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Abstract—This study established an indigenous culture-

oriented collaborative problem solving–based (CPS-based) 

mobile lesson plans, teaching materials (game apps), and 

assessments for elementary school geometry, providing the 

indigenous students with another way to learn geometry (the 

chapter of Angles) and breaking the time and space 

boundaries of learning through mobile learning. The period 

of study spanned from 2017 to 2018, and the participants in 

this study were 16 5th grade students from an elementary 

school in which there are almost indigenous students located 

in Yilan County, Taiwan. This study provided geometry-

related CPS mobile learning demonstration activities such 

as using mobile device learning and the game app 

competition of Angles. In the process, the tests that similar 

to the Programme for International Student Assessment 

(PISA) were conducted before and after the course to verify 

if the indigenous students’ Angles concept exhibited 

significant changes by using the paired-sample t-test. Study 

results showed that the students’ test results from the post-

test were significantly better than those from the pre-test. 

Therefore, the combination of Atayal culture with CPS 

mobile learning courses was determined to have a 

significant positive impact on the geometry concept (Angles) 

of indigenous students. 

Index Terms—Indigenous student; Geometry; Mobile 

learning; Collaborative Problem Solving (CPS); the 

Programme for International Student Assessment (PISA) 


I. INTRODUCTION

This study established courses and materials (to teach 

geometric concepts) by using CPS mobile learning (M-

learning) methods and considering Atayal culture. The 

M-learning model freed learning from the confinements

of time and space. Additionally, this model enabled

students to learn anytime and anywhere, which enabled

them to become active in learning, thereby improving the

geometry learning outcomes of indigenous students.

For a long time, the authors have dedicated themselves 

to the research and promotion of indigenous science 

education in the Yilan County, Taiwan between 2009 and 

2016.Because the learning styles of indigenous students 
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include collaborative, dynamic, and hands-on learning, 

and this study integrated the CPS teaching strategy. In 

addition, aspects of Atayal culture were integrated into 

teaching materials for other science education topics in 

indigenous elementary schools, such as energy, robots, 

and creativity; this was implemented for an 8-year project 

for course-teaching and teacher-training activities. The 

objective of the present study was to expand previous 

research on the CPS teaching strategy integrated with 

Atayal culture and introduce the trend of M-learning. The 

study tried to design and establish M-learning CPS 

courses and materials that were suitable for indigenous 

students, and enable them to learn geometry concepts. An 

additional aim was to continue to train indigenous 

students in terms of applying geometric knowledge to 

real life and CPS ability. 

This study explored the following research question: 

Did Atayal elementary school students’ exhibit learning 

outcome improvements after learning the geometric 

concept of angles through a CPS teaching demonstration? 

II. LITERATURE

A. Related Research of Indigenous Learning

The majority of studies on indigenous education in

Taiwan have determined that reasons for the slightly 

behind performance of minority students include their 

cultural backgrounds and teaching inconsistency. 

Additionally, indigenous people in remote areas have 

relatively fewer economic, cultural, and educational 

resources resulted in indigenous students’ lower learning 

motivation and achievements [1], [2].  

This study starts with improving the learning 

motivation and outcomes of indigenous students. To 

accomplish this, researchers must first understand the 

learning characteristics and predicaments of indigenous 

students. Taiwanese studies on the learning styles of 

indigenous students have revealed that the main learning 

difficulty faced by indigenous students is the difference 

between their culture and mainstream culture. 

Specifically, their cultural experiences and life 

experiences are not valued in their courses of learning, 

and their experiences differ from the mainstream 
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experience and examples given in schools. These 

conditions hinder their ability to connect courses and 

knowledge as well as diminish their learning motivation 

and achievements [3], [4]. In addition, we should 

understand the preferred learning style of Indigenous 

students. In terms of learning characteristics, the Atayal 

students who participated in the present study preferred 

peer learning, focusing on collaboration and sharing, and 

a free-learning ambience without stress or competition as 

well as dynamic, hands-on, and inquiry-based learning 

situations [5]-[7]. 

 Furthermore, studies both in Taiwan and worldwide 

have recommended considering learning characteristics in 

indigenous education when developing teaching methods, 

teaching designs, and teaching strategies. In addition, 

studies have suggested integrating the cultural and life 

experiences of students and teaching in accordance with 

their preferred learning methods to improve their learning 

motivation and outcomes [8]-[12]. 

A foreign study revealed that minority students, 

children of immigrants, and students from 

underprivileged groups were relative underachievers in 

mathematics [13]. Among the numerous studies on the 

mathematics learning of indigenous students in Taiwan, 

one study indicated that indigenous students experienced 

difficulties and their performance is different from 

students in the mainstream groups [14]. Perhaps because 

of the structural problems which the difference between 

indigenous and mainstream in culture and life experience, 

previous studies of the present author conducted in 

indigenous schools in Yilan County have revealed that 

the spatial ability test results of indigenous students were 

significant difference from those of Han students [15], 

[16]. However, subsequent implementations of teaching 

methods and materials for spatial concepts developed by 

integrating local Atayal culture have resulted in notable 

improvements in the spatial concepts of fifth- and sixth-

grade indigenous students [17]. Therefore, the present 

study aimed to design and develop an M-learning course 

and materials (that were integrated with Atayal culture) to 

teach indigenous students geometrical concepts. 

B. Geometry Learning

In addition to promoting indigenous students’ learning

motivation and spatial ability, a reason for the present 

study selecting geometry as its teaching topic was that 

geometry is an applied science and an idealized concept. 

For instance, daily utensils from ancient times can be 

categorized by their shape, and in some cases, their 

functionality was related to their shapes. A study 

indicated that geometry is a subject concerned with the 

shape, size, and location of an object, and their respective 

relationships. The primary elements of geometry studies 

include points, lines, curves, circle, planes, and 

dimensions [18]. 

With respect to research related to geometry learning 

outcomes in Taiwan, teaching in elementary schools 

primarily focuses on recognizing patterns and 

understanding pattern concepts. In recent years, studies 

have focused on the learning outcomes of using 

multimedia and mobile devices as learning assistants [19], 

[20]. Cheng studied teaching materials for the Grade 1–9 

curriculum and revealed that current geometry course 

designs for elementary and junior high schools in Taiwan 

were aimed at developing the ability of formal deduction, 

gradually developing it from intuitive visualization to 

formal deduction. Furthermore, although geometry 

learning in elementary schools was found to be abundant 

with plentiful introductions to geometric properties, 

proper thinking environments for decomposition and 

reconstruction had not been established. In particular, 

students learned each property individually, and were 

unable to visualize properties in complex patterns. 

Therefore, Cheng emphasized the importance of teachers 

enhancing recognition and inference of pattern properties 

in addition to linguistic communication when teaching 

geometric properties [21]. One study indicated that 

students with excellent spatial and geometry performance 

were also more likely to excel at painting, mechanics, and 

science, in addition to possessing an extraordinary 

understanding of geometry concepts [22]. In addition, 

because of the rise of the three-dimensional printing 

application industry, excellent spatial ability was found to 

increase the competitiveness of a student in terms of both 

academic achievements and employment scenarios [23]. 

Therefore, the present study focused on geometric ability 

teaching in schools to prepare indigenous students with 

the abilities required for future academic and professional 

competition. 

C. M-Learning

Since 1997, the Taiwan Ministry of Education has

implemented the Information Education Infrastructure 

Project and Taiwan’s Master plan for K-12 ICT 

Education. In 2006, the Whitepaper for ICT in K-12 

Education as well as other E-learning projects were 

established. The objectives of these projects were for 

teachers to take advantage of information technology to 

enhance their teaching quality and students’ learning 

ability, and to provide equal opportunities in E-learning 

[24]. These projects have obtained numerous 

achievements in information education and E-learning 

developments. With the aim of achieving “in-depth 

learning and digital citizenship,” the objective of 

Taiwan’s 2016–2020 Master plan for ICT in Education 

was to cultivate students’ ability to effectively use 

information technology to familiarize themselves with 

learning contents and apply them in various scenarios. 

The ICT education master plan includes four aspects, 

namely learning, teaching, environment, and organization. 

In particular, the environment aspect was aimed at 

overcoming limitations of space and time through 

providing resources in the cloud for students to learn 

anytime and anywhere. In addition, addressing and 

improving the rural–urban digital environment gap was 

another focal point of the project [25]. With the 

advancements in ICT and developments in the mobile 

technology industry, learning situations and learning 

contexts have changed. Because of the Internet 

environment and information tools, learning is no longer 

confined to classrooms. Moreover, ICT education has 

shifted from digital learning to mobile learning. M-
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learning refers to creating a diversified learning 

environment free from local limitations through the use 

of mobile devices and the mobile Internet environment. 

Such a learning environment enables individuals to 

engage in personal mobile learning. The convenience, 

expediency, and immediacy of M-learning is obtained 

when learners learn about appropriate activities and 

contents in a timely manner using wireless Internet and 

mobile devices [26]-[28]. The ideal progress of M-

learning is to begin from E-learning, then progress to M-

learning, and ultimately achieve ubiquitous learning (U-

learning); simultaneously, this process progresses from 

wired to wireless and finally to achieving a state of 

disappeared [29]. 

In recent years, Taiwan Ministry of Education has 

proactively developed the Elementary and High School 

Mobile Learning Project, which reflects the importance 

of mobile learning to the government. A total of 179 

elementary and high schools in Taiwan currently 

participate in the project (a detailed list can be found at 

http://mlearning.ntue.edu.tw/about/school.html).Although 

nine elementary schools in Yilan Country participated in 

this project, the Rainbow Elementary School 

(anonymous), the research subject of the present study, 

was not one of them. However, the present study sought 

to help the teachers at the Rainbow Elementary School to 

introduce mobile learning to mathematics and science 

courses. 

D. Collaborative Problem-solving Strategy and Ability  

In addition to employing mobile learning as a teaching 

strategy, CPS was used as a main teaching and learning 

strategy. The reason for this as well as its specific 

implementation methods are described as follows. 

Nelson proposed the CPS teaching strategy, which is a 

collaborative learning method oriented by problem 

solving. First, the teacher must divide students into 

different groups. Members of each group are then asked 

to discuss a specific topic based on the knowledge they 

have acquired and then work on an assigned task 

concerning learning roles. Subsequently, members of the 

group complete the learning task through communication 

and support within the group [30]. 

This study employed the CPS teaching strategy 

because indigenous students prefer collaborative learning 

methods. Moreover, the CPS method coincided with 

international and national trends in education and the 

ability to collaborate with others, which the CPS method 

emphasizes is a crucial ability in future society. In 

response to this trend, the Ministry of Education has 

commissioned the National Taichung University of 

Education to organize CPS teaching ability improvement 

projects over the past 2 years [31]. The goal was to use 

the CPS teaching strategy to nurture students’ problem-

solving ability in real life as well as their ability to 

explore and analyze learning contents from diversified 

perspectives. With the development of technology, 

human interactions have diversified and situations 

requiring problem-solving skills have become more 

common. Therefore, CPS ability is considered a crucial 

skill for the twenty-first century. In 2015, the 

Organization for Economic Co-operation and 

Development added CPS ability to the list of core 

literacies in its Programme for International Student 

Assessment (PISA), in addition to the original science, 

reading, and mathematics skills [32]. 

The assessment for CPS ability is currently under 

development. The majority of studies are still in the trial 

stage without a foundation theory for assessment. The 

PISA employs a computer-simulated human agent in 

online chat rooms to conduct a discussion on a particular 

topic. Moreover, studies have applied computer-based 

collaborative behavior assessments to assess CPS ability 

[33], [34]. International studies have indicated that the 

CPS teaching strategy could improve the learning 

outcomes of students; moreover, social interactions in 

collaborative learning have enhanced students’ cognition 

[35]. Therefore, the authors of the present study believed 

that incorporating the CPS strategy with mobile learning 

for geometry courses can promote the formation of 

spatial concepts, enhance problem-solving abilities, and 

improve the self-confidence of indigenous students. 

III. RESEARCH METHOD 

The present study employed a case-study design. 

Assessment tests were administered to students before 

and after participating in the Atayal culture-integrated 

CPS spatial concept teaching activities, and the results 

were used as quantitative research data. The research 

employed a single-group pretest-posttest design. Items 

established for the tests were examined for validity by 

experts, and pretests and a reliability analysis were 

conducted to enhance the validity and reliability of these 

self-developed, real-life-based question-group 

assessments. 

A. Course Planning 

The class was 100 minutes in length and consisted of 

two sections. Through heterogeneous grouping, each 

team discussed and learned the geometry concept (Angles) 

together, after which they presented their findings. 

Afterwards, instructors assisted the students in reflecting 

on and integrating their learning experiences. Finally, the 

learning outcomes were assessed via self-evaluation and 

teachers' assessments (PISA assessment content, class 

observation, and observation of the use of teaching 

materials (game apps). 

All mobile learning game apps established in this study 

were written for the Android operating system, and thus 

are fit for Android mobile devices. The app used to assist 

teaching the geometric concept of angles, developed this 

year, is described as follows: 

The context of the interactive digital teaching material 

of the “angle” unit is based on the “hunting culture” in 

the Atayal culture. The app game of angles is divided into 

two levels: Prey Search and Hunting Practice (Fig. 1–Fig. 

3).  
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Figure 1. Prey Search level description; (Top) Goal: You need to catch 
the frogs in a limited time, only one chance per task; (Bottom) 

Description: After selecting the “rotation angle” that you need, the boat 

will rotate to the direction you want. After selecting the left or right prey, 

please press OK to hunt. 

Figure 2. Hunting Practice game screen; Left button (top to bottom): 
clockwise, counterclockwise, scale; Right icon (top to bottom): level 

remaining time, score. 

Figure 3. The student used tablets for mobile learning. 

B. Research Subject

The main research subjects were 16 5th grade Atayal 

elementary students from Yilan County, Taiwan. A 

lifestyle-oriented assessment test of the students was 

conducted prior to the teaching demonstration, and 

another was carried out after completion of the teaching 

activity. The results underwent dependent sample t-test 

analysis. 

C. Research Tools

The research tool was a test assessment that had been

approved and pre-tested (Cronbach α = 0.781) by three 

subject matter experts with a total of 9 question sets (9 

individual questions). Dependent sample t-tests were 

conducted on the results of the pre- and post-tests to 

analyze whether or not significant changes in the spatial 

conceptualization of indigenous school children had 

occurred. 

D. Research Result

In this study, a total of 16 fifth-grade indigenous

students from the Rainbow Elementary School 

participated in the pretest and posttest of the teaching 

demonstration. The total number of valid tests was 15 

because one student was absent. Both tests comprised 

three question groups and nine question items, which 

added up to 100 points in total. The results of these real-

life-based question-group assessments revealed that the 

mean score of the posttest was notably higher than that of 

the pretest among students who received the CPS mobile 

learning teaching demonstration on the geometric concept 

of angles (Table I). In addition, the analysis results of a 

dependent samples t-test (Table II) revealed that the 

difference in pretest and posttest mean scores was11.6, 

and t value=3.477, degree of freedom=14, and 

p=0.004<0.01, which reached the level of significance 

(0.01). These results indicated that according to the 

dependent samples test results on the concept of angles, 

the posttest scores were significantly higher than the 

pretest scores. 

TABLE I.  DESCRIPTION AND STATISTICAL ANALYSIS OF THE REAL-
LIFE-BASED QUESTION-GROUP ASSESSMENTS ON THE CONCEPT OF 

ANGLES 

Amount Mean Score Standard Deviation 

Pretest 15 65.60 17.488 

Posttest 15 77.20 16.894 

TABLE II.  STATISTICAL ANALYSIS ON THE DEPENDENT SAMPLES T-
TEST OF THE REAL LIFE-BASED QUESTION-GROUP ASSESSMENTS ON 

THE CONCEPT OF ANGLES 

Mean  SD SEM t DOF Significance 

Posttest Sum– 
Pretest Sum 

11.6 12.922 
3.33

6 
3.477 14 .004** 

**P<0.01 

IV. DISCUSSION

A. Indigenous Students Prefer a Dynamic and Lively

Learning Method

Studies have revealed that Atayal students in the Yilan 

Country are fond of lively, dynamic, and interactive 

teaching strategies. In addition, research have revealed 

that some indigenous students were impatient to read 

instructions even when the pretest and posttest featured 

numerous scenarios related to and images of Atayal 

culture. They would quickly answer questions without 

fully comprehending their meanings. Therefore, in the 

present study, teachers went through and explained all the 

questions to the students before each test was conducted 

to prevent the abovementioned situations. 

In addition, studies on applying game-based digital 

materials to elementary schools as teaching aids have led 

to improvements in students’ learning motivation and 

outcomes in terms of mathematic concept learning, such 

as Euclidean geometry and spatial concepts. Similarly, 

the results of the present study revealed that the mobile 

learning digital material was remarkably effective at 

improving the indigenous students’ understanding of 

angles. 
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B. Indigenous Students Appreciate Collaboration and

Sharing but Lack CPS Skills

Because this study employed the CPS teaching strategy, 

all courses and learning activities were designed to be 

conducted in groups. Although indigenous students are 

fond of the peer learning style that emphasizes the value 

of collaboration and sharing, observations of the in-class 

group discussions revealed that these students still had 

room for improvement in terms of discussing and 

distributing tasks. Therefore, the design of future classes 

for similar subjects should familiarize students with 

teamwork by increasing discussion and employing the 

CPS method to resolve problems and complete tasks. 

V. CONCLUSION AND SUGGESTION

A. Conclusion

This study established a CPS learning course for

geometry concepts that incorporated Atayal cultural 

context and considered the learning characteristics of 

indigenous students. In addition, PISA-like real-life-

based question-group assessments with indigenous 

cultural elements were established to assess the real 

learning performance of students. An interactive mobile 

learning material designed for this study was employed to 

conduct the CPS teaching demonstration. The geometry 

performance of indigenous students was determined to 

improve their mathematic learning and problem-solving 

abilities. 

According to this study, Atayal students who 

participated in the CPS teaching demonstration achieved 

higher scores in posttests than in pretests assessing the 

geometric concept of angles. In other words, learning 

outcomes were notably improved. 

B. Suggestion

1) Adapt measures of mobile learning in remote

areas 

The Internet bandwidth and speed in remote areas have 

always been challenges for this project, from previous 

research until the current stage. The authors suggest that 

future researchers who plan to employ apps or Internet 

resources for teaching in mobile learning courses to 

download relevant apps or resources to the mobile 

devices beforehand. Another solution is to sign up for 

mobile Internet plans that can share data to cope with any 

Internet or device-related problems. In addition, they 

should test the mobile device (e.g., tablets or mobile 

phones) before the classes and prepare extra devices to 

reduce the chances of unexpected incidents as well as 

retain the quality and outcomes of teaching. 

2) Nurture collaboration ability step by step

According to the experiences of previous research,

students must have similar experiences several times in 

class to gradually develop models of and skills for group 

collaboration and discussion. Therefore, for testing the 

actual CPS ability of indigenous students, students must 

first be given time to familiarize themselves with working 

on and completing tasks as a team as well as learn 

relevant skills in class. In other words, students must 

learn to conduct group discussions and problem-solving 

through step-by-step collaborative measures beforehand. 

A further measure that will be adopted by the authors is 

adding an introduction and practice on collaborative 

methods before classes begin to quickly integrate students 

into the course as well as reduce the time required for 

instruction during the actual class. 
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