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In this study, the analysis, design, development, implementation, and evaluation (ADDIE)
model was used to design a cross-domain science, technology, engineering, and mathematics
(STEM) curriculum for primary school mathematics in indigenous schools. The research
methods used included content analyses, interviews, and a questionnaire survey. Research
participants were students aged 9-12 at an indigenous elementary school. The curriculum
integrated with indigenous culture and the application of Kebbi robots included STEM courses
such as mathematics, information technology, natural science, and culture. The courses adopted
a collaborative problem solving (CPS) teaching strategy, allowing students to complete learning
tasks in groups. During the teaching process, teachers gradually guided students to observe and
stimulate their scientific imagination and thoughts regarding what robots could do. In the
lessons, the students acquired an understanding of the concepts of mathematics regarding the
division of labor and cooperation, and they used robots to complete learning tasks. Through this
STEM cross-domain teaching activity, learning mathematics was made interesting and relevant
to the living and cultural situation of the indigenous participants of this study. The students had
a positive attitude towards learning using emerging technologies such as robots and digital
teaching aids.

1. Introduction

Research on indigenous education in Taiwan has found that indigenous children are observant
and creative, and prefer dynamic and practical learning situations. Visual aids such as pictures,
videos, and objects are preferred by the children and helpful for their understanding.(:?) It is
difficult for them to learn mathematics, a subject with abstract concepts,>* but they can
improve their concentration through practical activities, allowing their study to progress.(l-2>)
The traditional indigenous society attaches great importance to the relationship between people,
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animals, plants, and the surrounding environment.©) Therefore, the curriculum design of
indigenous science education can respond to culture and life experience, and enable children to
operate with their hands, which can trigger thinking and promote understanding.-"-%)

Indigenous children are typically easy-going, prefer group cooperation, and are willing to
discuss and share.*!9 Collaborative problem solving (CPS), proposed by Nelson in 1999, is a
suitable teaching strategy for indigenous children’s courses. This teaching strategy is learner-
centered, establishes an integrated and collaborative learning environment, provides a highly
authentic and natural collaborative learning process, and enables students to develop discipline
knowledge, problem solving, critical thinking, and cooperative skills. Teaching activities can be
divided into nine steps: (1) Prepare — instructors and learners prepare to carry out work in teams.
(2) Learners form small and heterogeneous working teams. (3) Teams first discuss, define, and
understand the problem. (4) Teams define and distribute the roles required for each project. (5)
Teams discuss the problem repeatedly using a process of collaborative interaction and problem
solving. (6) Teams present their conclusions. (7) Instructors help learners to recall the activity
process and reflect on the learning experience. (8) Instructors and learners assess the learning
outcome and process. (9) Instructors and learners terminate the learning activities.(')

Technological progress is also driving the transformation of the teaching model. Studies have
shown that integrating robots into the curriculum can enhance the interest of students in learning
and encourage students with different backgrounds, interests, and experiences to actively
participate in the project curriculum and express their creativity and ideas.!? Researchers have
also found that computer-based Lego robotics and a creativity course integrated with indigenous
culture can effectively improve the creative performance of indigenous children.(!3) Robotics
requires the knowledge and complex integration of multiple independent disciplines; thus, it
creates a new interdisciplinary content involving science, technology, engineering, and
mathematics (STEM).(¥) STEM integrates the knowledge and skills of science, technology,
engineering, and mathematics, and cultivates the ability of students to use various fields of
knowledge to solve problems in life situations through the course model of project-based
learning. It enhances the comprehensive performance of mental and practical learning so that
students can actually think and apply knowledge in real-life circumstances. Strengthening
STEM practical courses is helpful for improving students’ ability to integrate knowledge and for
promoting the effectiveness of learning in various disciplines.!>1®) Research on the cross-
domain STEM teaching of robotics in Taiwan has shown that digital teaching aids help students
learn and improve learning motivation and outcomes.!-1%)

On the basis of the above discussion, we will design a STEM curriculum for mathematics
concepts in indigenous schools. It will combine the uniqueness of indigenous culture, emerging
technological advancements in robotics, and a CPS teaching strategy. Considering the children’s
age group, learning characteristics and styles, mathematical knowledge, the CPS teaching
strategy, and the new “108 curriculum” STEM interdisciplinary teaching spirit, we will use the
Al robot Kebbi Air S (https:/www.nuwarobotics.com/zh-hant/product/steam/) to design an
interdisciplinary mathematics STEM curriculum in this research. Kebbi Air S has a child-
friendly “cute” appearance and movements. It can inspire children’s interest in programming
and mathematics learning through contextual tasks and game-based learning. It is suitable for
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group interactions of three to five people. Via the process of completing tasks through robotic
cooperation, it helps to cultivate students’ ICT literacy and CPS ability to prepare them for the
future (https://www.worldclassarena.org/atc21s-case-study).

2. Materials and Methods

Research participants were 10 students aged 9—12 at an indigenous elementary school. The
research methods used in this study included content analysis and the interview methodology.
The researchers analyzed relevant literature and interviewed experts. Finally, the course was
examined by experts. The analysis, design, development, implementation, and evaluation
(ADDIE) model (Fig. 1) was used to design an interdisciplinary STEM curriculum, and the CPS
teaching strategy was adopted in developing the course.

2.1 Curriculum design

In this study, we analyzed the characteristics of indigenous primary school students, the
growth characteristics of millet, and programming grammar, and then designed and developed a
teaching model.

In the stages of design and development, the curriculum involved constructing perspective
concepts and carrying out teaching activities through presentations and teaching aids. Next,
students were taught about and experienced working with Kebbi robots, for example, the basic
operation of the Kebbi robot interface, the body movements of Kebbi robots, talking to Kebbi
robots or giving commands by voice, and using the internal sensing components of Kebbi robots
to scan and identify objects (Fig. 2), to help them with subsequent cross-domain courses.

We used Kebbi robots to carry out interdisciplinary teaching activities, such as operating a
math app that was integrated with the indigenous cultural context (Fig. 3), controlling the arm-

( )
Analysis

. v,

' ‘ A

Design
. v
{ l 3\
Development
\ v,
{ ‘ \
Implementation

\ v,

' ‘ )
Evaluation

\ 7

Fig. 1.  Curriculum design with ADDIE model.
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Fig. 2. (Color online) Kebbi robot (a) responding to voice commands and using its internal sensing components to
(b) scan and (c) identify objects.

@ (b)

Fig. 3. (Color online) (a) Operating the perspective concept app and (b) app on the robot interface.

waving and moving directions to learn about the mathematical concepts of perspective and
rotation angles, and practicing visual programming to complete learning tasks.

The implementation of the learning task was based on the indigenous millet culture. Students
discussed the task in groups and wrote programs so that the Kebbi robot could move, wave, and
make sounds to protect a millet field from birds. We used a game mat as a millet field (Fig. 4)
and let students operate the Kebbi robot and sensors to simulate the patrol of the millet field.
Finally, a five-point Likert scale was used to investigate the students’ learning attitude and
satisfaction with this course.
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Fig. 4.  (Color online) (a) Game mat used as a millet field and (b) students operating the Kebbi robot to simulate the
patrol of the field.

2.2 Teaching strategy

The course adopted the CPS teaching strategy, which allowed students to complete learning
tasks in groups. The context of the learning tasks was to protect the millet field from birds with
the help of Kebbi robots. The teacher used the situation of indigenous people planting millet as
an example and first encouraged the students to discuss the problems that may be encountered in
planting millet and the impact of these problems on the growth of millet, asking the students to
propose solutions to the problems (Fig. 5). After that, the teacher asked the students to think
about how to apply robots and sensors to protect millet fields. The students needed to integrate
the mathematical concept of perspective and robot programming concepts to complete this task
(Figs. 6 and 7).

3. Results

The mathematical concept to be learned in this course pertained to perspective. The design of
the interdisciplinary STEM curriculum, which combines the theme of the indigenous culture of
millet cultivation and the interaction with the Kebbi robot, is detailed in Table 1.

During the teaching process, teachers gradually guided students to observe and stimulate
their scientific imagination and thoughts about what robots could do. The students acquired an
understanding of the mathematical concepts regarding the division of labor and cooperation, and
used robots to complete learning tasks. A five-point Likert scale was used to investigate the
students’ learning attitude and satisfaction, and the average score was 4.57. The Cronbach’s
alpha value of the reliability analysis was 0.928. Details of the results on the Likert scale are
shown in Table 2.
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Fig. 5. (Color online) Students (a) learning the natural science of millet planting and (b) discussing related topics.

Fig. 6. (Color online) Students programming robot Fig. 7. (Color online) Students interacting with the
movements. Kebbi robot.
Table 1

Mathematics STEM curriculum design using robots.

Course name

Understanding perspective: protecting millet from birds using robots

Time

9 classes, 360 min

Applicable objects

Indigenous elementary school students aged 9—12

Teaching objectives

(1) Cognition
a. Understand perspective, rotation angle, and rotation direction and solve the
problem of angle composition and decomposition.
b. Understand millet and its growth process.
(2) Emotion
a. Practice discussing and answering questions in groups.
b. Work together to complete the task of protecting millet from birds using
robots.
(3) Skills
a. Learn to operate robot body movements related to perspective and
rotation and apply the concepts of perspective and rotation in life.
b. Design robot movements to drive birds away to protect planted millet.

Mathematical unit learning
performance

In activities, learn about applying geometric concepts such as rotation angle,
expansion graph, and spatial shapes.
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(Continued) Mathematics STEM curriculum design using robots.

Nine steps of CPS

Teaching activities and teaching aid preparation

Step 1:

Prepare — Instructors and
learners prepare to work in
teams.

1. Teaching PowerPoint, website resources, teaching instruments, robots, and
puzzle play mats.

2. PISA test (pre-test and post-test).

Reward mechanism: verbal feedback; bonus points for class management.

Step 2:
Learners form small and
heterogeneous working teams.

There are 28 students in this class.
Class to be divided into seven teams with four people in each team.
Note: Instructors divide students into heterogeneous teams in advance.

Concepts of perspective and rotation: 45°, 90°, 180°, and 270°.
Understand perspective and rotation direction.
Ask students to list objects, tools, and houses with the above angles.

1
2.
3.
[
1.

Step 3: 2. Ask students to find objects and buildings related to the above angles, take
Teams first discuss, define, pictures of them with tablets, and note their angles.
and understand the problem. 3. Instructors explain the operation and process of robots.
4. Use simple programs to design robots to make body movements of 45°, 90°,
180°, and 270°.
m  Discuss millet and the concepts of its planting.
m Instructors ask teams to practice their roles and to practice and discuss

Step 4:
Teams define the roles required
for each project.

through perspective apps to present the definition of perspective.

Teams discuss how to design the continuous movements of robots, and
instructors take the robot operation as an example to explain the perspective,
direction, and position after rotation.

Step 5:

Teams discuss the problem
repeatedly using a process of
collaborative interaction and
problem solving.

m Instructors ask questions for discussion, guide students to think from the
perspective of life situations using their imagination, and assist and guide students
using teaching instruments and practical operations.

m Instructors guide the discussion on how to design robot movements and
sensors to drive birds away to protect growing millet.

Each team continues to discuss and share views on learning tasks in the same
way. Instructors and research teams focus on the problems students may
encounter when operating.

Step 6:
Teams start to present their
conclusions.

Present the results of each team in the creative competition of robots
protecting millet from birds. Instructors organize the content.

Step 7:

Instructors help learners to
recall the activity process
and reflect on the learning
experience.

Guide the class to discuss and reflect on the process and the results of the
class, and guide the students to think about the possibility of using robots to
assist in millet planting and give examples of similar environments to extend
the discussion and promote the development of experience.

Step 8:

Instructors and learners assess
the learning outcome and
process.

m  Unit assessment content: achievements of the objectives in cognition, emotion,
and skills.

m  Team self-assessment content: presentation status and correctness of answers.
m Instructor assessment content: classroom observation, robot operation, and
PISA tests.

Note: help review and understand the learning effectiveness through robot
operation.

Step 9:

Instructors and learners
terminate the learning
activities.

m Review and summarize the main points of this unit.

m  Give praise.

m Note: instructors summarize this unit, reward students, terminate the
teaching activities, and remind students to do the PISA situational group tests
of this unit on the assessment system.
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Table 2
Descriptive statistics of students’ learning attitude and satisfaction.

N Min Max Mean SD
During class, I thought about the problems I had encountered. 10 4 5 470  0.483
Based on the above question, I tried to think about how to solve the
problem.
Continuing from the above question, I used a variety of methods to solve
it.
Following the above question, I thought about which solution was the
most feasible.

10 3 5 450  0.707

10 4 5 470  0.483

10 3 5 470  0.675

I knew what the learning objectives of this class are. 10 4 5 4.60  0.516
I knew the methods to use to find answers to the questions. 10 3 5 4.50  0.707
I could actively participate in the division of labor and cooperation in the 10 3 5 450 0707
group.

I could actively participate in group discussions. 10 4 5 470  0.483
I enjoyed using the teaching materials on the tablet for learning activities. 10 3 5 440  0.699
I feel that studying with a tablet makes me more interested in the class. 10 2 5 450 0972
I enjoy using robots for group collaboration activities. 10 2 5 440 0.966
I feel that learning with a robot ca make me more interested in taking 10 ) 5 430 0949
classes.

I think this course is very helpful for my study. 10 3 5 4.50  0.707
I feel that learning with a robot can enhance my imagination. 10 4 5 4.50  0.527
[ feel that this course has improved my problem-solving skills. 10 4 5 480 0422
I think this course can help me and my classmates work together. 10 4 5 490 0316
I think the tablet app is easy to operate. 10 3 5 430  0.675
I think the content of the tablet.app is interesting and practical, and it 10 3 5 460 0.699
helps me understand mathematical concepts.

I think the learning website is easy to operate and rich in resources. 10 3 5 460  0.699
In th.e future, [ am w1.111ng to cpntlnue to use the learning resources 10 3 5 470 0675
provided by the learning website for learning.

Average 10 4.57  0.653

4. Conclusions

Through our STEM interdisciplinary teaching activity, learning mathematics became
interesting and relevant to the living and cultural situation of the indigenous participants in this
study. The activity helps indigenous children understand the mathematical concept of perspective
through the operation of robot movements. Group tasks in indigenous cultural contexts guide
students to apply mathematical concepts to real-life situations and enhance their collaboration
and problem-solving skills. In addition to learning knowledge, the STEM cross-domain teaching
form helps indigenous students understand their own culture and strengthens their information
technology capabilities. Moreover, the indigenous students in our study had a positive attitude
towards learning using emerging technologies such as robots, tablet apps, and websites.

In the future, teachers can design more courses that combine indigenous cultural situations
with robots, such as hunting and indigenous-style meals. Teachers can guide students to think
about how to use a robot’s sensors and functions to solve the problems encountered in hunting
and making indigenous-style meals and create better solutions to achieve the goal of cross-
domain teaching.



Sensors and Materials, Vol. 35, No. 5 (2023) 1555

Acknowledgments

This research was part of the Instructional Design in the Field of Mathematics in Indigenous

Elementary Schools-Using Robots to Enhance Imagination Project of the National Science and
Technology Council, R.O.C.

References

1 H. Chiand H. Liu: J. National Hualien Teachers College 10 (2000) 65.

2 K. Tan and M. Lin: Bull. Educ. Res. 48 (2002) 2. http:/doi.org/10.6910/BER.200206_(48-2).0007

3 W. Hsu: Bull. Educ. Res. 65 (2019) 4. http://doi.org/10.3966/102887082019126504003

4 M. Lai: The Weekly News of the Indigenous Sci. Educ. Res. 207 (2021) 1.

5 Y. Liu and T. Huang: Sci. Dev. 510 (2015) 66.

6 L. Fu: Curriculum & Instruction Quarterly 7 (2004) 1. http://doi.org/10.6384/C1Q.200401.0091

7 S.Kao and C. Lin: Taiwan Educ. Rev. Monthly 5 (2016) 4.

8 M. Shu, C. Kao, and Y. Wang: J. Early Childhood Educ. & Care 23 (2020) 24.

9 C.Kao, M. Shu, and S. Li: Sci. Educ. Monthly 388 (2016) 14.
10 S.Jeng and C. Chou: J. Leisure and Recreation Management 6 (2019) 2.
11 L. M. Nelson: Instructional Design Theories and Models: A New Paradigm of Instructional Theory, Volume 11

(Routledge, New York, 1999) 1st ed., pp.241-267. https://doi.org/10.4324/9781410603784
12 F. Turbak and R. Berg: J. Sci. Educ. 11 (2002) 3. http://doi.org/10.1023/A:1016376818781
13 J. Chao: J. Educ. Practice and Res. 26 (2013) 1
14 R. Beer, C. Hillel, and R. Drushel: Commun. ACM 42 (1999) 6. https://doi.org/10.1145/303849.303866
15 K. Lin: J. Technol. Human Resource Educ. 1 (2014) 1.
16 S. Fan and K. Yu: J. Res. Educ. Sci. 61 (2016) 2. http://doi.org/10.6209/JORIES.2016.61(2).06
17 C. Weng, C. Hsia, and M. Wang: Int. J. Digital Learning Technol. 6 (2014) 4. http:/doi.org/10.3966/207126
0X2014100604001
18 S.Huand M. Tsai: Int. J. Digital Learning Technol. 11 (2019) 4. http:/doi.org/10.3966/2071260X2019101104003
About the Authors

Jen-Yi Chao received her Ph.D. degree from Arizona State University, USA,
in 1999. She is currently a professor at the Graduate School of Curriculum and
Instructional Communications Technology, National Taipei University of
Education, Taiwan. Her expertise includes instructional design, project-based
learning, e-learning, digital content design and development, and educational
technology. Her current research interests mainly cover indigenous education
and information technology education for K-12 and elderly people.
(jychao@tea.ntue.edu.tw)

Chuan-Hsi Liu received his Ph.D. in electrical engineering from Arizona
State University, USA, in 1997. He is a full professor at the Department of
Mechatronic Engineering, National Taiwan Normal University. He has
published over 100 journal and conference papers and been granted over 20
patents. (liuch@ntnu.edu.tw)



http://doi.org/10.6910/BER.200206_(48-2).0007
http://doi.org/10.3966/102887082019126504003
http://doi.org/10.6384/CIQ.200401.0091
https://doi.org/10.4324/9781410603784
http://doi.org/10.1023/A:1016376818781
https://doi.org/10.1145/303849.303866
http://doi.org/10.6209/JORIES.2016.61(2).06
http://doi.org/10.3966/2071260X2014100604001
http://doi.org/10.3966/2071260X2014100604001
http://doi.org/10.3966/2071260X2019101104003
mailto:jychao@tea.ntue.edu.tw
mailto:liuch@ntnu.edu.tw

1556

Sensors and Materials, Vol. 35, No. 5 (2023)

Hsiao-Chi Kao received her M.S. degree from National Chiao Tung
University, Taiwan, in 1999. Since 2021, she has been a research assistant at
the Graduate School of Curriculum and Instructional Communications
Technology, National Taipei University of Education, Taiwan. Her research
interests are in information technology education and the education of elderly
people. (cheerkao@mail.ntue.edu.tw)



mailto:cheerkao@mail.ntue.edu.tw

