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Abstract

The integration of education and robotics has emerged as a crucial development in the technological landscape. This study
focuses on the use of a robot teaching assistant to enhance the learning efficiency of 8th-grade students in hands-on STEM
activities centered around the theme of “Smart City.” It explores the impact of educational robots on students' learning
outcomes and their development of hands-on skills through diverse learning methods. Conducted over 12 weeks with 103
participants, the study employed a quasi-experimental design. Students were split into two groups: The Experimental Group
(EG), using the 6E model with robot teaching assistants, and the Control Group (CG), using only the 6E model. The analysis
of covariance revealed that the EG exhibited superior performance in STEM knowledge, motivation, and hands-on skills
compared to the CG. Further analysis indicated that learning motivation significantly influenced hands-on performance in
the EG, particularly in high-scoring subgroups. The findings suggest that combining the 6E model with educational robots
effectively enhances STEM learning and student engagement. Educational robots as teaching assistants not only aid in knowl-
edge acquisition but also significantly boost students' motivation and hands-on skill development. This implies a promising

direction for integrating advanced technology in educational practices to foster more effective learning environments.

Keywords Robot teaching assistant - Hands-on performance - 6E model - STEM - Creativity

Introduction

In 2018, Taiwan’s Ministry of Education released the Cur-
riculum Guidelines of 12-Year Basic Education for Elemen-
tary School, Junior High and General Senior High Schools
— The Domain of Technology (hereafter referred to as the
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Technology Curriculum Guidelines), which includes both
Information Technology and Living Technology and allows
students to learn in a more coherent and integrated man-
ner through the interplay of different curricula within the
domains as well as curriculum design (Ministry of Edu-
cation, 2018). STEM is a cross-disciplinary instructional
model that combines the four domains of Science, Tech-
nology, Engineering, and Mathematics to provide students
with a myriad of essential skills needed in the twenty-first
century, such as the ability to solve complex problems, team-
work, etc. (Nadelson & Seifert, 2017; Struyf et al., 2019). In
previous studies, it was found that hands-on STEM activities
implemented in the general curriculum were less likely to
take into account knowledge of all four STEM disciplines,
as most STEM curricula focused primarily on science and
mathematics, with relatively little emphasis on technology
and engineering. Because science and mathematics are usu-
ally considered more tangible in terms of content and knowl-
edge, while technology and engineering, in general, tend
to be more abstract (Breiner et al., 2012), STEM curricula
often lack a systematic and sequential teaching model to lead
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students, which some studies have found resulted in poor
learning outcomes and low motivation (Chew & Cerbin,
2021; Ching et al., 2018).

Previous research has shown that motivation is an impor-
tant factor affecting students’ learning outcomes (Law et al.,
2019; Lu et al., 2022). When students are confronted with
topics that they are unfamiliar with or uninterested in, it
will ultimately lead to decreased motivation and willingness
to learn. For this reason, the International Technology and
Engineering Educators Association (ITEEA) proposed the
6E model, which emphasizes the importance of hands-on
work and student-centered teaching strategies. The 6E model
effectively addresses the issue of the absence of system-
atic and sequential STEM curricula through its six steps of
the engineering design and inquiry process. The results of
related studies on the application of the 6E model in STEM
teaching have demonstrated that the model can significantly
enhance students’ learning outcomes and hands-on abili-
ties. The 6E model was designed to lead students to self-
exploration in a systematic way by stages, incorporating the
concepts of design and reflection, highlighting real-world
contexts and situations, and emphasizing the core concepts
of realistic contextualization and hands-on design (Burke,
2014; Hashim et al., 2018; Hsiao et al., 2023). The 6E model
as an instructional model focuses on learner-centered teach-
ing and the importance of learners’ own motivation and
willingness to learn, which indirectly affects their learning
performance (Hsiao et al., 2023; Lin et al., 2020).

In recent years, numerous studies have incorporated
intelligent robots, known as educational robots, into the
educational sector to assist student learning (Anwar et al.,
2019; Hu et al., 2023). For instance, Chen et al. (2023) used
educational robots to incorporate gamification elements into
STEM education by introducing contextual tasks to increase
student engagement, thereby increasing student motivation
and creativity. Current teaching methods often rely on one-
to-many instruction, but this approach can lead to several
challenges during hands-on STEM lessons due to varying
levels of student comprehension and attentiveness: (1) dif-
ficulty in providing inclusive instruction for all students,
(2) challenges for students in revising material taught by
teachers, and (3) increased instructional loads for teachers
(Good & Lavigne, 2017). Therefore, this study proposes the
use of robots as teaching assistants to support teachers in
hands-on STEM activities. The goal is to mitigate some of
the one-to-many teaching model's limitations through robot
assistants and to improve students' learning outcomes in
hands-on STEM activities. By employing robot assistants,
more personalized learning support can be offered, aiding
students in overcoming comprehension hurdles and boosting
their motivation and engagement in the learning process.

This study was based on the learning content of the science
and technology domains in the 2019 Technology Curriculum
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Guidelines for 8th grade students in junior high schools, and
the curriculum design was based on the theme of “Smart
City”. Kebbi educational robots were utilized as teaching
assistants to assist students in learning through real-time ques-
tion-and-answer sessions and an interactive approach, and to
stimulate students’ motivation to learn. At the same time, the
Motoduino programming function (motoBlockly) was used to
support the Arduino STEM Smart City project. The course
content was divided into two main themes based on the char-
acteristics of electronic components, and then the students
were allowed to design, create, and complete their own works.
At the end of the course, the students were assessed in three
areas—STEM knowledge, learning motivation, and hands-
on performance —to explore the changes and differences in
their performance under different teaching methods. To better
understand the intra- and inter-group relationships and how
learning motivation affects students’ hands-on performance,
the present study also examined the relationship between the
Experimental Group (EG) and the Control Group (CG) in
terms of the two affective levels and the relationship with
hands-on performance.

Literature Review
STEM Education and Robot Teaching Assistants

The use of robots in teaching has become quite frequent.
Papert (1984) was the first to propose the use of robots in
educational settings to assist students in the learning pro-
cess of computer programming. Papert (1980) developed
the LOGO programming language and Turtle robot, which
was used to teach young children programming-related con-
cepts and non-programming concepts such as creativity and
abstraction. To extend this concept to K-12 and beyond, the
MIT Media Lab worked with Seymour Papert to develop the
LEGO MINDSTORM series of robots. There are now many
robots used in educational applications, such as Thymio,
Dash&Dot, NAO, Zenbo, Kebbi, and many others.
Educational robots are powerful and versatile educational
tools with great motivational benefits (Daniela & Lytras, 2019;
You et al., 2021). Robotics education programs can arouse
students’ motivation for learning STEM-related subjects
(Chen & Chang, 2018), which has positively contributed to
addressing Taiwan’s national demand for STEM industry-
related talents. The National Science and Technology
Council has also pointed out that robotics clubs can serve
as suitable interdisciplinary activities that allow students to
engage in STEM learning, enabling them to apply knowledge
across disciplines to identify and solve problems, as well as
helping them to overcome career barriers in various STEM
fields (Daniela & Lytras, 2019). Due to the complexity of the
education system, there are multiple moderating variables
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when applying educational robots in the context of STEM
education. Specifically, robot-assisted STEM education can be
viewed as a complex system stemming from technology (i.e.,
educational robots), users (e.g., teachers, students), information
(e.g., subject knowledge), pedagogy (e.g., interaction types),
and external environment (e.g., intervention duration) (Xu
& Ouyang, 2022). As found in previous studies, educational
robots can enhance students’ engagement, attitudes (Hsiao
et al., 2022; Striepe et al., 2021), and motivation to learn in
STEM programs (Daniela & Lytras, 2019; Eguchi, 2016). Over
the past few years, educational robots and hands-on STEM
activities have made their way into many schools around the
world. Some studies have suggested that utilizing educational
robots for teaching appears to boost students’ interest and
motivation and facilitate learning processes (Anwar et al.,
2019; Chevalier et al., 2020). In addition, robots may be
effective in supporting teachers by making their lessons easier
and more enjoyable. However, in contrast, some studies have
shown that students who participated in educational robotics
activities did not achieve statistically significant differences
compared with students who attended traditional courses, and
that educational robotics activities did not produce positive
effects compared with traditional teaching methods (Chang &
Chen, 2022; Hu et al., 2023).

In summary, robotic technology is multidisciplinary in
nature, in that it provides constructive learning environments
and has an important role in the learning of STEM disci-
plines (Hsiao et al., 2022). Robotics education is one of the
most important ways to implement STEM education because
it is capable of providing guidance to support students in the
STEM learning process (Chang & Chen, 2022; Kim et al.,
2017). Moro et al. (2018) stated that the use of educational
robots does not imply teaching a specific subject such as
robotics; rather, it is based on a constructivist approach to
teaching that allows learners to use educational robots in a
student-centered way that emphasizes the process of actively
constructing knowledge, with teachers acting only as guides
and facilitators. Therefore, educational robots were intro-
duced in this study as teaching assistants to help the teacher
implement hands-on STEM activities for student learning.

Using the 6E Model in Hands-on Activities
in STEM Education

The 6E model was proposed by the ITEEA in 2013. In
the face of rapid technological advances and increasingly
complex problems, the 6E model was designed as a practi-
cal, hands-on approach to problem solving (Burke, 2014;
Hashim et al., 2018; Hsiao et al., 2023). According to the
2018 Technology Curriculum Guidelines (Ministry of Edu-
cation, Taiwan, 2018), the core of the Living Technology
Curriculum emphasizes “design and production,” in which
teachers provide guidance for students to observe and

experience the needs and problems in daily life, and then
design suitable products using technological tools, materi-
als, and resources to realize their ideas, thus cultivating the
students’ ability to perform hands-on work. The six stages of
the 6E model are (1) Engage: To stimulate students’ interest
by creating connected experiences through real-life situa-
tions; (2) Explore: To provide students with opportunities
for self-exploration and learning; (3) Explain: To enable
students to rethink what they have learned and construct
knowledge; (4) Engineer: To clarify and understand relevant
scientific knowledge through hands-on work; (5) Enrich: To
construct and deepen understanding through interaction and
discussion between teachers and students; and (6) Evaluate:
To make students and teachers aware of students’ learning
progress with the purpose of facilitating future improvement
through formative assessment and teacher feedback (Burke,
2014; Hashim et al., 2018).

Teaching STEM courses not only focuses on hands-on
practical work but also intends to explore more ways to guide
students in their learning (Lin et al., 2020). As indicated in
previous studies, the 6E model has been shown to be a suit-
able strategy for hands-on programs (Hsiao et al., 2023). The
6E model can effectively enhance students’ learning perfor-
mance, motivation, creativity, and hands-on skills, as well
as increase their willingness to engage in self-exploration
(Hashim et al., 2018; Hsiao et al., 2022). Moreover, many
scholars have applied the 6E model to the STEM curriculum
in the K-12 setting, and they found that it facilitated educa-
tors in organizing and implementing the STEM curriculum,
which contributed to improved hands-on skills and improved
learning outcomes (Chen, 2022; Lin et al., 2020).

It can be concluded that the 6E model provides a clear
teaching sequence for STEM education that supports both
teachers’ teaching and students’ learning. For the purposes
of this study, the 6E model was used in weekly courses, dur-
ing which the students were required to learn its six steps to
complete various exercises and their final hands-on projects.

Effects of Robot Teaching Assistants
on Learning Motivation

Keller (1987) suggested that a systematic curriculum should
place more emphasis on students’ motivation to learn, and
that failure to improve motivation could easily result in
poorer learning outcomes. Therefore, in order to address
these related difficulties, Keller (2009) proposed the ARCS
Motivation Model, which categorizes learners’ motivation
into four parts: (1) Attention: using the content to attract
students’ attention in class; (2) Relevance: learning content
and objectives should be relevant to students’ everyday
lives; (3) Confidence: the course activities are designed
in a way that enhances the willingness to learn through
successful experiences and makes students believe that
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achieving success is not difficult; and (4) Satisfaction:
encouragement or positive reinforcement given to students
during their learning processes.

When students are well-motivated to learn, they are likely
to enjoy improved learning outcomes (Chen, 2022). Moreo-
ver, when facing critical problems, students who have better
motivation to learn have more patience and engagement in
learning activities, thereby leading to more favorable learn-
ing outcomes. Therefore, when designing curriculum activi-
ties, teachers should pay more attention to ways to enhance
students’ interest and connection to the subject matter to
stimulate their intrinsic motivation toward more successful
learning (Hsiao et al., 2023). Hong et al. (2016) conducted
a quasi-experimental study using an anthropomorphic robot,
NAO, to assist 4th grade students in an elementary school
in Taiwan in learning to listen and speak in an English
course, and the results showed that the students in the classes
assisted by the NAO robot had better motivation to learn.
Chao et al. (2023) implemented the Kebbi robot in elemen-
tary STEM education, creating an engaging and interactive
learning environment. This method effectively delivered
knowledge, particularly motivating indigenous students by
connecting them with their culture and advancing their IT
skills, thus enhancing their interest and motivation in STEM.
The incorporation of educational robots undoubtedly ignites
students' initial fascination with the robots themselves and
concurrently enhances their motivation to learn (Anwar
et al., 2019). The dynamic facial expressions and move-
ments exhibited by educational robots, coupled with their
interactive involvement throughout the instructional process,
furnish students with a more immersive and participatory
learning environment. Consequently, this heightened level of
engagement serves to further invigorate students' motivation
to learn (Anwar et al., 2019).

From past literature, it has been found that robots with
anthropomorphic appearances, such as those equipped
with functions like voice feedback, communication dia-
logue, movable limbs, and emotion-displaying screens, are
suitable for integration into teaching. This is because they
can provide immediate encouragement to students upon
achieving learning goals, similar to teachers, with accom-
panying hand gestures and facial expressions, thereby
enhancing students' learning motivation, attitudes, and

indirectly influencing learning performance (Belpaeme
et al., 2018). Leonard et al. (2016) found that students
in grades five through eight experienced enhanced self-
efficacy and STEM attitudes when learning in an envi-
ronment combining educational robots and gamification.
Reyes et al. (2021) used NAO robots as auxiliary tools
in high school mathematics courses to assist teachers in
presenting concepts, explanations, and assessing activities.
By incorporating learning activities into the robot system,
the study found that the group had higher learning motiva-
tion and demonstrated better cooperative behavior. Hence,
this research utilizes the 6E teaching strategy for a practi-
cal smart city course, using the Instructional Materials
Motivation Survey (IMMS), developed by Keller (1999)
based on the ARCS model, to measure changes in students'
motivation before and after the course. Our educational
strategy integrates the ARCS motivation model and the
6E learning model, as shown in Table 1.

Purpose of the Research

In this study, the researcher used robot teaching assistants
in STEM hands-on activities to help the 8th-grade students
improve their learning efficiency. The theme of the hands-
on activities was “Smart City (smart garbage cans, smart
streetlights)”. All students were expected to learn STEM
knowledge, creativity, and hands-on skills. The students
were required to use their acquired STEM interdisciplinary
knowledge and practical tools, such as an Arduino inter-
active module, a servomotor, hands-on tools, etc., to make
smart garbage cans and smart streetlights, which was a mani-
festation of learning by doing and hands-on experience.
The research questions are as follows:

1. Did the students achieve better learning outcomes,
motivation, and hands-on performance in the hands-
on STEM activities with the assistance of the educa-
tional robots?

2. Did different learning approaches (i.e., using the 6E
model and a robot teaching assistant versus using the 6E
model only) and learning motivation have a significant
impact on the students’ hands-on performance?

Table 1 Distribution of research

participants Group Experimental Treatments No. of Students
EG Hands-on STEM curriculum with the application of the 6E model teaching 51
approach and educational robots
CG Hands-on STEM curriculum with the application of the 6E model teaching 52
approach
Total 103
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Materials and Methods
Research Design and Content

This study used a quasi-experimental research method to
investigate the effects of using the 6E model with and with-
out an educational robot as a teaching assistant on the STEM
knowledge, learning motivation, and hands-on performance
of junior high school students, and then compare whether
using the robots enhanced the students’ acquisition of STEM
knowledge, hands-on performance, and learning motivation.
The independent variables in this study were the EG (which
used the 6E model and robot teaching assistants) and the CG
(which used the 6E model only). The dependent variables
were STEM knowledge, learning motivation, and hands-on
performance. Regarding the curriculum content, the STEM
curriculum was designed in collaboration with teachers from
relevant fields both within and outside the school and was
in line with the learning content of the 2019 Technology
Curriculum Guidelines in the field of Information Technol-
ogy (IT), covering discussions on IT-related social issues
(Smart City), as well as the application and implementa-
tion of modularized programming (smart streetlights and
smart garbage cans). The programming language used in
the curriculum was taught through the use of motoBlockly.
In addition, this study was conducted to compare the effects
of high- and low-scoring groups in terms of hands-on per-
formance based on learning motivation, and to explore the
relationship between the students’ learning motivation and
their hands-on performance.

Participants of the Study

This study adopted purposive sampling to select students
from the 8th grade in a junior high school in Taipei City. The
participants in this experiment were all enrolled in a Living
Technology course in the second term of the 2022 school
year, and they were allocated to different classes by mixed-
ability grouping. The study was conducted on a class basis,
with two classes each in the EG (51 students who used the
6E model and educational robots) and the CG (52 students
who used the 6E model only). The sample size for the study
was 103 participants. Each class was divided into groups
of four to five students, all of which received 12 weeks of
experimental teaching and conducted hands-on project work
(45 minis per week). The students in this study were selected
from 8th-grade students in a junior high school who had
already learned the concepts of using hands-on tools and a
programming language for one year, and they were therefore
equipped with a comprehensive foundation for the STEM
curriculum designed for this study.

The Robot Teaching Assistant

In this study, Kebbi, an anthropomorphic robot developed by
NUWA Robotics, was chosen as the educational robot teach-
ing assistant for four main reasons: (1) it is small in size and
therefore more suitable for use in general classrooms; (2)
it is designed for beginners and does not require much pro-
gramming foundation, and it features a wide range of edu-
cational software; (3) it is relatively new in terms of design
and hardware, and it has multiple functions in answering
questions and engaging in interactions, such as touching the
hand or the head, using voice, and a touchscreen.

The Kebbi robot teaching assistant employed as part of
the curriculum design in this study had the following fea-
tures: (1) it can be controlled by progressive programming
or through communication with the robot, enabling it to
perform related learning activities; (2) it has a human-like
appearance, with a movable head, hands, and feet, and dis-
plays that can be used to simulate emotions; and (3) it has
speech recognition technology and the ability to communi-
cate with students in a conversational manner. The Kebbi
robot teaching assistant is shown in Fig. 1.

Procedure

The curriculum was designed around the concept of “Smart
City”. The content of the curriculum included the use of
STEM interdisciplinary knowledge that led the students
to gain an understanding of what equipment and devices
were used in a smart city and how they functioned, and to
establish a link with general academic knowledge. Instead
of learning mere theoretical knowledge, the curriculum
was integrated with the students’ daily lives, allowing them
to practice what they had learned through the concept of
programming as part of their knowledge acquisition pro-
cess. The students then put their knowledge and ideas into
practice through the concepts of programming to create a
“smart garbage can” and a “smart streetlamp” as planned
in this curriculum. The curriculum also included discus-
sions of IT-related social issues (smart city) and the appli-
cation and implementation of modular programming (smart
streetlight and smart garbage can), and the programming
language used in the curriculum was taught through moto-
Blockly. Figure 2 shows the teaching and learning process
of the hands-on curriculum in this study. The curriculum
commenced in Week 2 and proceeded through Week 11,
consisting of three learning stages, including the comple-
tion of the smart city thematic activities.

During Stage 1, the teacher introduced the students to the
concept of a smart city and taught them about fundamental
Arduino operations, working principles, programming, and
an understanding of the electronic components (see Fig. 3).
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Fig. 1 Kebbi robot teaching
assistant

Kebbi Robot
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The EG used Kebbi robots as a motivator at the beginning
of each lesson to introduce them to the purpose of the lesson
and the use of the robots, while the CG adopted an approach

of verbal explanation and guidance from the teacher.

Fig.2 Flow chart of the experi-
mental design and implementa-
tion

Description of the Design

The Kebbi robot simulated an
engineer in each smart city project
execution team, performing urban
transformation in the face of
pressure from the public and
supervisors, and the scenarios
were designed in accordance with
the lesson content of each week.

Each lesson had two levels of
challenges for each group to work
on, both of which were relevant to
the content of that lesson.

Once the group had completed the
level, Kebbi rewarded the students
with emoticons, actions, and
sounds and told them their scores,
which were then recorded by the
teacher.

During Stage 2, the students were given the oppor-
tunity to work on two smart city topics, learning about
hands-on experimentation with Arduino and program-
ming. It was expected that the students would work on

Experimental Design and Implementation
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Fig.3 Learning Stage 1

Introduction to the concept of a smart city

(1) The teacher introduced what a smart city
was and, furthermore, the things that the
students should consider to be smart in the
urban living circle in Taipei.

(2) The students learned about Arduino, its
basic uses, and related applications, and then
familiarized themselves with how to use

motoBlockly.

Motivating students with Kebbi robots

Using Kebbi robots as a motivator showed the
students the purpose of the lesson and what the

robots could be used for.

one mini project every two weeks. The two themes were ~ work through interactive discussions and explorations
smart streetlights and smart trash cans, which were to ~ with the Kebbi robots for problem solving, while the
be constructed using different combinations of Arduino  CG engaged in discussions among the students and was
components (see Fig. 4). The EG conducted hands-on  guided by the teacher.

Fig.4 Learning Stage 2

Students learning about hands-on

experimentation with Arduino and

programming

(1) The students learned about the
Arduino electronic components
that would be used in the two
main smart city projects, how
they worked, and how they could
be used for programming.

(2) The students learned the logic of
the block language of
motoBlockly, as well as the
significance and usage of each
block.

Different combinations of Arduino
components

The focus of this stage of the course was
on the application and hands-on work of
the students following the previous stage
of the curriculum. The teacher first
briefly introduced the concepts behind
the actual prototype and the purpose of
the holes in the panel. The remaining
time was allocated for the students to
construct and decorate their own
products.
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Fig.5 Learning Stage 3

Students building their own smart city
blocks

The students chose a previously

developed combination from the hands-
on exercises to conceptualize and build
their own smart city blocks based on the

objectives and conditions given by the

Students building their own smart cities

The students used the tools,
programming language, and Arduino
hands-on exercises they had learned in
the course to build their own smart

cities.

teacher.

During Stage 3, the students chose a previously devel-
oped combination from the hands-on exercises to concep-
tualize and build their own smart city blocks based on the
objectives and conditions given by the teacher. The stu-
dents used the tools, programming language, and Arduino
hands-on exercises that they had learned in the course to
build their own smart cities, as shown in Fig. 5.

The experiment was conducted as follows:

1. Week 1: A pre-test on the students’ STEM knowledge
and learning motivation (45 min) was conducted.

2. Weeks 2 to 3: Learning Stage 1 of the curriculum was con-
ducted. The teacher introduced the students to the concept
of a smart city and provided them with 45 min of instruc-
tion each week on the Arduino Integrated Development
Environment and the electronic components.

3. Weeks 4 to 8: Learning Stage 2 of the curriculum was con-
ducted. As part of the Smart City project, the students had
the opportunity to perform hands-on work, learn Arduino
programming, and apply Arduino implementations. A
mini project was to be completed every two weeks by the
students, taking 45 min each week to complete.

4. Weeks 9 to 11: Learning Stage 3 of the curriculum was
conducted. The implementation of the smart city mini
projects involved their wiring design, functional design,
cabin assembly, and integration module, which took
45 min per week.

5. Week 12: A post-test on the students’ STEM knowledge,
learning motivation, and hands-on performance (45 min)
was conducted.

@ Springer

Development of Teaching and Learning Activities

The pedagogical structure used in this study was developed
based on the 6E model, with the aim of producing a smart
city (smart garbage cans and smart streetlights) to promote
the concept of learning by doing, thereby further enhancing
the students’ motivation to learn, and developing creative
thinking skills.

The curriculum content of this study is based on the
guidelines outlined in the Technology Curriculum Guide-
lines for eighth-grade information technology courses,
which emphasize the concepts of modular programming and
its application in problem-solving practical. The curriculum
design has been collaboratively developed through discus-
sions with teachers from relevant fields both within and
outside the school, aligning with the learning objectives of
information technology within the 2019 Curriculum Guide-
lines. It encompasses discussions on societal issues related
to information technology, such as smart cities, as well as the
application and implementation of modular programming
through hands-on projects like Arduino smart streetlights
and smart trash cans. The instructional language utilized
in the course is motoBlockly, a block-based programming
language. Examples of instructional activities are illustrated
in Table 2.

The curriculum content for electronic components
encompasses guiding students through interdisciplinary
STEM knowledge to understand the composition of sen-
sors and devices in the Internet of Things (IoT), along with
their respective functions and principles. It aims to establish
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Fig. 6 Implementation chart of the curriculum content of the EG

Teachers provide Teachers guide students to discuss the applications and ntroduction of Understanding students'
Teachers’ |[guidance for students to | | principles of smart city-related technological products Knekr)zi‘:ca;:i:t(;nce learning progress through
teaching understand the reatlife | | 54 orovide explanations and instruction on the use of worksheets and information
applications and . . collected from Kebbi.
. Arduino components and programming.
concepts of smart city
6E Model | | Engage Explore Explain Engineer |  |Enrich Evaluate
Students are able to 1) Students have group discussions on smart city-related Consolidating students'||Students fill in
Students’ | |ensage with the issues, technology applications and principles, and learn learning with Kebbi, worksheets and
Iearning curriculum and relate the use of Arduino components and programming. empowering them to  |[summarize their own
it personally to their 2) Engage in post-lesson learning through Kebbi and complete ||carry out more learning experiences
everyday lives. teacher-assigned tasks. complex tasks. during lesson activities.
1) Teachers present pre-designed teaching materials through | [Presenting advanced
. Presenting simulated Kebbi (voice, display, and hand movements), which contain | |levels and quizzes for Presentation
Introduction |scenarios through tasks and challenges related to knowledge about smart city | |students to reflect on of learning
of Kebbi voice, display, and to assist students in learning, and Kebbi will provide action | [and consolidate their outcomes
hand functions. and voice feedback when students pass the test. learning outcomes.
2) Teachers supervise students' hands-on work.

connections with conventional subject knowledge. The
theme of "smart cities" is utilized as the focal point for prac-
tical implementation in the course. Students engage in mod-
ular practical activities involving temperature and humidity
sensors, methane (MQ4) sensors, LCD displays, ultrasonic
sensors, servo motors, and others. Through these activities,
students learn about programming, electronic circuits, and
the practical applications of sensors. They are required to

work in groups to complete IoT project implementations,
integrating and testing various modules learned in class, and
debugging to create "smart trash cans" and "smart street-
lights" based on the concept of "smart cities."

As our collaborating schools have already introduced
Scratch to seventh-grade students, they have acquired a basic
understanding of programming languages. Scratch provides a
graphical interface that enables students to write programs by

Fig.7 Implementation chart of the curriculum content of the CG
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dragging and dropping blocks. Therefore, this study has opted
for a similar platform, motoBlockly, to teach programming
languages. MotoBlockly is also a block-based programming
platform that facilitates learning programming through intui-
tive dragging and dropping of blocks. This allows students to
learn and apply programming languages more effortlessly,
building upon their existing foundation.

The EG used the 6E model and educational robots to imple-
ment the smart city curriculum, as shown in Fig. 6, which
linked the correlation between the educational robots’ assis-
tance, the 6E model, the teacher’s teaching, and the students’
learning. The CG used the 6E model only to implement the
smart city curriculum, as shown in Fig. 7.

Measurement
STEM Knowledge Examination Paper (STEM KEP)

This study used the STEM knowledge examination paper
compiled by the researcher under the theme of “Smart
City”. A smart city generally refers to a city built based
on information and communications technology, such as
cloud computing, big data, and the Internet, as a solution
to urban problems. The content of the examination paper
covered the basic concepts of the programming language,
electronic circuits, sensors, Arduino programming, and
scientific principles. The test was conducted in a multi-
ple-choice format, with the same number of questions for
each knowledge area. The test consisted of 20 questions,
each worth 5 points for a total score of 100 points. The
question items of the examination paper were reviewed
by internal and external experts, as well as teachers of
the relevant subjects, and were revised according to the
suggestions made to ensure the validity of the content.
To confirm the discriminative power of the questions,
item analysis was performed on the pre-test results from
104 participants. The participants were divided based on
their scores into the top 27% (high-scoring group) and the
bottom 27% (low-scoring group), each consisting of 28
participants. The results indicated significant differences
(p <0.05) between the high and low-scoring groups for
each question (S1-S20), with critical ratios ranging from
3.0 to 4.77, thus affirming the discriminative power of the
questions and negating the need for item deletion. Further-
more, the questionnaire demonstrated content validity and
reliability, evidenced by a Cronbach's alpha coefficient of
0.673, indicating reliable internal consistency within the
study's questionnaire.

Hands-on Performance

The Creative Product Assessment Matrix (CPAM) developed
by Besemer and Treffinger (1981) was used in this study. The
CPAM consists of three dimensions: Novelty, Resolution,
and Elaboration and synthesis. Each of these dimensions has
its own indicators and scoring criteria. For example, Novelty
includes originality and surprise; Resolution includes value,
logic, utility, and understanding; and Elaboration and synthesis
includes basic quality, elegance, and mastery of techniques.
Individual indicators were graded on a scale of 1 to 5, with
each score supported by certain criteria based on the students’
final products, with a total of nine indicators and a total score
of 45 points. The scorers were the researcher and the teachers
of the original classes, and the scoring items were the students’
regular hands-on exercises and their smart city works. The
scoring criteria for the hands-on exercises and the related ideas
were developed through discussions between the researcher
and the teachers of the original classes based on their common
standards and consensus.

Motivation Scale

The Instructional Materials Motivation Survey (IMMS),
developed based on the ARCS motivation model, will be
used to assess students' learning motivation. The IMMS
scale measures students' attention, relevance, confidence,
and satisfaction, thereby understanding their perceptions.
Such quantitative analysis can provide deeper insights,
helping to optimize instructional design to better facilitate
student learning and development. The original version of
the IMMS is divided into four dimensions: 12 questions on
attention, nine questions on relevance, nine questions on
confidence, and six questions on satisfaction, for a total of
36 questions, which are scored on a 5-point Likert scale.
To confirm the quality of the scale, it was translated by
the researcher, and then modified according to experts’
suggestions. In addition, a pre-test was conducted with
104 8th-grade students from the same junior high school.
After analyzing the correlation between the items and the
students’ total scores and performing reliability analyses,
the researcher eliminated items with total correlation coef-
ficients below 0.3, which were A04, A0S, A08, Al11, C02,
C04, C06, and CO8. The overall Cronbach’s o was found to
be 0.966 after eliminating these items, indicating that the
reliability of the scale was good. Moreover, the reliability of
each dimension ranged from 0.871 to 0.907, which was con-
sidered good, and the detailed results are shown in Table 3.
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Data Collection, Processing, and Analysis

The researcher contacted a junior high school in Taipei City
for collaboration and obtained permission from the teachers
and parents of the participants to videotape the classroom
content and collect data. STEM KEP and CPAM data were
distributed normally according to skewness and kurtosis
values. Moreover, analysis of covariance (ANCOVA) was
conducted to determine whether there were statistically
significant differences between the post-tests of the EG
and the CG and to eliminate the effect of internal validity
between the EG and the CG on the pre-tests. The eta-square
(effect size) coefficient was used to determine the ability
of independent variables to influence dependent variables.
The high- and low-scoring groups distinguished by learning
motivation were also analyzed using ANCOVA, with the
pre-test of hands-on performance as a covariate, the groups
as the independent variable, and the post-test of hands-on
performance as a dependent variable, to explore the asso-
ciation between the students’ learning motivation and their
hands-on performance.

Results

Influence of Different Teaching Strategies
on STEM Knowledge

Table 4 lists the statistics of the students’ STEM knowledge
performance. The pre-test scores achieved by both the EG
and the CG were quite low. The main reason for this was
that both groups of students were almost new to the content
of the curriculum design of this study, and they had only
a brief understanding of block-based visual programming
language because the partner school had already taught
them Scratch in Grade 7. However, after the implementa-
tion of different pedagogical approaches, the post-tests of
both groups showed considerable improvement, and the
EG showed greater improvement than the CG. According
to the results of ANCOVA, the homogeneity of regres-
sion (F=0.52, p=0.18>0.05) indicated that the use of
ANCOVA was appropriate. The results of ANCOVA also
showed that the EG achieved significantly better scores
(F=14.52, p<0.001) than the CG. In addition, the UZ
value was provided as a substitute for effect size: 7°=0.13
(0.06 < 1]2 <0.138, medium effect) (Cohen, 1988).

Influence of Different Teaching Strategies
on Hands-on Performance

Table 5 presents the outcomes of the students' hands-on
performance evaluation. Each group of students built their
own smart cities, which was divided into two training units,

Table 4 Summary of statistical data for the students’ motivation

ANCOVA

Post-test

Pre-test

Group

Adjusted Mean F

SD Mean SD

Mean

0.69 3.29 0.70 3.29% 5.50% 0.02 0.05
297 0.69

0.77

2.90
2.93

51

EG
CG

2.97*

52

9 <0.05

292

4Pre-test score used as the covariate
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0.13

14.52%%* <0.001

59.02%
45.02%

20.31

59.04
45.00

9.99

13.64

28.73
29.42

51

EG
CG

16.66

52

##kp <0.001
2Pre-test score used as the covariate

29.08

hands-on practice and smart city product. Since there was
no pretest for hands-on performance, the study treated the
“hands-on practice” scores as a pretest and the “smart city
product” scores as the posttest. To verify the differences in
the students’ hands-on performance with different teaching
strategies, ANCOVA was used to compare the differences
between the two groups. The homogeneity of regression
(F=1.34, p=0.25>0.05) showed that the use of ANCOVA
was appropriate. The ANCOVA results demonstrated that
the EG achieved significantly better scores (F=11.20,
p<0.001). In addition, the #* value was provided as a sub-
stitute for effect size 7°=0.10 (52 < 0.138 = medium effect)
(Cohen, 1988). Figure 8 shows the comparison between the
high- and low-scoring groups in terms of learning motiva-
tion. In the high-scoring group, it was found that: (1) the
sensors were arranged according to the students’ preferred
positions; (2) the appearance was properly designed, and the
garbage cans were covered with garbage bags; and (3) the
wiring was complete, with positive and negative electrodes
correctly connected.

Influence of Different Teaching Strategies
on Students’ Motivation

Table 6 lists the statistical data for the students’ motivation.
The scores of the post-test for the two groups were better
than the scores of the pre-test, which showed that the 6E
instructional strategy in this study was helpful in enhancing
the students’ motivation. To verify the differences in the stu-
dents’ learning motivation with different teaching strategies,
ANCOVA was used to compare the differences between
the two groups. The homogeneity of regression (F=0.52,
p=0.37>0.05) showed that the use of ANCOVA was appro-
priate. The results of ANCOVA demonstrated that the EG
achieved significantly better scores (F=5.50, p <0.05). In
addition, the 5° value was provided as a substitute for effect
size: 7*=0.05 (0.06 > 52, small effect) (Cohen, 1988).

Investigation of the Correlation between the High-
and Low-scoring Groups in Learning Motivation
and Hands-on Performance

As shown in Table 7, the researcher examined the hands-
on performance of both the EG and the CG. Based on the
students’ scores for learning motivation in the post-test, the
top 40% and the bottom 40% (20 students each) in the EG
and the CG were categorized as the high-scoring group (H)
and the low-scoring group (L), respectively, with the pur-
pose of investigating the effects of the students’ learning
motivation on their hands-on performance. The high- and
low-scoring groups were the fixed factors, the pre-test scores
of hands-on performance the covariate, and the post-test
scores of hands-on performance the dependent variable.
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Fig.8 Comparison of the
hands-on work of the high- and
low-scoring groups

Figure 8-1 High-scoring group

Figure 8-2 Low-scoring group

Description of CPAM Indicators

Novelty:

This indicator focused on whether there was originality and surprise in the work, and whether
the students demonstrated that their designs were different from those shown in the examples.
In Figure 8-1, it can be seen that the students in the high-scoring group achieved a remarkable
performance in terms of visual design, circuit wiring, and so on, especially in terms of visual
appearance, and thus they received nearly full marks, while those in the low -scoring group
attained a much less impressive performance.

Resolution:

This indicator focused on the number of components used, their integration, and whether they
were logically placed. Both groups met the basic criteria regarding this indicator, and the only
difference was in the programming part: the low  -scoring group lacked integration among
components and their operations, and this was the difference between the two groups.
Elaboration and synthesis:

This indicator focused on whether or not the electronic components in use were functioning
properly, and whether or not the assembly of the panels and components had been completed
in an aesthetically pleasing manner, or showed any ingenuity in the design. In Figure 8-1, the
high-scoring group had the components functioning properly, and they were more beautifully
presented with the added plastic bags and text, while the lowscoring group had the components

connected, but they were not functioning, and there was noth ing special about the assemblies.

The above summarizes the differences between the two groups.

The combinations were as follows: the high-motivation
group in the Experimental Group versus the low-motivation
group in the Experimental Group (EG_H versus EG_L);
the high-motivation group in the Control Group versus the
low-motivation group in the Control Group (CG_H ver-
sus CG_L); the high-motivation group in the Experimen-
tal Group versus the high-motivation group in the Control
Group (EG_H versus CG_H); the low-motivation group in
the Experimental Group versus the low-motivation group in
the Control Group (EG_L versus CG_L); the low-motivation
group in the Experimental Group versus the high-motivation
group in the Control Group (EG_L versus CG_H); and the
high-motivation group in the Experimental Group versus
the low-motivation group in the Control Group (EG_H and
CG_L). A total of six combinations of groups were ana-
lyzed by descriptive statistics and ANCOVA, and the results
were as follows: F=5.71, p=0.02 <0.05 for EG_H versus

EG_L, achieving a significant effect with a medium effect
size; F=0.20, p=0.66 for CG_H versus CG_L, not signifi-
cant; F'=29.74, p<0.001 for EG_H versus CG_H, achiev-
ing a significant effect with a high effect size; F=4.95,
p=0.03<0.05 for EG_L versus CG_L, achieving a signifi-
cant effect with a high effect size; F=6.01, p=0.02 <0.05
for EG_L versus CG_H, achieving a significant effect with a
medium effect size; and F=30.77, p <0.001 for EG_H ver-
sus CG_L, achieving a significant effect with a high effect
size. To summarize these results, as shown in Fig. 9, intra-
group variations were found only in the EG, whereas the
CG demonstrated more consistency. Comparisons between
groups showed that there were significant differences in the
four combinations of EG_H versus CG_H, EG_L versus
CG_L, EG_L versus CG_H, and EG_H versus CG_L, and
that the high- and low-scoring groups in the Experimental
Group all scored higher than those in the Control Group.
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EG (High
Motivation)

CG (High
Motivation)

29.74% %

EG (Low
Motivation)

CG (Low
Motivation)

*p<.05 5 *¥p<.01 ;

#H*p< 001

— significant
--- not significant

Fig.9 Comprehensive comparison of learning motivation and hands-
on performance between the high- and low-scoring groups

Discussion

Influence of Different Teaching Strategies
on STEM Knowledge

In this study, after adopting different modes of teaching,
the relevant data of the pre-tests and post-tests were sub-
jected to descriptive statistics and ANCOVA with the aim
of understanding their effects on the students’ learning out-
comes. In terms of STEM knowledge, both the EG and the
CG showed considerable progress, but the EG demonstrated
more significant progress than the CG. To confirm whether
there was a difference between the two groups, ANCOVA
was conducted and the results showed that the EG achieved
a significantly higher level of improvement compared with
the CG after excluding the effect of the pre-test. The results
indicated that the 6E model allowed the students to spend
more time thinking, organizing, and discussing STEM-
related knowledge in the classroom, which in turn positively
influenced their cognitive outcomes. In the EG, the students
learned in a more relaxed environment due to the incorpora-
tion of educational robots (Chevalier et al., 2020). Further-
more, when the students encountered problems, they sought
assistance from the robots more promptly and acquired the
corresponding knowledge more quickly (Daniela & Lytras,
2019), which allowed them to perform more effectively than
the CG in the knowledge domain.

Influence of Different Teaching Strategies
on Motivation

From the results of this study, after excluding the effect of
the pre-test, the learning motivation of the EG was signifi-
cantly higher than that of the CG, meaning that the incor-
poration of the educational robots effectively enhanced the
students’ learning motivation. It was hypothesized by the
researcher that the results were due to the fact that educa-
tional robots were incorporated into the EG as teaching
assistants for the curriculum, and the robots used a more
relatable tone even after answering to encourage the students
not to give up so easily. Moreover, at the beginning of each
lesson, the robots explained the key points of that lesson,
reminding the students that they could ask for advice when-
ever they encountered any problems. The educational robots
were also equipped with functions such as speech, facial
expressions, and gestures, and thus they were more like real
people who facilitated the students’ learning (Chao et al.,
2023; Hong et al., 2016). Therefore, with the incorporation
of educational robots as teaching assistants, the students in
the EG exhibited a higher level of motivation to learn, which
was also consistent with the findings of Chao et al. (2023).

Influence of Different Teaching Strategies
on Hands-on Performance

In terms of hands-on performance, both groups demon-
strated considerable improvement, and after conducting
ANCOVAs and excluding the effect of the pre-test, the EG
significantly outperformed the CG, confirming the findings
of previous studies, that the combination of the 6E model
and a hands-on STEM curriculum enhanced the students’
hands-on performance (Burke, 2014; Chen, 2022). For the
EG, due to the incorporation of the educational robots with
a gamification system as teaching assistants, it was hypoth-
esized that the students would seek timely help from the
robots and discuss with their group members when they
encountered problems in the hands-on exercises, and that
they would not only obtain answers from the robots but also
enjoy the knowledge acquisition process more, which echoed
the results of previous scholars who suggested the integra-
tion of educational robots in teaching (You et al., 2021).
The teacher likewise had more capacity to take care of the
students’ learning conditions and provide timely guidance to
them. For the CG, they could only discuss with their group
members, and if the teacher was busy and could not provide
timely feedback, this resulted in a gradual decrease in the
thirst for knowledge. Moreover, if they wanted to review or
confirm their learning status, they could only do so by using
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the lesson worksheets given by the teacher and during the
review time at the end of each lesson. These findings and
explanations showed the difference in learning effectiveness
between the EG and the CG.

Analysis of High- and Low-scoring Groups
regarding Learning Motivation and Students’
Performance on Hands-on Activities

This study employed ANCOVA to investigate how varying
levels of learning motivation affected students' hands-on per-
formance and to delve into the relationships between these
variables. The analysis involved comparing the Experimental
Group (EG) and Control Group (CG), segmenting each into
high- and low-scoring subgroups based on the top and bottom
40% of performers. Figure 9 illustrates these results, intra-
group variations were found only in the EG, whereas the CG
demonstrated more consistency. This disparity was hypoth-
esized to be a result of the shared use of each robot among four
to five students in the EG, leading to more engaged students
interacting more frequently with the robots and thus creating
a gap between the high- and low-performing subgroups. Inter-
group comparisons highlighted significant differences in all
four combinations: EG_ Hvs.CG_H, EG Lvs.CG_L,EG L
vs. CG_H, and EG_H vs. CG_L. Notably, both the high- and
low-scoring subgroups in the EG outperformed their CG coun-
terparts. The statistical analysis confirmed a significant impact
of learning motivation on hands-on performance, indicating
that students with higher motivation achieved better practical
results. This finding aligns with Hsiao et al. (2023) research,
underscoring the positive correlation between student motiva-
tion and hands-on performance proficiency.

Limitations and Future Research

This study has a few limitations. First, although the content
of this study was modified to fit the junior high school cur-
riculum, the students’ prior knowledge and cognitive load
had to be taken into consideration, and the results may have
affected the internal validity of the study. Second, given the
administrative considerations of the participating school, it
was not possible to conduct random sampling and assignment
of the participants, and the researcher’s personal teaching style
and grading scale might have affected the performance of the
students. Finally, the study did not account for the impact of
other courses, which could have affected the internal validity
of the results. Future related research should focus on address-
ing these limitations and delve deeper into the impact of other
courses on students' STEM learning outcomes.

The future planning of related studies should give more con-
sideration to strengthening the skills and knowledge associated
with hands-on activities to enable students to produce finished

@ Springer

products without being limited by their own handicraft skills. If
the number of users of each robot can be reduced in the future
to promote more interaction between students and robots, it may
have an even better influence on students’ learning. Looking
forward, if the curriculum is to be implemented at the junior
high school level, in addition to streamlining the complexity
of the hands-on tasks, it should also be implemented in more
consecutive class periods, such as two consecutive classes or
during interest club sessions, thus allowing for a more coherent
and complete learning experience for students.

Conclusion

In summary, the 6E model and educational robots are effec-
tive training tools for increasing students’ STEM knowledge,
learning motivation, and hands-on performance. The stu-
dents who utilized educational robots as teaching assistants
in this study received immediate assistance and made more
progress, proving the effectiveness of this mode of instruc-
tion in improving hands-on STEM activities. In addition, the
curriculum was designed using motoBlockly, a block-based
programming language and tool that develops many modu-
lar blocks with considerable versatility, which allowed the
instructor to freely choose the content needed for teaching,
and it was easy for the 8th-graders to use. In terms of cur-
riculum planning, the theme “Smart City” was chosen for
designing the content because it was related to daily life. This
not only brought the content closer to the students’ learning
but also allowed them to put what they saw and heard into
practice during the lessons. This made the students more
motivated to learn, and also made it easier for them to achieve
the goals set by the teacher. Although educational robots still
have limitations and are not yet mature enough to meet all the
needs of teachers, as they evolve, they have the potential to
become a more effective teaching tool for teachers.
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