it is more difficult
to improve the learning achievement in the short term even if the scaffolding mecha-
nism provides assistance, and without the assistance of a suitable mechanism (e.g.,
scaffolding or interactive mechanism), it may even lead to a decrease in learning
achievement.

Table 3 Mann-Whitney U test of the learning achievements of the two groups

Group N  Mean Rank Sum of Ranks Mann-Whitney U Z P
Pretest  Control group 16 16.22 259.5 123.5 -2.49 0249
Experimental group 20 20.33 406.5
Posttest  Control group 16 15.44 247.0 111.0 -1.57 0.124
Experimental group 20 20.95 419.0
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4.2 Learning motivation analysis

As shown in Table 4, the results of the Wilcoxon signed-rank test showed that the
post-test scores of students’ motivation in the control group were significantly lower
than the pre-test scores, showing a significant decrease (Z = -3.35, p=.001); the
post-test scores of students’ motivation in the experimental group were signifi-
cantly higher than the pre-test scores, showing a significant increase (Z = -2.66, p
=. 008 <0.05).

The pre-test of learning motivation was significantly different for the two groups
(Z = -2.36, p=.018<.05) as determined by the Mann-Whitney U test, as shown
in Table 5, with the control group having significantly higher motivation before
instruction than the experimental group. However, in the post-test of learning moti-
vation, the experimental group had significantly higher motivation than the control
group (Z = -3.43, p=.001<.01). The results showed that the experimental group
had significantly lower learning motivation before the instructional activity than the
control group. In the experimental group, after the gamified learning activity, the
learning motivation increased and was significantly higher than that of the control
group (as shown in Fig. 4).

The significant decrease in the pre-test (before emergency remote instruction)
and post-test (after emergency remote instruction) for the control group could be
inferred to be related to the fact that didactic instruction might be less motivating
for students (Safapour et al., 2019) and the negative effects of emergency remote
education, such as lack of classroom interaction and technology acceptance (Roman
& Plopeanu, 2021) may even cause a significant decrease in motivation, which
is a challenge when teaching remotely in a pandemic. The significant increase in

Table 4 Wilcoxon signed-rank test for the control and experimental groups’ learning motivation

Pretest Posttest

M SD M SD z p
Control group (n=16) 3.03 0.29 2.46 0.45 -3.35" 0.001
Experimental group (1=20) 2.69 0.54 3.22 0.67 2,66 0.008

"p<.05,"p<.01

Table 5 Mann-Whitney U Test of the pre-test and post-test of the two groups’ learning motivation

Group N Mean Rank ~ Sum of Ranks ~ Mann- zZ 4
Whitney
U
Pretest Control group 16 3.03 0.29 86.5 2.36" 0.018
Experimental group 20  2.69 0.54
Posttest ~ Control group 16 246 0.45 525 -3.43™  0.001
Experimental group 20  3.22 0.67

“p<.05, " p<.01

@ Springer



Education and Information Technologies

Fig.4 The mean of the overall

motivation of the two groups =<t==Contiol === experiment

35 . 3.22
25 o~ -3
15

0.5

PRE POST

motivation in the experimental group might be inferred to be related to the mecha-
nism of gamified learning, such as the interactive, points mechanism in gamified
learning that has been shown to increase students’ motivation in previous studies (de
Borges et al., 2014).

The mechanism of gamified learning, which requires students to solve problems
in small groups, may also help to reduce the negative effects of the lack of classroom
interaction in emergency remote education to some extent (Roman & Plopeanu,
2021). In the present study, gamified learning was found to be effective for enhanc-
ing learning motivation.

4.3 Flow, anxiety, and emotion analysis

In this study, we analyzed the flow, activity anxiety, and activity emotion of the
experimental group during the gamified learning activity, as shown in Table 6. The
mean flow of the experimental group was 3.52, and the overall flow was signifi-
cantly higher than the median of 3 (p=.000<.001) using the Wilcoxon signed-rank
test.

The mean score for activity anxiety was 2.67, which was significantly lower than
the median of 3 (p=.02<.05) as tested with median 3 by the Wilcoxon signed-
rank test. Using the Wilcoxon signed-rank test to test the activity emotion against
the median 3 showed that the enjoyment dimension was significantly higher than
the median before (p=.019 <.05) and during the activity (p=.038 <.05). The mean
score for the boredom dimension was significantly below the median for both the in-
activity (p=.013<.05) and the post-activity (p=.005 <.01), and the score for both
the hope and anxiety dimensions was not significantly different from the median at
any stage.

The results of the study revealed that the students’ participation in the gamified
activity designed in this experiment was high in terms of overall flow, flow anteced-
ents, and flow experience. Since flow is the result of deep concentration in an activ-
ity, and in previous studies, students’ flow has been considered as a process variable
that plays a motivating role in the learning process (Csikszentmihalyi & Seligman,
2000), it is possible to understand the high engagement of learners in this activity,
which is like that found in the study of Kalogiannakis et al. (2021).
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The results indicated that use of gamified mechanisms might reduce students’
anxiety during activities, consistent with previous research findings (e.g., Su, 2015).
In terms of emotions, it can be found that students enjoyed and did not feel bored
during the activity; Grodal (2000) also found that positive emotions were generated
when gamers had sufficient game skills and were able to solve the crisis in the game.
From the above results, this gamified activity does not create more anxiety for learn-
ers in emergency remote education situations, and students have a certain degree of
engagement and positive emotions.

4.4 Qualitative feedback analysis of gamified learning activities

In addition to the quantitative assessment, this study also conducted a qualitative
feedback survey on the gamified learning activity. The study designed an open-
ended questionnaire with three questions to understand the usefulness of various
mechanisms for students’ play activities, including whether the multi-representa-
tional scaffold was helpful in the formation of knowledge concepts, the operation of
the representational transformation tool, and whether it was more useful in deepen-
ing learning understanding.

4.4.1 Multi-representational scaffolding

Seven (35%) of the students in the experimental group thought that the three types
of scaffolding cards provided in the system were helpful for them to learn the unit
on three-dimensional graphical spreads. One of them specifically mentioned that the
“360-degree rotation video is the most helpful because it can help me see various
angles” and one student also mentioned that “hints (i.e., scaffolding) are the most
helpful because we can use them to help us learn when we encounter difficult prob-
lems that we cannot solve.*

4.4.2 Operation of the multi-representational conversion tool

Of the students in the experimental group, 16 (85%) thought that the Jamboard
online whiteboard manipulation of the unfolding diagram was helpful for them to
understand and solve the spatial concept of the unfolding diagram: (1) In terms of
being helpful for learning, three mentioned that “this practical way of manipulation
helps me to learn,” and one of them said “this way of operation helps me increase
my knowledge in this unit” and “after playing this game, I have more knowledge.*
(2) In terms of promoting thinking, one of them said, “This way of operation can
help us to think with our brains.” (3) In terms of problem solving, seven students
said, “this game design helps to solve the problem,* and two said “it is helpful to
discuss with the group members to solve the problem.” (4) The remaining one stu-
dent did not think it was helpful for them to learn the module, and thought it was
“similar to the effectiveness of the regular class”; the other two students did not pro-
vide their opinions.
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4.4.3 Gamified mechanism

In the experimental group, 12 students (60%) felt that this gamified activity mecha-
nism would make them want to learn more than a general lecture-based math class;
two students (10%) felt that they would not want to learn more; six students (30%)
did not express their opinion; and one student was off topic.

According to the questionnaire feedback, it was found that the mind tool was
helpful as a scaffold provider, and the multi-representational scaffolds could facili-
tate students’ thinking about spatial concepts in solving problems, and more than
half of the students responded that the activity design of this study would make
them want to learn mathematics more.

5 Conclusion

The purpose of this study was to investigate the differences in learning achieve-
ment, learning motivation of regular distance teaching (control group), and gamified
teaching activity with multi-representational scaffolding (experimental group) under
emergency remote education. The study also explored the experimental group’s
flow, anxiety, and emotion performance.

Answer the research question 1, the results of the study indicated that there was
no difference in the learning achievement of the two groups. However, it is worth
noting that the test scores of the control group decreased significantly, while the
experimental group showed no significant difference.

In a study by Stojanovi¢ et al. (2021), who conducted a distance learning mathe-
matics course, it was found that the effectiveness of distance learning throughout the
course was limited after assessing the participation, engagement, and motivation of
distance learning students. It has also been suggested that there is a need to change
the content, processes, and methods of teaching mathematics in distance learning
(Lavidas et al., 2022), and that the use of a game-based model of distance learning
in mathematics may improve student performance (Antonio & Tamban, 2022).

The decrease in performance of the control group may be due to the negative
effects of emergency distance education on the quality of learning (Abate et al.,
2021; Bower et al., 2015) showed that technology may become a barrier for teachers
and students if distance learning is not used properly, and Shi et al. (2021) men-
tioned that synchronous communication may not be stable, and sometimes could be
easily interrupted or stuck, which brings learners a bad learning experience, lead-
ing to some content not being accepted in time and so affecting learning efficiency.
There was no significant difference in the scores of the experimental group, prob-
ably due to the interaction between the advantages of gamified learning and the neg-
ative effects of emergency remote learning did not lead to a decrease in students’
learning effectiveness.

Feedback from the qualitative questionnaires of the experimental group shows
that most students believed that the gamified learning activity could provide them
with interaction and discussion and could function as a communication facilita-
tor, which could help to solve the limitation of lack of interpersonal interaction
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in emergency distance learning (Bozkurt et al., 2020). It has also been found that
gamification can help motivate students to actively participate and improve their
academic performance in a distance synchronous mathematics teaching environ-
ment, and that the reward system in the game improved participant mood, increased
teacher-student interaction, reduced anxiety, and alleviated students’ feelings of iso-
lation in pandemic (Rincon-Flores & Santos-Guevara, 2021). Also, some students
believe that gamified activities with multi-representational scaffolds can facilitate
thinking, as students need a higher ability to organize knowledge in emergency dis-
tance education (Barlovits et al., 2021), and multi-representational scaffolds provide
an opportunity to facilitate students’ problem solving and thinking.

Answer research question 2, regarding the learning motivation of the control
group, this study found that the negative effects of emergency distance learning may
not only cause negative effects on learning effectiveness, but also reduce their moti-
vation. In contrast, there was a significant increase in motivation within the experi-
mental group with gamified learning. Students need to be highly motivated to learn
in emergency distance learning (Bao, 2020), and the feedback from the qualitative
questionnaire revealed that more than half of the students indicated that gamified
activities with multi-representational scaffolds made them want to learn more,
which also indicates the potential advantages of using gamified learning in distance
learning.

Answer research question 3, as for the experimental group’s flow, activity anxi-
ety, and activity emotion performance, it was found that students had a high flow,
indicating that they were focused and engaged, and that their anxiety was sig-
nificantly lower than the median. In terms of activity emotions, it was found that
students experienced enjoyment and did not feel bored during the game. Overall,
it can be concluded that the gamified learning activities combined with the multi-
representational scaffolding is an attractive and immersive design for students. Such
results also respond to Huber et al.‘s (2021) study that incorporating gamification
mechanisms into emergency distance learning can enhance the interaction of dis-
tance learning, with the potential to develop facilitation effects comparable to those
of physical classes.

In summary, although the proposed online gamified learning and teaching activi-
ties with multi-representational scaffolding cannot achieve significant differences
in learning achievement from general distance teaching, they can allow students
to collaborate and discuss with each other, motivate students to carry out learning
tasks, help solve the situation that students cannot focus on the distance classroom,
increase students’ motivation to learn, reduce learning anxiety, and help them learn
with positive emotions. Most of the current research on gamified learning applied
to emergency distance learning is only a preliminary exploration of course design.
Our study also investigates empirically the multidimensional analysis of learn-
ing achievement, flow, motivation, anxiety and emotion. The findings of this study
should provide reference for researchers and teachers and may complement the
research gap.
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5.1 Suggestions and implications

The gamified mechanism brings opportunities for students to interact with each
other, and the use of multi-representational scaffolds not only helps students to
deepen their impressions, but also helps them to better understand the concepts
of mathematics. The integration of the two can enhance students’ motivation and
increase their cognitive engagement in mathematics learning to achieve flow. Based
on the results of the study, the following recommendations are provided:

1. It is recommended that remote learning can be supplemented with gamified
mechanisms to stimulate learners’ motivation. It is suggested that teachers may
consider using mind tools to provide immediate guidance to learners to keep
them motivated while teaching at a distance. In terms of mind tool design, it is
suggested that the tool can also provide editing functions to allow teachers to
design their own remote gamified activities, which can be used in various subject
domains and academic systems.

2. Itis also suggested that teachers can use scaffolding strategies in gamification
activities to provide feedback and guidance to students when they encounter cog-
nitive challenges and to positively influence students’ motivation to learn math-
ematics. Several previous studies have also found positive benefits for learners
from the simultaneous use of multiple scaffolds in the gamified learning activities
(e.g., Hou & Keng, 2021; Chen et al., 2022). It is suggested that the technology-
oriented gamification mechanism can be combined with mobile devices to pro-
vide multi-dimensional scaffolding in order to promote motivation and cognitive
thinking in distance learning.

5.2 Limitations and future studies

Due to the pandemic situation in Taiwan at the time of this study, and the emergency
remote education situation, there were many difficulties and limitations in conduct-
ing remote testing in this study, so it was difficult to conduct experiments with larger
samples. In addition, the short duration of the experiment might make it difficult to
assess the long-term learning outcomes of the students.

Future studies can increase the number of groups and participants, and increase
the duration of the experience to improve the overall validity. Future studies could
conduct quantitative content analysis and behavioral pattern analysis on the scaffold-
ing cards used by each group, the score records of correct and incorrect answers,
and videos of interactive discussions (e.g., Hou, 2015; Hou & Keng, 2021) to gain
insight into learners’ learning processes and difficulties. This study used geometric
units as an example, so there should be limitations to the inferencing if we want to
extrapolate to other mathematical units.
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