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Abstract: In this study, a mobile learning system (MLS) was developed and adopted to facilitate
elementary second-grade students to learn mathematics. A quasi-experimental design was adopted.
There were two learning models, including the typical instruction group (TI group) and MLS group.
The learning content is the topic of multiplication. A total of 93 s-grade students from four classes
in a public elementary school in Northern Taiwan participated in this research. Participants were
randomly divided into the MLS group (47 participants: 22 boys and 25 girls) and the TI group (46
participants: 26 boys and 20 girls). Participants in the MLS group received mathematics instruction
in the MLS, whereas those in the TI group received direct instruction in typical classrooms. All
students took the pretest and posttest of mathematics learning achievement test and mathematics
learning interest scale assess their improvement of learning achievement and learning interest after
the learning activities. The findings revealed that students in the MLS group had significantly better
improvement in their mathematics learning interest and mathematics learning achievement than
those in the TI group. In addition, students in the MLS group had significantly better performance in
answering items of comprehension and application levels in the mathematics learning achievement
test.

Keywords: mathematics instruction; mathematics learning interest; mobile learning; multiplication;
elementary school students

1. Introduction
1.1. Mathematics Multiplication Teaching

Teaching mathematics involves cultivating students’ logical thinking and their use of
concepts to solve problems in daily life. In elementary mathematics courses, addition, sub-
traction, multiplication, and division are basic arithmetic operations that also function as
the foundation of mathematics. Acquiring arithmetic operations and knowing how to use
them can improve students’ mathematical abilities. According to the mathematics course
standards proposed by the National Council of Teachers of Mathematics (NCTM), basic
understanding of multiplication is conducive to the development of higher-level mathe-
matics abilities and achievements. Conceptual development should precede exceptional
calculation ability to realise meaningful learning among students [1]. Some mathematics
education research pointed out that students who learned procedure or arithmetic skills
first did worse than those who learned concepts first, and this sometimes hindered their
learning of multiplicative reasoning [2,3]. Understanding multiplication is essential and
affects the subsequent learning success of students [4]. Multiplication is derived from
addition. Teaching multiplication concepts normally begins in second grade in an elemen-
tary school. Multiplication not only represents the fundamental arithmetic operations of
number and quantity, but it also plays a crucial role in the subsequent learning of graphic
and geometry, probability and statistics, and algebra. In terms of teaching methods for
mathematical multiplication, teachers should take advantage of signs, verbal guidance,
and visual aids to help students to navigate the relationships and connections between
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concepts [5]. Diverse problems should be provided to stimulate students’ thoughts and
enable them to discover the real-life applications of multiplication [6]. Teachers should
help students practice operations, and they should use multiple representations such as
graphics, language, signs, and teaching tools to help students quickly understand abstract
mathematical concepts, use abstract mathematical concepts to think and solve problems,
and find various solutions to mathematical problems [7,8]. Teachers should draw from
students’ previous experience to build scaffolds that help students transition from think-
ing in terms of concrete operations to abstract concepts through specific methods that
facilitate exploration and discovery of problem-solving strategies and the regularity of
mathematics. Consequently, students can swiftly transition from addition to multiplication
concepts [9]. Teachers should design homework assignments and provide opportunities
for students to apply mathematics in daily life so that students will discuss mathematics
with each other [7,10]. When students realise that multiplication can be used to solve
certain problems faster than addition, they may be more motivated to learn multiplication
concepts. Therefore, students can use multiplication instead of addition to solve problems
and acquire new knowledge, thereby increasing their learning effectiveness and interest.

1.2. Mathematics Learning Interest

Studies have found that students’ interest in learning significantly and positively
affected their learning achievement [11,12]. NCTM [7] proposed in Professional Standards
for Teaching Mathematics that teaching content must arouse students’ learning interest and
provide them with opportunities to learn and apply mathematics. In addition, teachers
must help students use tools and connect new and previously learned concepts. In 2000,
NCTM published the Principles and Standards for School Mathematics, which indicated
that students should learn mathematics through various comprehension methods and be
able to acquire new knowledge through prior experience. That is, elementary students
must learn addition before learning multiplication concepts. Students’ multiplication
cognition abilities, previous experience, and prior knowledge must be considered to design
multiplication courses suitable for student learning. The learning content of teaching
materials and activities must also be able to trigger students’ interest in learning [7].

Interest and learning are closely entangled [13], and different situations may directly
or indirectly affect learning and participation attitudes [14]. When students are interested in
certain tasks or activities, they spend more time on them and exert more effort to form effec-
tive learning behaviours such as generating questions and seeking answers out of curiosity
and developing self-regulation, in-depth strategies, and problem-solving abilities [15–18].
Students with greater interest in learning have greater learning achievements [19]. That
is, interest in learning positively affects students’ learning achievements as well as their
persistence and their eagerness to learn [20,21]. Moreover, Hidi and Renninger [22] and
Renninger and Hidi [23] proposed the Four-Phase Model of Interest Development and
suggested that interest consists of cognitive and affective components that interact with
each other. Intervention of the external environment triggers situational interest and further
affects cognition in individuals, the development of individual interest, and individual
attitudes and learning effectiveness in the learning of tasks [22]. In terms of educational
research, there are two types of interest, namely situational and individual. Situational
interest refers to the focus and emotional interaction driven by stimuli or intervention
in context [24,25], whereas individual interest refers to an individual’s long-term persis-
tent inclination to participate in certain activities repeatedly and the psychological status
triggered by such inclinations [26–28]. Hidi and Renninger [22] further indicated that
the interaction of the positive effects resulting from situational and individual interest
positively affect cognitive performance.

Hidi and Renninger [22] and Renninger and Hidi [23,29] proposed teaching strategies
to improve learning interest in accordance with different interest development phases
and teaching sites. To trigger and maintain situational interest, teachers can use group
activities, puzzles, computer-based multimedia, project-oriented learning, and expert
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strategies in their teaching practices. To develop individual interest, teachers must focus
generating individual interest and external support from experts and peers, which can
reinforce learning comprehension. Situational interest is fundamental to overall interest
development [22,23,29]. In terms of mathematics instruction, situated learning is also a
crucial approach for creating meaningful learning environments [30,31]. Therefore, the
present study adopted the viewpoint of situational interest and situated learning to develop
a learning environment to help elementary school students learn multiplication concepts.
The multiplication learning activities designed in this research is shown in Section 2.2.1.

1.3. Mobile Learning

According to United Nations Educational, Scientific, and Cultural Organization [32],
mobile technology has rapidly changed the learning patterns of human beings. Mobile
technology promotes mobile learning, which enables real-time feedback between teachers
and students to facilitate favourable learning progress. In addition, mobile technology
supports learning in various situations. Advances in mobile technology have helped drive
ubiquitous learning and promote situated learning [32]. Mobile technology supports tradi-
tional lecture-based teaching and is convenient for collecting and sharing information and
developing innovative teaching methods [33,34]. In addition, Sung et al. [35] suggested that
mobile learning substantially affects the learning performance of preschool and elementary
school students. Specifically, moderate effects were observed among junior high and senior
high students. In addition, studies have reported that the application of mobile learning in
mathematics instruction has positively affected students’ learning achievement, motivation,
attitudes, and cognitive skills [33,36].

Although mobile learning has numerous advantages, learners easily become disori-
ented in mobile learning environments [37]. Wang and Yang [37] indicated that mobile
learning can help learners to learn in real-life situations and connect learning information
between physical and digital environments. Mobile learning increases the flexibility and
extensiveness of teaching and learning. However, these advantages are associated with
certain problems. In contrast to the conventional integration of information technology
in teaching and learning, mobile learning requires frequent switching between real and
digital environments, which may aggravate the aforementioned disorientation experienced
in mobile learning. Moreover, the presentation of multiple teaching materials causes the
split attention effect, in which students must retain partial messages, look for relevant
messages, and generate excessive external cognitive loads. Therefore, relevant teaching
materials must be adequately integrated both spatially and temporally [38].

Therefore, a teaching model or strategy must be developed to solve the negative
effects of mobile learning [39], namely disorientation [37], split attention [37,40], and input
difficulty [41]. Quick response (QR) code technology and image capture functions of smart
mobile devices can solve these problems by reducing the difficulty of using existing learning
platforms, which often require children log in using personalised credentials. Avoiding
this hassle can help children focus on learning content. A QR code is a two-dimensional
barcode in a pattern composed of black and white squares and can display more than
1000 characters. To request messages hidden by QR codes, users must have a QR code
reader application on their smart mobile devices (e.g., smart phones or tablet computers)
with cameras. After users open the application and use the camera to scan the QR code, the
application decodes the message and generates a uniform resource locator (URL). Users
can directly access the decoded URL through a browser. That is, users can simply use the
internal camera in their smart mobile device to scan a QR code and access and browse
information [42]. Teachers can use a QR code to construct a teaching sequence by printing
it on a worksheet for easy access to the courses. This process provides students with
scaffolding instruction of specific content, promotes effective access to learning resources
and therefore improve learning outcomes [42,43]. In addition, this approach helps students
focus on the provided learning content [41,44,45]. In addition, the internal camera can help
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students present their ideas in the online forum using images. These advantages benefit
students and enable them overcome their limited technological skills [46].

Compared with the traditional classroom in which mathematics teaching activities
mainly focus on the teacher’s narration, digital and mobile technology help teachers in-
troduce diverse situations to students, enabling them to employ multiple representation
methods to perform concrete operations or think abstractly, which elicits and maintains
students’ learning interest. Through image capture functions and QR code technology,
teachers can provide specific teaching instructions and build learning scaffolds for students.
Students can use cameras on smart mobile devices to scan QR codes overcome the diffi-
culties of entering text by remotely accessing paper-based text and other digital materials.
The image capture functions of smart mobile devices can help students upload and post
their ideas using images, which are conducive to peer discussion. Accordingly, this study
developed a mobile learning environment, the Mobile Learning System (MLS), to facilitate
mathematics instruction. The MLS was used to design a multiplication learning course
suitable for students’ cognitive abilities. During the course, diverse mathematics problems
were provided. Smart mobile devices with scanning and image capture functions were
used to develop a step-based teaching process. Diverse presentation methods including
graphics, videos, and signs were implemented to help students grasp multiplication con-
cepts through mobile learning. In addition, students participated in online tests to receive
immediate feedback. Please Section 2.2.1 for details.

Based on the above, two teaching models were designed in this study. One was the
typical instruction model (TI model), mainly applied by teachers in the classroom teaching
with the use of the blackboard and the textbook; and the other teaching model referred to
teachers using MLS to teach. Overall, two research questions were addressed:

1. Compare with the TI model, what is the effectiveness of the MLS in facilitating
elementary second-grade students’ mathematics learning interest?

2. Compare with the TI model, what is the effectiveness of the MLS in facilitating
elementary second-grade students’ mathematics learning achievement?

2. Materials and Methods
2.1. Participants

The participants were 93 second-grade students from four classes in a public elemen-
tary school in Northern Taiwan; 48 were boys and 45 were girls. The students were divided
and placed in the MLS group (47 participants, 22 boys and 25 girls) and the TI group
(46 participants, 26 boys and 20 girls). Participants in the MLS group received mathematics
instruction in the MLS, whereas those in the TI group received TI. Details are provided in
Section 2.3.

2.2. Instruments
2.2.1. Learning Contents and Activities

The learning contents comprised four topics about multiplication: understanding
multiplication; solving multiplication problems involving 2, 4, 5, and 8 (multiplier ≤ 9);
becoming familiar with multiplication problems involving 2, 4, 5, and 8; and developing
and solving multiplication problems in given situations.

The procedure of learning activities is as follows: Students were first required to count
using circle selection when asked by the life situation questions. Then, they presented
their own recording methods, explaining and compared different records with peers. After
repeated multiple questions on the daily life questions, students were familiar with the
concept of unit quantity. Next, the previous recording method was converted into the
multiplication sentence, aiming to make students understand the mathematical meaning
of each part of the multiplication sentence as well as understand their learning situation.
Finally, students were asked to design a situation question that conformed to the multi-
plication sentence and made an illustration. The learning activities of MLS group and TI
group are shown in Table 1.
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Table 1. A comparison of the procedure of learning activities in MLS group and TI group.

Task Explanation MLS Group TI Group

1

Please look at the picture and answer
the question:

How many ears does a rabbit have?
How many rabbits are there in

the picture?
How many ears of rabbits are there in

the picture? Please record how you
calculated them.

Students scan the QR code to read
the MLS learning content and see

the graphics and questions.
Students record their answers and

problem-solving procedure on
paper and take photos and upload

them to the online forum in the
MLS.

Students are required to read the
textbook and listen to the teacher’s

instruction written on the
blackboard. Students give oral
answers and write down the

problem-solving procedure in the
margins of the textbook.

2 Make an explanation on how you
calculate all the ears of rabbits.

Make an introduction of the
problem-solving procedure, and

then upload it to the online forum
by taking photos or video recording

with verbal explanation.

Have some students introduce their
problem-solving procedure orally

or using the blackboard.

3

Repeat Task 1–2, change the
question into:

How many feet does a chicken have?
How many chickens are there in

the picture?
How many chicken feet are there in

the picture?

The same as Task 1–2. The same as Task 1–2.

4
Compare the similarities and

differences in the problem-solving
procedure between Task 1–2 and Task 3.

Respond to the similarities and
differences between your peers’
problem-solving procedure and

yours in the online forum.

Have some students orally or use
the blackboard to explain the

similarities and differences in the
problem-solving procedure
between theirs and yours.

5 Convert your own problem-solving
record into the multiplication sentence.

Students work out
multiplication sentence.

Students work out
multiplication sentence.

6
Learn the mathematical significance of

each parts of the
multiplication sentence.

Students enter the MLS to read the
graphic instructions and

learning videos.

Students are required to read the
textbook and listen to teacher’s

narration and the
blackboard description.

7 Test and correction

Students take an online test in the
MLS. They can see the explanation
of each question, knowing whether
their answers are correct or not after

submitting their answers.

Students take the paper-and-pencil
test and then the teacher make

corrections and explanations for the
whole class in the classroom.

8 Draw up the multiplication questions

Students draw up the questions
using whiteboard or in a

paper-and-pencil format and take
photos for them. Students then

upload these pictures to the online
forum to discuss them with their

peers in the MLS.

Students draw up the questions in a
paper-and-pencil format, and some

of the students present their
questions orally or using

the blackboard.

2.2.2. Mathematics Learning Achievement Test

This study administered the pretest and posttest of the mathematics learning achieve-
ment test to determine differences in student learning effectiveness between the MLS and
TI groups after they were subjected to the respective teaching models. The mathematics
learning achievement test comprises 23 items corresponding to the remember level and
the comprehension and application levels of Bloom’s taxonomy [47]. A two-way chart
is presented in Table 2. All items on the mathematics learning achievement test were
reviewed by three elementary school mathematics education and assessment experts, who
provided recommendations for revision to ensure the suitability of the item distribution
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and descriptions. The average difficulty of the items [48] was 0.68. The KR 20 [49] of the
achievement test was 0.84.

Table 2. Two-way chart of the mathematics learning achievement test.

Learning Contents Remember 1 Comprehension and
Application 1 Total 2

Understanding, solving and
becoming familiar with
multiplication problems

3 8 11

Developing and solving
multiplication problems in given

situations
3 9 12

Total 6 17 23

Note: 1 Cognitive process dimensions of Bloom’s taxonomy. 2 Number of items.

2.2.3. Mathematics Learning Interest Scale

The mathematics learning interest scale was used to evaluate the pretest and posttest
results before and after the learning activities, respectively, to determine the difference in
the improvement of mathematics learning interest of students in the MLS and TI groups.
Regarding the validity, the mathematics learning interest scale was developed based on the
Gable–Roberts Attitude toward School Subjects Instrument [50] and the Four-Phase Model
of Interest Development proposed by Renninger and Hidi [23,29]. In total, 18 items were
developed and rated using a 4-point Likert scale with 1, 2, 3, and 4 indicating ‘strongly
disagree,’ ‘disagree,’ ‘agree,’ and ‘strongly agree,’ respectively. Higher scores indicated
higher mathematics interest. In addition, all items were revised by elementary mathematics
education and assessment experts. The wording was adjusted to a level comprehensible
by second graders, who read the items in advance to ensure the suitability of the wording.
Regarding reliability [51], the Cronbach’s α value of the mathematics learning interest scale
was 0.955.

2.2.4. Mobile Learning System (MLS)

Based on Hidi and Renninger [22], Renninger and Hidi [23,29], and UNESCO [32],
smart mobile devices were adopted to develop mobile learning environments in support of
situated learning to trigger student learning interest and promote learning achievement in
mathematics. The design of MLS was based on the Four-Phase Model of Interest Develop-
ment proposed by Hidi and Renninger [22] and Renninger and Hidi [23,29] as well as the
teaching strategies recommended for each phase of interest development. For example, in
the situational interest phase, group activities, puzzles, computer-based multimedia, topic-
oriented learning, and expert opinions were incorporated. In the individual interest phase,
generation of individual interest and external support was further emphasised. Strategies
recommended by previous studies were adopted to help students receive encouragement
from others during difficult situations to ensure they completed the tasks. In addition, this
study incorporated suggestions from the NCTM [7] to help students learn mathematics
in realistic scenarios and through different representations. Suggestions by Wickett [6]
were also considered to facilitate students’ learning through diverse mathematics problems.
Therefore, the MLS was developed to integrate smart mobile devices with QR code tech-
nology to develop an appropriate situated learning environment. Functions of the MLS are
introduced subsequently:

Students can use smart mobile devices to scan QR codes on worksheets (Figure 1)
provided by teachers through the MLS and learn mathematics by remotely accessing
digital learning content (Figure 2), online tests (Figure 3), and discussion forums (Figure 4).
Such a design provides a scaffold to help teachers establish instructional procedures and
learning resources to help students overcome the difficulties of entering text [41]. With the
MLS, students can easily access paper-based and digital materials remotely to reduce the
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negative effects of split attention and disorientation [37,40]. Through image capture and
multimedia presentation functions, teachers used the MLS to develop various multimedia
learning content. The MLS directly provides teachers and students with image capture,
voice recording, and video recording functions that help teachers develop diverse situated
learning content, which provides students with opportunities to experience multiple
representations [5,7,8,22,23,29,32]. The discussion forum provided by the MLS enables
teachers and students to discuss and interact. Students can enter text to express their
thoughts and use the image capture or video recording functions on smart mobile devices
to express their ideas or respond to other classmates’ ideas. The image capture and video
recording functions prompt students who are unfamiliar with keyboard use or text entry
to participate in discussion, thereby promoting learning effectiveness [22,23,46] (Figure 4).

Figure 1. QR Code printed on a worksheet for students to scan and read the digital content.

Figure 2. Student is reading the digital content of the MLS. (A) Function bar of MLS. (B) The learning
materials are presented here.

Figure 3. Student is taking an online test in the MLS.
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Figure 4. Students upload photos to participate in online discussion in the MLS. (A) The discussion
topics in the online forum. (B) Students took photos of what they had written on the whiteboard and
uploaded them to the online forum to participate in the discussion.

2.3. Research Design and Procedure

This study employed a quasi-experimental design and divided the four participating
classes, with the class as the unit, into the MLS and TI groups (Table 1). The MLS group was
subject to mobile learning in typical classrooms, where teachers used the MLS to administer
learning activities. It included multiple representations and constructed learning situations
administered through text, graphics, videos, and other multimedia. The MLS can automati-
cally generate QR codes for each unit of learning content. The teacher prints the QR codes
on worksheets, and the students scan the QR codes using the MLS to access the teaching
modules and related digital content. Moreover, the students entering the online test zone
in the MLS can perform problem-solving exercises and receive immediate feedback. The
students can also submit text, images, or videos to the online forum to participate in online
discussion or draw up multiplication problems. During discussion, the students expressed
their thoughts and responded to other classmates’ posts. The teacher did not provide
additional instruction after such discussions.

The TI group was subject to teachers’ direct instruction in typical classrooms. The
learning contents were similar to that of MLS group (Table 1).The teachers narrated textbook
content or wrote the content on the blackboard. During the teaching process, the students
participated in paper-based tests. The teacher would then review the tests and provide the
answers. The teachers also asked questions related to multiplication so that the students
could openly express their ideas, participate in discussion, or propose their own problems
about learning the concepts of multiplication. The main difference between the MLS and TI
groups concerned the implementation of learning activities. For the TI group, the teachers
adopted typical instruction models and applied verbal or written methods to facilitate
mathematics learning, which involved administering paper-based tests and reviewing the
test items. In the MLS group, during mathematics courses, students accessed learning
content with QR codes to learn about multiplication concepts and complete online tests.
The difference between the two groups in terms of peer interaction was that the students in
the TI group openly expressed their thoughts during class, discussed problems related to
multiplication, and proposed their problems about multiplication; by contrast, the students
in the MLS group submitted text, images, or videos to the discussion forum to participate
in online discussion.

The research procedure was conducted as follows: Before the learning activities,
the MLS group used smart mobile devices to practice using the MLS. Subsequently, the



Mathematics 2021, 9, 1603 9 of 16

students in both the MLS and TI groups completed pretests based on the mathematics
learning achievement test and the mathematics learning interest scale for understanding
their entry behaviour. For both groups, learning activities were performed using the
MLS and through TI, respectively, for eight 40-min sessions. After the learning activities,
both groups completed posttests based on the mathematics learning achievement test and
mathematics learning interest scale for determination of differences in their mathematics
learning achievement and mathematics learning interest after being subjected to the two
respective teaching models.

2.4. Data Collection and Data Analysis

Quantitative data related to the pretests and posttests based on the mathematics
learning achievement test and the mathematics learning interest scale were collected. First,
IBM SPSSTM 20 was used to perform an independent samples t test for analysis of the
differences in entry behaviours between the two groups in terms of the results on the
pretests of mathematics learning achievement test and mathematics learning interest scale.
In addition, a one-way analysis of covariance (ANCOVA) was performed with the pretest
scores of mathematics learning achievement test and mathematics learning interest scale
as the covariates and the posttest scores of mathematics learning achievement test and
mathematics learning interest scale as the dependent variables. Different teaching models
were used as the fixed factor (two levels) to determine the difference in the performance of
mathematics learning achievement and mathematics learning interest between the MLS
(experimental) and TI (control) groups. Moreover, a one-way ANCOVA of the pretest
and posttest results on the mathematics learning achievement test for both groups was
conducted to determine the difference in student test performance in terms of the items of
different cognitive process dimensions of Bloom’s taxonomy.

3. Results
3.1. Analysis of Students’ Mathematics Learning Interest

The pretest scores of mathematics learning interest scale for both the MLS and TI
groups were analysed using an independent samples t test to determine the difference
in entry behaviour in terms of mathematics learning interest between both groups. The
result revealed that there was no significant difference (t = 0.842, p = 0.402), indicating that
the students in both the MLS and TI groups had similar mathematics learning interest
before the study. The descriptive statistics of the pretest and posttest scores of mathematics
learning interest scale for both groups are provided in Table 3.

Table 3. Descriptive statistics of the pretest and posttest scores of mathematics learning interest scale.

Group
Pre-Test Post-Test

t Value Cohen’s d
Mean SD Mean SD

MLS (n = 47) 62.30 14.475 65.60 12.095 1.678 0.247
TI (=46) 59.96 12.216 59.50 12.202 −0.330 −0.038

Note: MLS: MLS group; TI: typical instruction group.

As indicated in Table 3, neither the MLS nor the TI group scored significantly higher
on the posttest than on the pretest (MLS group: t = 1.678, p > 0.05, Cohen’s d = 0.247; TI
group: t = −0.330, p > 0.05, Cohen’s d = −0.038). In order to understand the effectiveness of
the two different teaching models in facilitating students’ mathematics learning interest, the
ANCOVA was adopted. Before ANCOVA, the assumption of homogeneity of regression
coefficients was tested(F1,89 = 3.468, p > 0.05). This result indicated that homogeneity
assumption was not violated. ANCOVA was conducted subsequently, and the results are
presented in Table 4.
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Table 4. ANCOVA summary table of the pretest and posttest scores of mathematics learning
interest scale.

Source Level Mean a (Std.
Error) F Value η2 Post Hoc

Pretest 47.978 ** 0.348
MLS > TIGroup MLS 64.977 (1.442) 5.563 * 0.058

TI 60.132 (1.457)
Note: * p < 0.05; ** p < 0.01; MLS: MLS group; TI: typical instruction group; a covariates appearing in the model
are evaluated at the following values: Pretest = 61.14.

As indicated in Table 4, the pretest scores of mathematics learning interest scale
had a significant influence on the posttest scores of mathematics learning interest scale
(F1,90 = 47.978, p < 0.01, η2 = 0.348). Different teaching models (Group) also had a significant
influence on the posttest scores (F1,90 = 5.563, p < 0.05, η2 = 0.058). The results of a least
significant difference (LSD) post hoc analysis revealed that the mathematics learning
interest of students in the MLS group was significantly higher than that of the TI group.

3.2. Analysis of Students’ Mathematics Learning Achievement

The pretest scores of mathematics learning achievement test for both the MLS and TI
groups were analysed using an independent samples t test to determine the difference in
entry behaviour in terms of mathematics learning achievement between both groups. The
result revealed that there was no significant difference (t = 0.891, p = 0.375), indicating that
the students in both the MLS and TI groups had similar mathematics learning achievement
before the study. The descriptive statistics of the pretest and posttest scores of mathematics
learning achievement test for both groups are presented in Table 5.

Table 5. Descriptive statistics of the pretest and posttest scores of mathematics learning achievement test.

Bloom’s Taxonomy Group
Pre-Test Post-Test

t Value Cohen’s
dMean SD Mean SD

All
MLS (n = 47) 15.77 4.017 20.94 1.607 9.809 ** 1.690

TI (=46) 14.93 4.941 19.89 2.759 7.837 ** 1.240

Remember level
MLS (n = 47) 3.85 1.444 5.60 0.742 7.845 ** 1.524

TI (=46) 3.93 1.692 5.39 1.022 6.168 ** 1.045

Comprehension and application
levels

MLS (n = 47) 11.94 2.940 15.34 1.273 8.670 ** 1.501
TI (=46) 11.00 3.724 14.50 1.997 7.000 ** 1.167

Note: ** p < 0.01; MLS: MLS group; TI: typical instruction group.

As indicated in Table 5, both MLS and TI groups scored significantly higher on the
posttest scores than on the pretest (MLS group: t = 9.809, p < 0.01, Cohen’s d = 1.690; TI
group: t = 7.837, p < 0.01, Cohen’s d = 1.240). In order to understand the effectiveness of the
two different teaching models in facilitating students’ mathematics learning achievement,
the ANCOVA was adopted. Before ANCOVA, the assumption of homogeneity of regression
coefficients was tested (F1,89 = 1.199, p > 0.05). This result indicated that homogeneity
assumption was not violated. ANCOVA was conducted subsequently, and the results are
presented in Table 6.
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Table 6. ANCOVA summary table of the pretest and posttest scores of mathematics learning achieve-
ment test.

Source Level Mean a

(Std. Error) F Value η2 Post Hoc

All
Pretestall 26.103 ** 0.225

MLS > TIGroup MLS 20.839(0.291) 4.168 * 0.044
TI 19.991(0.295)

Remember level
Pretestrem 8.452 * 0.086

Group MLS 5.603(0.125) 1.509 0.016
TI 5.348(0.126)

Comprehension
and application

levels

Pretestcom 18.498 ** 0.170
MLS > TIGroup MLS 15.247(0.224) 4.142 * 0.044

TI 14.595(0.227)
Note: * p < 0.05; ** p < 0.01; MLS: MLS group; TI: typical instruction group; Pretestall: Pretest scores for all
items; Pretestrem: Pretest scores for the items of remember levels; Pretestcom: Pretest scores for the items of
comprehension and application levels; a covariates appearing in the model are evaluated at the following values:
Pretestall = 15.35; Pretestrem = 3.89; Pretestcom = 11.46.

As indicated in Table 6, the pretest scores of mathematics learning achievement
test (Pretestall) had a significant influence on the posttest scores of mathematics learning
achievement test (F1,90 = 26.103, p < 0.01, η2 = 0.225). Different teaching models (Group)
also had a significant influence on the posttest scores (F1,90 = 4.168, p < 0.05, η2 = 0.044). The
results of an LSD post hoc analysis revealed that the mathematics learning achievement of
students in the MLS group was significantly higher than that of the TI group.

The items in the mathematics learning achievement test were further divided into
the remember level and the comprehension and application levels in accordance with the
cognitive process dimensions of Bloom’s taxonomy. The pretest and posttest performances
for items of these levels for both groups were analysed (Table 5). As indicated in Table 5, the
posttest scores of both groups significantly improved from the pretest scores for the items
of remember level (MLS group: t = 7.845, p < 0.01, Cohen’s d = 1.524; TI group: t = 6.168,
p < 0.01, Cohen’s d = 1.045). In addition, the posttest scores significantly improved from
the pretest scores for the items of comprehension and application levels (MLS group:
t = 8.670, p < 0.01, Cohen’s d = 1.501; TI group: t = 7.000, p < 0.01, Cohen’s d = 1.167). The
ANCOVA was also adopted to do further analysis. Before ANCOVA, the assumption of
homogeneity of regression coefficients was tested (Remember level: F1,89 = 1.926, p > 0.05;
Comprehension and application levels: F1,89 = 0.368, p > 0.05). These results indicated that
homogeneity assumption was not violated. The ANCOVA results are presented in Table 6.

Table 6 indicates that the pretest scores for the items of remember level (Pretestrem)
had a significant influence on the posttest scores (F1,90 = 8.452, p < 0.05, η2 = 0.086). How-
ever, the different teaching models (Group) did not have a significant influence on the
posttest scores (F1,90 = 1.509, p > 0.05, η2 = 0.016). The pretest scores for the items of com-
prehension and application levels (Pretestcom) had a significant influence on the posttest
scores (F1,90 = 18.498, p < 0.01, η2 = 0.170). The different teaching models (Group) also had
significant influence on posttest scores (F1,90 = 4.142, p < 0.05, η2 = 0.044). The LSD post
hoc analysis revealed that the performance of students in the MLS group was significantly
greater than that of the TI group. That is, the MLS group significantly outperformed the TI
group for the items of comprehension and application levels in the mathematics learning
achievement test.

4. Discussion and Limitations

The MLS developed in this study was based on the statement of using a mobile
learning model to support situated learning [32]. The suggestions on improving learning
interest [21–23,29], learning achievement [5,7,8,19,23,29,32], negative effects of students’
limited technology skill [41,42,46] and mobile technology [37,40] were also taken into con-
sideration to design the interactive functions of the MLS, including QR codes, multimedia
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presentations, online tests, and discussion forum functions. The MLS was used to help
elementary second graders learn mathematics and increase their mathematics learning
interest. Compared with the typical instruction, students in MLS group exhibited signifi-
cantly greater mathematics learning interest and mathematics learning achievement. The
results indicated that the designs in the MLS, including QR codes, multimedia presenta-
tions, online tests, and discussion forum, increased students’ mathematics learning interest.
A possible reason for this is that compared with TI, the MLS provides greater technology
support to teachers, helping them develop multimedia-based teaching content in support
of situated learning. The learning materials offered in the MLS group and the TI group
are the similar, but they are performed differently. During the learning procedure, the
blackboard, paper and pencil, information and communication technology are all artefacts,
which facilitate mathematical signs learning [52]. Research findings suggested that teachers
should adopt multiple representations as much as possible to illustrate the same mathemat-
ical concept in the teaching of mathematics [7–10]. That is, teachers need to use multiple
artefacts illustrating the same mathematical concept. Students from TI group in this study
were passively received the representation provided by the teacher rather than positively
chose their preferred representation to learn. While in MLS, the teacher illustrated the
same question in Task 1 using different artefacts, such as text, graphics and videos, and
thus students could choose their preferred presentation to view the content for effective
learning. In addition to increasing the types of presentations for students to choose, MLS
has other functions designed to facilitate learning. In Tasks 2, 4, and 8, students from
the MLS group uploaded their problem-solving procedure to the online forum by means
of taking pictures or videos after they finished answering the questions. In the forum,
students could see the problem-solving procedure of the whole class, and meanwhile they
could also see their own ideas expression and replies to the peers’ ideas. Compared with TI
group students who could only see a few students responding and discussing their ideas in
class, MLS group students had a higher participation rate and interactivity. In Task 7, MLS
group students took online tests and received immediate feedbacks. They adjusted their
learning according to the results of the online self-assessment and thus improved their
learning achievement while maintaining their learning interest [22,23,29,32]; whereas the
TI group students conducted a paper-and-pencil test followed by unified corrections and
instructions which were not immediate feedbacks. Besides, the image capture and video
recording functions mitigated the negative effects of limited technology skills. Through
these functions, the students who were unfamiliar with entering text could participate in
online discussion and obtain learning resources, thereby increasing their learning inter-
est [22,23,29,41,46]. Moreover, the MLS mitigated the possible negative effects of mobile
learning on students. For example, the MLS integrated the multimedia functions that stu-
dents require for mathematics learning; students did not have to switch between software
programs, thereby reducing incidences of distraction and disorientation during digital
learning. The incorporation of QR codes and the image capture functions of smart mobile
devices enabled suitable temporal and spatial integration between paper-based and digital
materials, which mitigated the split attention effect, redundancy, and disorientation [37,40].

Compared with the TI group, the MLS group also exhibited greater performance for
items of comprehension and application levels in the mathematics learning achievement.
However, no significant difference was observed for items of the remember level. This
finding corresponds to that of Bano et al. [33] and Fabian et al. [36], in which mobile
learning was reported to improve students’ mathematics learning achievement. The
possible reasons for the significant difference between the two groups in terms of the
performance for items of the comprehension and application levels was that the MLS
provided various multimedia for teachers to perform multiple representation and enabled
students to engage in concrete or abstract thinking exercises. This made the MLS group
have significantly better performance than the TI group in the overall mathematics learning
achievement, as well as higher levels of achievement on corresponding test items [5–9].
According to suggestions by Stein et al. [10] and the NCTM [7], teachers can improve
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mathematics learning effectiveness by facilitating discussion among students through
the provision of realistic scenarios for applying mathematics concepts to problem-solving.
Students in both the MLS and TI groups were able to propose their problems. The difference
was that the MLS group had discussions in the online forum, whereas the TI group had
few opportunities for verbal or writing-based (blackboard) presentations because of time
constraints. The TI group had to develop a presentation based on ideas recorded on
paper before discussing it with their peers. By contrast, the MLS group recorded their
thoughts by recording videos or taking pictures of their ideas recorded on paper and
uploading them to the MLS as a presentation discussing it with their peers. The online
forum of the MLS enabled the students to verbally present their ideas in an informal tone
or upload their written ideas to facilitate discussion. The constraint of students’ limited
technology skills was mitigated, which provided the students with more opportunities
to participate in discussions and increased the overall quality of discussions, thereby
promoting mathematics learning achievement [22,23,29,46].

Nonetheless, the current study had several limitations. Mobile learning requires a
stable wireless network. Students should be familiar with the basic functions of smart
mobile devices and mobile learning before they start learning courses. Thus, wireless
network stability and students’ familiarity with mobile learning functions and designs
affected the research results. Network connection quality and students’ technological
literacy and skills should be considered in future research on mobile learning and related
teaching practices. In addition, mobile learning applications in mathematics instruction is
new to students; therefore, a pronounced novelty effect may have influenced the research
results [53,54]. Therefore, the research periods of future studies should be extended to
include more learners from more schools and in different learning phases, and more course
topics (for different subjects) should be incorporated to increase the inference of the research
results in terms of mobile learning. Future studies should include in-depth interviews with
students, employ open-ended questionnaires or other qualitative methods to determine
differences in students’ learning processes, or analyse the behavioural data or responses of
students subjected to digital learning systems. Such qualitative data would complement
quantitative data collected through scales and questionnaires, thereby elucidating the real
effects of mobile learning on students’ mathematics learning.

5. Conclusions

Smart mobile devices should be used to develop mobile learning environments for
mathematics instruction. Multiple representation, online test, QR codes, image capture,
video recording, and online forum should be effectively integrated. These functions helped
teachers develop learning activities in support of situated learning. The multiple repre-
sentation by means of applying information communication and technology to integrate
multimedia such as text, graphics, and videos to teach mathematical concepts can facilitate
students to learning more effectively. The online test provided opportunities for students to
do self-assessment, and therefore students can monitor their own learning conditions and
improve their learning achievements and learning interest. Moreover, QR codes can help
students access diverse digital learning resources and experience multiple representations
to facilitate learning. In addition, QR codes can also help teachers construct a teaching
sequence to provide a scaffolding for students to do mobile learning. The image capture
and video recording functions of mobile devices are valuable to elementary students in
lower grades or learners unfamiliar with operating such devices. These functions enable
students to take pictures of their written work and record their ideas with videos, which can
be uploaded to the online forum for discussion, helping students to express their thoughts.
Through online discussion, students can interact with teachers and peers; thus, the effects
of students’ limited technology skills can be minimised in mobile learning. Therefore,
mobile learning can effectively improve mathematics learning interest and achievement in
elementary students in lower grades.
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