
科技部補助專題研究計畫報告

虛擬實境應用對高中STEAM探究學習效果與創意表現的影響(總
計畫+子計畫一)-虛擬實境應用對高中STEAM探究學習效果與創

意表現的影響(總計畫+子計畫一)(第3年)

報 告 類 別 ： 成果報告

計 畫 類 別 ： 整合型計畫

計 畫 編 號 ： MOST 106-2511-S-003-048-MY3

執 行 期 間 ： 108年08月01日至109年10月31日

執 行 單 位 ： 國立臺灣師範大學科技應用與人力資源發展學系（所）

計畫主持人： 張玉山

計畫參與人員： 碩士班研究生-兼任助理：李姿儀
碩士班研究生-兼任助理：李易庭
碩士班研究生-兼任助理：陳璽宇

報 告 附 件 ： 出席國際學術會議心得報告

本研究具有政策應用參考價值：■否　□是，建議提供機關
（勾選「是」者，請列舉建議可提供施政參考之業務主管機關）
本研究具影響公共利益之重大發現：□否　□是　

中　華　民　國　110　年　01　月　28　日



中 文 摘 要 ： 本研究主要在探討虛擬實境應用對探究學習及創意表現的影響。本
研究分成三個子研究來進行。主要的研究結果如下：
子研究一：探討虛擬實境VR教學應用對工程設計創意之影響。主要
結論如下： 1. VR教學應用對學生工程設計能力有中度的正面效果
。尤其在確認限制的能力，效果最顯著。2. VR教學應用對工程設計
歷程有中度的正面效果。尤其在確認需求、構思與選擇、測試與改
良、分享與傳播等階段的效果最顯著。3. VR教學應用對工程設計結
果有中度的正面效果。尤其在設計結果的功能性及獨特性，效果最
顯著。
子研究二：在探討虛擬實境VR應用與性別因素對工程設計創意之影
響。主要結論如下：1.VR教學應用對工程設計思考的同理體察、定
義問題、產生構想、以及總分，都具有中度的正面效果。而且對女
生的效果更為明顯。2.VR教學應用對學生工程設計作品有中度的正
面效果，對女生的效果更大。
子研究三：旨在探討虛擬實境對創意設計表現與創造性經驗學習歷
程的影響。主要的結論為：1. VR對創意設計歷程有顯著的正面影響
，尤其對設計與規劃、測試與修改、心得與欣賞等階段都有正面的
大幅影響。2. VR對創意設計結果有顯著的正面影響，其中對創意造
型及功能適切，分別有高度與低度的效果。3. VR及創造性經驗學習
的學習歷程則從具體經驗到觀察反思，再到抽象概念和創新應用。
其中的觀察反思與創新應用的行為也相當活絡，這兩者對於創意歷
程與創意結果的表現，都非常重要。

中文關鍵詞： 虛擬實境，工程設計創意，性別，經驗學習，創意歷程

英 文 摘 要 ： Part 1: (1) the use of VR in ED instruction moderately and
positively affected ED competence among students in
identifying constraints. (2) VR positively affected the
cognitive and affective domains in the ED process, but the
VR effects on the psychomotor domain were nonsignificant.
(3) the use of VR-based instruction positively affected the
students’ ED results with a medium effect regarding
functionality and uniqueness.
Part 2: (1).Application of VR to teaching has a moderately
positive influence on the Empathize, Define, and Ideate
stages of the design process as well as on the total scores
for engineering design thinking. This effect is more
pronounced in girls than in boys. (2).The application of VR
to teaching has a moderately positive influence on the
engineering design thought processes of students, with a
greater effect observed in girls than in boys.
Part 3: (1) VR has significant positive effects on creative
design processes, particularly in the design and planning,
testing and revision and thoughts and appreciation stages.
(2) VR has significant positive effects on creative design
outcomes, with high- and low-level effects on creative
design and functional appropriateness, respectively. (3)
The learning process for VR and creative experiential



learning shifts from concrete experiences to reflective
observations, abstract conceptualization and, finally,
innovative applications. Behaviors of reflective
observation and innovative application are active and vital
to the performance of creative processes and outcomes.

英文關鍵詞： Virtual reality; Engineering design creativity; creativity
process; Experiential learning
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虛擬實境應用對高中 STEAM探究學習效果與創意表現的影響 

(總計畫+子計畫一) 

壹、研究計畫之背景與動機 
虛擬實境是迅速竄起的新科技，STEAM教育是國際間關注的焦點。當虛擬實境應用在 STEAM教育

時，是否影響學生的探究學習與創意表現? 再者，虛擬實境教學應用效果，又是否與高層次思考能力

有關? 

一、為何研究探究學習與創造力?  

創造力是產業競爭的最重要元素，探究則是主動學習的基礎 

創新是產業升級、經濟成長、及社會進步的重要原動力，也是各先進國家發展政策的重點，例如

美國國家經濟委員會每年都會研提國家創新策略，作為白宮施政的參考(National Economic Council 

and Office of Science and Technology Policy,2015 )。而全民創造力的培養，則是最主要的核心

工作(National Economic Council and Office of Science and Technology Policy,2015; Executive 

Office of the President, 2016)。 

而在工程相關領域中的創造力培育，會直接影響到產業技術研發，更加受到各國的重視，例如俄

羅斯(Russia)大力推行 TRIZ等工程創新教學(Kizeev, Khachin, Ivanchenko, & Ababii, 2013; 

Kirillov, Leontyeva, & Moiseenko, 2015)。香港從 2005年開始，在工程課程中融入創造力教育，

強化學生的工程實務與創造力的結合，從產品設計及技術問題解決，來培養學生創新解決問題能力

(innovative problem solving abilities)( Siu, 2012)。而馬來西亞的許多大學工程科系也積極朝

向創新導向國家(innovation-led nation)來努力(Ayob, Hussain, Mustaffa, & Majid, 2012)。因此，

不管是政策、課程、或教學，都是各國爭相採取的策略，都試圖要提升學生的創造力。 

在臺灣，教育部(2015a)所訂頒的「青年發展政策綱領」強調開展青年六項關鍵能力（健康力、創

學力、公民力、全球力、就業力及幸福力）為施政目標，其中的創學力就是主動學習與創造力開發。

教育部(2015b)在「ide@ Taiwan 2020 (創意臺灣)政策白皮書亮點報告」中也特別重視探究學習在數

位時代的重要性。也就是說，從主動探究到創意表現(問題解決或是創意產出)，是當前國際間的教育

焦點，也是臺灣發展軟實力的關鍵。 

二、為何聚焦於 STEAM ?  

STEAM 跨科整合學習，並發揮學習內容的實用價值 

近年來，美國意識到科技教育的不足會造成人才的短缺，因此美國國家科學委員會(National 

Science Board, NSB)提出了由科學、科技、工程和數學整合的 STEM(Science, Technology, Engineering, 

and Mathematics)教育，培養素質高的數學家、科學家、工程師及科技教育人才，以提升國家的競爭

力(柳棟，吳俊杰，謝作如，沈涓，2013)。美國總統歐巴馬也曾公開呼籲，希望全民共同參與創客活

動，激發全民創意，並希望透過 STEM（科學、科技、工程、數學）教育的整合學習，拓展專業的領域

範圍，並帶動創業與產業創新(張玉山，2016)。並將在 2017年撥款四十億美元用來支持聯邦政府的

STEM 教育，培養學生的 STEM 能力，以及更多的 STEM專才(White House, 2016)。尤其是透過主動的、

實作的、探究的學習方式，更能有效達成 STEM教學目標(White House, 2016)。 

英國的官方調查發現，43%的科技相關工作職缺將因 STEM能力不足，無法填滿職缺。於是積極從

體制內及體制外的教育，推動 STEM教育，例如 2011年就撥款 4億 5千萬英鎊資助「千禧委員會」

（Millennium Commission）的 STEM教育(The Parliamentary Office of Science and Technology, 2011; 

UK Commission for Employment and Skills, 2015)。 

基於完整能力養成與跨科整合學習的觀點，STEAM 成了更加整合的教育概念。例如南韓的教育部

就提出 STEAM的教育規劃，其中也強調人文學科(liberal arts)的整合(Jho, Hong, & Song, 2016; 張

玉山，2016)。因此，STEAM教育不僅達到跨科整合的學習效果，發揮學習內容的實用價值，並且更有

助於培養 STEAM的專業人力，提升人力素質。 

三、為何使用虛擬實境?  

虛擬實境是重要資訊科技發展，對生活與學習的影響甚具 

虛擬實境利用模擬三度空間的虛擬世界，透過使用者的感官，讓使用者感覺仿佛身歷其境。該技
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術整合了電腦圖形、電腦仿真、人工智慧、感應、顯示及網路並列處理等技術的最新發展成果，是一

種由電腦技術輔助生成的高技術模擬系統。虛擬實境系統具有下面三個基本特徵：即三個「I」

immersion-interaction-imagination（沉浸—互動—構想），強調個體在虛擬系統中的主導作用

(Passig, Tzuriel, & Eshel-Kedmi, 2016;Vaughan, Gabrys, & Dubey, 2016)。 

目前虛擬實境的教育訓練系統最常用在醫療、工商業訓練、嚴肅遊戲、復健、以及遠端訓練(例如

Massive Open Online Courses, MOOCs) (Vaughan, Gabrys, & Dubey, 2016)。在教育訓練上面的應

用，也包含認知、概念學習、動作技能、操作技術、態度情意、以及沉浸效果等(Prasad, Manivannan, 

Manoharan, & Chandramohan, 2016; Passig, Tzuriel, & Eshel-Kedmi, 2016; Vaughan, Gabrys, & 

Dubey, 2016; Bertram, Moskaliuk, & Cress, 2015)。 

教育部(2016)指出，2016 年被產業界譽為「VR元年」，各式穿戴裝置及相關應用軟體於年初陸續

發表，臺灣為全球 IT產業重鎮，在其中更是扮演了舉足輕重的角色。不管從教學應用或是產業發展的

角度來看，虛擬實境都會扮演相當重要的角色。 

再加上十二年國教新課綱將於民國 107年實施，新增科技領域的生活科技內涵以產品設計、機構

與結構設計、機電整合的原理與應用等為主要內涵(國家教育研究院，2016)，因此，有必要將虛擬實

境融入於產品設計、機構設計、結構設計、與機電整合等教材中，讓研究更有實用價值。 

貳、研究目的 
本研究旨在針對高中的 STEAM 課程，將虛擬實境技術應用到探究學習中，以瞭解其對機構設計、

電機電子、結構設計、與工業設計等模組的學生學習效果與創意表現影響。主要的研究目的以及各分

年的目標如下： 

1. 分析虛擬實境應用對高中 STEAM探究學習的融入模式 

2. 發展虛擬實境融入高中 STEAM探究學習的教學模組 

3. 評估虛擬實境融入高中 STEAM探究學習的教學模組之使用效果 

4. 發展虛擬實境融入高中 STEAM探究學習的進階模組 

5. 推廣虛擬實境融入高中 STEAM探究學習的教學模組 

6. 建立虛擬實境融入高中 STEAM探究學習的教學模組的商品化模式 

參、研究實施與結果 
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Part I. Influence of Virtual Reality on Engineering Design Creativity. 
Abstract 

This study explored the influence of Virtual Reality (VR) on Engineering Design (ED) creativity. This 

study adopted a quasi-experimental design with a pre-test and post-test. A teaching experiment was conducted 

in a high school in Taipei City, Taiwan. The main findings were: 1) the use of VR in ED instruction moderately 

and positively affected ED competence among students in identifying constraints, 2) VR positively affected the 

cognitive and affective domains in the ED process, but the VR effects on the psychomotor domain were 
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nonsignificant, and 3) the use of VR-based instruction positively affected the students’ ED results with a 

medium effect regarding functionality and uniqueness. 

Keywords: Virtual reality, Engineering design, Creativity, Creative design, Immersion 

1. Research Background and Motivation  

1.1 Importance of science, technology, engineering, art, and mathematics education 

Science, technology, engineering, art, and mathematics (STEAM) education and science, technology, 

engineering, and mathematics (STEM) education will be at the center of human resource training and research 

and development among enterprises in the future. The National Security Strategy, signed by United States 

President Donald Trump, emphasizes the importance of STEAM/STEM education (Office of Management and 

Budget, 2018). To promote STEAM/STEM in K–12 education, the National Security Strategy committed at 

least US$200 million to STEAM/STEM education and private industry made a commitment of US$300 million 

(Office of Management and Budget, 2018). Similarly, the European Commission (2018) prioritized 

STEAM/STEM education in the Horizon 2020 program. 

In addition to sharpening the skills of interdisciplinary learning, design thinking, and innovation, 

STEAM/STEM education highlights competence in engineering design (ED) to meet the demand of the 21st 

century (Boy, 2013; North Dakota Department of Public Instruction, 2018). For example, numerous US state 

governments and the National Aeronautics and Space Administration have proactively promoted ED courses 

such as robotics (North Dakota Department of Public Instruction, 2018; Quigley, Herro, & Jamil, 2017). 

The Ministry of Education in Taiwan stated that the key factors of the 12-Year Basic Education Curricula 

involve cultivating the core competences of students (Commonwealth Education, 2017). In particular, 

innovative technology courses should focus on developing design thinking and ED capacities (NAER, 2018). 

Therefore, creating effective strategies to enhance students’ competence of ED has become the priority of 

education in Taiwan. 

1.2 Expanding applications of virtual reality on instruction 

Simulation-based learning provides various outcomes and experiences to students regarding information 

preservation, deep engagement, and skill acquisition. Virtual reality (VR) technology has been introduced into 

K–12 education, which has helped students to learn effectively (Vaughan, Gabrys, & Dubey, 2016).  

VR has been used globally to improve learners’ hand-eye coordination and physical fitness. Moreover, VR 

has been applied in flight simulations and in the military, engineering, space, automobile, and manufacturing 

industries (Vaughan, Gabrys, & Dubey, 2016). VR is used in the training of cognitive, psychomotor, and 

affective skills as well as in conceptual and immersive learning (Bertram, Moskaliuk, & Cress, 2015; Passig, 

Tzuriel, & Eshel-Kedmi, 2016; Prasad, Manivannan, Manoharan, & Chandramohan, 2016; Vaughan, Gabrys, & 

Dubey, 2016). Other than the above-mentioned applications, VR could be used in ED instruction because 

cognitive, psychomotor, and affective skills are essential in ED. 

Thus, this study explored the influence of VR on ED creativity. The findings may contribute to theoretical 

and practical knowledge concerning the use of VR in developing creativity in ED instruction. 

2. Literature Review 

2.1 Creativity in ED 

ED is a purposeful, iterative process with an explicit goal governed by specifications and constraints 

(National Academy of Sciences, 2009). From the perspective of information processing, the ED process 

comprises information collection, creation, interpretation, transformation, and transfer(Kim & Lee, 2016). 
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From the perspective of designers when considering their behaviors and performance, the ED process is 

equivalent to that of systemic thinking and problem solving (Deininger, Daly, Sienko, & Lee, 2017; Guerra, 

Allen, Crawford, & Farmer, 2012; Hill-Cunningham & Hunt, 2018). 

The most common categorizations of the ED process are the five-step and eight-step models (Deininger et 

al., 2017). For example, the ED courses developed by the National Academy of Sciences (2009) and 

Engineering is Elementary (2018) were designed based on the five-step model, whereas the Massachusetts 

Department of Elementary and Secondary Education (2016) and Householder and Hailey (2012) adopted the 

eight-step model. The present study summarized the above-mentioned steps and incorporated three major 

competences of ED, namely, constraint analyzing, optimization, and predictive analysis (Guerra et al., 2012; 

Hatchuel, Le Masson, Reich, & Subrahmanian, 2018; Vuletic, Duffy, Hay, McTeague, Pidgeon, & Grealy, 

2018). The proposed ED stages and related concrete content serve as the basis for the research design of the 

present study. 

Table 1. ED Stages and related content 

 Stage Content Five-step model Eight-step model 

Stage 

one 

Identify 

constraints 

1. Observe the 

scenario 

2. Understand the 

problem 

1. Identify the problem 1. Identify the 

needs 

 

Stage 

two 

Describe and 

analyze 

1. Analyze the 

engineering 

status 

2. Discover the 

engineering 

principles 

3. Analyze the 

constraints 

 2. Describe 

the problem 

 

Stage 

three 

Conceptualize 

and select 

1. Create concepts 

2. Perform a 

predictive 

analysis 

3. Select a concept 

2. Brainstorm and design concepts 3. Generate 

concepts 

4. Select a concept 

 

Stage 

four 

Construct a 

model 

1. Choose materials 

2. Choose tools 

3. Determine 

procedures 

4. Begin to produce 

3. Construct a model 5. Embody the 

concept 

 

Stage 

five 

Test and refine 1. Test the designed 

concept/model 

2. Make 

refinements 

3. Optimize the 

model/concept 

4. Test, evaluate, and redesign the 

model 

 

6. Test and evaluate 

7. Modify and 

improve the model 

 

Stage 

six 

Share and 

communicate 

1. Share the 

finished work 

2. Communicate 

with others 

5. Share the finished design 8. Finalize and 

share the design 

 

 

In using the ED process, an individual achieves a goal through an actual result, which may be a designed 

solution, model, prototype, or product (Hatchuel et al., 2018; Kim & Lee, 2016; Vuletic et al., 2018). These 
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results (e.g., a designed solution, model, or prototype) created by designers are crucial during the process or at 

the final stage of the ED process because they convey the designers’ concept or exhibit functions of the designed 

products (Deininger et al., 2017). Other than conveying the design concept (Deininger et al., 2017), the 

functionality (i.e., the quality of solving a problem with high effectiveness and efficiency and low costs), and 

appearance (Schønheyder & Nordby, 2018) of a finished ED work are essential indicators of evaluation (Hwang 

& Park, 2018; Kim & Lee, 2016). Furthermore, an ED process or work must be innovative (Mosely, Wright, & 

Wrigley, 2018). The above-mentioned characteristics were regarded as the major indicators of the ED 

evaluation in this study. 

Regarding the evaluation tool used for ED works, the Creative Product Semantic Scale (Besemer, 1998) 

provides an overall perspective for product assessment. Student Product Assessment Form or Creative Idea 

Scale examines individual items with a five-point Likert scale (Chang & Yu, 2015). Those evaluation tools have 

favorable reliability and validity based on consensual and scorer reliability assessments. Product development 

generally focuses on novelty dimension and resolution dimension. The evaluation criteria collated in the CPSS 

include the dimensions of novelty (originality, initiative, and novelty), resolution (logic, usefulness, and 

relevance), and elaboration and synthesis (aesthetic and beautifying features) (Besemer & Treffingger, 1981; 

Chang, Chien, Lin, Chen, & Hsieh, 2016). According to CPSS, evaluation criteria for ED product concern 

additionally novelty, surprise, and value (usefulness, correctness, and fit) (Nguyen & Shanks, 2009). 

2.2 The use of VR in teaching 

VR technology is a tool by which humans directly interact with computers through emulating realistic 

environments (Ip et al., 2018; Seibert & Shafer, 2018). The use of VR can produce the effect of “being there” for 

users by providing them with vicarious experiences (Ip et al., 2018) and a perception of immersion (Dehn, Kater, 

Piefke, Botsch, Driessen, & Beblo, 2018). Specifically, VR technology contains four critical components: (a) a 

virtual world, (b) immersion, (c) sensory feedback, and (d) interaction between real and virtual worlds 

(Bhattacharjee, Paul, Kim, & Karthigaikumar, 2018). Common VR devices include head-mounted displays and 

the Cave Automatic Virtual Environment (CAVE) (Dehn et al., 2018). The effectiveness and immersion levels 

of VR derived from a head-mounted display differs from that of the CAVE (Dehn et al., 2018). 

Cognitively, a VR experience should not only simulate a real world but also require users to interact with 

the virtual world by displaying behaviors of the real world, which enhances cognitive ability after the 

experience (Dehn et al., 2018). Researchers have created virtual worlds by using VR technology, enabling 

students to explore objects, places, environments, and processes in the created worlds (Bhattacharjee et al., 

2018). Empirical brain science research has proved that VR improves neuroplastic changes in the brain and the 

reconfiguration of brain networks (Foster, 2015), which is helpful to learners (Dehn et al., 2018). 

The results of related studies have demonstrated that VR can concretize ideas by exhibiting those ideas in a 

space and background system that simulates the real world, enabling students to learn abstract concepts that are 

difficult to imagine (Schaper, Santos, Malinverni, Berro, & Pares, 2018). Studies have also identified that the 

use of VR in training and rehabilitation helps to improve cognitive ability, memory, and attention (Dehn et al., 

2018; Shin & Kim, 2015). 

Concerning the instruction of creativity in ED, learning outcomes can be improved through the interactions 

between students and spatial and visual representations (Bhattacharjee et al., 2018), providing a direct aid to 

develop students’ concepts of space. In ED settings, VR is generally used for design verification (Neges, 

Adwernat, & Abramovici, 2018). Recently developed instructional strategies, such as storytelling and 

role-playing, are helpful for students to develop ED creativity (Bhattacharjee et al., 2018). Therefore, the 

possible effects of VR-based instruction on ED competence and performance among students should be 
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explored. 

 

H1: The use of VR-based instruction has significant effects on ED competence. 

H2: The use of VR-based instruction has significant effects on performance during the ED process. 

H3: The use of VR-based instruction has significant effects on ED results. 

3. Research Design and Implementation 

3.1. Participants 

The participants of this study were 131 students from a high school in Taipei City, Taiwan; among these 

students, 32 were boys (24%) and 99 were girls (76%). The participants came from four classes, and they were 

randomly assigned to either the experimental or control group. 

3.2 Independent variables 

In this study, the instructional strategy was treated as an independent variable. VR-based ED instruction 

was adopted to teach the students in the experimental group, whereas students in the control group were taught 

using conventional ED instruction.  

VR Devices 

VR Box (with a 360-degree perspective) was the VR device used in teaching the experimental group. 

Built-in software developed by Zspace, namely Franklin’s Lab (instruction of motors), Cyber Science 3D 

(instruction of electrical circuit), and Leopoly-3D (simulation modeling), was installed in the VR Box to 

facilitate simulation-based learning of the electrical circuit, mechanism, structure, and body of an automobile. 

Finally, students were required to design and build a self-propelled car. PowerPoint slides were used to teach 

students in the control group and those students were also required to design and build a self-propelled car. 

Table 2 presents the instructional procedures of the two groups. 

Table 2. Class instruction 

Week Procedure Experimental group Control group 

1 

Observe 

environment 

and 

understand 

the problem 

1. Explain the learning tasks 

2. Observe the place for learning 

the task 

3. Watch the movement of a 

self-propelled car using the VR 

Box and the perspective of the 

car (e.g., Figures 1 and 3) 

4. Discuss actual examples of 

applying a microswitch 

1. Explain the learning tasks 

2. Observe the place for learning 

the task 

3. Discuss actual examples of 

applying a microswitch 

2 

Understand 

the problem  

and describe 

 and analyze 

engineering 

1. Observe the structure of a 

self-propelled car (i.e., rear 

wheels, ball bearings, center of 

gravity configuration, and motor 

configuration) 

2. View the structure of the 

self-propelled car by using VR 

Box 

3. Discuss the observation results 

1. Observe the structure 

of a self-propelled car (i.e., rear 

wheels, ball bearings, center of 

gravity configuration, and 

motor configuration) 

2. Discuss the 

observation results 

3 

Analyze 

engineering  

and generate 

ideas 

1. Explain how microswitches are 

used for obstacle avoidance 

2. Simulate the design of an 

electrical circuit with further 

explanation using Franklin’s Lab 

(Figure 2)  

3. Group discussion on electrical 

1. Explain how microswitches are 

used for obstacle avoidance 

2. Group discussion on electrical 

circuit designs of 

microswitches and the motor 
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circuit designs of microswitches 

and the motor 

4 
Observe 

modeling 

4. Observe the appearance of the 

sample work and use Cyber 

Science 3D to explain the 

principles of how the motor is 

propelled and obstacle avoidance 

5. Observe the appearance of 

self-propelled cars and design 

the car shell with the assistance 

of Leopoly-3D (3D model 

designer) 

3. Observe the appearance of the 

sample work and explain the 

principles of how the motor is 

propelled and obstacle 

avoidance  

4. Observe the appearance of 

self-propelled cars and discuss 

the design of the car shell 

5 

6 

 

Observe 

and test 

modeling 

6. Design a self-propelled car with 

the assistance of Franklin’s Lab, 

Cyber Science 3D, and 

Leopoly-3D 

7. Compare the data of different 

mechanisms and structural 

designs to select the design with 

optimal obstacle avoidance 

5. Build a self-propelled car 

6. Compare the data of different 

mechanisms and structural 

designs to select the design 

with optimal obstacle 

avoidance 

7 

8 

9 

Test the 

designed 

concept/mod

el, refine, and 

optimize 

8. Build a self-propelled car with 

the assistance of Franklin’s Lab, 

Cyber Science 3D, and 

Leopoly-3D 

9. Allow the students to appreciate 

their own work and that of their 

classmates by using the 

360-degree camera attached to 

VR Box 

10.  Adopt VR Box to watch how 

the designed car avoids obstacles 

from the interior view of the car 

11.  Discuss real-life applications 

concerning the electrical 

engineering, mechanisms, and 

shape design of self-propelled 

cars 

7. Build a self-propelled car 

8. Compare the data of different 

mechanisms and structural 

designs to select the design 

with optimal effectiveness of 

obstacle avoidance 

9. Discuss real-life applications 

concerning the electrical 

engineering, mechanisms, and 

shape design of self-propelled 

cars 

10 
Share and 

communicate 

12.  Allow the students to appreciate 

their own work and that of their 

classmates by using the 

360-degree camera attached to 

VR Box 

13.  Adopt VR Box to watch how 

the designed car avoids obstacles 

from the interior view of the car 

14.  Present the finished works and 

summarize the acquired 

knowledge  

10.  Present, appreciate, and 

discuss the finished works 

11.  Summarize the acquired 

knowledge 
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Figure 1 Track with obstacles and the interior view of a self-propelled car exhibited by the VR device 

  
Figure 2 Motor structure and circuit experiment displayed by the VR device 

 
Figure 3 Students watching the screen of a VR Box 

 

3.3 Dependent variables 

ED competence and performance were treated as dependent variables in this study. 

3.3.1 ED competence 

Constraints, predictive analysis, and optimization are the core concepts for assessing ED competence 

among students (Merrill, 2008). A total of 40 items were originally adopted for the assessment; however, the 

items with relatively low critical ratios and correlation coefficients were eliminated after the pilot study, leaving 

five constraint items, six predictive analysis items, and five optimization items (total = 16 items). The reliability 

coefficients among the constructs were .85, .85, and .78 for constraints, predictive analysis, and optimization, 

respectively, with an explained variance of 62.83%, revealing that the items had desirable reliability (Nunnally, 

1978). Examples of the items of the above-mentioned constructs are as follows: 

Constraints: I will check the available types and number of materials before making the car. 

Predictive analysis: I will use simple materials or software to determine the feasibility of my design before 

making the car. 

Optimization: If my work fails, I will address the problems and improve my design. 

3.3.2 ED process 

Learning activities and a worksheet were designed according to the six stages of the ED process, enabling 

the students to record their learning experiences. Figure 4 shows a completed worksheet. The six ED stages 

(Deininger et al., 2017; Engineering is Elementary, 2018; the National Academy of Sciences, 2009) are 

summarized as follows:  

Identify the requirements: What is the task?  
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Describe and analyze: What is each material used for and why it is used? 

Conceptualize and select: Please sketch your design of the car. 

Modeling: What is the key factor in designing the car? 

Test and refine: What refinements can be made based on your classmates’ feedback? 

Share and communicate: Please write down the advantages of your work and your learning experiences. 

Each worksheet was scored by using a five-point Likert scale according to its correctness and 

appropriateness. After two senior instructors gave a score for each worksheet, the above-mentioned six stages 

had concordance rates of 90%, 97.5%, 100%, 82.5%, 80%, and 100%, respectively, demonstrating favorable 

consistency. Furthermore, Cronbach’s α reached .87, which proved that the adopted scale had desirable 

reliability (Mugenda & Mugenda, 2003). 

 

 

Figure 4 Example of a completed worksheet 

 

3.3.2 ED product 

According to relevant research and the document analysis results, this study designed four scoring criteria: 

functionality (performance during the actual test), structural stability (the firmness and durability of the 

structure and mechanisms), aesthetic quality (suitability and attractiveness of the design), and uniqueness 

(distinctiveness) (Deininger et al., 2017; Hwang & Park, 2018; Kim & Lee, 2016; Mosely, Wright, & Wrigley, 

2018; Schønheyder & Nordby, 2018). These criteria were then incorporated into a five-point Likert scale, of 

which Cronbach’s α reached .70, revealing that the scale has desirable reliability (Mugenda & Mugenda, 2003). 

Following the scoring by the two senior teachers, the coefficient of scorer reliability was .90, which was 

desirable. Figure 5 presents two student designs. 

i 

  

Figure 5 Examples of student designs (an automatic car sensing obstacles by using microswitches) 
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3.4. Research procedures 

This study adopted a quasi-experimental design with a pre-test and post-test. The grades of students on 

previous designs and the ED competence were treated as the pre-test scores before conducting an instructional 

experiment. The ED processes and designed self-propelled cars were scored after the experiment. The resulting 

scores and the scores of the ED competence scale were treated as the post-test scores. 

 

3.5. Data analysis 

This study employed analysis of covariance (ANCOVA) to determine whether the use of VR significantly 

affected the students’ ED competence, process, and works. 

4. Results 

4.1 Effects of the use of VR-based instruction on ED competence 

H1: The use of VR-based instruction has significant effects on ED competence. 

Multivariate ANCOVA results revealed a medium effect size (Wilk’s Lambda = .93; p < .05; Eta squared 

= .07; Cohen, 1988); therefore, ED competence varied between the two groups of students because of the 

experiment (i.e., use of VR). Univariate ANCOVA results for each item showed that the ED constraints for the 

two groups had a medium effect size (F = 8.23; p <. 01; Eta squared = .06). Post-hoc comparison results showed 

that students from the experimental group scored higher (46.28 > 44.45) in constraints than their counterparts 

from the control group. However, no significance was found regarding predictive analysis (F = 1.18) and 

optimization (F = 3.40). The results are presented in Tables 3 and 4. 

 

Table 3. Descriptive statistics on creative performance 
 Control Group 

(n=66) 

 

 

Experimental Group 

(n=63) 

Item Pre-test Post-test  Pre-test Post-test 

 M SD M SD Adj.M  M SD M SD Adj.M 

ED competence 107.73 13.24 103.14 13.30   107.78 12.91 105.63 17.14   

1. Constraints 38.95 5.17 41.57 6.61 41.47  38.25 5.51 44.83 6.48 44.93 

2. Predictive analysis 33.86 4.84 40.61 5.94 40.64  34.00 4.68 42.10 7.53 42.07 

3. Optimization 34.91 4.85 44.33 6.11 44.45  35.52 4.59 46.40 7.26 46.28 

 

Table 4. ANCOVA results of creative performance  

Item Source 
Sum of 

Squares 
df Mean Square  F p 

Eta 

Squared 

Constraints 

Experimental 

treatment 
342.63 1 

342.63 8.23** .00 0.06 

error 5244.47 126 41.62    

Predictive 

analysis 

Experimental 

treatment 
71.28 1 

71.28 1.81 .18  

error 4962.01 126 39.38    

Optimization 

Experimental 

treatment 
137.17 1 137.17 

3.40 .07  

error 5082.19 126 40.34    

** p < 0.1 

 

4.1 Effects of the VR use on the ED process 

H2: The use of VR-based instruction has significant effects on performance during the ED process. 

The multivariate ANCOVA results revealed a medium effect size (Wilk’s Lambda = .884; p < .05; Eta 

squared = .116; Cohen, 1988); therefore, the ED processes varied between the two groups of students because of 

the experiment (i.e., use of VR). The univariate ANCOVA results showed that “identify the requirements” for 
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the two groups of students had a medium effect (F = 11.82; p < .01; Eta Squared = .086) and that “conceptualize 

and select” (F = 5.68; p <. 05; Eta squared = .04), “test and refine” (F = 5.19; p < .05; Eta squared = .04), and 

“share and communicate” (F = 4.51; p < .05; Eta Squared = .035) had a low effect size. The post-hoc 

comparison results revealed that the experimental group scored higher than the control group, respectively, in 

“identify the requirements” (16.37 > 14.89), “conceptualize and select” (21.83 > 20.55), “test and refine” (21.15 

> 19.91), and “share and communicate” (15.21 > 14.21). However, no significant difference was detected for 

“describe and analyze” (F = 1.36) and modelling (F = .26). Tables 5 and 6 present the results. 

 

Table 5. Descriptive statistics on creative performance 
 Control Group 

(n=66) 

Experimental Group 

(n=63) 

Item Post-test  Post-test 

 M SD  M SD 

ED results 96.35 10.82  102.04 16.21 

1. Identify the 

requirements 

14.89 2.64  16.37 2.68 

2. Describe and 

analyze 

13.53 2.29  14.07 3.00 

3. Conceptualize and 

select 

20.55 3.06  21.83 3.95 

4. Modelling 13.26 2.48  13.50 3.15 

5. Test and refine 19.91 2.90  21.15 3.79 

6. Share and 

communicate 

14.21 2.62  15.12 2.50 

 

Table 6. ANCOVA of creative performance  

Item Source 
Sum of 

Squares 
df 

Mean 

Square 
 F p 

Eta 

Squared 

1. Identify 

the requirements 

Experimental 

treatment 

69.34

9 
1 

69.349 11.823** .00 .086 

error 
739.0

9 

12

6 

5.87     

2. Describe 

and analyze 

Experimental 

treatment 

9.315 
1 

9.315 1.362 .25  

error 862.00 126 6.84    

3. Conceptua

lize and select 

Experimental 

treatment 

52.893 
1 

52.893 5.683* .02 .043 

error 1172.62 126 9.31    

4. Modelling 

Experimental 

treatment 

1.860 
1 

1.860 .262 .61  

error 894.83 126 7.10    

5. Test and 

refine 

Experimental 

treatment 

49.274 
1 

49.274 5.194* .02 .040 

error 1195.26 126 9.49    

6. Share and 

communicate 

Experimental 

treatment 
26.079 1 26.079 

4.505* .04 .035 

error 729.33 126 5.79    

** p < 0.1; * p < 0.5 

 

4.3 Effects of the VR use on the ED results 

H3: The use of VR-based instruction has significant effects on ED results. 

The multivariate ANCOVA results revealed a medium effect size (Wilk’s Lambda = .882; p < .01; Eta 

squared = .118; Cohen, 1988); therefore, the ED results varied between the two groups of students because of 

the experiment (i.e., use of VR). The univariate ANCOVA results for each item showed that functionality had a 

medium effect size (F = 8.73, p < .01; Eta Squared = .07) and uniqueness had a low effect size (F = 5.38, p < .05; 

Eta Squared = .04). The post-hoc comparison results revealed that the experimental group scored higher than 

the control group, respectively, in functionality (4.30 > 3.63) and uniqueness (3.92 > 3.33). However, the 

scoring differences in structural stability (F = 0.01) and aesthetic quality (F = 0.31) between the two groups 
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were not significant. Tables 7 and 8 present the results. 

 

Table 7. Descriptive statistics for ED creativity 
 Control Group 

(n=66) 

Experimental Group 

(n=63) 

Item Post-test  Post-test 

 M SD  M SD 

ED results 13.82 3.04  14.94 3.46 

1. Functionality 3.62 1.44  4.30 1.18 

2. Structural stability 3.92 0.85  3.92 0.68 

3. Aesthetic quality 2.94 1.47  2.79 1.50 

4. Uniqueness 3.33 1.52  3.92 1.35 

 

 

Table 8. ANCOVA of creative performance  

Item Source 
Sum of 

Squares 
df Mean Square  F p 

Eta 

Squared 

Functionality 

Experimental 

treatment 
14.88 1 

14.88 8.73** .00 .07 

error 214.89 126 1.71    

Structural 

stability 

Experimental 

treatment 
.01 1 

.01 .01 .97  

error 73.69 126 .59    

Aesthetic 

quality 

Experimental 

treatment 
.69 1 

.69 .31 .58  

error 279.77 126 2.22    

Uniqueness 

Experimental 

treatment 
11.23 1 11.23 

5.38* .02 .04 

error 263.17 126 2.09    

** p < 0.1; * p < 0.5 

 

5. Discussion 

5.1 Use of VR-based instruction and ED competence 

This study discovered that the use of VR in ED instruction moderately and positively affected ED 

competence among students in identifying constraints. However, the use of VR did not affect the students’ 

predictive analysis and optimization. This result is consistent with findings in related studies, which 

demonstrated that the use of VR was helpful for increasing attention and cognitive ability in an environment 

(Dehn et al., 2018; Schaper et al., 2018; Shin & Kim, 2015). 

A 360-degree camera was adopted to videotape a scene from the interior view of a self-propelled car, 

enabling students to watch videos by using VR Box to understand how the car encountered and avoided 

obstacles and turned. Therefore, the students became more familiar with the context of the problem, enabling 

them to utilize tools and materials effectively when creating the solution. Creating 3D images through VR 

technology to provide visual information and experiences can help users construct cognitive experiences (Evans 

& Baddeley, 2018). Therefore, the benefits of VR technology in improving cognitive ability, memory, 

comprehension, and attention can be fully utilized (Dehn et al., 2018; Shin & Kim, 2015). 

However, the VR software adopted in this study is not professional software and did not contain 

professional engineering simulations; the instruction did not introduce the engineering principles enough; and 

the degree of user interaction was insufficient. Consequently, the participants did not have sufficient knowledge 

and experience for the predictive analysis and optimization (Pulijala, Ma, Pears, Peebles, & Ayoub, 2018), 

revealing that the VR instructional materials of ED were deficient. 

5.2 Use of VR-based instruction and performance during the ED process 

This study revealed that the use of VR-based instruction exerted a moderate and positive effect on 
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performance during the ED process. A medium effect was confirmed for identifying requirements, but a low 

effect was identified for “conceptualize and select”, “test and refine”, and “share and communicate.” Moreover, 

no significant difference was detected for “describe and analyze” and modelling. Briefly, VR positively affected 

the cognitive and affective domains in the ED process, but the VR effects on the psychomotor domain were 

nonsignificant. The above-mentioned results agree with the findings in VR-related research (Pulijala et al., 2018; 

Williams, Jones, & Walker, 2018). 

The findings revealed that VR provided excellent visual information to learners by stimulating their visual 

sense and cognitive functions, thereby providing necessary information and cognitive experiences during the 

“identify the requirements” and the “test and refine” stages (Bhattacharjee et al., 2018; Schaper et al., 2018). 

This study also discovered that the VR technology enabled the students to immerse themselves in a 

situation and to develop more novel and more creative ideas. Furthermore, the students became more engaged 

and actively shared their ED knowledge because of the VR technology (Dalgarno & Lee, 2010; Rieuf, 

Bouchard, Meyrueis, & Omhover, 2017; Zhou, Ji, Xu, & Wang, 2018). However, the VR immersion only had a 

low effect, possibly because the interactivity and flexibility of the VR Box in this study was inadequate and 

requires improvement. Furthermore, the VR software in this study does not improve psychomotor skills; hence, 

the VR-based instruction did not improve modelling skills (Pulijala et al., 2018). 

5.3 Use of VR-based instruction and ED results 

The findings revealed that the use of VR-based instruction positively affected the students’ ED results, 

with a medium effect regarding functionality and uniqueness. However, the use of VR did not have a significant 

effect on structural stability and aesthetic quality. 

The use of VR had a medium effect on the functionality of the self-propelled cars that avoided obstacles. 

This was because the VR view and instructional materials improved the students’ awareness and understanding 

of the obstacle avoidance task, which corresponds with findings in related studies (Hwang & Park, 2018; Kim & 

Lee, 2016; Schønheyder & Nordby, 2018). Several studies have suggested that the unbounded VR world helps 

students to be creative (Wang, Lu, Runco, & Hao, 2018); VR-based instruction helps students relax, explore, 

and create new ideas (Schmoelz, 2018) through immersive experiences (Rieuf et al., 2017). The use of VR in 

this study provided the students with immersive experiences that enhanced uniqueness of the ED results. 

However, the VR technology could not help the students achieve the desired structural stability, which largely 

depends on processing techniques and hands-on experience. Likewise, enhancing the aesthetic quality of the 

students’ ED works would require professional VR software that specializes in product design (Rieuf et al., 

2017). 

6. Conclusions and Suggestions 

Given the importance of developing ED competence and the inevitable trend of using VR-based 

instruction, this study explored the influence of VR-based instruction on ED creativity. The findings are as 

follows: 

(a) The use of VR-based instruction exerted moderate and positive effects on the students’ ED competence, 

among which its effect on “identify constraints” was optimal. Such a result reveals the advantages of VR-based 

ED instruction regarding information provision, cognitive learning, visual experiences, and experimental 

learning with immersive effects. However, more professionals and devices are required to develop software for 

VR-based instruction that develops expertise and offers high interactivity. Because the cost of developing VR 

software that trains manipulative skills is high, conventional and hands-on training can be used temporarily to 

develop such skills. 
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(b) Similarly, the use of VR-based instruction moderately and positively affected the ED process. 

Specifically, the effects on “identify requirements”, “conceptualize and select”, “test and refine”, and “share and 

communicate” were substantial, which revealed that use of VR-based instruction effectively helped the students 

gain cognitive experience and develop a positive attitude. However, new modeling software should be 

developed, or suitable software should be adopted to sharpen students’ modeling skills. 

(c) The use of VR-based instruction also produced moderate and positive effects on the ED results, among 

which the effects on functionality and uniqueness were relatively high. Based on sensor, simulation, and 3D 

technologies, VR laid the foundation for innovation on the part of the students in the ED course. Although the 

VR technology did not increase their hands-on experience or improve their sense of aesthetics, alternative 

instructional strategies can be used to compensate for the deficiency.  

    According to this study, VR helps users improve their ED knowledge and hold a positive attitude 

toward ED. However, more research on VR is required (Zhou et al., 2018). Future research on the use of VR 

should focus on constructivist learning through virtual experiencing and feeling, as well as on the thinking in 

ED design within virtual modeling. The findings from future studies would greatly contribute to the academic 

development of ED and the use of VR-based instruction. 
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Part II. Effects of a Virtual Reality Teaching Application on Engineering Design 

Creativity According to Boys and Girls. 
 

Abstract 

In the context of the importance of promoting women’s participation in engineering design and the trend 

toward applying virtual reality (VR) to teaching, this study investigated the influences of gender and a VR 

teaching application on engineering design creativity. This study adopted a quasi-experimental design with a 

pre-test and post-test. A teaching experiment was conducted with 169 seventh-grade students in a junior high 

school in Taipei City, Taiwan.The primary conclusions reached were as follows: 1.Application of VR to 

teaching has a moderately positive influence on the Empathize, Define, and Ideate stages of the design 

process as well as on the total scores for engineering design thinking. This effect is more pronounced in girls 

than in boys. 2.The application of VR to teaching has a moderately positive influence on the engineering 

design thought processes of students, with a greater effect observed in girls than in boys. 

Keywords: virtual reality; creativity; engineering design 

 

Research Background and Motivation 

Gender and Participation and Performance in Engineering Design  

Men have traditionally dominated the technology industries, with fewer opportunities for participation in 

the sector available to women (Alfrey & Twine, 2017). Several studies have indicated that women employed 

in the technology industries perform better when working on a team than when working individually (Putnik 

et al., 2017). Women’s performance in the fields of science, technology, engineering, and mathematics (STEM) 

is not inferior to that of men; in fact, organizations employing gender-diverse teams have been observed to 

exhibit improved organizational performance (Nielsen et al., 2017). 

Engineering design thinking is the foundation of creative problem solving and the root of industrial 

innovation. As such, it is a necessary skill in the twenty-first century (Morin, Robert, & Gabora, 2018; Mosely, 

Wright, & Wrigley, 2018). Therefore, encouraging women to participate in STEM-related career development 

and engineering design learning has become a key policy in many advanced countries (Office of Science and 



 19 

Technology Policy, 2018). 

 

Application of Virtual Reality to Teaching 

As a result of rapid advances in the associated technology, applications of virtual reality (VR) in the 

industrial, leisure and recreation, education, and medical sectors have increased in extent and significance in 

recent years (Zhou, Ji, Xu, & Wang, 2018). Virtual worlds generated using modern software and mediated 

through high-resolution head mounted displays (HMD), with stereo sound and ultra-precise tracking, create a 

very strong sense of presence and immersion, and are used in education. (Armougum, Orriols, 

Gaston-Bellegarde, Joie-La Marle, & Piolino, 2019; Kalkofen et al., 2020; Radianti, Majchrzak, Fromm, & 

Wohlgenannt, 2020; Zinchenko et al., 2020)。 

VR comprises four distinct elements: (1) a virtual world, (2) a high degree of immersion, (3) sensory 

feedback, and (4) interaction between the real and virtual worlds (Bhattacharjee et al., 2018). In terms of 

teaching, the use of VR offers opportunities for spatial knowledge representation, engagement, and 

experiential and contextual learning (Dalgarno & Lee, 2010; Zhou et al., 2018). VR teaching can facilitate a 

deep learning experience, immersion, inspiration, and playful and active learning, all of which are considered 

desirable teaching objectives (Bhattacharjee et al., 2018). Consequently, the use of VR in teaching has become 

increasingly viable and important. The education processes can be more efficient, interesting, creative and 

innovative because of new technology of VR, such as HMD solution, frame rate, stereoscopy, stereo sound, 

tracking accuracy and speed, motion capture, and high interaction (Lamb, Antonenko, Etopio, & Seccia, 2018; 

Kalkofen et al., 2020; Radianti et al., 2020; Zinchenko et al., 2020). Recently, rapid technical advances in VR, 

blockchain, and 5G technologies each provide disruptive power that affects industry, society and education, 

but, through technology integration, their impacts grow exponentially (French, Risius, & Shim, 2020). 

This study evaluated methods of applying the advantages of VR to engineering design creativity teaching 

to confirm its effects and develop more diverse and beneficial learning processes for students of different 

genders. 

 

Literature Review 

Engineering Design Creativity 

Although various conceptions of the design thinking process have been developed, most, including the 

model proposed by the Hasso Plattner Institute of Design at Stanford University (Hasso Plattner Institute of 

Design at Stanford University, 2017), follow the steps of Empathize, Define, Ideate, Prototype, and Test. 

Ability or degree of professionalism in design thinking may be assessed through design ideations, 

problem-solving strategies, behaviors, or outputs (Mosely, Wright, & Wrigley, 2018). Design ideation may be 

assessed by evaluating the novelty, quality, and quantity of design concepts (Hwang & Park, 2018). 

Techniques for assessing engineering design may be based on the Creative Product Semantic Scale 

(CPSS) (Besemer, 1998), which adopts a holistic perspective, or a five-point Likert scale, such as the Student 

Product Assessment Form and Creative Idea Scale (Chang & Yu, 2015). When the consensual assessment 

technique is applied or scorer reliability is established, these scales are deemed to be reliable and valid. 

Although commonly used self-report creativity scales have been called into question, scholars nonetheless 

assert that they possess considerable reliability and validity (Fürst & Grin, 2018). 

In summary, assessment of engineering design ability or performance may be initiated by examining 

creative thinking, problem-solving strategy, design output, and design behavior at each stage of the process 
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while bringing to bear an awareness of the designer’s ability (Deininger et al., 2017; Mosely et al., 2018).  

 

VR Applications to Teaching 

The application of VR to teaching aligns with three theories of learning: constructivism, autonomous 

learning, and cognitive load theory (Liu et al., 2017; Zhou et al., 2018). VR has been shown to strengthen 

cognitive ability (Dehn et al., 2018). Empirical studies in neuroscience have also confirmed that VR can 

promote brain neuroplasticity as well as facilitate the reconfiguration of brain networks (Foster, 2015), 

thereby enhancing cognitive and learning abilities (Dehn et al., 2018). 

Regarding contextual interaction, the application of VR can enhance students’ environmental and 

contextual awareness as well as contribute to the consolidation of social relationships among peers (Schaper et 

al., 2018). VR can also be used to train students’ social skills by exposing them to virtual situations that 

provoke anxiety, danger, and embarrassment (Ip et al., 2018; Smith et al., 2014); for example, VR can be 

employed to diminish stress or danger while operating machinery (Neges et al., 2018). Moreover, the internal 

operating systems of machines can be viewed through visualization using VR (Neges, Adwernat, & 

Abramovici, 2018). 

According to the results of related studies, VR can concretize objects and events and present them using 

physical space and contextual background, enabling students to more easily apprehend abstract and 

difficult-to-imagine concepts (Schaper et al., 2018). Scholars have also verified the cognitive learning benefits 

of VR for students with respect to the exploration of surrounding objects, spaces, environments, and processes 

(Bhattacharjee et al., 2018). Moreover, studies have demonstrated that the application of VR to training and 

rehabilitation can improve cognitive ability, memory, and attention (Dehn et al., 2018; Shin & Kim, 2015). 

Some studies have noted certain disadvantages to the use of VR in teaching; for example, students might 

devote too much attention to onscreen images at the expense of activities in the real world (Müller, Rädle, & 

Reiterer, 2016; Schaper et al., 2018). Furthermore, over-reliance on VR can hinder students’ imaginative and 

reflective thought processes. To avoid this eventuality, students’ proficiencies in interpretation and the 

construction of meaning must be fostered (Schaper et al., 2018). 

 

Gender Differences in STEM Learning 

“The ‘nature’ of cognitive sex differences lies not in absolute ability but in the breadth of intrinsic 

interests—and its downstream developmental effects on interests, abilities, and career choices,” according to 

Valla and Ceci (2014) (Wang & Degol, 2017). The primary cause of gender inequality is not ability but social 

expectations (Alfrey & Twine, 2017; Putnik et al., 2017). Some scholars also assert that gender inequality 

derives from self-concept and self-expectation (Wang & Degol, 2017). When women engage in technological 

activities, their professional confidence is lower than that of men (Putnik et al., 2017). Therefore, it is 

imperative that gender stereotypes in STEM development be eliminated (Valla & Ceci, 2014). 

Studies have indicated differences in student performance between men and women. For example, one 

study suggested that men tend to be spatial visualizers, whereas women tend to be object visualizers 

(Kozhevnikov et al., 2013). Another study found that men significantly outperformed women in general 

spatial ability tests (Cho, 2017; Kozhevnikov et al., 2013; Mefoh et al., 2017). More specifically, men 

outperformed women in determining spatial relationships during a mental rotation task. However, women 

outperformed men in object identity memory and object location memory (Wang & Degol, 2017). Although 

men’s spatial ability for mental rotation was superior to that of women, the design thinking process of women 

has been found to surpass that of men (Cho, 2017; Mefoh et al., 2017). 
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Studies have also revealed that women outperform men in mathematics (Wang & Degol, 2017; Voyer & 

Voyer, 2014). Women who perform well in mathematics also tend to have an aptitude for languages; however, 

men who perform well in mathematics do not necessarily exhibit superiority in languages (Wang & Degol, 

2017). One study found that women were more inclined to learn from concrete experiences and tended to 

focus on feelings and learning experiences; by contrast, men were more inclined to learn from abstract 

concepts and tended to focus on logic and analysis (Garber, Hyatt, & Boya, 2017). Studies on learning in 

technology have revealed that women exhibit a higher level of theoretical knowledge acquired from learning 

than do men (Putnik et al., 2017). These results have been explained by scholars as resulting from the varying 

degrees of development in the left and right brains of men and women (Mefoh et al., 2017). 

This study investigated effects of VR teaching on engineering design creativity of boys and girls based 

on following two hypotheses:  

H1: VR teaching and gender have effects of on design thinking ability 

H2: VR teaching and gender have effects of on design thinking output 

 

Research Design and Implementation 

Research Framework 

The dependent variable of this study was engineering design creativity. Based on literature review, 

engineering design creativity included creative design processes and creative design output. The research 

framework was shown in Figure 1. 

       

VR teaching 

 

      

   

 

engineering 

design creativity 

 

 

 creative design processes 

 

 

 

 

creative design output 

  

Gender 

 

      

Fig. 1 Research framework 

 

Study Participants 

This study involved 169 seventh-grade students at a junior high school in Taipei City, Taiwan, 86 

(50.89%) of whom were boys and 83 (49.11%) of whom were girls. The seventh grade was comprised of six 

classes at the school, and these classes were randomly assigned to either the experimental or the control 

group. 

Independent Variable 

The experimental group experienced design teaching with VR devices used as teaching tools. Using a 

VR box (for a 360° view), the zSpace built-in software Franklin’s Lab (for detailing motor operation), Cyber 

Sciences-3D (for explaining circuits), and Leopoly-3D (for modeling simulation), a design for an electric 

model vehicle capable of automatically avoiding obstacles was developed. The control group was taught using 

a conventional lecture or presentation approach, and the students in this group also designed and created an 

electric model car. The teaching processes experienced by both groups are presented in Table 1., Fig.2, Fig.3, 

Fig.4, Fig.5, Fig.6, and Fig.7.  



 22 

Table 1 

Primary Teaching Procedures 

Week Step Experimental Group Control Group 

1 
Understanding 

the problem 

5. Understand the learning task. 

6. Observe the movements of a 

self-propelled vehicle, 

consider the characteristics of 

its movements, and engage in 

discussion. 

7. Observe the on/off function of 

a microswitch. 

8. Observe the movements of a 

self-propelled vehicle using 

the VR box from the 

perspective of the vehicle. 

9. Discuss practical examples 

and applications of a 

microswitch. 

3. Understand the learning task. 

4. Observe the movements of a self-propelled 

vehicle, consider the characteristics of its 

movements, and engage in discussion. 

5. Observe the on/off function of the 

microswitch. 

6. Discuss practical examples and applications of 

a microswitch. 

2 

Problem 

definition 

 

4. Observe the structure of a 

self-propelled car (including 

rear wheels, ball wheels, 

center of gravity, and motor 

configuration) 

5. Use the VR box to observe 

the structure of a 

self-propelled car and the 

effects this structure may have 

on its movement. 

6. Discuss observation results. 

1. Observe the structure of a self-propelled car 

(including rear wheels, ball wheels, center of 

gravity, and motor configuration) 

2. Consider the effects this structure may have on 

the movement of a self-propelled car. 

3. Discuss observation results. 

3 

Problem 

definition 

Idea generation 

1. Observe the movements of a 

self-propelled car and the 

wiring of a microswitch. 

2. Use VR circuit teaching 

materials (Franklin’s Lab) to 

simulate circuit designs and 

explain the flow of electric 

currents, as shown in Fig. 2. 

3. Discuss how to connect 

circuits and begin to connect 

the switch, circuit, and motor. 

1. Observe the movements of a self-propelled car 

and the wiring of a microswitch. 

2. Explain the flow of electric currents. 

3. Discuss how to connect circuits and begin to 

connect the switch, circuit, and motor. 

4 

Idea generation 

Prototype 

building 

15. Observe sample work. 

16. Use VR teaching materials 

(Cyber Science 3D) to explore 

the principles of driving the 

motor, steering, and obstacle 

avoidance, as Fig. 3. 

17. Observe the outer appearance 

of a self-propelled car and use 

Leopoly-3D (3D model 

designer) to assist with 

designing the body of the car,  

as Fig. 4. 

12. Observe sample work. 

13. Explore the principles of driving the motor, 

steering, and obstacle avoidance. 

14. Observe the outer appearance of a self-propelled 

car and discuss the design of the body of the 

self-propelled car. 

5 

6 

 

Prototype 

building 

 

1. Use Franklin’s Lab, Cyber 

Science 3D, and Leopoly-3D 

to assist in designing the 

self-propelled car. 

2. Build the self-propelled car. 

1. Build the self-propelled car. 

7 

Prototype 

building 

Testing and 

revision 

1. Use Franklin’s Lab, Cyber 

Science 3D, and Leopoly-3D 

to assist in designing the 

self-propelled car. 

2. Test the obstacle avoidance of 

the self-propelled car. 

3. Use a VR box to observe the 

1. Test the obstacle avoidance of the self-propelled 

car. 

2. Improve and revise. 
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Fig. 2 Electrical exploring in Franklin’s Lab 

 

Fig. 3 Motor simulation in Cyber Science 3D 

 
Fig. 4 Shap designing in Leopoly-3D 

  

Fig. 5 View of the obstacle-avoiding car and the 360° VR scene 

  

Fig. 6 Students use a VR box and zSpace to engage in VR learning 

  

 Fig. 7 Students’ projects 
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Dependent Variables 

The dependent variables of this study were engineering design thinking capacity and engineering design 

thinking output. A self-report scale, corresponding to the five stages of engineering design thinking 

(Empathize, Define, Ideate, Prototype, and Test) was developed. Following a pilot study, items with lower 

critical ratios (CR values) and correlation coefficients were removed, leaving 15 items in total. An example of 

one of these items is as follows: “I carefully observe the details of the problem. Prior to designing, I go online 

and search for relevant information.” The internal consistency of this scale is satisfactory, with a Cronbach’s 

alpha of 0.727 accounting for 58.499% of the variance; therefore, the scale is reliable (Mugenda & Mugenda, 

2003; Nunnally, 1978). 

The key characteristics considered when scoring design output are processing, form, and function (Chang 

& Yu, 2015). Having sampled 40 outputs, two experienced instructors executed the scoring. The similarity 

rates observed in scoring processing, form, and function were 92.5%, 82.5%, and 100%, respectively, 

demonstrating high consistency. This scale has a Cronbach’s alpha of 0.791 and is therefore reliable 

(Mugenda & Mugenda, 2003). 

Research Procedures 

A pretest–posttest quasi-experimental design was employed for this study. A pretest for engineering 

design ability was first conducted, followed by a teaching experiment. After the experiment, a posttest for 

engineering design ability was conducted, and the engineering design thinking output (i.e., the self-propelled 

car) was scored. 

Data Analysis 

An analysis of covariance (ANCOVA) was performed to assess whether VR teaching and gender 

differences significantly affected students’ engineering design thinking abilities and outputs. 

Results 

Effects of VR Teaching and Gender on Design Thinking Ability 

H1: VR teaching and gender have effects of on design thinking ability 

The homogeneity of the regression coefficient needs to be measured before performing ANCOVA, 

ensuring no interaction between self-variables and covariates. The homogeneity test result showed that 

ANCOVA (F=.204, p=.625 > .05) was able to be used to analyze the post-test scores of the experimental and 

control-group students. 

Table 2 presents the average scores for design thinking abilities among male and female students in the 

experimental and control groups. The results of the two-way ANCOVA revealed that the interaction effect of 

VR teaching and gender was significant (F = 5.43, p = .02) in the “testing and revision” aspect; therefore, a 

test for the simple main effects was required. For the Empathize, Define, and Ideate stages, and for the total 

score, the interaction effect of VR teaching and gender was not significant. However, VR teaching and gender 

each exhibited significant effects separately; therefore, a test for the simple main effects was performed. For 

the Observe and Prototype stages, no significant differences were revealed between the experimental and 

control groups or between male and female students (Table 3). 

The results revealed that VR teaching exerted a moderately positive influence on the Empathize (eta 

squared [η2] = .066), Define (η2 = .069), and Ideate (η2 = .078) stages and on the total score (η2 = .078) 

(Cohen, 1988). By contrast, gender had a weak effect on the Empathize (η2 = .036), Define (η2 = .033), and 

Ideate (η2 = .042) stages and on the total score (η2 = .027) (Cohen, 1988). Female students exhibited 

significantly stronger abilities in the Empathize and Ideate stages and in the total scores than did the male 
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students, whereas the male students performed more favorably in the Define stage than did the female 

students (Table 4). 

Table 2 

 Average Scores According to the Use of VR Teaching and Gender: Design Thinking Ability 
  Empathize Observe Define Ideate Prototype Testing 

and 

Revision 

Total 

Score 

Without VR 

teaching 

Boys (n = 

37) 

11.68 11.59 2.52 7.92 9.89 6.76 50.05 

(control 

group) 

Girls (n = 

36) 

12.67 11.64 1.89 8.94 10.94 6.25 51.83 

 Average (n = 

73) 

12.16 11.62 2.21 8.42 10.41 6.51 50.93 

With VR 

teaching 

Boys (n = 

36) 

13.11 11.08 2.80 9.39 10.42 7.75 54.25 

(experimental 

group) 

Girls (n = 

34) 

14.62 11.15 2.71 10.76 11.41 9.06 59.21 

 Average (n = 

70) 

13.84 11.11 2.75 10.06 10.90 8.39 56.66 

 

Table 3 

 Two-Way ANCOVA on the Effects of VR Teaching and Gender on Design Thinking Ability 

Item Source of 

Variance 

SS (Type III) df MS F p Eta 

Squared 

Post Hoc 

Comparison 

Design 

thinking: 

Empathize 

VR teaching 98.710 1 98.710 9.810** .002 .066 1>0 

Gender 52.527 1 52.527 5.220* .024 .036 F>M 

VR teaching × 

gender 
2.247 1 2.247 .223 .637   

Error 1388.530 138 10.062     

Design 

thinking: 

Observe 

VR teaching 7.893 1 7.893 1.531 .218   

Gender .288 1 .288 .056 .813   

VR teaching × 

gender 
.011 1 .011 .002 .963   

Error 711.576 138 5.156     

Design 

thinking: 

Prototype 

VR teaching 8.520 1 8.520 .347 .557   

Gender 36.624 1 36.624 1.493 .224   

VR teaching × 

gender 
.033 1 .033 .001 .971   

Error 3384.143 138 24.523     

Design 

thinking: 

Test 

VR teaching 127.252 1 127.252 23.615** .000 .146 1>0 

Gender 5.408 1 5.408 1.004 .318   

VR teaching × 

gender 
29.275 1 29.275 5.433* .021 .038  

Error 743.627 138 5.389     

Design 

thinking: 

Define 

VR teaching 10.466 1 10.466 10.211** .002 .069 1>0 

Gender 4.854 1 4.854 4.736* .031 .033 M>F 

VR teaching × 

gender 
2.500 1 2.500 2.439 .121   

Error 141.450 138 1.025     

Design 

thinking: 

Ideate 

VR teaching 92.938 1 92.938 11.606** .001 .078 1>0 

Gender 48.323 1 48.323 6.034* .015 .042 F>M 

VR teaching × 

gender 
1.006 1 1.006 .126 .724   

Error 1105.115 138 8.008     

Total VR teaching 1169.711 1 1169.711 11.673** .001 .078 1>0 

Gender 388.837 1 388.837 3.880* .050 .027 F>M 

VR teaching × 

gender 
88.680 1 88.680 .885 .348  

 

Error 13828.898 138 100.209     

         

1: experimental group, 0: control group; G: girl, B: boy 
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Fig. 8 Effects of VR teaching and gender on testing and revision ability scores  

 

Table 4 

 Test of Simple Main Effects of VR Teaching and Gender on Testing and Revision 

Item Source of 

Variance 

SS (Type III) df MS F p Eta 

Squared 

Post Hoc 

Comparison 

Testing 

and 

revision 

 

With/without 

VR 

       

Boys 17.326 1 17.326 2.668 .107   

Girls 138.319 1 138.319 32.694 .000** .328 1>0 

Gender        

With VR 48.367 1 48.367 10.068 .002** .126 F>M 

Without VR 4.497 1 4.497 .688 .410   

 

Gender and the application of VR to teaching exhibited a significant interaction effect on testing and 

revision abilities (Fig. 8). A test of simple main effects revealed higher scores among the girls in the 

experimental group (M = 9.05) than among the girls in the control group (M = 6.05) and also revealed a large 

effect size (η2 = .328). No significant differences were observed between the boys in the control and 

experimental groups. When no VR had been applied to teaching, the boys (M = 7.436) exhibited stronger 

testing and revision abilities than did the girls (M = 6.05), with a large effect size (η2 = .126). When VR had 

been applied to teaching, no significant differences were observed between the boys and girls. 

Effects of VR Teaching and Gender on Design Thinking Output 

H2: VR teaching and gender have effects of on design thinking output 

The homogeneity of the regression coefficient needs to be measured before performing ANCOVA, 

ensuring no interaction between self-variables and covariates. The homogeneity test result showed that 

ANCOVA (F=.293, p=.589 > .05) was able to be used to analyze the post-test scores of the experimental and 

control-group students. 

Table 5 presents the average scores of the boys and girls in the experimental and control groups with 

regard to their design thinking outputs. The results of the two-way ANCOVA revealed that the interaction 

effect of VR teaching and gender reached significance (F = 5.55, p = .02; F = 3.97, p = .048) for the function 

characteristic and total score. Therefore, a test of simple main effects was necessary. Regarding the processing 

and form scores, although the interaction effect of VR teaching and gender did not reach significance, both 

VR teaching and gender exhibited significant effects separately. Therefore, a test of simple main effects was 

performed, as shown in Table 6. 

Without VR        With VR 

 

sco
res 
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The results indicated that VR teaching had a significant positive effect on processing and form (η2 ≥ .138) 

(Cohen, 1988). Gender was not associated with any significant effects. 

For the function characteristic and total score, VR teaching and gender exhibited a significant interaction 

effect. A test of simple main effects revealed that, with regard to function, the girls in the experimental group 

(M = 9.05) achieved higher scores than did those in the control group (M = 6.30), with a large effect size (η2 

= .308). No significant differences were observed between the boys in the experimental and control groups. 

When no VR teaching was implemented (i.e., the control group), no significant difference was observed 

between boys and girls with regard to function. In the experimental group, however, the function scores of the 

girls (M = 9.05) were substantially higher than those of the boys (M = 7.367), with a medium effect size (η2 

= .123) (Table 6). 

 

Regarding the total scores achieved for design thinking output, the boys in the experimental group (M = 

18.97) scored higher than did those in the control group (M = 15.12), with a medium effect size (η2 = .115). 

The girls in the experimental group (M = 21.42) achieved higher scores than did the girls in the control group 

(M = 14.52), with a large effect size (η2 = .363). A substantial difference was revealed between the effect 

sizes for boys and girls. When no VR teaching had been implemented (i.e., the control group), no significant 

differences were observed between boys and girls regarding the total scores achieved for design thinking 

output. In the experimental group, however, the girls’ total scores (M = 21.439) for design thinking output 

significantly exceeded those achieved by the boys (M = 18.387), with a medium effect size (η2 = .092) (Table 

7) (Fig. 9 and Fig. 10). 

 

Table 5 

Average Scores According to the Use of VR Teaching and Gender: Design Thinking Output 

  Processing Form Function Total 

Without VR 

teaching 

Boys (n = 

42) 

5.119 3.214 6.785 15.119 

(control 

group) 

Girls (n = 

42) 

4.892 3.309 6.428 14.631 

 Average (n = 

84) 

5.006 3.261 6.607 14.875 

With VR 

teaching 

Boys (n = 

44) 

6.454 4.863 7.659 18.977 

(experimental 

group) 

Girls (n = 

41) 

7.134 5.243 9.048 21.426 

 Average (n = 

85) 

6.782 5.047 8.329 20.158 

 

Table 6  

Two-Way ANCOVA of the Effects of VR Teaching and Gender on Design Thinking Output 

Item Source of 

Variance 

SS (Type III) df MS F p Eta 

Squared 

Post Hoc 

Comparison 

Processing VR teaching 134.205 1 134.205 37.562 .000 .186  

Gender 2.055 1 2.055 .575 .449 .003  

VR teaching × 

gender 

8.783 1 8.783 2.458 .119 .015 
 

Error 585.958 164 3.573     

Form VR teaching 130.967 1 130.967 41.708 .000 .203  

Gender 1.503 1 1.503 .478 .490 .003  

VR teaching × 

gender 

1.473 1 1.473 .469 .494 .003  

Error 514.977 164 3.140     

Function VR teaching 129.090 1 129.090 22.743 .000 .122  
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Gender 11.476 1 11.476 2.022 .157 .012  

VR teaching × 

gender 

31.487 1 31.487 5.547 .020 .033 
 

Error 930.880 164 5.676     

Total VR teaching 1182.712 1 1182.712 48.989 .000 .230  

Gender 36.564 1 36.564 1.515 .220 .009  

VR teaching × 

gender 

95.817 1 95.817 3.969 .048 .024  

Error 3959.363 164 24.142     

1: experimental group, 0: control group; G: Girls, B: Boys 

 

  

 

Fig. 9 Function scores according to the use of VR and gender: design thinking output  

 

 

Fig. 10 Total scores according to the use of VR teaching and gender: design thinking output  

 

 

Table 7  

Test of Simple Main Effects of VR Teaching and Gender: Testing and Revision 

Item Source of 

Variance 

SS (Type III) df MS F p Eta 

Squared 

Post Hoc 

Comparison 

Function 

 

With/without 

VR 

       

Boys 16.329 1 16.329 2.286 .134 .027  

Girls 159.149 1 159.149 36.425 .000 .308 1>0 

Gender        

Without VR 1.929 1 1.929 .281 .597 .003  

With VR 63.028 1 63.028 12.205 .001 .123 F>M 

Output 

 

With/without 

VR 

       

Boys 288.128 1 288.128 10.804 .001 .115 1>0 

Boys 

Girls 

Boys 

Girls 

 Without VR      With VR 

 

 Without VR      With VR 

 

sco
res 

sco
res 
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Girls 1006.968 1 1006.968 46.715 .000 .363 1>0 

Gender        

Without VR 5.492 1 5.492 .204 .653 .003  

With VR 207.611 1 207.611 8.793 .004 .092 F>M 

 

Discussion 

Effects of VR Teaching and Gender on Design Thinking Ability 

The results of this study revealed that the application of VR to teaching has a moderately positive 

influence on the Empathize, Define, and Ideate stages of the design thinking process, with demonstrable 

positive effects also observed in the total scores achieved for engineering design thinking. Girls exhibited 

significantly stronger abilities in the Empathize, Ideate, and total scores in comparison to boys. However, the 

boys’ performances were superior to those of the girls in the Define stage. Regarding Test ability, VR teaching 

and gender exhibited a significant interaction effect; the Test abilities of the girls in the experimental group 

were significantly stronger than those of the girls in the control group, and they were superior to those of the 

boys in both the experimental and control groups. 

VR enabled students to more effectively and creatively understand, think, and explore with regard to the 

experiment’s engineering design activities through visualized representation, interaction, and immersion 

(Neges et al., 2018). This finding is consistent with those of related studies (Schaper et al., 2018; 

Bhattacharjee et al., 2018). However, prototyping requires hands-on experience and practical aptitude 

(Schønheyder & Nordby, 2018); consequently, the use of VR in teaching had no effect on this aspect of the 

process. 

Regarding the gender effect, the Empathize stage requires deeper observation and understanding of 

specific situations; in this aspect, the girls’ performances were superior to those of the boys. Furthermore, the 

Ideate stage requires more empathic thinking and a greater degree of emotional engagement, which may 

explain why the girls exhibited superior performances. This result also corroborates those of related studies 

(Garber et al., 2017). In contrast, the Define stage of the process frequently requires analysis and resolution of 

situations and problems in addition to abstract thinking. In this study, the boys performed more favorably in 

this aspect, again consistent with the results of studies by Garber et al. (2017), Cho (2017), Mefoh et al. 

(2017), and Wang and Degol (2017). In terms of Test ability, with regard to learning affect and attitude, the 

visualization effects of the VR afforded the girls a deeper understanding of, and a greater confidence in, 

abstract engineering learning than they had previously experienced (Bhattacharjee et al., 2018; Schaper et al., 

2018; Dehn et al., 2018). Therefore, the girls became more willing to engage in testing and revision for 

engineering design. The immersion effect of the VR also provided students with a feeling of complete 

involvement, thereby enhancing girls’ attitudes and confidence with regard to engineering learning (Putnik et 

al., 2017; Valla & Ceci, 2014). This result is also consistent with those of related studies. 

 

Effects of VR Teaching and Gender on Design Thinking Output 

The results of this study revealed that VR teaching has a substantial positive effect on the processing and 

form items. These effects may be attributed to VR simulation, play, and immersion (Bhattacharjee et al., 2018; 

Dehn et al., 2018). 

VR teaching and gender exhibited a significant interaction effect on the function score. The girls in the 

experimental group achieved higher scores for function than did the girls in the control group, with a large 

effect size. In the VR teaching group, the girls function scores were superior to those of the boys, with a 

medium effect size. The application of VR mitigated the girls’ original learning disadvantages in mathematics 
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and engineering (Garber, Hyatt, & Boya, 2017; Wang & Degol, 2017); instead, the girls exhibited superior 

performance in the area of functional design. Additionally, VR teaching and gender had a significant 

interaction effect in terms of the total score. VR teaching exerted a medium effect size on the boys and a large 

effect size on the girls. When no VR teaching was implemented, no significant differences were observed 

between the boys and girls. 

 

Conclusions and Recommendations 

In the context of the importance of fostering women’s potential in engineering design as well as the trend 

toward applying VR to teaching, this study investigated the effects of VR teaching and gender on engineering 

design ability. The primary conclusions are as follows:  

Overall, VR teaching has a positive effect on students’ engineering design thinking capacities, with a 

more pronounced effect on female students. However, prototyping requires hands-on experience and practical 

aptitude (Schønheyder & Nordby, 2018), and efforts must be made to strengthen teaching in this area in the 

future. 

VR teaching has a moderately positive effect on students’ engineering design thinking outputs, with a 

more substantial effect on female students. VR teaching is worthy of implementation and offers a suitable 

strategy for countering the stereotype that women have weaker abilities in mathematics and engineering. 

The results of this study revealed that students had insufficient levels of the kinds of hands-on experience 

and practical aptitude required for prototyping. Therefore, future VR teaching equipment should promote the 

simulation and teaching of operational skills. Additionally, this study was limited to the available VR teaching 

materials during the VR teaching activity planning stages. Establishment of a development platform for VR 

teaching materials should be considered, as this would enable instructors whose specialist areas do not involve 

VR to convert and apply their knowledge of their respective professional fields (Morin, Robert, & Gabora, 

2018) to VR teaching materials. Finally, according to reviewer’s comments of this journal (Thinking Skills 

and Creativity), there are more design thinking schools (e.g., University of Sydney, University of Virginia, and 

MIT Sloan Executive Education) than the Stanford one, in which the stages of empathize, define, ideate, 

prototype and test are less clearly defined and therefore maybe more open, more playful. Future studies might 

consider their possible bias by taking the Stanford model into account. 
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Part III. Effects of virtual reality on creative design performance and creative 

experiential learning. 

ABSTRACT 

This study investigated the effects of teaching via virtual reality (VR) on creative design performance and 

creative experiential learning processes by using a pretest–post-test nonequivalent group design to sample 138 

seventh graders from a junior high school in Taipei City. The main conclusions from this study are: (1) VR 

has significant positive effects on creative design processes, particularly in the design and planning, testing 

and revision and thoughts and appreciation stages. (2) VR has significant positive effects on creative design 

outcomes, with high- and low-level effects on creative design and functional appropriateness, respectively. (3) 

The learning process for VR and creative experiential learning shifts from concrete experiences to reflective 

observations, abstract conceptualization and, finally, innovative applications. Behaviors of reflective 

observation and innovative application are active and vital to the performance of creative processes and 

outcomes. 

Keywords: virtual reality, creative design, experiential learning, creative process, creative design outcome 

 

1. Research background and motivation  

In the age of globalization and informatization driven by a knowledge-intensive creative economy, cultivating 

creativity is paramount for responding to intense competition (European Commission, 2019; The White House, 

2019). Effectively learning and applying new knowledge of creative design is vital for promoting industrial 

innovation (National Bureau of Economic Research, 2019; The White House, 2019).  

Experiential learning theory (ELT) emphasizes learning and creating knowledge through experience (Kolb, 

1984; Dack, van Hover & Hicks, 2016). This highlights the transition from learning to the innovative 

application of knowledge (Kolb & Kolb, 2012; Dack, van Hover & Hicks, 2016). Virtual reality (VR) can 

transmit complex knowledge (Gonçalves & Campos, 2018) and facilitate the exploration, collection, sharing 

and integration of design knowledge in the creative process (Yang, Lin, Cheng, Yang, Ren & Huang, 2018; 

Harley, Poitras, Jarrell, Duffy, & Lajoie, 2016) to meet the requirements of design tasks. Learning and 

improving creative design skills can be achieved by integrating experiential learning and VR technology. 

Hands-on and computer-simulated experiences aid knowledge acquisition, and high-level critical thinking 

(Kaneko, Saito, Nohara, Kudo & Yamada, 2018; Shakarishvili, 2019), as verified by empirical research. 

Teaching applications of VR also positively affect scientific knowledge acquisition and mental skill 

development (van Ginkela et al., 2019; Cheng & Tsai, 2019; Makransky, Terkildsen & Mayer, 2019). 

Empirical studies have argued that VR improves imagination, creativity and creative design (Fröhlich, 

Alexandrovsky, Stabbert, Döring & Malaka, 2018; Yang et al., 2018; Tang, Au & Leung, 2018). The 

immersion, illusion and plausibility illusion produced by VR significantly affect creative stimulation 
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(Gonçalves & Campos, 2018; Fröhlich et al., 2018). 

Accordingly, ELT has value for the acquisition and application of knowledge. Also, VR has demonstrated 

excellent empirical results in learning and creative expression. The integration of ELT and VR and the 

resulting effects on knowledge acquisition and application, and creative stimulation and expression warrant 

in-depth study.  

 

2. Literature review  

2.1. ELT: learning to create 

ELT as proposed by Kolb (1984) posits that concepts learned through concrete experience or abstract 

conceptualization may be transformed into knowledge through reflective observation or active 

experimentation (Hanandeh, 2016; Guachalla & Gledhill, 2019). Experiential learning can cultivate reflection 

and changes in attitude toward design (Mulligan, Calder, & Mulligan, 2018 Djabarouti & O’Flaherty, 2019), 

and can effectively stimulate design motivation in students and allow them to acquire design knowledge 

(Mulligan, Calder, & Mulligan, 2018). 

Providing students with experience through computer simulations can facilitate learning and effectively 

develop students’ procedural and functional knowledge, as well as reflective and descriptive thinking (Kaneko 

et al., 2018). Studies have also concluded that students often lack practical skills and hands-on experience in 

reality; integrating experiential learning with VR technology can reinforce the study of abstract theory to 

improve learning quality and output (Shakarishvili, 2019). Furthermore, experiential learning through 

computer simulations can establish scientific concepts and high-level thinking skills in students (Kaneko et al., 

2018). However, teachers must supplement the learning by using carefully selected software to prevent 

students from developing misconceptions (Kaneko et al., 2018). 

The four stages of experiential learning—concrete experience, reflective observation, abstract 

conceptualization and active experimentation—are completed with proof of concept to reinforce the effects of 

knowledge application and innovation. A new phase of innovative application was added to the cycle to create 

a creative experiential learning model with five stages as the basis of this study. 

2.2. VR teaching applications and cognitive learning 

Generally, VR is the digital simulation or replication of an environment (Meyer, Omdahl & Makransky, 2019). 

In the 1960s, VR was originally used in entertainment; educational and training uses such as flight training 

were introduced in the 1980s (van Ginkela et al., 2019; Makransky, Terkildsen & Mayer, 2019). Teaching 

applications have also expanded as Internet bandwidth and transmission speeds, as well as quality of 

computer display technology and computing speeds, increase. Currently, students can use VR to learn with 

only a cell phone, a learning software application and a virtual headset (van Ginkela et al., 2019). 

Studies have concluded that VR positively affects learning outcomes related to cognition, skills and attitudes 

(van Ginkela et al., 2019). The spatial presence and experienced realism of VR can increase learning 

motivation (Cheng & Tsai, 2019; Meyer, Omdahl & Makransky, 2019) and enhance learning behaviors 

(Cheng & Tsai, 2019; Makransky, Terkildsen & Mayer, 2019). VR significantly affects learning in math and 

science disciplines such as physics and electrical science (van Ginkela et al., 2019; Cheng & Tsai, 2019). 

Research on learning variables has demonstrated VR’s positive effects (van Ginkela et al., 2019) on 

self-efficacy, knowledge acquisition, conceptual transfer, learning retention and learning reflection 

(Makransky, Terkildsen & Mayer, 2019) and in relation to reducing test anxiety (Cheng & Tsai, 2019). 

  

2.3. Creative design: creative expression and VR applications 
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Through simulations in virtual scenarios, VR provides multisensory experiential learning (Tang, Au & Leung, 

2018). VR also presents information in a perceptually attractive and emotionally stimulating manner to 

stimulate even more creativity (Gonçalves & Campos, 2018). VR can convey complex knowledge (Gonçalves 

& Campos, 2018) and facilitate the exploration, collection, sharing and integration of design knowledge in the 

creative process (Yang et al., 2018; Harley et al., 2016) to meet the requirements of design tasks. 

According to the literature, VR scenarios and three-dimensional (3D) functions can improve users’ spatial 

perception (Fröhlich et al., 2018) as well as allow for repeated learning, stimulate creative thinking, encourage 

innovation, and facilitate repeated trials of different designs (Yang et al., 2018; Gonçalves & Campos, 2018). 

Empirical studies have also concluded that VR applications improve imagination and creative expression 

(Fröhlich et al., 2018). Brain wave studies have demonstrated that VR applications enhance immersion and 

induce a flow state, and can benefit the cultivation of creativity and creative expression (Yang et al., 2018). 

According to brain science and cognition research, VR is beneficial for cognitive reflection (Yang et al., 2018). 

The illusion and plausibility illusion that users receive when using VR can benefit the learner’s discovery 

process and understanding of reality, as well as their ability to demonstrate creativity (Gonçalves & Campos, 

2018). 

H1: VR significantly affects the creative design process. 

Creation is more engaging and rapid in VR (Fröhlich et al., 2018), and users are encouraged to engage freely 

in trials and creations (Fröhlich et al., 2018). VR also provides the space and means for creative exploration 

(Gonçalves & Campos, 2018). In empirical studies, VR has had significant effects (Yang et al., 2018) on 

university students’ understanding of geometric relationships in product design and creative product design 

output (Tang, Au & Leung, 2018).  

H2: VR significantly affects creative design outcomes. 

VR positively affects the professional knowledge, awareness, thinking skills, creative scenarios and design 

methods necessary for creative expression. However, some studies have concluded that VR applications have 

only moderate effects on understanding of product function (Tang, Au & Leung, 2018) and that, despite its 

positive effects on learners’ attentiveness, VR cannot promote relaxation (Yang et al., 2018). Whether this 

affects the creative process and creative expression requires further study.  

H3: VR has significant effects on creative experiential learning. 

 

3. Research design and implementation 

3.1. Study participants 

The participants in this study were 138 seventh graders, including 70 boys (50.72%) and 69 girls (49.28%) 

across six classes in a junior high school in Taipei. In this study, the students were randomly assigned into the 

experimental and control groups by class. 

3.2 Independent variables 

Teaching strategy is the independent variable in this study. The experimental group used creative experiential 

learning—concrete experience, reflective observation, abstract conceptualization, active experimentation, and 

innovative application—via VR applications, and the control group used design teaching combined with 

multimedia applications. The experimental group designed and created a remote-controlled (RC) model car 

(Figures 1–5) using VR equipment as the teaching tool, with the following software: Franklin’s Lab (for 

supplemental explanations of model car circuitry), Cyber Science 3D (for explanations of differently sized 

gears and similar mechanisms), and Leopoly (simulation of the style and design). In the control group, 

students also designed and created an RC model car, but with multimedia presentations as the teaching tool. 
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Both teaching processes are displayed in Table 1. 

 

Table 1. Principal teaching processes. 

Week Phase Experimental group Control group 

1 
Defining 

the problem 

Controlling and observing 

remote-controlled (RC) model 

car movement to stimulate 

interest in learning. 

Observing the model car’s 

circuitry using virtual reality 

(VR) goggles and equipment. 

Sharing real-life examples of 

automobile structures and 

remote controls. 

Controlling and observing RC 

model car movement to 

stimulate interest in learning. 

Sharing real-life examples of 

automobile structures and 

remote controls. 

2 

Data 

collection 

and analysis 

Observing the RC car’s 

structure. 

Teacher explaining key points of 

design. 

Using VR teaching equipment in 

mechanical learning. 

Discussing RC car structure. 

Observing the RC car’s 

structure. 

Teacher explaining key points 

of design. 

Discussing RC car structure. 

3 

Data 

collection 

and analysis 

Simulating circuits using zSpace 

and students explaining 

electrical current flow and its 

principles. 

Teacher demonstration on safely 

using soldering irons. 

Students assembling remote 

controls, gears and motor parts 

and soldering the circuitry. 

Teacher demonstrating via 

multimedia the safe use of 

electric soldering irons. 

Students assembling remote 

controls, gears and motor parts 

and soldering the circuitry. 

4 
Design 

generation 

Creating the RC car (including 

circuity and mechanisms). 

Students freely experiencing VR 

material on circuits and 

mechanisms. 

Creating the RC car (including 

circuity and mechanisms). 

5 
Design 

generation 

Explaining motor drive and gear 

mechanisms using zSpace. 

Using the model design function 

in zSpace. 

Designing the RC model car. 

Designing the RC model car. 



 37 

6 
Design 

generation 

Completing a worksheet for 

practical work. 

Discussing applications of RC 

car electrical science, 

mechanisms and model parts 

(with zSpace). 

Using VR goggles to experience 

the RC car. 

Completing a worksheet for 

practical work. 

Discussing applications of RC 

car electrical science, 

mechanisms, and model parts. 

7 Creation 

Completing the creation of the 

model car. 

Using VR goggles to experience 

the RC car. 

Completing the creation of the 

model car. 

 

8 

 
Sharing 

Using VR goggles to experience 

the RC car. 

Sharing and appreciating each  

student’s final project products. 

Teacher assessing and 

summarizing. 

Sharing and appreciating each 

student’s final project 

products. 

Teacher assessing and 

summarizing. 

 

 

 

 

Figure 1. Obstacle course race. Figure 2. Student using virtual 

reality goggles. 

Figure 3. View of the obstacle course as 

seen via the virtual reality goggles. 

  

 

Figure 4. Student using zSpace to 

learn current flow concepts. 

Figure 5. Student using zSpace to 

design the model car. 

 

 



 38 

3.3 Dependent variables 

The dependent variables are creative design performance—including the process and results—and 

experiential learning process. On the basis of design thinking models, the creative design process, including 

data collection, design and planning, testing and revisions, and thoughts and appreciation, was recorded using 

creative design worksheets (Figures 6 and 7). A sample of 30 model cars graded for process by two senior 

teachers using an assessment rubric yielded correlation coefficients of .82, .75, .87 and .81, which reflect good 

reliability (Mugenda & Mugenda, 2003). 

  

Figure 6. Turtle car design. Figure 7. Ladybug car design. 

Creative design outcomes were based on appropriate material processing, design innovativeness and 

functional performance (Chang & Yu, 2015). A sample of 30 model cars graded for outcome by two senior 

teachers using an assessment rubric yielded correlation coefficients of 0.74, 0.86 and 0.97, which indicates 

good reliability (Mugenda & Mugenda, 2003). Examples of the model cars are shown in Figures 8 and 9.  

 

  

Figure 8. Warship-designed remote-controlled 

model car. 

Figure 9. Firefly-designed remote-controlled model 

car. 

This study added the step of innovative application to ELT (Kolb, 1984) and used a five-stage experiential 

learning observation index: concrete experience, reflective observation, abstract conceptualization, active 

experimentation and innovative application. Content and expert validity were established in expert meetings 

to review and revise item codes, operational behaviors and time calculations (Table 2). On the basis of sample 

video recordings of 30 participants and coding by a researcher and senior teacher, the consistency coefficient 

of the examiners was 0.74, indicating strong consensus between the two examining teachers in interpreting 

student behaviors (Mugenda & Mugenda, 2003). 
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Table 2. Creative experiential learning observation index. 

Item code Operational behavior Calculation method 

Concrete experience 

E 

Sensory contact 

→Watching the movement of a car, listening to 

the sounds of a moving car, and touching the 

car’s exterior. 

Hands-on operation 

→Students’ active participation in, personal 

experience with, and hands-on operation of the 

car’s movements 

Sustaining this behavior for 30 

seconds was logged as one 

instance. 

Meaningful behavior was logged 

as one instance.  

Reflective 

observation 

O 

Observing traits of a moving self-driving car 

Observing the exterior of self-driving cars and 

considering car designs 

Discussing and sharing experiences with others  

→Design discussion with peers 

Sustaining this behavior for 30 

seconds was logged as one 

instance. 

Meaningful behavior was logged 

as 1 instance. 

Abstract 

conceptualization 

C 

Thinking, consolidating and sorting (written 

records) 

→Considering the type of design to use 

Generating ideas 

→Ideas directing the design 

Sustaining this behavior for 10 

seconds was logged as 1 instance. 

Meaningful behavior was logged 

as 1 instance. 

Active 

experimentation 

A 

Design phase 

→Learning to draw one’s own design 

Sustaining this behavior for 60 

seconds was logged as 1 instance. 

Meaningful behavior was logged 

as 1 instance. 

Innovative 

application 

I 

Innovative applications 

→Unique and other innovative designs apart 

from drafts 

Sustaining this behavior for 30 

seconds was logged as 1 instance. 

Meaningful behavior was logged 

as 1 instance. 

Other 

R 

Conversations unrelated to the activity Sustaining this behavior for 30 

seconds was logged as 1 instance. 

 

3.4. Research process 

A pretest–post-test quasi-experimental design was adopted in this study. First, the students’ previous design 

assignments were collected and evaluated to obtain pretest scores for the worksheets and assignment before 

the teaching experiment. After the experiment, the worksheets and assignment from this unit plan were 

evaluated. 

3.5. Data analysis 

The issue of whether teaching with VR significantly influenced students’ creative design performance was 

measured using an analysis of covariance (ANCOVA). By filming the students’ experiential learning 

behaviors, their indexed learning behaviors were observed, sequenced and analyzed. Multiple Episode 

Protocol Analysis (Janssen, Erkens & Kanselaar, 2007; Sun, Lin & Chou, 2018) software was used to analyze 

the students’ experiential learning behavior frequency and transitions, to identify significant coding sequences, 
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understand the students’ learning processes, and determine whether the learning was meaningful. Behavioral 

sequence analysis in this study included observation; recording, sequencing and analyzing the sequence data; 

and drawing behavior transition diagrams (Wu, Sung & Chien, 2010; Sun, Lin & Chou, 2018). 

4. Study results 

4.1 VR effects on the creative design process 

H1: VR significantly affects the creative design process. In the multivariate ANCOVA (MANCOVA), Wilk’s 

lambda = .65, p < .001, and eta squared = .35, which indicated high-level effect sizes (Cohen, 1988). This 

indicates differences in the creative design processes of the two student groups as a result of the experimental 

manipulations (teaching via VR). 

In the ANCOVA for the two student groups’ creative design process, high-level effect sizes were found for 

design and planning, testing and revision, and thoughts and appreciation. The experimental group scored 

higher than the control group in all three aspects (23.18 > 11.75; 9.11 > 6.03, and 13.71 > 7.45). However, in 

data collection (F = 0.82), no significant difference was observed between the two groups (Tables 3 and 4). 

 

Table 3. Descriptive statistics on creative performance 

 Control group 

(n = 64) 

 

 

Experimental group 

(n = 68) 

Item Pretest Post-test  Pretest Post-test 

 M SD M SD Adj.

M 

 M SD M SD Adj.M 

Creative process 31.36 15.61 39.2 19.51 38.27  29.34 7.79 58.69 15.58 59.56 

1. Data collection 10.66 2.94 13.33 3.69 13.02  6.63 1.52 13.26 3.04 13.55 

2. Design and 

planning 

9.64 8.80 12.05 11.01 11.75  11.46 5.59 22.91 11.19 23.18 

3. Testing and 

revisions 

4.96 3.40 6.20 4.25 6.03  4.47 1.23 8.96 2.46 9.11 

4. Thoughts and 

appreciation 

6.10 4.63 7.62 5.79 7.45  6.77 1.77 13.56 3.55 13.71 

 

Table 4. Analysis of covariance (ANCOVA) of creative performance  

Item Source Sum of squares df Mean square  F p 
Eta 

squared 

Data collection 

Experimental 

treatment 
8.50 1 

8.50 0.82 .36  

Error 1333.56 129 10.33    

Design and 

planning 

Experimental 

treatment 
3978.82 1 

3978.82 32.26** .00 0.20 

Error 15905.80 129 123.30    

Testing and 

revisions 

Experimental 

treatment 
287.84 1 

287.84 24.69** .00 0.16 

Error 1503.77 129 11.65    

Thoughts and 

appreciation 

Experimental 

treatment 
1196.67 1 1196.67 

52.84** .00 0.29 

Error 2921.34 129 22.64    

** p < .1 

 

4.2 Effects of teaching via VR on creative design outcomes (product) 

H2: Teaching via VR significantly affects creative design outcomes. In the MANCOVA, Wilk’s lambda = .76, 

p < .001, and eta squared = .24, indicating a high-level effect size (Cohen, 1988). This indicates that the 

creative design outcomes for both student groups were different as a result of experimental treatment (VR 

teaching applications). 

In the ANCOVA for both student groups’ creative design, a high-level effect size was found for creative 

design, and a low-level effect size for functional appropriateness. The experimental group scored higher in 
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both aspects than the control group (6.29 > 3.67; 7.77 > 6.72), but no significant difference was observed 

between the groups for appropriate material processing (F = 0.29; Tables 5 and 6). 

 
Table 5. Descriptive statistics on creative performance 

 Control group 

(n=64) 

 

 

Experimental group 

(n=68) 

Item Pretest Post-test  Pretest Post-test 

 M SD M SD Adj.

M 

 M SD M SD Adj.M 

Creative design 

outcomes 

14.96 5.63 17.60 6.63 17.41  17.95 4.90 21.11 5.77 21.29 

1. Appropriate 

material processing 

5.98 2.12 7.05 2.49 7.01  6.12 1.55 7.21 1.83 7.23 

2. Unique design 3.16 2.00 3.72 2.36 3.67  5.31 3.27 6.25 3.85 6.29 

3. Functional 

appropriateness 

5.81 2.83 6.84 3.33 6.72  6.51 1.84 7.66 2.17 7.77 

 

Table 6. Analysis of covariance (ANCOVA) of creative performance  

Item Source Sum of squares df Mean square  F p 
Eta 

squared 

Data collection 

Experimenta

l treatment 

1.41 1 1.41 0.29 .58  

Error 616.09 129 4.77    

Design and 

planning 

Experimenta

l treatment 

216.46 1 216.46 20.81 .00 .13 

Error 1341.82 129 10.40    

Thoughts and 

appreciation 

Experimenta

l treatment 

34.15 1 34.15 4.48 .03 .03 

Error 982.18 129 7.61    

** p < .1 

4.3 Effects of teaching via VR on creative experiential learning processes 

H3: VR significantly affects the creative experiential learning process. The creative design learning behaviors 

of 32 students randomly sampled from both groups were filmed, coded and sequentially analyzed. The results 

can aid teachers in understanding and encouraging students’ learning (Hou, Kuo, & Yao, 2010). The analysis 

results are displayed in the transition frequency and adjusted residual tables (Tables 7–10) and in behavior 

transition diagrams (Figures 10 and 11). 

In the frequency transition table (Table 7), the columns list starting behaviors, and the rows list behaviors 

exhibited immediately after the column actions. The numerical values represent the total frequency that the 

column behaviors transitioned into row behaviors in the entire sequence. 

 

Table 7. Transition frequencies, experimental group. 

 E O C A I R Total 

E 38 185 21 58 6 6 314 

O 102 33 83 84 33 14 349 

C 15 19 3 87 9 3 136 

A 116 88 21 23 3 12 263 

I 36 9 0 3 0 3 51 

R 7 15 8 8 0 0 38 

Total 314 349 134 263 51 38 1151 

E: Concrete experience  O: Reflective observation  C: Abstract conceptualization   

A: Active experimentation  I: Innovative application   R: Other 
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Table 8. Transition frequencies, control group. 

 E O C A I R Total 

E 93 54 79 97 0 34 357 

O 54 19 25 54 0 24 176 

C 41 31 8 81 0 6 167 

A 136 56 32 67 1 39 331 

I 1 0 0 0 0 0 1 

R 32 16 23 33 0 11 115 

Total 357 176 167 332 1 114 1147 

E: Concrete experience  O: Reflective observation  C: Abstract conceptualization   

A: Active experimentation  I: Innovative application   R: Other 

 

Tables 7 and 8 indicate that students designing self-moving RC cars through VR experiential exploration and 

education have higher frequencies of concrete experience (E), reflective observation (O), and active 

experimentation (A) behaviors. Behavior sequential analysis results were compiled into adjusted residuals 

tables, and values greater than 1.96 represent significant sequential transitions.  

The results were illustrated as a transition diagram. The arrows indicate the directions of sequence progression, 

and arrow thickness represents the level of significance. The numbers next to the arrows represent the 

corresponding Z-scores (Tables 9 and 10). 

 

Table 9. Adjusted residuals (Z-scores), control group. 

 E O C A I R 

E -2.50 1.24 5.44* -0.90 -0.81 -0.36 

O -0.12 -1.82 -0.15 0.51 -0.46 1.84 

C -1.78 1.24 -3.87 5.50* -0.45 -3.04 

A 4.57* 1.03 -3.28 -4.14 1.86 1.50 

I 1.24 -0.15 -0.38 -0.54 -0.03 -0.32 

R -0.70 -0.44 1.70 -0.06 -0.35 -0.14 

E: Concrete experience  O: Reflective observation  C: Abstract conceptualization   

A: Active experimentation  I: Innovative application   R: Other 

*Z > 1.96 

 

Table 10. Adjusted residuals (Z-scores), experimental group. 

 E O C A I R 

E -7.08 12.65* -3.64 -2.23 -2.92 -1.86 

O 1.00 -10.16 9.33* 0.68 6.40* 1.05 

C -4.11 -3.93 -3.70 11.38* 1.37 -0.80 

A 6.77* 1.20 -2.34 -6.20 -3.29 1.46 

I 6.20* -1.72 -2.57 -2.65 -1.57 1.06 

R -1.08 1.06 1.71 -0.24 -1.34 -1.16 

E: Concrete experience  O: Reflective observation  C: Abstract conceptualization   

A: Active experimentation  I: Innovative application   R: Other 

*Z > 1.96 
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Figure 10. Behavior transition chart, control group.  

E：Concrete experience  O: Reflective observation  C: Abstract conceptualization   

A: Active experimentation  I: Innovative application  R: Other 

 

 
 Figure 11. Behavior transition chart, experimental group.  

E：Concrete experience  O: Reflective observation  C: Abstract conceptualization   

A: Active experimentation   I: Innovative application  R: Other 

 

Figure 10 shows that the control group students tended to obtain abstract conceptualizations (C) from concrete 

experiences (E) before proceeding to active experimentation (A) and returning to concrete experiences (E). 

Therefore, more creative guidance is necessary in typical design education to guide students toward 

innovative application (I). The frequency of reflective observation (O) was particularly low.  

 

The experimental group students exhibited active behaviors in reflective observation (O; Figure 11). They 

achieved not only reflective observation (O) from concrete experiences (E) but also transitions from reflective 

observation (O) to abstract conceptualization (C) and innovative application (I). These students were also 

active in reflective observation and innovative application.  

5. Discussion 
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5.1 VR and creative design processes 

In this study VR significantly improved the overall creative design process as well as its design and planning, 

testing and revision, and thoughts and appreciation stages. These findings are consistent with those of other 

studies (Meyer, Omdahl & Makransky, 2019; Selzer, Gazcon & Larrea, 2019). Students’ immersion into VR 

provided them with a sense of presence in, and control of, the visual scene, both of which can drive the 

acquisition, retention and transfer of material concepts (Makransky, Terkildsen & Mayer, 2019) such that 

knowledge can be applied to the design and planning and testing and revision stages. In the VR scenario, 

increased perceived enjoyment, motivation, and self-efficacy (Meyer, Omdahl & Makransky, 2019) can also 

increase learners’ involvement in design, production and sharing. However, no significant difference was 

observed between the two groups in data collection, mainly because the information required for design often 

involves Internet searches and cannot be taught using VR. This is a limitation of VR.  

5.2 VR and creative design outcomes 

VR significantly improved overall creative design outcomes. Specifically, the effects of VR on creative design 

and functional appropriateness were high and low, respectively. This may be because students had learning 

opportunities in this study’s VR, mechanism design and simulation functions. Relevant studies have 

concluded that VR simulations allow students to make attempts with more assurance, reducing anxiety 

(Cheng & Tsai, 2019) and increasing their confidence and motivation (Makransky, Terkildsen & Mayer, 2019; 

Meyer, Omdahl & Makransky, 2019). Studies on creativity have also shown that the creative ambience in 

scenarios without pressure, and with creative self-efficacy that provides a sense of accomplishment, 

substantially affect creative performance (Amabile, 2012; García-García, Chulvi, Royo, Gual & Felip, 2019). 

VR can be applied to learning psychomotor, procedural, behavioral and technical skills (Chiu, Kang, Wang, 

Chen & Wei, 2019; Çakiroğlu & Gökoğlu, 2019). In this study, VR was not used to train students in operating 

machinery and tools and was unable to enforce training in psychomotor or technical skills. Therefore, the 

experimental group did not exhibit improved performance in appropriate material processing. 

5.3 VR and creative experiential learning processes 

The learning process in the control group tended to transition from concrete experiences to abstract 

conceptualizations and then to active experimentation before returning to concrete experiences. The frequency 

of reflective observation in this cycle was relatively low. These findings are consistent with concepts of design 

thinking—empathize, define, ideate, prototype and test—proposed by the Stanford Design School (Micheli, 

Wilner, Bhatti, Mura & Beverland, 2018; Institute of Design at Stanford, 2019). 

The experimental group’s learning process when using VR transitioned from concrete experiences to 

reflective observation, then to abstract conceptualization and innovative application. The experimental group 

exhibited active behaviors in reflective observation and innovative application. These results are also 

consistent with this study’s findings regarding creative design processes (design and planning and thoughts 

and appreciation) and creative design outcomes (unique design). The experimental group significantly 

outperformed the control group in innovative and unique thinking and performance. This could be because, 

after contact with the RC model cars, the control group had fewer interactive discussions and periods of 

reflection before designing their model cars, whereas the experimental group, by using VR, received more 

visual stimulation and opportunities for personal experiences, which can cause more reflective observation 

(Makransky, Terkildsen & Mayer, 2019); these reflections also drove abstract conceptualization (Micheli et al., 

2018). Furthermore, reflective observations can promote innovative thinking and applications in students 

(Micheli et al., 2018; Moate, Hulse, Jahnke & Owens, 2019; Mariano & Figliano, 2020), resulting in more 

creative designs. In other words, the theoretical framework for creative experiential learning proposed in this 
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study can facilitate creative performance, and the addition of VR applications highlights the effects. 

6. Conclusions and suggestions 

6.1 Study conclusions and suggestions for practical applications 

This study explored the effects of VR on creative design performance and creative experiential learning 

processes, and the major conclusions are as follows: 

1. VR significantly affects creative design processes, with positive effects particularly in the design and 

planning, testing and revision and thoughts and appreciation stages. The engaging content of, sense of 

presence through immersion in, and proactive control of, visual scenes in VR promote the acquisition, 

retention and transfer of teaching material concepts. This increases the learner’s enjoyment, motivation and 

self-efficacy, which improve performance in creative design. In subsequent teaching applications, Internet 

resources or other media can be used to reinforce the provision of information or examples to enhance 

professionalism. 

2. VR significantly affects creative design outcomes. The results for creative design and functional 

appropriateness were high and low, respectively. The functional simulation and design trial mechanisms in VR 

allowed learners to exercise their imagination and creativity without restraints or pressure. In the future, 

material processing skills can be strengthened with VR or practical training material for practicing machinery 

and tool operation.  

3. The process of VR and creative experiential learning begins with concrete experience; this, in turn, then 

progresses, and extends to reflective observation, abstract conceptualizations and innovative application. 

Active behaviors were exhibited in reflective observation and innovative application, which are critical to 

performance in the creative process and creative results. Software and hardware development with VR 

teaching applications, as well as creative design teaching, can be conducted in accordance with the creative 

experiential learning model. 

 

6.2 Study limitations and suggestions for future research 

In this study, designing RC model cars was the lesson theme. No significant differences were observed in data 

collection, in the creative design process. This may suggest that VR affects design at different levels of 

knowledge and professionalism differently. This study also discovered that VR affects creative design and 

functional appropriateness differently, suggesting that VR has different effects on design creativity, structural 

and functional creativity, and degrees of refinement because of different design tasks. These topics warrant 

investigation in VR applications in teaching creative design.  

The experience and sense of presence induced by VR reinforced mental representation. This result is 

consistent with the theory proposed by Dowey (Makransky, Terkildsen & Mayer, 2019) and several empirical 

studies. However, highly immersive VR can distract students (Makransky, Terkildsen & Mayer, 2019). 

Moreover, simulator sickness may affect learning (Meyer, Omdahl & Makransky, 2019) and is an area 

requiring improvement in research and development. 
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科技部補助專題研究計畫出席國際學術會議心得報告 

                                   日期：108年 9月 30

日 

 

一、 參加會議經過 

  本次研討會的名稱為「國際互動合作學習會議」(International Conference on Interactive 

Collaborative Learning)，研討會共為期四天(2019/9/25 至 2019/09/28)，於泰國曼谷的曼

谷洲際酒店(Intercontinental Bangkok)舉行，國際互動合作學習會議為國際工程教育學

會(IGIP)的年度重要會議，電機電子工程師學會(IEEE)亦為此會議的協辦單位之一。主

題演講安排於開幕式之後，共有四場： 

 

● 第一場主題演講的演講者是來自德國的 Dr. Stefan Vorbach，他是奧地利格拉茨工

業大學的教授。他與大家分享了學術創業精神對大學生態和社會經濟所帶來的好

處以及重要性，但也提到創業教育不能以傳統的方式來教授（圖 1）。 

● 第二場主題演講則是任職於泰國工業部工業經濟學辦公室副主任的 Dr. Aditad 

Vasinonta帶來與第四次工業革命相關的分享，其包括各國對自動化以及人工智慧

等產業的政策差異，以及人民在面對未來新科技的崛起時該如何面對（圖 2）。 
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圖 1 Dr. Stefan Vorbach 專題演講 

 

 

圖 2 Dr. Aditad Vasinonta 專題演講 

 

● 第三場主題演講是由來自羅馬尼亞布拉索夫特蘭西瓦尼亞大學的能力評估和能力

轉移中心主管 Dr. Doru Ursutiu，和大家討論有關音樂療法到工程教育內的情感因

素以及相關新技術的相關應用。 

● 第四場主題演講是由國際工程教育學會聯合會 (International Federation of 

Engineering Education Societies)、全球工程院理事會 (Global Engineering Deans 
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Council)的創始成員的 Dr. Xavier Fouger來分享學習中心在快速變化的工業環境中

的工程教育系統所帶來的幫助。 

 

Stefan Vorbach 的演說「大學畢業生創業教育的重要性」 (The Importance of 

Entrepreneurship Education for University Graduates)，指出學術界人士的創業是知識型社會

的重要指標。學術人士創業也跳脫以往的經營看法，並為學術機構帶來經費來源。這些創

業成果也為在校生及校友帶來更多的就業機會。在學校經營的角度，創業帶來產學合作的

機會與機制。在學習來說，它更是理論與實務經驗的結合，具有整合性與創新性。 

類似的教育觀點，在新北市的創新加速器計畫有異曲同工之妙。該計畫目標包括「1.

藉由加速器系統的支持，鼓勵與支持學校進行「跨國」、「跨校」、「跨學制」(包含大專院校)、

「跨領域」(包含產業界、NGO)的各項教育合作。2.團隊共同提出有助於學生適性發展之創

新方案，培育各領域所需，兼具競爭力及合作力之優質 T型人才。3.整合各領域相關資源，

打造本市優質高中職學習環境，提升本市學校競爭力，以達成在地就學之目標。」所以可

以發現，國外的一些觀念或做法，在檢視台灣的文化與社會現狀之後，是有些可以轉化應

用，用以改善人才培育的策略。 

 

二、 與會心得 

9/26 日當天上午為開幕式，內容主要為主辦方的致詞以及對會議的介紹。其中，論文第

一作者簡佑宏教授特別提到，來自台灣的參與者只有我們一組，研討會主辦單位仍為我們

準備了一面中華民國國旗並與其他國家並列排放在國際會議廳的會場，能讓人感受到主辦

單位的尊重。 

在工程教育發表的論文中，我們發現當前重要的工程教育議題，包含技術教師培訓、遠

端與虛擬實驗室、創新教學方法、創新學習模式、研究所階段的教學、課程發展與教材設

計、教學模式發展、職業教育、初中階段的實作教育、教具設計、工程教育的倫理教育等。

因此，可以看到的是，在工程教育向下延伸到高中的準工程教育以及國中階段的科技素養

教育或工程設計教育，是國際間越來越重視的議題，這和台灣的 12年國教政策是一致的。 
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 晚會 

 

 

三、 發表論文摘要 

此次發表論文之全文如下： 

The Development of an Artificial Intelligence Assistant for Participatory Design 

in the Engineering Design Educational Environment 

Yu-Hung Chien, Hsien-Sheng Hsiao, Yu-Shan Chang, Chun-Kai Yao 

National Taiwan Normal University 

Roland.chien@ntnu.edu.tw, hssiu@ntnu.edu.tw, sam168@ntnu.edu.tw, k2585258@gmail.com 

 

Abstract. Participatory design (PD) is a method that focuses on the nature of collaboration, enabling users to participate 

actively in the design process and assess the feasibility of the design and give feedback. The characteristics make it 

suitable for application in the field of education, to train students to explore the user's needs for products and participate 

in the solution of the problem. However, applying PD in the educational environment is not easy because it is difficult 

to find product users to participate in the teaching process throughout the school. Therefore, the purpose of this study 

is to design, construct, and develop a smart voice assistant. It can act like a product user to have a smooth conversation 

with students. The intelligent voice assistant will give feedback to students. This study has analyzed the dialogue 

between users and designers by the past PD research and found out the intention in the process of dialogue based on 

the engineering design process. And based on these intentions, the experience in the use of products, product 

requirements, unmet, and other information was collected into the database. The developed intelligent voice assistant 

can partially replace the real user in the PD. An experiment will be conducted to confirm the effectiveness of the 

developed intelligent voice assistant. 

Keywords: participatory design, intelligent assistant, engineering design education 

mailto:Roland.chien@ntnu.edu.tw
mailto:hssiu@ntnu.edu.tw
mailto:sam168@ntnu.edu.tw
mailto:k2585258@gmail.com
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四、 攜回資料名稱及內容 

1. 研討會官方網站：http://www.icl-conference.org/current/index.php  

2. 每日議程小冊，網址為議程連結： https://www.conftool.com/icl-

conference/sessions.php 
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附錄 

論文發表全文 

Introduction 

Design education focuses on teaching students how to design by understanding the design process and product-related 

knowledge [1], and preparing them for the design work after graduation. Traditionally, design education relies heavily on 

teaching by using individual studios [2]. It seldom provides real opportunities for students to collaborate with the product 

users in the design process, and seldom uses interactive tools as assistants for design. 

Recently, more and more design educational studies have emphasized the collaborative learning and the role of 

technology in design education [3]. Participatory design (PD) is one of them. In the PD process, users and designers 

generate product ideas together. However, it is not easy to build a teaching environment that involves real product users 

in the PD process in classes. One of the main reasons is that it is difficult to invite product users to participate in the 

teaching process at the teaching site, and the past solution was to let students act as product users. However, the product 

range will be easily limited to products which students use frequently. Students' knowledge and experience may not be 

sufficient to clarify their needs of various products. 

Although PD education has above-unsolved problems, with the development of artificial intelligence (AI) in recent 

years, this problem is likely to be solved. In the past few years, smart agents have been applied to some collaborative 

engineering systems [4]. The concept of personal assistants stems from the intersection of AI and human computer 

interaction (HCI), and its development involves technologies such as Internet technology, multimedia, and multimedia 

[5]. The communication and cooperation between designers and product users are the major part of the PD, an effective 

assistant could therefore partially replace the real product user, providing users' behavior patterns and product preference 

for designers. It not only solves the participation problem of a real user, but also enables students to familiarize themselves 

with the PD process by communicating and collaborating with the assistant.  

In the present study, we introduce how the smart voice assistant can act as a real user in a PD education environment 

to provide student designers with product demands and past users' experience in using products, and also enable students 

to generate design ideas and familiarize themselves with PD processes. 

Literature Review 

Participatory design 

Two decades ago, participation design appeared as a distinct set of design and scientific practices rooted in 

Scandinavian system design approach, commonly classed under the label of cooperative design, which emphasized 

designers and users to work actively together to improve working life quality [6]. In other words, the user was regarded 

as a collaborator with the designer within the PD [7]. In fact, design cooperation shifts from a user-centered design process 

to collaborative design communities—from designing for users to designing with users [7]. 

PD started from the simple standpoint that those affected by a design should have a say in the design process [8]. The 

objective of PD is to involve all stakeholders at every stage of the design process. This includes designers, customers, 

users, and others [9]. 
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Recent research has pointed out that there are many advantages to using PD as a design method. Kang et al [9] argued 

that PD is a good and suitable way to research and develop new designs, as it focuses on the verbal exchange of design 

ideas which is particularly important in the initial design phases. PD also gives users a sense of ownership, acceptance, 

and ultimately the best result. Also, Bjögvinsson et al [8] reported that PD confirms the importance of tacit knowledge of 

the participants in the design process — not just formal and explicit skills but the practical and diverse abilities which 

play a fundamental role in the development of things as objects or artifacts. 

Recent study studies have increasingly seen the collaboration between education and technology in design 

development [10, 11]. Cognitive research [12] indicated inexperienced learners in design tend to jump straight into 

alternatives without extensive problem-structure operations. PD can overcome this trend, based on the idea of playing an 

important role for knowledgeable users in the design process; It involves learners in the structuring of problems and in-

depth assessment of design constraints which promote professional design procedures [13]. However, research on PD 

education in practice is not sufficient, such as the participation of users in the education field. It remains to be solved in 

the future. 

Artificial intelligence assistant 

AI is the simulation of human intelligence processes through machines, especially computer systems. According to 

Nabiyev (14), AI means a variety of computer system capabilities for understanding, learning, solving, interpreting and 

carrying out complicated mentality. These ranges include learning (rules for obtaining information and using 

information), reasoning (using rules to draw approximate or clear conclusions), and self-correction [15]. Special 

applications of AI include expert systems, speech recognition, and machine vision. AI has been used in several fields, 

including computer science, cognitive and apprenticeships, gaming and game design, psychology, sociology, philosophy, 

neuroscience, linguistics, defenses, medicine, and education. As an interdisciplinary field, AI can understand the 

communication between humans and computers while processing natural language.  

Chatbots are chat applications supported by AI [16] which range from simple questions to participating in complicated 

conversations in accordance with the simplified definition offered by Shawar and Atwell [17]. Chat applications can 

respond to requests or questions from various users [18]. In the last few decades, Chatbot began to learn with the support 

of AI and often took on the role of human operators in several fields, including some basic communication tasks in 

education [19, 20].  

Some of its results can be derived from research by maturing AI technologies in education, advancing the educational 

reform process and modernizing teaching. For examples, Pedagogical workers, for example, are independent workers in 

computer training and make learning easier through interactions with learners or other agents. [21-24]. They can behave 

as colleagues, co-students, rivals, assistants or teachers[25 ]. An AI for education should be able to ask and answer 

questions, offer suggestions and clarifications, track the learners and offer feedback [26]. 

Achievements 

In this study, we present an intelligent assistant called "Intelligent PD Teaching Assistant (IPDTA)" to help students 

familiarize the PD process. The IPDTA can provide students with information on the needs of users, usage habits, past 

experiences, etc. in the process of PD. It can also assist students in defining design problems and generating new ideas 

for products. 
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We combined the following design principles to build the IPDTA: 

1. IPDTA should be able to talk to the student designer the same as a real user and identify the intent in the student's 

words. 

2. IPDTA should be able to reveal the user's requirements for the product from the process of communication. 

3. IPDTA should be able to partially represent real users, providing experience in using products in the past, helping 

student designers to generate new design ideas. 

IPDTA used Actions-on-Google as a platform and built it in Dialogflow. Fig. 1 shows the operating process of IPDTA. 

Actions-on-Google is a development platform that can extend the functionality of Google assistant by creating 

"Actions". Under the Google Assistant, Actions can freely define requests from users and determine the feedback behavior 

given to the request. 

Actions can be divided into two types, Directly Actions and Conversational Actions. Direct Actions are simpler, such 

as asking for information, dialing music, turning off lights, and other instructions. In contrast, the Conversational Actions 

are more complex and need to be built in the Dialogflow. Dialogflow is a development tool for Google's human-computer 

interaction technology based on natural language dialogue, which enables the system to perform tasks in natural languages 

and answer user's questions. 

Dialogflow understands natural language and produces the appropriate response through the "intent" setting. "Intent" 

refers to the focus of the user's discourse. Developers can set up a database to determine the representative words of the 

intent and how to respond to the intent. You can also request more complete information from the user by responding to 

the request. Also, developers can analyze past experiences by providing examples of Dialogflow phrases or uploading 

session records, thereby training the system to identify uninitiated intents. 

 

 

Fig. 1. The operating process of IPDTA 

 

In terms of database building, we used Atman's definition of design activity [27] and defined the design behaviors that 

IPDTA competent in several processes, as shown in Table 1, including identifying requirements, defining problems, 

collecting data, generating ideas, and communicating. In order to be able to understand the dialogue of these design 

activities in PD activities, we referred to past studies on PD and analyzed the intents of the designer in the discourse of 

the user in the conversation. With the information mentioned above, we can build the database based on real user 
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information about the product in a way that corresponds to the designer's intent and determines the response of IPDTA in 

a particular session scenario. Through Actions-on-Google, IPDTA has the ability to receive students' words in a speech 

recognition way and will respond to voice feedback to students, it completes full voice communication. Fig. 2 shows the 

actual usage of IPDTA. Each record data exchanged with IPDTA will be stored in Google Cloud to train IPDTA to create 

new intent for unanswered requests. 

 

Table 1. the actual usage of IPDTA in the design activities 

Design activity Description Real user IPDTA 

Identifying a need 
Identify basic needs (purpose, reason 

for design). 
O O 

Problem definition Identify the real issue. O O 

Gather information 

Searching for and collecting 

information(i.e., facts, data) needed to 

solve the problem. 

O O 

Generate ideas 

Thinking up potential solutions (or 

parts of potential solutions) to the 

problem. 

O O 

Modeling 

Detailing how to build the solution (or 

parts of the solution) to the problem. 

Applies to initial solution Concepts as 

well as to the final design. 

O X 

Feasibility analysis 

Evaluation and assessment of feasible 

or scheduled solutions to the issue (or 

parts of the problem). 

O X 

Evaluation 

Comparing and contrasting two (or 

more) solutions to the problem on a 

particular dimension (or set of 

dimensions) such as strength or cost. 

O X 

Decision 

Selecting one idea or solution to the 

problem (or parts of the problem) from 

among those considered. 

O X 

Communication 

Communicating elements of the design 

in writing (e.g., sketches, diagrams, 

list, and reports), or with oral reports to 

parties such as contractors and the 

community. 

O O 

Implementation 
Produce or construct a physical device 

product or system. 
O X 
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Fig.2. The actual usage of IPDTA 

Conclusions 

PD, as a collaborative design method, emphasizes the characteristics that are designed together with product users 

through communication and information exchange, making it suitable as a teaching method for the design process into 

the educational environment. However, because real users are difficult to participate in the teaching process in classes, 

PD education often takes students as users, but due to the lack of students' experience and knowledge to find out user 

needs, and products that can be designed are also limited to students, the implementation of PD education has its 

difficulties.  

In this study, we propose the development of IPDTA, which can assist in PD education. The aim of the IPDTA is to 

help students familiarize themselves with the PD process in the pre-term and mid-term phase of the design through the 

provision of student information and communication in the teaching environment. Through the relevant literature on PD 

in the past, the behavior of product users in the design process was analyzed and modeled under the standard of Atman 

design process [27], and the collected data will be used as the internal database of the IPDTA, with Dialogflow and 

Actions-on-Google to construct a voice assistant system. IPDTA can identify the intentions in students' discourse by 

conducting oral conversations with students, and provide students with corresponding feedback after comparing the 

database. For example, experience in the use of products, as well as personal preferences, and unmet needs of the product. 

This system not only enables students with inexperienced design to understand how to explore the needs of product users 

and generate design ideas through language exchange but also to solve the problem that real users are difficult to 

participate in the whole process in PD education in the past.  

More research is needed to determine and evaluate the learning effectiveness using IPDTA. A PD experiment course 

with IPDTA has been developed and will be conducted to analyze whether students can show more complete Atman 

competencies. 



 11 

References 

1. Tomiyama, T., Gu, P., Jin, Y., Lutters, D., Kind, C., Kimura, F. (2009) Design methodologies: Industrial and educational 

applications. CIRP annals, 58:543–565.  

2. Schön, D. A. (1987). Educating the Reflective Practitioner.   

3. Hennessy, S., Murphy, P. (1999) The potential for collaborative problem solving in design and technology. International journal 

of technology and design education, 9:1–36.  

4. Shen, W., Ghenniwa, H. (2001). Multidisciplinary design optimization: a framework for technology integration.  

5. Wu, S., Ghenniwa, H., Shen, W. (2002) User model of a personal assistant in collaborative design environments. Agents in design 

39–54.  

6. Halskov, K., Hansen, N. B. (2015) The diversity of participatory design research practice at PDC 2002–2012. International 

Journal of Human-Computer Studies 74:81–92.  

7. Sanders, E. B. N. (2002) From user-centered to participatory design approaches. In: Design and the social sciences, pp 18–25.  

8. Bjögvinsson, E., Ehn, P., Hillgren, P. A. (2012) Design things and design thinking: Contemporary participatory design challenges. 

Design Issues 28:101–116.  

9. Kang, M., Choo, P., Watters, C. E. (2015) Design for experiencing: participatory design approach with multidisciplinary 

perspectives. Procedia-Social and Behavioral Sciences 174:830–833.  

10. Hennessy, S., Murphy, P. (1999) The potential for collaborative problem solving in design and technology. International journal 

of technology and design education 9:1–36.  

11. Kvan, T. (2001) The pedagogy of virtual design studios. Automation in construction 10: 345–353.  

12. Seitamaa-Hakkarainen, P. (2000) The weaving-design process as a dual-space search (Doctoral dissertation, University of 

Helsinki).  

13. Lahti, H., Seitamaa-Hakkarainen, P. (2005) Towards participatory design in craft and design education. CoDesign 1:103–117.  

14. Nabiyev, V. V. (2005) Yapay zeka: problemler-yöntemler-algoritmalar. Seçkin Yayıncılık.  

15. Canbek, N. G., Mutlu, M. E. (2016) On the track of artificial intelligence: Learning with intelligent personal assistants. Journal 

of Human Sciences 13:592–601.  

16. Mauldin, M. L. (1994) Chatterbots, tinymuds, and the turing test: Entering the loebner prize competition. In: AAAI, pp 16–21.  

17. Joyner, D. (2018) Squeezing the limeade: policies and workflows for scalable online degrees. In: L@ S, pp 53–1.  

18. Shawar, B. A., Atwell, E. (2003) Using dialogue corpora to train a chatbot. In: Proceedings of the Corpus Linguistics. 2003 

conference, pp 681–690.  

19. Toth, P., Rudas, I., Ali, S. (2013) Web-based Learning and Web Mining. In: The Asian Conference on Technology in the 

Classroom: The Impact of Innovation: Technology and You, pp 101–113.  

20. Gogh, E., Kovari, A. (2018) Examining the relationship between lifelong learning and language learning in a vocational training 

institution. Journal of Applied Technical and Educational Sciences 8:52–69.  

21. André, E., Rist, T., Müller, J. (1997) WebPersona: a life-like presentation agent for educational applications on the world-wide 

web. In: Proc. of Workshop" Intelligent Educational Systems on the World Wide Web" at AI-ED, pp 78–85.  

22. Shaw, E., Johnson, W. L., Ganeshan, R. (1999) Pedagogical agents on the web. In: Agents. pp 283–290.  



 12 

23. Person, N. K. (2003) AutoTutor improves deep learning of computer literacy: Is it the dialog or the talking head. Artificial 

intelligence in education: Shaping the future of learning through intelligent technologies, 97, 47.  

24. Lester, J. C., Stone, B. A., Stelling, G. D. (1999) Lifelike pedagogical agents for mixedinitiative problem solving in constructivist 

learning environments. User modeling and useradapted interaction 9:1–44.  

25. Kerlyl, A., Hall, P., Bull, S. (2006) Bringing chatbots into education: Towards natural language negotiation of open learner 

models. In: International Conference on Innovative Techniques and Applications of Artificial Intelligence. Springer, London, pp 

179–192.  

26. Han, K. W., Lee, E., Lee, Y. (2009) The impact of a peer-learning agent based on pair programming in a programming course. 

IEEE Transactions on Education 53:318–327.  

27. Atman, C. J., Adams, R. S., Cardella, M. E., Turns, J., Mosborg, S., Saleem, J. (2007) Engineering design processes: A comparison 

of students and expert practitioners. Journal of engineering education 96:359–379.  

 



106年度專題研究計畫成果彙整表
計畫主持人：張玉山 計畫編號：106-2511-S-003-048-MY3

計畫名稱：虛擬實境應用對高中STEAM探究學習效果與創意表現的影響(總計畫+子計畫一)

成果項目 量化 單位

質化
（說明：各成果項目請附佐證資料或細
項說明，如期刊名稱、年份、卷期、起
訖頁數、證號...等） 　　　　　　　

國
內

學術性論文

期刊論文 0
篇

研討會論文 0

專書 0 本

專書論文 0 章

技術報告 0 篇

其他 0 篇

國
外

學術性論文

期刊論文 3
篇

1.Chang, Y. S. (2020). Influence of
Virtual Reality on Engineering
Design Creativity. Educational
Studies. (SSCI, IF:0.814 JCR
Ranking: 219/263, Q4)
https://doi.org/10.1080/03055698.20
20.1754767
2.Lin, H. C., Chang, Y. S.*, & Li,
W. H. (2020). Effects of a virtual
reality teaching application on
engineering design creativity of
boys and girls. Thinking Skills and
Creativity, 37(September), 100705.
https://doi.org/10.1016/j.tsc.2020.
100705 (SSCI, IF:2.068. JCR
Ranking:85/263, Q2) (corresponding
author) 
3.Chang, Y. S., Chou, C. H.,
Chuang, M. J., Li, W. H., & Tsai,
I. F. (2020). Effects of virtual
reality on creative design
performance and creative
experiential learning. Interactive
Learning Environments. (SSCI, Q2)
DOI:10.1080/10494820.2020.1821717

研討會論文 0

專書 0 本

專書論文 0 章

技術報告 0 篇

其他 0 篇

參
與
計

本國籍

大專生 0

人次碩士生 0



畫
人
力

博士生 0

博士級研究人員 0

專任人員 0

非本國籍

大專生 0

碩士生 0

博士生 0

博士級研究人員 0

專任人員 0

其他成果
（無法以量化表達之成果如辦理學術活動
、獲得獎項、重要國際合作、研究成果國
際影響力及其他協助產業技術發展之具體
效益事項等，請以文字敘述填列。）　　

成果項目 量化 名稱或內容性質簡述

科
教
國
合
司
計
畫
加
填
項
目

測驗工具（含質性與量性） 0

課程/模組 0

電腦及網路系統或工具 0

教材 0

舉辦之活動/競賽 0

研討會/工作坊 0

電子報、網站 0

計畫成果推廣之參與（閱聽）人數 0


