
  

 

Abstract—It is acknowledged that the Maker movement has 

raised up a revolution at developing our future manufacturing 

and economy. So, it is significant that the current empirical 

studies of Maker Education may have led a brand new way for 

the competence-oriented curriculum reform. The purpose of 

this study tends to develop a module course of Maker Education, 

in which the learning effectiveness can be verified through its 

teaching/learning process. In this study, the courses have been 

designed and practiced for 47 students (5th grade of an 

elementary school), meanwhile the study data have been 

collected and analysed to be found that the learning 

effectiveness in the factors of “Theoretical knowledge”, 

“Practical application” and “Maker’s mindset” all have 

conformed to or exceeded the expected results. According to the 

research results, the students have obviously absorbed and 

internalized the theoretical knowledge of science, technology, 

engineering and mathematics into the course learning, with the 

ability to transform the theoretical knowledge into practical 

operations. In addition, they also have maintained the 

manufacturer's mindset in their learning production process, 

with a high interest in acquiring knowledge, and can actively 

think about the impact of technology at encountering problems. 

 
Index Terms—Internet of things, maker education, maker 

movement, technology education. 

 

I. INTRODUCTION 

Because of the “Maker” movement, the topic of “do it 

yourself (DIY)” has regained public attention and been 

brought to the level of “common creation.” Since 2011, 

Maker-related issues have been increasing year by year, and 

have shown fruitful results in both curriculum design and 

academic research [1], which all gave positive affirmations to 

students’ learning situation. The areas of observed learning 

growth include: Understanding of computer science concepts 

[2], computational thinking [3], STEM literacy [4] , 

imagination [5], self-efficacy, scientific identity, and possible 

selves [6], experience of fun and learning [7], and 3D Design 

ability [8], as well as positive impact on learning attitudes in 

computer science, mathematics, and engineering [9]. 

However, these achievements lack a complete exposition of 

the core Maker concepts. The indicators of Maker education 

 
 

 

 

 

in elementary schools are including three aspects [10]: 

1) Making: possess the theoretical knowledge and apply it 

in reality; have an appropriate maker’s mindset to 

overcome difficulties in the face of challenges  

2) Collaboration: enthusiastically participate in group 

activities and have positive interactions with peers to 

fulfill group objectives. 

3) Knowledge sharing: be motivated to share knowledge 

and information and do so in an appropriate way. 

Maker education has the characteristic of “strengthening 

the linkage between curriculum and life”. In addition to 

“knowing”, learners must have the ability of “using” and 

maintain their enthusiasm for “thinking”. Through “making” 

activities, learners can be trained to have the ability to adapt 

to today’s life and participate in the future world. The 

empirical studies of Maker Education at present lead a brand 

new way in the competence-orientated curriculum reform. 

Therefore, this study aims to develops a teaching module of 

Maker Education in elementary school. 

 

II. LITERATURE REVIEW 

A. Maker Educational Curriculum Design Model 

“Making” is the core competence of a Maker, and with the 

progress of science and technology, the encountered 

problems become more complex, which means that 

interdisciplinary  knowledge is needed for problem solving. 

According to the empirical research of  Papavlasopoulou et al. 

[11], Maker education is often operated in the STEM, which 

allows learners to learn how to integrate and apply 

knowledge through projects. Fan and Yu [12] pointed out 

that backward design of curriculum and informed design of 

curriculum are often adopted during operation of the STEM; 

therefore, the development of this research course adopts the 

backward design of curriculum, as proposed by Wiggins and 

McTighe [13], for curriculum planning, which is divided into 

the following 3 stages: 

1) Identify desired results: Teachers should fully 

understand the connotation and study focus of the 

selected topics, and establish the desired learning results 

of the students after completing their studies, including 

the desired results in cognition, ability, and attitude. 

2) Determine assessment evidence: In order to determine 

whether a student achieves the expected learning results, 

it is necessary to select or develop appropriate 

assessment tools in stage 2. 

3) Plan learning experiences and instruction: Teachers plan 

learning content and arrange teaching activities. Overall, 

the backward design emphasizes the logic and relevance 
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between the objective results, the assessment model, and 

the curriculum content. 

B. Determination of Teaching Topics 

The popularity of the Internet of Things (IoT) has made the 

Internet move from the virtual digital environment to the real 

physical environment. Qin et al. [14] pointed out that IoT has 

applications in many fields, such  as smart cities and families, 

environmental monitoring, health care, energy, and 

commerce. IoT is a large network based on the Internet, and 

covers all kinds of terminal equipment and facilities. The 

European Telecommunication Standards Institute [15] 

defines the development of IoT applications as including the 

following three areas:  

1) Perception layer: sensing environmental data through 

various sensors;  

2)  Network layer: receiving data from the device layer, 

transmitting it to the application layer, and acting as a 

bridge. 

3) Application layer: utilizing and achieving intelligent 

control and management through cloud computing and 

large data analysis. 

In the operation of the perception layer, learners must learn 

how to make the device have the functions of “identifying, 

sensing, and controlling” the various status data of the 

terminal object, and then, transmit the sensed information to 

the network through the sensing network communication 

module. In the network layer part, learners must learn how to 

transform and transfer the centrally sensed information to the 

application layer. In the application layer, learners can learn 

cloud computing, big bata, data mining, machine learning, 

deep learning, etc. When sensing that information is being 

transmitted through the network to the application system, it 

is necessary to link a single piece of information on the 

Internet of Things into a set of networks, conduct further 

analysis and computing, establish operation models, set 

automatic handling for specific events, and guide operational 

decision-making to provide the operation of the whole 

system. Only in this way can it be a complete Internet of 

Things.  

As the Internet of Things (IoT) is now an important 

technology trend and highly related to learners’ daily life 

through various applications, such as wearable devices, smart 

families, environmental detection, etc., it is very suitable to 

be introduced into the alternative curriculum of elementary 

schools. Therefore, this study sets the Internet of Things as 

the curriculum development topic. In addition, Hsu et al. [16] 

suggested that a interdisciplinary instruction should be 

adopted to enable students to deepen their understanding of 

interdisciplinary knowledge and foster their interest in 

science, technology, engineering, and mathematics through 

computational thinking and data analysis in various fields. 

Therefore, this study takes the Internet of Things as the 

teaching theme and integrates learners’ life situations into the 

curriculum design. However, due to the limited knowledge of 

primary school students, it is difficult to carry out in-depth 

work development. Hence, this study limits the scope of 

topics to allow learners to have a preliminary cognitive 

concept of the Internet of Things, try to connect the device 

layer, network layer, and application layer through practice, 

and then, design simple IoT products. 

C. Plan Learning Experiences and Instruction 

Based on the indicators of Maker education in elementary 

schools, as proposed by Yeh et al. [10], this study proposes 

the desired learning results for students to gain “making” 

ability in their life, including 3 factors and 10 indicators: 

1) The theoretical knowledge factors: 

 Knowledge of science: be able to comprehend scientific 

principles in daily life; 

 Knowledge of technology: be able to comprehend the 

conceptual and procedural knowledge of technology; 

 Knowledge of engineering: be able to comprehend 

engineering principles applied in the making of 

products; 

 Knowledge of mathematics: the mathematical abilities 

to analyze, count, compute and measure 

2) Practical application factors: 

 Hands-on movements: be able to operate, use and 

maintain tools 

 Design and planning: design targeted, functional and 

attractive products using design rules; 

 Conversion and application: be skillful in using 

theoretical knowledge to design and make products; 

3) The Maker’s mindset factors: 

 Learning interest: be passionate about making and 

become engaged in it; 

 Active thinking: be able to solve problems with a 

positive attitude. 

 Influence of technology: be active to understand the 

interaction among technology, individuals and family 

life. 

According to the desired learning results, the content of 

this curriculum is planned as Table I, which is divided into 

hands-on activities and personal project. 
 

TABLE I: MAKER CURRICULUM CONTENT 

Unit Week Name 

Hands-on 

activities (I) 

1 

Trends in the Future of Science and Technology: 

Understanding the Internet of Things (IoT) 

Basic Settings of Webduino smart 

2 

Webduino Blockly and Simulator Application 

Initial Exploration of Internet of Things and 

Digital Control: Practice of Webduino Blockly 

(Lighting LED) 

3 

Internet of Things Control of LED (Beginner): 

Web Button Control of LED 

Internet of Things Control of LED (Advanced): 

Simulated Flashing Green Light and Traffic Light 

4 

3-Color LED Lamp (Foundation Level): Light 

Palette 

3-Color LED Lamp (Advanced Level): Remote 

Control of Traffic Light 

5 
Hands-on activities worksheet  (I) 

Problem Discussion and Clarification of Myths 

Hands-on 

activities (II) 

6 LDR: Intelligent Lighting System 

7 
Switch Button: Practical Application of Logical 

Judgment 

8 
Hands-on activities worksheet  (II) 

Problem Discussion and Clarification of Myths 
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Hands-on 

activities (III) 

9 Buzzer: Digital Control of Sound 

10 
Ultrasound Sensors: Technological Applications 

of Acoustic Waves 

11 

Hands-on activities worksheet  (III) 

Problem Discussion and Clarification of Myths 

IoT Conceptual Knowledge Test 

Personal 

Project  

12 
Personal Project (I): Structural Assembly of 

Intelligent Toy Cars  

13 
Personal Project (II): Line Linkage and Program 

Application of Intelligent Toy Cars  

14 
Personal Project (III): Design and Planning of 

Intelligent Toy Car Projects 

 

The first 11 weeks of the curriculum are hands-on 

activities. Through the analysis of life cases, students can 

learn how to edit programs, assemble hardware, and design 

and plan the products. The hands-on activities are 

implemented under the principle of the 6E teaching strategy, 

as proposed by Burke [17]: “Engage, Explore, Explain, 

Engineer, Enrich, and Evaluate”, in order to cultivate 

students’ ability to explore knowledge. Table II illustrates the 

comparison between the indicators of this curriculum and the 

6E strategy, and takes the example unit “Hands-on activities 

(III)-Ultrasound Sensors: Technological Applications of 

Acoustic Waves” for implementation in the 10th week. 
 

TABLE II: CURRICULUM IMPLEMENTATION PROCEDURE AND COMPARISON 

WITH 6E STRATEGY 

Index 6E Curriculum Content 

1-1 

1-2 

1-3 

1-4 

Engage 

1. Give real-life examples to connect the curriculum 

with life experiences 

2. Play sound-wave videos and let students have 

specific concepts. 

Explore 

1. Summarize the transmission principle of supersonic 

wave 

2. Exploration of the factors affecting the accuracy of 

ultrasonic sensors 

2-1 Explain 

Through the practice of the ultrasonic sensors, 

students begin to carry out “assemble hardware” and 

“programming”, which combines curriculum 

knowledge and practice: 

1. Installation of Ultrasound Sensor Circuit 

2. Algorithms for distance calculation of ultrasound 

sensors 

3. Compiling program for distance calculation of 

ultrasonic sensors 

2-2 Engineer 

Teachers demonstrate the principle of “Engineer” by 

first showing the design direction of the product, such 

as “what conditions the intelligent packaging sensors 

should have”, guiding students to tell the purpose of 

the product, and then, showing the impact of the 

appearance of IoT on the product functions. 

2-3 Enrich 

According to the above design and planning, the 

teacher assists students to make products, such as 

producing an intelligent reverse sensor with the 

distance display function by combining it with LED 

or a screen display. 

3-1 

3-2 

3-3 

Evaluate 

Through evaluation, help students to understand their 

learning effectiveness and give suggestions on how to 

optimize the product. 

 

In the last three weeks of the curriculum, students apply 

what they have learned to make products. Personal project 

adopts informed design of curriculum [18], which means that 

students will plan a series of courses for knowledge and skills 

building before personal project. Compared with the 

objective model, the informed design of curriculum attaches 

greater emphasis to the spirit of inquiry and analysis, and 

ensures that the process of personal project displays the 

innovation and application of students’ high-level thinking 

ability. Just like the hands-on activities, the operation follows 

the 6E process, except that the original semi-open questions 

with teacher assistance are changed to open questions, and 

emphasis is placed on the six steps of the engineering design 

principles, including: 

1) Task definition: Identify the purpose and function of the 

product;  

2) Development project: Plan hardware and programming;  

3) Predictive analysis: Assume possible situations and 

problem shooting; (4) Prototype modeling: Practice the 

above; 

4) Test and revision: Test whether the product works;  

5) Optimization: Observe other works and make 

adjustment on one’s own works. 

The core hardware device used in this curriculum is 

Webduino Smart, as developed by KING KIT 

TECHNOLOGY CO., LTD, based on Arduino, and 

embedded in the Esp8266 module. This study used 

Webduino Blockly software, as proposed by the company, to 

modify the Blockly program code. 

 

III. RESEARCH DESIGN AND IMPLEMENTATION 

The subjects of this study are 47 fifth-grade students in a 

elementary school in Kaohsiung, who had the experience of 

learning Scratch in the fourth grade, and thus, possess the 

basic concepts of computational thinking, such as: 

decomposition, which refers to decomposing a task or 

problem into several steps or parts, and pattern recognition, 

which refers to predicting the law of the problem and 

determining the test model. The course is planned to last for 

14 weeks, with 80 minutes of course content each week. 

Data collection was carried out by using the test method 

and the observation method. The test method used 

standardized testing as a tool for data collection [19]; the 

observation method refers to the systematic observation, 

recording, and objective interpretation of the samples’ 

behavior in natural and controlled situations in a planned 

manner. 

The tools used in the test method are the “IoT Conceptual 

Knowledge Test” and “Maker’s mindset scale”. The “IoT 

Conceptual Knowledge Test” contains five questions of the 

scientific dimension, seven questions of the technological 

dimension, five questions of the mathematical dimension, 

and three questions of the engineering dimension, for a total 

of 20 questions, all of which are single-choice, with 5 points 

for each question, and a full score of 100 points. The average 

difficulty index of this test is .66 and the average 

discrimination index is .35, which shows that the questions 

are moderately difficult and have good discrimination [20]. 

 The “Maker’s mindset scale”, which is divided into the 

three factors of “Learning interest”, “Active thinking”, and 

“Influence of technology”, refers to the results of  Yu, Lin, 
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Han, and Hsu. [21]. This questionnaire adopts the scoring 

method of a Likert seven-point scale, where the higher the 

degree of identification, the higher the score. Regarding scale 

preparation, a questionnaire survey was conducted with 5 

experts in technological education to establish content 

validity. If the cumulative percentage of items judged as 

“retain” or “modify” was more than 80%, the items were 

retained [22]; otherwise, they were deleted. Finally, all items 

were retained. 

The tools used in the observation method are the 

“Hands-on activities worksheet” and “Project evaluation 

rubric”, which refer to the framework proposed by Fan [23]. 

These two tools are composed of three items: “Hands-on 

movements”, “design and planning”, and “Conversion and 

application”, which are rated by a scale. The scoring rate of 

each item is obtained by dividing the scores of the individual 

sub-items by the total score of the item, and then, multiplied 

by the percentage (scoring rate = score / total score * 100%). 

The scoring rate is presented by a five-point scale in class 

intervals, with five points representing that 80-100% of the 

item can be achieved, four points representing that 60-79% of 

the item can be achieved, three points representing that 

40-59% of the item can be achieved, two points representing 

that 20-39% of the item can be achieved, and one point 

representing that 0-19% of the item can be achieved. 

Multiple Assessment is adopted to evaluate the learning 

results. In addition to using different tools, the evaluation is 

divided into formative evaluation and summative evaluation 

according to the time of evaluation. Formative evaluation 

represents the effect of students’ short-term memory, while 

summative evaluation can explain whether learning results 

can be internalized into long-term memory. This study 

analyzed the IoT conceptual knowledge test through 

descriptive statistics, and the results illustrate the overall 

learning effectiveness of the students. The questions with a 

higher error rate were analyzed according to the myths of the 

students. Both the hands-on activities worksheet and the 

project evaluation rubric adopt the form of a five-point scale. 

Through one-sample t-testing, the three points are used as the 

verification value to analyze whether the students’ learning 

results have achieved the expected targets of this study. 

Finally, the data obtained from the Maker’s mindset scale are 

processed using Repeated Measured ANOVA to test the 

changes of the Maker’s mindset factors after students 

participate in the course. The curriculum dimensions, 

evaluation tool/items, and data analysis method are shown in 

Table III.  
 

TABLE III: COMPARISON TABLE OF THE CURRICULUM DIMENSIONS, 

EVALUATION TOOLS/ITEMS AND DATA ANALYSIS METHOD 

factor Form Evaluation Tool/Item 

Data 

Analysis 

method 

Theoretical 

knowledge 
Formative 

Hands-on activities 

worksheet  

 / Basic concepts of 

scientific, technological, 

engineering and mathematic 

knowledge 

One-sample 

t-test 

Summative 

IoT conceptual knowledge 

test/scientific, 

technological, engineering 

and mathematic knowledge 

Descriptive 

statistics 

Practical 

application 

Formative 

Hands-on activities 

worksheet  

/Hands-on movements, 

Design and planning, 

Conversion and application One-sample 

t-test 

Summative 

Project evaluation rubric 

/Hands-on movements, 

design and planning, 

Conversion and application  

Maker’s 

mindset 

Formative 

Maker’s mindset scale (to be 

implemented three times 

after completion of the 

hands-on 

activities)/Learning interest, 

Active thinking, Influence 

of technology 
Repeated 

measured 

ANOVA 

Summative 

Maker’s mindset scale (to be 

implemented after 

completion of the personal 

project) /Learning interest, 

Active thinking, Influence 

of technology  

 

IV. RESEARCH RESULTS 

A. Learning Effectiveness in the Theoretical Knowledge 

Factors 

Formative evaluation of the theoretical knowledge factors 

was carried out through the basic conceptual item of the 

hands-on activities, and the analysis results are shown in 

Table IV. Except for the scores of the basic concepts of 

Hands-on activities (III), which have no significant 

difference from the verification values, the scores of the 

learning effectiveness of all other items are higher than the 

verification value of 3, which shows that students have 

knowledge of the relevant IoT theoretical concepts provided 

in the curriculums of the hands-on activities. 
 

TABLE IV: FORMATIVE EVALUATION OF THE THEORETICAL KNOWLEDGE 

FACTORS 

Unit M(SD) 
Mean 

difference 
t 

95% CI 

LL UL 

Hands-on 

activities (I) 
4.74(.61) 1.74 19.00*** 1.57 1.92 

Hands-on 

activities 

(II) 

3.98(.98) 0.98 6.79*** 0.69 1.27 

Hands-on 

activities 

(III) 

3.10(1.11) 0.16 .658 -0.22 0.43 

 

The summative evaluation of the theoretical knowledge 

factors adopts the IoT conceptual knowledge test with an 

average score of 67.39, a standard deviation of 2.10, and a 

total score of 100 points. If 20 points are used as one class 

interval, by converting the class intervals according to the 
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conceptual analysis of the rating scale, it can be found that, as 

a whole, the students have good scoring performance in the 

IoT conceptual knowledge test. Among the class intervals 

scores, 48% of the students had 60-79 points and 28% had 

80-100 points, for a total of 76%, which shows that most 

students understood and absorbed the theoretical knowledge 

factors of the textbook content, and internalize it into 

long-term memory. The distribution of class intervals is 

shown in Table V. 
 

TABLE V: DISTRIBUTION OF CLASS INTERVALS IN IOT CONCEPTUAL 

KNOWLEDGE TEST 

Evaluation Class Interval Number Percentage 

Extremely poor 0-19 0.0 0% 

Poor 20-39 0.0 0% 

Fairly good 40-59 11.0 24% 

Good 60-79 22 48% 

Excellent 80-100 13 28% 

  

Analysis of the four indicators of the theoretical 

knowledge factors found that students performed poorly in 

mathematical knowledge (as shown in Table VI), which 

shows that students did not have good mastery of abstract 

reasoning or application abilities; for example, Question 18 is 

on the calculation of acoustic velocity, and the correct answer 

fill rate is only 26%. Therefore, teachers must use specific 

examples to interpret the concept of velocity, and clarify that 

“velocity” refers to the distance the object moves in a unit 

time, in order to explain the relationship among velocity, 

distance, and time. 
 

TABLE VI: CORRECT ANSWER FILL RATE ON ITEMS OF THE IOT 

CONCEPTUAL KNOWLEDGE TEST  

Index Question Item 
Percentage of Correct 

Answers (N=46) 

Knowledge of science 

1 61% 

2 50% 

3 43% 

13 61% 

15 78% 

16 76% 

20 93% 

Knowledge of 

technology 

4 76% 

9 83% 

12 91% 

17 91% 

19 39% 

Knowledge of 

engineering 

6 78% 

7 46% 

11 91% 

Knowledge of 

mathematics 

5 41% 

8 28% 

10 67% 

14 96% 

18 26% 

 

B. Learning Effectiveness in the Practical Application 

Factors 

Formative evaluation of the practical application factors 

was carried out through the Hands-on movements, Design 

and planning, and Conversion and application items in the 

evaluation of hands-on activities worksheet. The scores in all 

items are significantly better than 3 points, which means that 

most students mastered the skills of practical application, and 

the analysis results are shown in Table VII. 

TABLE VII: FORMATIVE EVALUATION OF THE PRACTICAL APPLICATION FACTORS 

Unit Item M(SD) Mean Difference t 
95% CI 

LL  UL  

Hand-s-on active-ties 

(I) 

Hands-on movements 4.94(.32) 1.94 41.06*** 1.84 2.03 

Design and planning 4.21(.69) 1.21 12.06*** 1.01 1.42 

Conversion and 

application 
4.79(.62) 1.79 19.66*** 1.60 1.97 

Hand-s-on active-ties 

(II) 

 

Hands-on movements 4.94(.32) 1.94 41.06*** 1.84 2.03 

Design and planning 3.36(1.17) 0.36 2.12* 0.02 0.70 

Conversion and 

application 
4.74(.85) 1.74 14.14*** 1.50 1.99 

Hand-s-on active-ties 

(III) 

Hands-on movements 4.87(.74) 1.87 17.33*** 1.65 2.09 

Design and planning 3.64(.97) 0.64 4.53*** 0.35 0.92 

Conversion and 

application 
4.09(1.46) 1.09 5.11*** 0.66 1.51 

 

Summative evaluation of the practical application factors 

was carried out through the project evaluation rubric. 

Students obtained an average score of 4.71 in hands-on 

movements items, 4.07 in design and planning items, and 

4.04 in conversion and application items, which means that 

students can convert theoretical knowledge and apply it into 

practice. The scores of the items and the number percentages 

are shown in Table VIII. 

In the hands-on movements items, 80.4% of the students 

scored 5 points, representing that 80% of the students are 

very skilled in the use of tools. Secondly, in the design and 

planning items, 47.8% of the students scored 5 points, 

representing that nearly 50% of the students can design 

works by themselves for specific purposes, and can conceive 

that, in order to achieve such purposes, they must determine 

what functions a work must have, and what hardware and 

program these functions must cooperate with. In the process 

of making a product, they can incorporate the potential 
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problems and consider how to solve such problems. 

Regarding Conversion and application items, 37% of the 

students scored 5 points, representing that about 40% of the 

students can convert their design into products through the 

Making process. The students who scored below 3 points 

account for 28.2%, which shows that these students did not 

experience a smooth Conversion and application process; 

although they have the basic theoretical knowledge and 

ability, there is a considerable gap in the actual application. 
 

TABLE VIII: SUMMATIVE EVALUATION OF THE PRACTICAL APPLICATION 

FACTORS 

Score 

hands-on 

movements 

Design and 

planning 

Conversion and 

application 

Number 

(Percentage) 

Number 

(Percentage) 

Number 

(Percentage) 

5 37(80.40%) 22(47.80%) 18(39.10%) 

4 5(10.90%) 10(21.70%) 15(32.60%) 

3 4(8.70%) 9(19.60%) 10(21.70%) 

2 0(0%) 5(10.90%) 3(6.50%) 

1 0(0%) 0(0%) 0(0%) 

Average 4.72 4.07 4.04 

Standard 

deviation 
0.62 1.06 0.94 

 

C. Learning Effectiveness in the Maker’s Mindset Factors 

The Maker’s mindset factor is measured by the Maker’s 

mindset scale in the 5th, 8th, 11th, and 14th week of teaching. 

First, overall descriptive statistics analysis was carried out, 

and the results show that, the average scores of the three 

indicators are more than 6 points, representing that most 

students can retain their learning interest after taking this 

course, engage in active thinking when facing problems, and 

realize the influence of technology. The analysis results are 

shown in Table IX. 
 

TABLE IX: ANALYSIS RESULT OF MAKER’S MINDSET SCALE 

Index Unit Average 
Standard 

deviation 

Learning 

interest 

Hands-on activities (I) 6.77 0.51 

Hands-on activities (II) 6.78 0.52 

Hands-on activities (III) 6.70 0.82 

Personal Project 6.45 1.42 

Active 

thinking 

Hands-on activities (I) 6.82 0.45 

Hands-on activities (II) 6.85 0.45 

Hands-on activities (III) 6.79 0.76 

Personal Project 6.44 1.42 

Influence of 

technology 

Hands-on activities (I) 6.80 0.50 

Hands-on activities (II) 6.81 0.50 

Hands-on activities (III) 6.82 0.56 

Personal Project 6.57 1.26 

 

The Mauchly's sphericity test was used to test whether the 

data to be analyzed conformed to the spherical hypothesis, 

and the results show that the Mauchly's sphericity test of 

learning interest, active thinking, and Influence of 

technology are 0.01, 0.11, and 0.001, respectively, while 

their significance (P values) are less than 0.001, which does 

not conform to the spherical hypothesis. Thus, epsilon was 

used to make corrections, the Huynh-Feldt (H-F) values were 

used to correct the F test, and the results show that the F 

values of all the three indicators did not reach significance 

levels, indicating no significant difference in the four tests. 

Moreover, their Maker’s mindset were maintained at a 

certain level, meaning they did not lose interest in the course 

due to increased course difficulty or reduced assistance from 

the teacher, and the results are shown in Table X. 

 

TABLE X: REPEATED MEASURES ANOVA ANALYSIS OF MAKER’S MINDSET SCALE 

Index Source of variation SS DF MS F Post- hoc comparison 

Learning interest 

Variation between-subjects 71.56 46 1.56 

2.01  

Variation within subjects 80.29 68.13 3.47 

Variation due to Level 3.36 1.45 2.32 

Residual Variation 76.93 66.68 1.15 

Total 151.85 114.13 5.03 

Active thinking 

Variation between-subjects 59.6 46 1.3 

2.96  

Variation within subjects 80.22 78.91 4.78 

Variation due to Level 2.03 14.09 3.57 

Residual Variation 78.19 64.82 1.21 

Total 139.82 124.91 6.08 

Influence of technology 

Variation between-subjects 49.89 46 1.09 

1.49  

Variation within subjects 62.63 52.89 2.92 

Variation due to Level 1.97 1.13 1.75 

Residual Variation 60.66 51.76 1.17 

Total 112.52 98.89 4.01 

 

V. CONCLUSIONS 

The results indicate that the Maker curriculum has an 

impact on students’ learning effectiveness in the following 

factors: “Theoretical knowledge”, “Practical application”, 

and “Maker’s mindset”. 



  

1) Theoretical knowledge: The students could internalize 

the theoretical knowledge proposed in this study, and 

they could achieve the desired learning effectiveness in 

both formative evaluation and summative evaluation, 

which shows that they have a good understanding of the 

scientific knowledge, technological knowledge, 

engineering knowledge, and mathematical knowledge 

presented in the curriculum. Meanwhile, they could also 

engage in effective “Conversion and application” of the 

practical application factors during product production, 

which shows that students have a holistic concept of 

theoretical knowledge. 

2) Practical application: The students had the ability of 

practical application to transform and apply the 

theoretical knowledge into practice. Their effectiveness 

in the formative evaluation of the three indicators of 

“Hands-on movements”, “design and planning”, and 

“Conversion and application” were significantly better 

than expected, showing that in the learning process of 

the three units, with appropriate guidance by teachers, 

students can have the ability to design products, 

skillfully use tools, and transform and apply what they 

have learned in production. In addition, in the 

summative evaluation, the teachers gradually gave less 

assistance and added contents to the dimensions, thus, 

greatly increasing the difficulty of curriculum content; 

however, the students’ average scores in “hands-on 

movements”, “design and planning”, and “Conversion 

and application” items were all higher than the default 

verification values. More than 80% of students received 

5 points in the “Hands-on movements” item, which 

shows that most students became proficient in using 

tools. In “design and planning” and “Conversion and 

application”, about 70% of students could make the 

products independently or with only a few tips from their 

teachers. However, due to the expanded depth and width 

of curriculum difficulty during personal project, about 

30% of students required more specific assistance from 

teachers to design and make the products. 

3) Maker’s mindset: The students had the Maker’s mindset, 

maintained their learning interest, engaged in active 

thinking when facing problems, and realized the 

influence of technology: their scores in “learning 

interest”, “active thinking”, and “Influence of 

technology” are all more than 6 points, meaning they 

maintained a high level of effectiveness even with the 

gradual increase in curriculum difficulty, which shows 

that they maintained curiosity and interest in learning the 

course contents, and could actively consider how to 

overcome and solve the difficulties or problems they 

encountered. In addition, in the process of practice, they 

could realize how technology, and the products they 

designed, can change their lives in the future. 

Maker courses still need to emphasize interdisciplinary 

integration and integration into real-life application scenarios. 

The interdisciplinary teaching mode can enable the students 

to develop and understand cross-disciplinary knowledge. 

During the learning process, they need to constantly think 

and explore in their learning activities to maintain their 

curiosity and motivation. This study only provides a learning 

alternative, so that Making can have an impact on their 

learning. It is expected that a lot of continuous research is 

needed to consolidate this teaching strategy and become a 

part of basic education. 
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