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Abstract: The main purpose of this study is to improve students’ understanding about 
Jakarta History and their wisdom local values by integrating Information and Communication 
Technology (ICT) with Inquiry Learning Model. This study was a quasi-experimental design. 
The samples of the study are 40 students for classroom experiments and 40 students for 
classroom control. The instruments employed in this study were pre-test and post-test. The 
instruments are made in essays forms which design to measure students understanding about 
Jakarta History and in questionnaire form which is design to measure students’ preferences 
about their learning experiences. The data were analyzed by using descriptive and inferential 
statistics. Our finding has shown us that (1) Inquiry Learning model assisted with ICT had a 
positive impact on student’s understanding about Jakarta History; (2) An experimental group 
has been chosen history about as students preference lesson because the learning process 
offers integrating ICT with Inquiry learning model; (3) there is a statistically significant mean 
difference in students' understanding ability about Jakarta History between experiment group 
and control group.  

Keywords: Integrated Inquiry with ICT, Jakarta History, Betawi values.  

1. Introduction 

Historical learning in a school commonly focus on students learning outcome but rarely many 
students skills ability have been forgotten in learning process such as students’ understanding skill, 
students communication skill, and students’ problem solving skills. This is mainly because many 
teachers only used a book as single learning recourses and using conventional teaching method for 
learning process. Learning innovation are compulsory to be initiated and implemented in learning 
process especially to accommodate other students’ learning ability. Inquiry learning model offers 
some activity which is encouraged students to investigate some historical event around the world 
especially Jakarta History by using their own observation in a learning process (National Research 
Council 1996, p.123). Furthermore, using ICT media will give more advantages for improving many 
students’ skills (Alim, Umam & Wijirahayu, 2016). This mainly because ICT offers more 
visualization about learning materials and interactive learning media which will make students to be 
involved in learning activity (Umam, 2016).  

This study will choose Jakarta History for subject because Jakarta Local culture is growing 
slowly around local community and student’s achievements for history is still not satisfactory 
(Suswandari & Astuti, 2016; Suswandari, 2017). Jakarta Local culture should be improved 
simultaneously both in a school and a local community. Real actions should be taken to conserve this 
valuable heritages by providing some exciting cultural events and accelerating both collaborative and 
integrative learning process about Jakarta History especially in a school. Teachers and researchers 
should collaboratively redesign an exciting learning activity which is provided more engaging 
activities and used more attractive learning media. To accommodate all of this, Integrating ICT and 
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inquiry learning model have become a new trend which has been shown when learning activities were 
brought via information technology (Ainley and Ainley, 2011). The study offers a collaborative and 
integrative learning design of ICT-assisted Integrated Inquiry Model which can assist students not 
only in shaping the character of local wisdom of Betawi culture but also in improving their 
understanding about Jakarta History, as well.  

2. Inquiry Learning Model Assisted with ICT 

Inquiry Learning Model is chosen because this learning model not only provide more engaging 
activities but also encourage students to be more active in learning process. Inquiry Learning Model 
that is used in this research has five main steps, namely stimulation, exploration, scanning value, 
presentation, and reflection (Suswandari & Astuti, 2016). An overview of the implementation will be 
presented as follows; 

2.1. Stimulation 

This step begins to focus on increasing students’ interest for learning materials and exploring their 
previous knowledge. At this stage the teacher encourage students to some attractive situation by using 
movies, videos, stories, or pictures relating to Jakarta History and Betawi local wisdom values videos. 

2.2. Exploration 

The main purposes of this stages is to hone students’ ability in concluding and analyzing the values 
contained in Jakarta local wisdom values and Jakarta History. The exploration phase is linked to the 
learner's previous knowledge so that students can be more engaging to their new knowledge. An 
exploration process need to improve simultaneously during the entire learning process.  

2.3. Scanning Value 

Scanning value is the main activity in Inquiry Learning model which is developed by (Suswandari, 
2016). This is because this stage learners will be asked to investigate what values are contained in the 
material being studied by observing some ICT media that has been prepared to complement the 
learning materials. ICT media offers a beneficial tools for students to investigate main values in 
Jakarta’s culture and History which is sharpening students’ sensitivity and students’ analysis from 
what they see, hear, and do. At this stage, the teachers have provides a worksheet that has been 
formed to sharpen students’ understanding about Jakarta History and their local culture values. 

2.4. Presentation 

At this stage, the teacher asks each group to submit the results of their analysis, then ask a 
representative students from each different groups to perform their investigation and analysis about 
Jakarta History and local culture values by using ICT media as well. After presenting their analysis, 
others students need to ask and give a feedback from their own perspectives.  

2.5. Reflection 

The reflection stage is the last process in Inquir learning Model. At this stage, the teacher reflects on 
students’ performance and give some appreciation for their collaborative work during learning 
process. Some students will be chosen to represent their group to conclude learning material for this 
meeting. 
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3. Methods 

The research method used is a quasi-experimental design. In the quasi-experimental, the researchers 
are not allowed to take the subjects randomly, however researchers will be permitted to use an 
existing subjects who have been formed in the previous class. Population in this study are all students 
of class VII which is approximately about 80 students of Junior High School Jakarta in the second 
semester of academic year 2016/2017. In this study, we employed two instruments namely Jakarta 
Historical Understanding Instruments and Favourite lesson instruments. Firstly, the Jakarta Historical 
Understanding instruments are made in essays forms which design to measure students’ 
understanding about Jakarta history and local culture values. The instruments was developed through 
a series of several historical events in Jakarta and instructed students to investigate appropriately some 
question that is need deep analysis for some given problems. Secondly, a favourite lesson instruments 
used a questionnaire which is included 20 items, some open, some half-open (in which students have 
an opportunity to chose their preferences choice from a number possible choices), and other items 
were closed. The items were closely related to three main themes: students’ response about teaching 
method (e.g. in your opinion, how do you feel your experience learning in your class), learning media 
used during a historical learning process (e.g. How good are learning media to help you understand 
the history lesson), and students’ perception about academics achievements in learning history.  

In the experimental class, teachers were embodied the Betawi local wisdom values  with 
various ICT media. The teacher uses a social learning video that has incorporated the values of Betawi 
cultural wisdom and Jakarta historical event as well. After watching various instructional videos 
presented in the classroom, the students were asked not only to explore the Jakarta local wisdom 
values from video but also to provide the arguments which is closely related to Jakarta History. The 
purpose of this activity is to sharpen students understanding about Jakarta History. The last activity is 
to present their exploratory results in front of the whole class using a power point which have been 
made in groups. 

In control class, the teacher presents various images of Betawi culture by adding a few 
paragraphs of narration to provide some information related to the images provided. Students in the 
control class are also asked to explore the Betawi local wisdom and Jakarta History in the pictures 
provided.  

4. Results 

In this article, we focus to analysis the results from two different instruments. The first instruments 
had been designed to elicit students’ understanding about Jakarta History and Betawi local wisdom 
values while other instruments was carefully design to obtain students’ preference about their learning 
experiences.   

4.1. Results of students understanding skills 

The results showed that an experimental class which is used Inquiry Learning model assisted with 
ICT learning media have a better understanding about Jakarta History than control class which is used 
historical pictures. Data was closely related into four different categories; the conceptual of historical 
understanding, chronological historical events, the prominent figures in Jakarta historical events, and 
creatives arguments for given problems. The overview of students understanding skills about Jakarta 
History from experimental group and control group is shown as follows; 
 

Table 1: The means result of student understanding skills about Jakarta History of between 
experimental and control class 

Understanding Factors 
Experimental group Control group 
Pre-test Post-test Pre-test Post-test 

The conceptual of historical 
understanding 

60 85 60 70 
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Chronological Historical Events 64 79 64 64 
The prominent figures in Jakarta 
historical events 

59 67 59 65 

Creatives Arguments for given 
problems 

56 87 56 67 

  
The above data have given us the useful information about means of students learning 

outcomes both in experimental and control group. In experimental group, there is a significant 
improvements especially in students’ conceptual of historical understanding and students’ creatives 
arguments for given problems. Reasons for some improvements factors because students in Junior 
high school were prefer to learn a history lesson through watching educative film which make them 
more enjoyable learning process.  

4.2. Favorite and Least Favorite  

The favorite instruments made in a questionnaire. Questionnaires items were made closely related to 
three main themes: students’ response about teaching method (e.g. in your opinion, how do you feel 
your experience learning in your class), learning media used during a historical learning process (e.g. 
How good are learning media to help you understand the history lesson), and students’ perception 
about academics achievements in learning history. For students’ responses about teaching and 
learning, we made different forms of question between experimental group and control group. For 
example, students in experimental group has been asked “does Inquiry Learning Model assisted with 
ICT have encourage them to make history as favorite lesson while students in control group have been 
asked “does learning method which is used many pictures have made them to make history as their 
favorite lesson or least favorite. For these following questions, results were presented in Table 2.  

Table 2: Favorite and least favorite classes in Junior high school for an experimental group (EG) 
students and control group (CG) students 

Classes Gr N Total number 
of responses % 

History as favourite EG 40 23 58% 
CG 40 10 25% 

History as least favourite EG 40 17 43% 
CG 40 30 75% 

             

From the table above for positive/negative experiences, reasons for the preferences were 
highly influenced by their new experiences in learning history lesson especially in experimental group 
which is promoting historical understanding through Inquiry Learning model assisted with ICT. This 
results in line with (Septiany, Purwanto, & Umam, 2015) that an integrating ICT with learning 
process will give some improvements for students’ skills.  

4.3. T-Test Results 

This research use T-test to examine the difference of students learning outcomes between 
experimental and control group. Data have given us that students who taught using Inquiry learning 
model assisted with ICT has a higher academic achievements than a control group which is used some 
pictorial as learning media. The overview of students academics achievements which is examine 
about Jakarta History and Betawi local culture values from experimental group and control group is 
shown as follows;  
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Table 3: Result of t-test from students academics achievement between experimental group (EG) and 
control group (CG) 

 N M SD t-value 
Experimental Group 40 4.2 1.3 2.79 Control Group 40 2.2 0.84 

 
There was a significant difference in the students understanding about Jakarta History in 

experimental group (M=4.2, SD=1.3) and control group (M=2.2, SD=0.84). The conditions; t (40) = 
2.79, p>0.05. These results can be concluded that there is a statistically significant mean difference in 
students' understanding ability about Jakarta History between experiment group and control group.  

5. Conclusion 

Our experiment with an experimental group has shown significant improvement on students’ 
academics performances and students’ understanding about Historical Jakarta which indicates the 
positive effect of using Inquiry Learning Model Assisted with ICT. In experimental group, there is a 
significant improvements especially in students’ conceptual of historical understanding and students’ 
creatives arguments for given problems. Furthermore, some students have been chosen a history for 
their preference lesson. This is mainly because their preferences were highly influenced by their new 
experiences in experimental group learning process. On the other hand, a control group reminds the 
low improvement as their previous results even the treatment has been given.  
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Abstract: In this paper, we discuss the declining interest in STEM subjects of high school 
students in Malaysia and delve into our ongoing research towards developing a learning 
activity that will motivate them to pursue learning STEAM. The activity is developed using a 
combination of Learning by Design pedagogy along with PhET and Algodoo Simulation 
applications to teach students Physics topics facilitated by a website with gamification 
features. 

Keywords: 2D Simulations, Physics, Learning by Design, STEAM Learning 

1. Introduction 

The term “STEAM” refers to the fields of science, technology, engineering, and mathematics together 
with the arts. The integration of STEM subjects and art and design in education teaches students to 
think critically and have an interdisciplinary approach towards real-world problems while building on 
their mathematics and science knowledge. Individually the subjects are important in their own regard 
but once integrated, STEM is ubiquitous and shapes our everyday lives - one can’t fully function 
without the other. For instance, engineering uses the findings of science research, the application of 
mathematics for calculations and uses technological tools to design solutions for real world problems, 
vital to a thriving economy. STEAM Education gives students meaningful experiences and allows 
them to explore real-world issues for themselves from another perspective. It encourages them to 
make connections they otherwise wouldn’t have made from reading a single discipline textbook.  

An adequate implementation of STEAM Education can create generations of critical thinkers 
and innovators, resulting in a more creative workforce, which will help in the economy’s 
development. 

However, Nasa and Anwar (2016) from New Straits Times reported that Malaysia is 
experiencing a drastic decline in STEM student enrolment, which may result in the country losing the 
developed nation status in comparison with other advanced countries. Arfudi (2016) reported that 
only 18% of 500,000 students sit for the SPM annually which is significantly less than the targeted 
54%. He attributed the decline to students shying away from the field due to their perception of how 
difficult it is. In secondary school, the students are divided into science and non-science streams, with 
the high achievers automatically being placed into the science classes. This segregation instilled the 
notion that STEM can only be pursued by top students as they are difficult subjects.  Similarly, 
Jayarajah, Saat, and Rauf (2014) and Bunyamin and Finley’s (2016) studies on STEM education in 
Malaysia found that STEM integration was lacking in schools. Furthermore, there is more emphasis 
on science and technology but the least attention is given to engineering education. However, it is the 
latter which helps to educate students about the design process.  

The ability to motivate students to learn with just direct instruction classes is also a major 
challenge. If teaching methods focus on reiterating textbook content alone and doesn’t implement a 
more engaging and interactive form of delivery, the students may drift away from the subject with the 
belief that it is too difficult to understand. O.C (2016) reported that “The main reason students shy 
away from STEM subjects was because many experienced difficulty and complexity in grasping the 
basic conceptual knowledge.” This shows that educators need to explore diverse teaching methods 
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that can help students apply critical and scientific thinking to better comprehend the learning materials 
and gain more confidence in pursuing STE(A)M careers. 

2. Theoretical Framework 

Considering the aforementioned issues, the following literature review will explore methods of 
delivering STEAM content to students in a more intriguing and less intimidating way that gives the 
learner more confidence to pursue STEAM subjects while also making clear connections between the 
subjects and how to utilise them to solve real world issues.  

2.1. Literature Review 

While reviewing the physics curriculum in Malaysia, Bunyamin and Finley (2016) used a suggestion 
by Roehrig, Moore, Wang and Park (2012) who stated that there is a natural fit between physics and 
engineering at high school level. Furthermore, in a survey conducted by Wilkinson and Lancaster 
(2013) on 209 students, 97 were studying STEM subjects. Findings showed that technology can 
motivate STEM students. Using these studies as a base, we decided to motivate our students to take 
interest in STEM using technology to teach them Physics. We referred to Mellema’s (2001) physics 
education pedagogy to determine what type of technology to use and how to integrate it. Mellema’s 
(2001) pedagogy focused on students learning physics with the assistance of Web technology. The 
Web technology consisted of the WebAssign website that he used to assign tasks such as notes, 
problems and quizzes. He also used Physlets, interactive simulations of a physical phenomenon that 
students could interact with to help visualise the concepts and solve problems. His method 
incorporated testing students at multiple stages of their learning for just-in-time teaching and 
collaborative context-rich problem solving with ill-structured real-world problems to encourage 
learning in context. The pedagogy thus aided students to develop Bloom’s Taxonomy progressively 
such as from recalling to understanding and applying conceptual information, while also building a 
flexible knowledge base, group collaboration and communication skills. 

The latter stages of Bloom’s taxonomy foster Higher Order Thinking Skills (HOTS). HOTS 
are important in STEM Education (Bunyamin and Finley, 2016 and O.C, 2016). Using the revised 
Bloom’s taxonomy (Anderson and Krathwohl, 2001) as reference, the topmost level of cognitive 
ability is the creation skill, where the learner acquires the ability to produce their own original work 
based on information they analysed and evaluated, showing that they truly comprehended the concept. 
To work our way up Bloom’s Taxonomy’s educational objectives, we apply Case-Based Reasoning 
(CBR) with Problem Based Learning (PBL) in Learning-by-Design (LBD), a pedagogy developed by 
Kolodner, Crismond, Gray, Holbrook and Puntambekar (1998) and Kolodner, Camp, Crismond, 
Fasse, Gray, Holbrook, Puntambekar and Ryan (2003). In CBR, students use solutions of past related 
problems to formulate a solution for a newly presented case. The CBR cycle of retrieving, reusing, 
revising and retaining cases, teaches students to decompose data, recognise patterns, abstract the 
essential information and analyse it to draw probable conclusions. This approach picks up where we 
left off with Mellema’s (2001) pedagogy and further builds on the acquisition of Bloom’s learning 
skills by sharpening the apply, analyse and evaluation skill bands. An example of learning outcome, is 
the ability to design mechanically-powered toy vehicles. Similarly, we will go back to our base theory 
of using technology and ask our students to first experiment, draw conclusions and subsequently, 
create a 2D Simulation to be shared with other students.  Simulations are important as they can 
display abstract scientific concepts that may be difficult to recreate in the real world. 

2.2. Research Gap and Rationale 

Our research extends from Mellema’s (2001) in terms of asking the students to design/create. While 
Mellema’s participants only interacted with pre-created Physlets, our students will collaboratively 
design their own simulations from scratch with the facilitation of a website with gamification features 
such as points, badges and leaderboards. We believe that these factors have not been tackled in this 
combination and could contribute to STEAM education in Malaysia. Table 1 shows how our 
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theoretical framework correlates to the problem statements that are causing the decline of interest in 
STEM subjects by high school students in Malaysia.   

Table 1: Correlation between problem statements and theoretical framework.  

Problem Activity Design 

Students shying away from STEM 
subjects due to their perception of how 
difficult it is. 

The activity will be ordered in specified stages that 
adhere to Bloom’s Taxonomy of learning objectives, 
gradually building on difficulty to ease the student to 
creation stage. 

Difficulty and complexity in grasping 
the basic conceptual knowledge and 
connecting to real world situations. 

Having an interdisciplinary class activity that makes 
connections between theory and how to utilise it to 
solve real world issues.  

The use of simulations while reading notes and 
designing a solution will help students understand how 
the theory and calculations are used to design solutions. 

Students are divided by achievements, 
instilling the notion that STEM can only 
be pursued by top ranking students, 
therefore it must be a difficult subject. 

To dispel this notion, students are grouped 
heterogeneously by ability so each group is balanced. 
With varying opinions and academic levels, each 
student learns that there are multiple ways to solve a 
problem much like in real world situations. 

More emphasis is put on science and 
technology curriculum, giving the 
lowest attention to engineering and 
design process education. 

The activity eases students to the final stage of creation, 
where they will solve a real-world problem using the 
physics theories they’ve learnt in the previous stages 
with mathematical calculations and the use of 2D 
simulation technology to design a solution, thereby 
developing an experimental approach to problems. 

Motivating students to learn with just 
direct instruction classes and textbooks 
is a major challenge. 

The use of 2D simulation apps and a website will break 
their usual direct instruction cycle making the new 
learning experience engaging. The website with 
gamification features will motivate students to play 
more while learning more and keep them excited 
throughout the activity without losing interest. 

3. Methodology  

3.1. Participants 

The proposed sample group for this study are high school students enrolled in A-Level or SPM 
Physics programme at Sunway International School. Pre-University students who are still debating on 
their future careers would be a good sample group as we would capture their thoughts on a STEAM 
career before and after the activity. We are also in discussion of recruiting middle school students at 
the same school to gauge whether they would like to pursue STEAM subject electives in high school. 
A Physics teacher and technology coach there has expressed interest in collaborating for the study. 
Our sample size may be a class of approximately 25-100 students and we will adopt a participatory 
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design approach with agile methodology in the next iteration of design in order to fit seamlessly with 
the teacher’s plans and activities.  

3.2. Technological Experimental Platforms 

The technology to be used by the participants in this study includes PhET Simulations, Algodoo 
desktop programme and a complementary activity website. The website will serve as an online 
reference for the full activity so that the participants can keep track of their progress and records as 
adapted from Kolodner et al. (1998) and Staikopoulos, OKeeffe, Yousuf, Conlan, Walsh and Wade 
(2015). The site will feature physics notes, embedded PhET Simulations, multiple choice quizzes and 
a CBR case library. Other functionalities include a badge and point reward system with a leader 
board, assignment uploading, discussion forums and questionnaire answering tool. 
The Physics Education Technology (PhET) project (phet.colorado.edu) has developed over 80 
interactive simulations with many them dedicated to exploring physics concepts. These animated 
game-like environments emphasize the connections between real-life phenomena and the underlying 
science that help students to visualise what scientists see in experiments thereby aiding them to 
answer problems and develop better conceptual understanding (Perkins, Adams, Dubson, Finkelstein, 
Reid and Wieman 2006 and Wieman, Adams and Perkins 2008). A PhET example for Projectile 
Motion can be seen in Figure 1, where students can explore factors that affect a cannonball’s motion. 
They are also able to adjust values and use the in problem solving calculations.  
 

 
        Figure 1. Projectile Motion PhET   Figure 2. Deformable Race Car Scene 

 Algodoo (www.algodoo.com) is a 2D-simulation application which allows the user to create 
simulation scenes using simple drawing tools. Students can interact with your objects and explore the 
effects of various parameters such as gravity, friction and forces to name a few. It gives the students 
control to create their own simulations from scratch and investigate multiple physics concepts within 
one scene so they are not restricted to one topic but can make the connections between various 
subtopics and learn how they work together to solve a real-world problem. Figure 2 illustrates a 
realistic deformable race car that goes down an obstacle terrane and crashes if the speeds are not 
controlled appropriately. Participants can turn on force and speed values to work out what needs to be 
adjusted for the car to arrive at the finish line safely. 

 When Da Silva, Da Silva, Guaitolini, Gonçalves, Viana and Wyatt (2014) introduced 
Algodoo to their high school and undergraduate classes, they reported an increase in student’s 
learning engagement and an improved understanding of the physical concepts when they were 
visualised and explored on Algodoo’s simulation scenes. Research by Gregorcic and Bodin (2017) 
and Çelika, Sari and Harwanto (2015) saw similar results and agreed that the program was easy to use 
for all ages and enhanced mathematical and scientific knowledge by creating physics simulations. 
After scene creation, the application allows the student to save it and share with others which 
facilitates collaboration.  

3.3. Activity Description 

Figure 3 illustrates the complete workflow of the student activity. The participants will need to take a 
pre-activity questionnaire that will record their current interest in STEM. The first lesson will have 
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physics notes on a kinematic topic and embedded PhET simulations for them to play with and get a 
visual on what they are reading. The final task of this lesson will be to take a quiz on the topic and the 
results of a quiz can be used to group the students by academic ability. Following Mellema’s (2001) 
pedagogy, the facilitator can include low, middle and high achieving students in one group so they are 
balanced and no group feels under- or over-whelmed. Results will also reveal who is struggling with 
grasping the topic and allow application of Mellema’s just-in-time teaching.  

 After students are divided into groups of 3 with balanced academic ability, they move on to 
the LBD-CBR lesson. They will be presented with Algodoo physics simulation cases where they must 
follow instructions on building objects that will show them how physics concepts work. They will be 
presented with questions and submit their prediction and evaluations, where their responses will serve 
as a good measure to see which concepts are hard for them to grasp and should therefore be 
emphasised in the following cycles. 

 

 

Figure 3. Student Activity Flowchart   

 All the tasks in the first and second lessons will earn them badges and points. The more cases 
they practice the more points they receive. A certain number of points will unlock the final activity 
where they are presented with a real-world problem. Students can go off for self-directed research and 
brainstorming and then regroup to share their ideas and come up with a final solution. Using Algodoo, 
they must create a scene illustrating the physics phenomena behind their answers and upload to the 
website. This will serve as a showcase walkthrough and allow other groups to see and download 
different solutions thereby opening further discussions on the physics concepts in question.  
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3.4. Data Collection  

The work submissions collected on the website will serve to assess whether they have indeed 
achieved Bloom’s Taxonomy and the learning objectives. The participants will then fill out a post-
activity 5 Scale Likert questionnaire to determine their perceptions of the learning experience and if 
they felt more motivated to take interest in STEAM subjects afterwards. The questionnaire is 
developed using the Technology Acceptance Model (TAM) and the questions are divided into 6 
sections; perceived ease of use, perceived usefulness, perceived playfulness, attitude toward using, 
intention to use and STEAM interest. These were adapted from research by Jeffrey (2016) and 
Donaldson (2010) where they investigate user perception towards Learning Management Systems 
(LMS) and E-Learning Systems respectively. Questions on learners’ motivation and intention to use 
learning systems and how they impact students’ STEM interest were selected from research by Huang 
and Liaw (2014) and Hsu, Lin, and Yang (2016) respectively. 

 Conclusion  

This proposed activity will need to be interdisciplinary to convey how STEAM works together in real-
world situations. Science will be fulfilled by teaching Physics concepts. Mathematical skills needed 
for quantitative reasoning when working with these concepts will be cultivated with the use of 
Technology to create virtual models that answer real-world problems which is what Science is about. 
This process should be fun and make scientific concepts easier to grasp while also nurturing higher 
order thinking skills. This will make STEM less intimidating and motivate students to pursue it the 
future and learn more about how STEM and STEAM apply to real-world problems on a deeper level. 
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Abstract: In this paper, we describe the problems in the creation process for a Design 
Research (DR) class at Faculty of Creative Multimedia, Multimedia University in Malaysia. 
There were 117 students from their final year studies taking this subject, which served as the 
research component for their Final Year Projects (FYPs). These students are from the major of 
Virtual Reality, Animation & Visual Effects, Interface Design, Media Arts and Advertising 
Design. The aim of this paper is to discuss the creation process using Creative Cognition 
framework in writing dissertation. This paper illustrates a qualitative approach for studying 
the creation process. Students approached their FYP projects by conducting critical literature 
review using secondary research through reading and analyzing research articles in their 
chosen research topics. There are four (4) steps to guide the students: 1. Ask Questions, 2. The 
Problem, 3. The Method, 4. The Practice. These 4 steps through reading research articles 
encourage for critical thinking process. A deeper and broader perspective on learning to create 
Abstract, Proposal, and Chapter 1 to Chapter 5 using 4-steps research methodology as the 
dissertation creation process for the first trimester of 2017/2018 academic year.  To facilitate 
collaborative learning process, a Facebook group was created for students to engage in this 
creation process. Five themes have emerged: creativity, problem-solving skills, 
communication skills, self-regulated learning and engagement.  This study reveals that the 
creation process learning style can enrich the learning experience of students and can help 
them develop the design mind mapping skills. Information literacy was crucial in establishing 
a framework for research experience using secondary research through reading and gathering 
information. Most students needed the lecturers to guide in problem solving and to facilitate in 
their learning processes. The connection to theories and concepts gathered from secondary 
research was an exploratory creation process for students. When a “Design” approach is 
applied correctly, it becomes a valuable method for students to answer their own research 
question. The key elements for designing and implementing a secondary research dissertation 
required active learning and critical thinking skills. This study concluded the challenges in 
writing dissertation using Creative Cognitive framework in the creation process. 

Keywords: Creativity, Creation process, Critical thinking, Creative Cognition, Design 
Research  

1. Introduction 

At university level, most undergraduate students are compulsory to produce dissertation as part of 
their bachelor degree requirements. Writing a decent dissertation required skills such as critical 
thinking, creative process, analyzing and writing skills. In DR class, reading and thinking skills are 
reflections on their ability to write and interpreting secondary data to produce a dissertation. As such, 
MMW3013 Design Research (DR) class at Faculty of Creative Multimedia (FCM), Multimedia 
University, Malaysia is a class for the final year design students to prepare them for their dissertation 
writing. Writing dissertations was a subject of analysis in DR class. There were 117 students from 
their final year studies taking this subject, which served as the research component for their Final 
Year Projects (FYPs). These students are from the major of Virtual Reality, Animation & Visual 
Effects, Interface Design, Media Arts and Advertising Design.  

To investigate critical reading and critical thinking skills, the creation process behind the act 
of the research creation is acquired by students after being exposed to the way this course was 
presented and taught. Besides using a lecture-based model for most of the lectures, the lecturers 
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attempted to use active and multiple-ways method to transfer information that encouraged the benefits 
of discussion and inquiry and that can result in deep learning outcomes.    

In the creation process, we encouraged asking questions to investigate research problems. The 
beauty of the Art of questioning originated from the ancient Greeks like Plato concentrating on 
metaphysical and epistemological questions such as asking “what is the really Real as opposed to 
Appearance? What can I truly know? and How may I come to know the truth?” (Pojman, 2001). DR 
class established students in asking research questions related to their Final Year Project. Indeed, 
reading research articles was an arduous task for FCM students because they are more inclined to be 
creative in producing their creative art works like producing animation with special effects, virtual 
reality project, media arts project, advertising project or product design project. Creative art works in 
the form of writing needed to be studied from different perspectives such as technology, behavioral 
and social psychology, cognitive science, philosophy, history and among other interdisciplinary fields. 
In spite of many consultations offered to students, defining a topic to research was like finding a 
definition of creativity related to their art work in Final Year Project (FYP). No standardized 
technique in regarding to the development process for a research title to be researched by students. 
The support in this intellectual act of creation was usually described as a procedure to understand the 
purpose of why do research.  

Three examples on the review studies of Kordaki & Gousiou (2016), Leubner & Hinterberger 
(2017) and Genc-Nayebi, & Abran (2017) for reference modeling on the promotion of conducting 
research based on systematic literature reviews. To envisage a path from intention to realization, the 
creative act of a novice researcher is like the artist with his/her artwork.  There is always the critic for 
the artist’s work of art. The novice students’ researchers in drafting out his/her intentions for research 
with a working title should read first prior to designing their research. This paper proposes a novel 
approach in designing research which is based on scaffolding students’ development of creative 
design skills (Lee & Kolodner, 2011) and cognitive flexibility theory random access teaching method 
(Liang & Lixiao, 2013). Our major goal and design focus is to design and implement a practice that 
promotes creative thinking. It has proved that we achieved our teaching goal, which can provide a 
reference for teachers and researchers in DR. Within the context of “creativity”, we promoted the 
communication, collaboration, flexibility and adaptability, self-monitoring, and systems thinking 
skills (Lee & Kolodner, 2011). 

 DR class organization and management of the curriculum has shown knowledge building 
towards deeper learning and creativity. DR facilitates cognition-knowledge building by teaching 
information exchange and transmission. A teaching method that promotes a culture of innovation that 
involves knowledge building in collaborative supported learning (CSCL). This paper is organized as 
follows: Section 2 introduces an overview of creative cognition in design research. Section 3 presents 
a teaching resource library and virtual learning community. In Section 4, we conduct qualitative case 
study to show the effectiveness of the proposed method and Section 5 is the challenges in the creation 
process. Section 6 is Conclusion. 

2. Creative Cognition in Design Research 

Cognitive flexibility theory (Liang & Lixiao, 2013) is about teaching in random access. This teaching 
applies to the creation and emphasis on the results of the re-arrangement of teaching.  The instructors 
repeatedly presented the same material from the conceptual point in order for students to understand 
knowledge from different levels. When teaching a research topic such as research methodology, the 
instructors may upload video, documents and voice to the Facebook Group (FB) and Multimedia 
Learning System (MMLS) as a library of teaching resources. The same learning content at different 
times is provided to students who are majoring in Virtual Reality, Animation & Visual Effects, 
Interface Design, Media Arts and Advertising Design. Computer aided teaching based on web 
(SAGE, 2017) provided a representative of exploring the research methods terrain, definitions of key 
terminology and discover content relevant to students’ research method journey. The instructors in 
DR class provided consultations to students by guiding students in different views based on research 
articles. Students constructed their own multiple cognitive from a different perspective. Creative 
cognition approach using FB and MMLS is active learning with mental processes as the essence of 
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creative endeavor from learners. The creative cognition approach as described by Ward, Finke & 
Smith (2010) in the areas of problem solving, concept formation and thinking showed that creative 
ideas are produced incrementally. The researchers encourage the learners themselves to construct 
knowledge in a variety of ways in the learning process. 

The strength of the creative cognition approach (Ward, Finke & Smith, 2010) begins with a 
new look at an ancient subject. Blended instruction enables the instructors to engage in educational 
opportunities never before possible. Students combine autonomous learning and collaborative 
learning to co-create with their research advisors on their research topic. Outcomes of students’ 
research project were presented in a research proposal. Students followed a guideline to present their 
assignment in writing for abstract, proposal, chapter 1 to chapter 5 for their dissertation. The 
framework for the creative process involves identifying key words that are relevant to the assigned 
research theme by the program coordinator. Advertising Design students investigated in a Museum 
theme, Interface Design students investigated in an existing traditional product, Virtual Reality 
students investigated in an immersive experience in virtual reality, Animation Design and Media Art 
students were free to choose an area that interest them. The interplay between different constituents of 
creative reflection is at the case study design of students identifying and self-constructing in their own 
learning contexts. Reflective practice, personal and professional developments are considered as 
creative visualization in engaging the imagination of a novice researcher.  

A description of the creative cognition framework in DR is illustrated in Figure 1.  

Figure 1. The Creative Cognition framework in Design Research. 

The white inner circle is the four steps process in Design Research: 1. Ask Question, 2. The 
Problem, 3. The Method, 4. The Practice. These steps through Reading research articles offered 
evidence for Critical Thinking. The Design Council (2010) points out that the skills that are 
increasingly valued by companies in all sectors include Creativity, Flexibility, Adaptability, 
Communication Skills, Negotiation Skills, and Management and Leadership Skills. Muratovski 
(2016) illustrated the six skills as Design Skill Set that can guarantee good innovation performance in 
all circumstances. The six skills are the six sections in the outer circle with different color shades. The 
inner circle of the four steps process and the outer circle are linking with a darker circle which is 
combined with the strength of the creative cognition approach (Ward, Finke & Smith, 2010). From a 
design perspective, students who are the designers of their research are trained and educated under 
these five themes: Creativity, Problem-solving skills, Communication skills, Self-regulated learning 
and Engagement.  Problem solving skills are helping students developed creative thinking skills (Lee 
& Kolodner, 2011).   Flexibility and Adaptability (The Design Council, 2010) in changing research 
title, or at least willingness to be adjusted the research topic according to the secondary research 
evidences. Students who are a novice researcher can learn to work in a cross-disciplinary fashion. 
Communication Skills at Facebook and MMLS are teaching resources to form Self-regulated learning 
and Engagement with peers and instructors.  
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3. Teaching Resource Library (TRL) and Virtual Learning Community (VLC) 

Teaching resource library (TRL) consists of databases from the MMU Siti Hasmah Digital Library.  A 
lecture on information literacy was given in establishing a frame for research experience using 
secondary research through reading and gathering information from using databases such as ProQuest 
Dissertations & Theses Global, Emerald Insight, Science Direct, Springer Link, Scopus, ACM Digital 
Library, IEEEXplore and online journals collections. Facebook posts and MMLS content uploaded by 
lecturers are Virtual Learning Community (VLC) to enrich the learning experiences of students. 
Figure 2 is a Facebook post to engage students and figure 3 is Multimedia Learning System (MMLS) 
for the class.  
 

 

Figure 2. Facebook Post for Design Research Class. 

 

 

 

Figure 3. Multimedia Learning System (MMLS) for Design Research Class. 

Many students preferred using Google search engines to find what interest them. They could 
obtain research articles from Google Scholar. They were recommended to read top-cited research. The 
aim of this paper is to discuss the creation process using Creative Cognition framework in writing 
dissertation.  Based on this research aim, the strategic solutions to finding research problems began 
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with targeted key words searched. Students were encouraged to use Mendeley library to organize their 
references. They could connect with peers and keep up with trending research. They could discover 
datasets and follow researchers in their research field. Through using Mendeley, they could stay up to 
date by connecting with other researchers in their research network. Based on references added at the 
students’ Mendeley library, Mendeley could further suggest articles accordingly.  

4. Qualitative Case Study 

Qualitative case study methodology provides tools for researchers to study complex phenomena 
(Baxter & Jack, 2008). A constructivist paradigm claimed that the truth is relative and it is dependent 
on one’s perspective. This paradigm recognizes the importance of the subjective human creation of 
meaning and the advantages of this approach is the close collaboration between the researchers and 
the participants. It enables the participants to tell their stories. The participants are able to describe 
their views of reality and it enables the researchers to better understand the participants’ actions.  

 The focus of our study is to answer “how” and “why” questions. In this study, we intended to 
find out the following: 

1. How students gathered theories and concepts from secondary research?  
2. How the four steps process can guide students in creating a research proposal?  
3. Why students design their research topic using mind mapping? 

As researchers, we did not manipulate the behavior of our students. We guided our students to 
discover, define and solve problems based on their research questions. We covered contextual 
conditions because we believe they are relevant to the phenomenon under study. The boundaries were 
the types of decisions made by DR students and the factors that influenced their validity of their 
research claims. Design research is a special kind of research with methods appropriate to the applied, 
constructive nature of design (Muratovski, 2016). A case study was chosen because our research was 
dealing with the decisions making of multimedia students in the context of the schools of design.  

The classroom setting is in two trimesters for DR with the first trimester in 14 weeks to inspire 
and engage students into familiarizing research method and the second trimester to practice writing 
and revising their final year project dissertation. Muratovski (2016) argued that design “is 
transforming from ‘problem-solving’ to ‘problem-finding’ – something every company, from startups 
to multinationals, needs in today’s hyper-connected and fast-changing world”. Muratovski (2016) 
provided the context and more importantly, the implications of the rise of design as a powerful 
competitive advantage. Students discovered the role of design in the past, present and where design is 
headed through reading published research articles. They developed their decisions making skills to 
becoming a ‘design-driven’ researcher. Students utilized their references which they gathered to 
create a suitable working title for their own research. We were interested to analyze the creation 
process, not the individual and the subject itself. Table 1 showed the developing of our case study 
research questions.  

Table 1: Developing case study research questions. 

Case Study Research Questions 

1. The decision making process of 
students in secondary research. 

1. How students gathered theories and 
concepts from secondary research? 

 

2. The experiences of students 
following 4 steps process in 
creating their research proposal. 

2. How the four steps process can guide 
students in creating a research proposal?  

 

3. The decision making process (related to 3. Why students design their research 
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mind mapping) of students attending 
DR class.  

topic using mind mapping? 

 

The researchers binding the case to ensure that our study remains reasonable in scope. The 
establishment of boundaries is the inclusion and exclusion criteria for sample selection. There were a 
total of 117 students in the beginning of the trimester. At the end of trimester, there were 114 students. 
A collective case study allowed the researchers to analyze within each setting and across settings for 
different majoring in virtual reality, advertising design, media arts, animation design and interface 
design. In a collective case study, we were examining several cases to understand the similarities and 
differences between the cases.  

Our proposition came from the literatures and professional experience. One proposition 
included in this study on the development of DR students’ decision making in secondary research 
setting was stated by Gough, Oliver & Thomas (2017) in the role of research reviews that “we 
develop theories and concepts and gather data to develop insights and answer a vast breadth of 
research questions related to a rich array of disciplines, interests and perspectives of academics, policy 
makers, professional practitioners, societal groups and individuals”. This proposition was based on the 
literature found on the topic of decisions made in life through reviewing some of the key issues. The 
interface design students began their product research by relying first on what other researchers have 
written. Students gain access to a wide range of ideas from other researchers. Their ‘decision 
question’ drives what they are doing. They made decisions based on the need to answer their research 
questions. They were faced with many different possible answers. For the advertising design students, 
they could read about the museum advertisements from last ten years in Malaysia, a specific museum 
and optional extras of museum advocacy in Malaysia. For virtual reality students, they conducted a 
review on immersive experience in a virtual environment. Without a review of previous research, the 
need for new primary research is unknown. Gough, Oliver & Thomas (2017) stated that “when a need 
for new primary research has been established, having a comprehensive picture of what is already 
known can help us to understand its meaning and how it might be used”. 

Students could choose to use mind mapping approach on concept mapping and use a graphical 
representation to describe the scope in their research. According to Johannes & Jacqueline (2009), 
“new approaches to data collection might offer another means to explore reflexive analysis within 
qualitative research”. Stephens (2017) focus on how cognitive dissonance is ameliorated in the face of 
cheating, particularly academic dishonesty. Stephens (2017) explored on two good theories namely 
(a) attribution theory and the related constructs of responsibility judgments and moral disengagement; 
and (b) social norms theory and the power of the situation that might be useful in guiding the 
development of interventions aimed at promoting academic integrity. Each theory highlights a unique 
dimension or aspect of how students might reduce or avoid dissonance related to cheating behavior. 
Concept mapping can help students to better frame their experience (Johannes & Jacqueline, 2009) 
and be honest in constructing a powerful explanatory framework for their research. Johannes & 
Jacqueline (2009) stated that the use of maps in data collection assists research participants in framing 
their experience in more unsolicited ways. Brain research (Ruggiero, 2015) showed that the right 
hemisphere was learned, governs nonverbal, symbolic, and intuitive responses and the left hemisphere 
of the brain governs the use of language, logical reasoning, analysis, and the performance of 
sequential tasks. According to Ruggiero (2015), the mind has two distinct phases – the production 
phase and the judgment phase – that complement each other during problem solving and decision 
making. Ruggiero (2015) mentioned that proficiency in thinking requires the mastery of all 
approaches appropriate to each phase and skill in moving back and forth between them. Students 
design their research using mind mapping or concept mapping are in the Production Phase which is 
most closely associated with creative thinking. The mind of students produces various conceptions of 
the problem or issue, various ways of dealing with it, and possible solutions or responses to it. Good 
thinkers produce both more ideas and better ideas. They become more adept in using a variety of 
invention techniques, enabling them to discover idea. More specifically, students who are good 
thinkers tend to see the problem from many perspectives before choosing any one, to consider many 
different investigative approaches, and to produce many ideas before turning to judgment. Students 
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are more willing to take intellectual risks, to be adventurous and consider unusual ideas, and to use 
their imaginations. 

5. Challenges in Design Research Creation Process 

This study reveals that the creation process learning style can enrich the learning experience of 
students. However, there are challenges in strengths and weaknesses due to students’ reading, 
thinking and writing ability. Students who were poor readers and thinkers tend to see the problem 
from a limited or single narrow perspective. Taking into consideration from Muratovski’s (2016) to 
move research students from studying research skills and methods to practicing effective research for 
advanced design practice. The four steps creation process framework offers a framework in the design 
field. It helps research student in generating the methods of inquiry to solve research problems by first 
learning to ask question. Asking research questions are closely associated with critical thinking. 
Students are required to examine and evaluate their research questions.  

Muratovski (2016) explained that a great deal of design research involves useful individual 
learning to solve situated problems for specific clients. Designers often make a distinction between 
‘knowing that’ and ‘knowing how’, as though design research involves knowing how to do something 
practical rather than describing something in the world as scientists do. In design, the researchers need 
to examine or explain issues and show others how the researchers showed the results whether that 
result is a process, a product, or a system. Muratovski (2016) described design research means 
offering an explanation that makes sense so that others can use the concepts and ideas, the methods, or 
the results to further their work. Faculty of Creative Multimedia students are required to conduct their 
final year project. Hence, DR class helped to examine or explain issue that related to their final year 
project.  They had to evaluate what they produced, made its judgments, and where appropriate, refine 
their ideas. Good thinker students handle judgment phase of their research with care where the poor 
thinker students had the tendency to take the first approach that occurs to them, to judge each idea 
immediately, and to settle for only a few ideas. Good thinker students made decisions by basing their 
conclusions on evidence from literature reviews. They double-check the logic of their thinking and 
refining their ideas with their advisers. Poor thinker students ignoring the gathering of evidences from 
literature reviews and they trust their judgment implicitly. They ignore the possibility of flaws in their 
thinking. Unconsciously, poor thinker students tend to conform to the common, familiar and expected 
ideas. The difficulty of improving students’ thinking skill depends on the habits and attitudes they 
have. Students must have the desire to improve their research skill and the willingness to apply what 
they learn. We believe the realities of the interaction at the Facebook group can help students to 
reflect on what they have learned during lectures and to keep students engaged in reflective thinking. 

Based on James & Brookfield (2014, p.15) and the solutions provided by (Lee & Kolodner, 
2011) in helping students to become a creative and reflective thinker, reflective thinking happens 
when students do one or more of these things:  

1. Check the assumptions that inform their actions and judgments.  
2. Seek to open themselves to new and unfamiliar perspectives. 
3. Attempt to understand how another researcher develops the design mind mapping skills. 
4. General communication and collaboration skills in the context of answering research 

questions.  
5. Evaluate and refine their own reasoning by looking for blind spots and omissions in their 

thinking. 
6. Become progressively more expert in reasoning across different contexts. 
7. Identify what is justified and well grounded in their thinking. 
8. Accept and experiment with multiple learning modalities. 
9. Become more aware of their habitual epistemic cognition – the typical ways they judge 

something to be true. 
10. Apply reflective protocols in contextually appropriate ways. 
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6. Conclusion  

In summary, we concluded that information literacy skill was crucial in establishing research 
experience using secondary research through reading and gathering information. To enhance research 
writing for dissertation to undergraduate students, Creative Cognitive framework can be utilized by 
using the four steps framework. In order to designing and implementing a secondary research 
dissertation, the thought process behind design research is in the connection to theories and concepts 
gathered from secondary research. The key elements for designing and implementing a secondary 
research dissertation required active learning and critical thinking skills, creativity, problem-solving 
skills, communication skills, self-regulated learning and engagement in becoming a reflective thinker. 

Our next steps are to look at approaches and particular activities that facilitate collaborative 
learning process. We want to explore alternative approaches to engaging student reflection. We hope 
that the decision making process of students in secondary research, the experiences of students 
following 4 steps process in creating their research proposal and the decision making process (related 
to mind mapping) of students writing their dissertation can promote a deeper learning. We hope that 
DR students can broaden and deepen their understanding of knowledge and open their minds to 
becoming a lifelong learner in the creation process in design research.  
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Abstract:  We suggest that engineering education would benefit from a closer integration 
with the arts and humanities: to improve the design process, to attract a more diverse student 
body, and to sensitize students to the social impact of technology. Conversely, in today’s high-
tech environment, the liberal arts would be strengthened by introducing students to 
engineering concepts. We propose a program, Liberal Studies in Engineering, and outline its 
key components. Creating this interdisciplinary program in higher education requires 
confronting and transcending academic silos.  

Keywords:  Reforming engineering education, interdisciplinary majors and concentrations, 
technology and society     

1. Introduction 

For centuries, universities have been organized on a discipline by discipline basis.  Often, those with 
advanced degrees in one discipline have seen no need to communicate with those outside their field.  
However, increasingly in the 21st Century, creative research is interdisciplinary.  This kind of 
innovative scholarship requires both new cognitive skills and organizational flexibility in confronting 
academic silos.  These challenges can be seen most directly in the field of engineering.   

In past reports calling for the renovation of engineering education we find some claiming that 
the traditional engineering curriculum is too narrowly defined and inadequate to serve as preparation 
for professional practice. James Duderstadt, former chair of the National Science Board has said, 

 “In view of...changes occurring in engineering practice and research, it is easy to 
understand why some raise concerns that we are attempting to educate 21st-
century engineers with a 20th-century curriculum taught in 19th-century 
institutions.” (Duderstadt, 2009, p. 4) 

All other professions require completion of an undergraduate degree - some form of major in 
the liberal arts - before seeking professional training and certification. Engineering differs in that the 
first professional degree is the Bachelor of Science degree. (This means that students must decide to 
major in engineering before they graduate from high school.) Because of this, the undergraduate 
program is filled with science/engineering core requirements and restricted electives thought 
necessary to prepare students for practice. This severely constrains educational innovation. 
Furthermore, a curriculum so focused on solving well posed problems via instrumental means detracts 
from student understanding of the social, economic, and environmental constraints and impacts of 
engineering innovation - factors increasingly important in today's world of rapid technological 
change. This is one reason for looking to the other end of campus to establish a smoother, broader 
pathway into engineering.  

Another reason springs from the data that shows that enrollments in engineering are declining. 
There is a need to broaden participation in the discipline. The American population has been changing 
dramatically, but the demographic profile of engineers has not - women, students of color, and 
students from poverty are under-represented.  
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We believe that one curricular innovation could address each and all of the issues: a tighter 
integration of engineering education with the liberal arts. We propose a new kind of degree 
program - a Bachelor of Arts in Liberal Studies in Engineering (LSE) - to both better prepare students 
for engineering practice and to increase participation in the discipline. 

We acknowledge that curriculum design is a zero-sum game, and we allow for flexibility in 
planning an LSE program. Some institutions may find room for the liberal arts courses by replacing 
engineering electives. Others may introduce a master’s degree in engineering as the program that 
provides a professional credential.  

2. Women and Students of Color 

National concern repeatedly has been expressed about achievement gaps in science and engineering - 
especially between male and female students and between White students and students of color. These 
gaps not only raise issues about equity in our educational systems, but also raise alarm about the 
future competitiveness of the United States in a high-tech information economy. These gaps are as 
striking in the field of engineering as they are in other fields.  

Wang, Eccles, and Kenny (2013) studied a large sample of young people twice: as 18 year 
olds and 15 years later. They compared the SAT scores of these youths with their occupational 
choices at 33. They were particularly interested in those who chose a STEM career. Forty nine percent 
of those with high math scores and moderate verbal scores chose a STEM career. However, only 34% 
of those with high math scores and high verbal scores chose a STEM career. The majority of the 
missing 15% were women.  

Some have suggested that fewer women choose STEM careers because women lack an 
aptitude for math, science, and technology. Maybe it really is the opposite: some women don’t find 
science and engineering subjects, as currently presented, to be interesting and challenging enough.  In 
the words of Jud King, “That’s not an achievement gap; it’s an interest gap.” (personal 
communication) 

Computer science programs have been particularly resistant to broadening the demographic. 
The AAUW, in a report on women in STEM, recommended a fix: (Jane Margolis and Alan Fisher, 
quoted in Hill, et al, 2010, p. 63): “Broaden the scope of early course work.”  

The challenge facing women in technical careers was articulated well by Jean Bartik, the first 
programmer of the historic ENIAC computer, who said that women in computing should “look like a 
girl, act like a lady, think like a man, and work like a dog.” (Beach, 2013, p. 173)  

Other observers of this phenomenon claim that “A critical part of attracting more girls and 
women in computer science is providing multiple ways to ‘be in’ computer science” noting (Hill, et 
al, 2010, p. 60)  

Computer science programs often focus on technical aspects of programming 
early in the curriculum and leave the broader applications for later. This can be a 
deterrent to students, both female and male, who may be interested in broader, 
multidisciplinary applications, and especially to women, who are more likely to 
report interest in these broader applications.  

This finding parallels the conclusion of a classic study by Helen Astin about the research 
experiences of frequently-cited authors:  

“women appear to be more interested in how their work can be useful to 
others….They see their research as integrating knowledge and providing 
direction for further work.” (Astin p. 68) 

Based on this principle, that women seek programs that help humanity, the New Jersey 
Institute of Technology has offered programs to attract women to engineering for more than 30 years. 
(Koppel et al, 2002).  

Lina Nilsson, who holds a Ph.D. in biomedical engineering, reports,  
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“An experience here at the University of California, Berkeley, where I teach, 
suggests that if the content of the work itself is made more societally meaningful, 
women will enroll in droves. That applies not only to computer engineering, but 
also to traditional, equally male-dominated fields like mechanical and chemical 
engineering.” (Nilsson, 2015, p. A19)  

She reports similar findings from other universities. For example, 74% of the 230 MIT 
students enrolled in the interdisciplinary D-lab at MIT, which focuses on developing “technologies 
that improve the lives of people living in poverty”, were women. 

Research cited in an international conference, Gender and Interdisciplinary Education for 
Engineers, 2011, concluded:  

“that 34.6% of the male and 37.9% of the female engineering students want more 
interdisciplinarity (like subjects from the humanities) in their engineering degree 
courses and second that 26.9% of the non-engineering students say that they 
would have changed their minds about studying engineering if there had been 
more subjects from the humanities and social sciences included (Thaler, 2011)” 

A study of physics departments that revealed that historically Black colleges and universities 
have had unique success in attracting students of color and women to physics majors by offering 
alternative paths to the major (Hill, et al, 2010, p. 64).  

Jeffrey Froyd, in a White Paper on Promising Practices in Undergraduate Education, observes 
that (Froyd, 2008) 

While many national reports have repeatedly called for a set of attributes for 
STEM graduates that these reports state are required by recent global, societal, 
and economic conditions, these reports have not taken steps to clarify these 
attributes in terms of learning outcomes. Frequently mentioned desirable 
attributes include critical thinking, lifelong learning, representation competence, 
interdisciplinary thinking, entrepreneurship, and systems thinking. [our 
emphasis] 

These are some of the attributes contributed by study of the liberal arts; verbal skills in 
particular are necessary for successful interdisciplinary work. Each year, the Keck Science 
Department at the Claremont Colleges offers a unique double course for freshmen which combines 
physics, chemistry, and biology. Students consistently reflect about how significant this course was in 
their development, “AISS encouraged me to ask deep, meaningful scientific questions in a way other 
science courses did not. I loved the interdisciplinary approach.” Evaluators each year employ a variety 
of independent variables, e.g., high school grades, SAT scores, self-concepts and expectations about 
college, to predict the final AISS course grade (Drew and Dor, 2013). Virtually every year, the top 
predictor, surprisingly, has been the student’s verbal SAT score.  

We expect that interdisciplinary courses, including those that combine the humanities and 
technical subjects - the kind we see as constituting the core of a Bachelor of Arts in Liberal Studies in 
Engineering - will attract students who possess both quantitative and verbal skills.  

3. Empathy & Engineering 

In a thoughtful examination of liberal education, Michael Roth notes that “Critical thinking is sterile 
without the capacity for empathy and comprehension that stretches the self…..Creating a culture that 
values the desire to learn from unexpected and uncomfortable sources as much as it values the critical 
faculties would be an important contribution to our academic and civic life.” (Roth, 2014, p. 184).  

And a recent article about the Stanford School of Design (Miller, 2015) discussed  
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“…the core of what is significant about the D School’s work for the rest of 
academe and for the humanities in particular: Human-centered design re-
describes the classical aim of education as the care and teaching of the soul; its 
focus on empathy follows directly from Rousseau’s stress on compassion as a 
social virtue.” 

The explicit linking of empathy and technology is evident in the engineering of products and 
systems for the media e.g., music, games, film. Corporations in this line of business seek creative 
technical workers who have both skill sets. If we in higher education do not educate and train such 
workers, industry may develop new in-house educational programs. Cal Poly’s David Gillette 
(personal communication) notes,  

“We had just come from the meeting with NBC Universal and were talking with 
them a great deal about the LAES program and they were quite impressed and 
receptive--especially where it concerned their internship program. They can get 
media-studies type students by the bucket at NBC and so they aren’t that 
interested in seeing more media-trained students. They have a hard time getting 
hard-core engineers interested in them as a technology company. But the LAES 
students seemed to offer to them the benefits of both: engineering-
trained/interested students, along with media-trained/interested with a specific 
hybrid crossover between the skills that their best people at NBC all had as well. 
The top people in TV production are all cross-trained, hybrid-trained people with 
crosses between technology competency and artistic training/appreciation.” 

Cal Poly’s Michael Huang (personal communication) adds,  

I met with hiring representatives from Rosetta (http://www.rosetta.com), Disney, 
and Dreamworks.   Rosetta stated they were looking to hire what they call 
“Creative Engineers”.   Disney, of course, has their Imagineers.   And, at 
CalPoly, we created a new interdisciplinary minor that combines Art and 
Computer Science to address the needs of companies like Dreamworks and 
Pixar.       

And in a commencement address at Stanford, Steven Jobs famously reflected about how his 
study of calligraphy after dropping out of college contributed to his later technological innovations.  

"Reed College at that time offered perhaps the best calligraphy instruction in the 
country. Throughout the campus every poster, every label on every drawer, was 
beautifully hand calligraphed. Because I had dropped out and didn't have to take 
the normal classes, I decided to take a calligraphy class to learn how to do this. I 
learned about serif and sans serif typefaces, about varying the amount of space 
between different letter combinations, about what makes great typography great. 
It was beautiful, historical, artistically subtle in a way that science can't capture, 
and I found it fascinating. ….None of this had even a hope of any practical 
application in my life. But 10 years later, when we were designing the first 
Macintosh computer, it all came back to me. And we designed it all into the Mac. 
It was the first computer with beautiful typography. If I had never dropped in on 
that single course in college, the Mac would have never had multiple typefaces or 
proportionally spaced fonts. And since Windows just copied the Mac, it's likely 
that no personal computer would have them. “(Jobs, 2005)  

4. Integrating the Liberal Arts and Engineering Education - A Way Forward. 

How to do this?  
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We believe it is time to make the humanities, arts and social sciences more of a core 
ingredient of an engineering major. This seems to be the sort of innovation encouraged by the 
engineering deans who signed a letter to President Obama in support of the National Academy of 
Engineering's Grand Challenges Initiative, an effort focused on “ambitious but achievable goals that 
harness science, technology and innovation to solve important national or global problems”:  

“We further note that achieving these Grand Challenges requires technology and 
engineering, but that none can be solved by engineering alone. Hence, there is a 
crucial need for a new educational model that builds upon essential engineering 
fundamentals to develop students’ broader understanding of behavior, policy, 
entrepreneurship, and global perspective; one that kindles the passion necessary 
to take on challenges at humanity’s grandest scale.” 

We take this a step further: any new educational model meant to develop students’ broader 
understanding of the vagaries of stakeholders' behavior and interests, of the rough and tumble of 
policy decision making, of the risk-laden history of the business of entrepreneurship, and of the 
challenges of dealing with a foreign culture that lives, survives, maybe thrives according to different 
values and norms than us in the US, is going to have to build upon more than “essential engineering 
fundamentals”. Instrumental rationality falls short, will not suffice, when these Grand Challenges are 
fixed as much by social, political and cultural forces and currents as by engineering constraints and 
opportunities. 

Our proposed program would give the liberal arts as prominent a place in the education of the 
engineer as the engineering sciences, laboratory exercises, and design studios and to do so in a way 
which explores the tensions which may emerge between the two cultures when brought into close 
contact. The aim is to provide a firm basis for the students' understanding of the cultural contexts of 
production and widespread use of technology, improve the creativity of engineers in the design and 
making of products and systems, and prepare them for a life of change and learning.  (Studies show 
that twenty years after college, 40% of engineers are not doing engineering.)  Pulling this off will not 
be easy – for either faculty or students. It raises the bar, rather than lowering it.  

We envision three different venues for Liberal Studies in Engineering programs - the 
university, the liberal arts college, the community college - with different forms adapted to the 
different needs and opportunities of each. At the university, the program might find a home in either a 
liberal arts college or a school or college of engineering. The four year college seeking to revitalize its 
so-called, “3-2” pre-engineering program presents a second opportunity. The community college with 
an established record of successful student transfer into an accredited engineering program after a two 
year Associate in Science degree is a third possible site. 

The program would be grounded in the liberal arts, to achieve the goals of broadening 
engineering education, encouraging critical thinking and preparing students for leadership. This best 
comes from the liberal arts - even if the program is housed in a school of engineering. (Note that 
Liberal Studies in Engineering also provides a growth opportunity for the liberal arts, where 
enrollments have been dropping.) 

Given this wide variety of possible venues, we dare not venture to prescribe a curriculum, a 
set of requirements (nor to say anything about ABET accreditation). We do lay down two functional 
design requirements.  

•  The core of the program would consist of courses in the liberal arts infused with 
exemplary, substantive engineering content and taught from the perspectives of the 
humanities and the social sciences. 

•  The core sequence should be of such intensity, robustness to ensure a sense of 
community among students (and faculty). 
While we avoid listing specific courses, we aim to flesh out possible course content by 

recruiting interested parties to develop “module”, learning units that meet the first of these 
requirements. Science and the Courts is an example.  (Bucciarelli, 2015) 

The big challenge is moving faculty from engineering to collaborate with faculty of the 
humanities and social sciences in the development and teaching of core courses. It may be that it is 
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too much to ask that the two cultures, like oil and water, be mixed. But we believe otherwise: It's time 
for engineering education to open up to the ways of engineering in the world and for the liberal arts to 
acknowledge and embrace engineering as a subject worthy of study as part of its canon. 

Collaboration is a critical 21st Century skill. Universities have tended to be organizations that 
resist change. It has been suggested that if the Edsel Division of Ford had been a university 
department, it would still be in existence. However, there is ample evidence that faculty from different 
departments and disciplines can work together to effect change. Consider the EPSCoR program of 
NSF, a Federal funding program to increase the competitiveness of scientific research at universities 
in states that traditionally had received little research support from the government. Successful state 
programs developed strong collaboration within and among universities and between academia, the 
business world, and state government (Drew, 1985). Or consider the LSAMP program of NSF, 
through which, for example, a consortium of colleges and universities in Houston doubled the number 
of minority students receiving bachelor’s degrees in STEM in only five years. Collaboration between 
institutions--for example, careful articulation between community colleges and four year 
universities—was essential, as was collaboration among professors from different departments within 
each institution (Drew, 2011). 

Two years ago, we co-chaired a workshop of educators - faculty from the liberal arts as well 
as engineering - at the National Academy of Engineering in Washington, DC to discuss the 
possibilities for establishing an undergraduate, pre-professional Bachelor of Arts in Liberal Studies in 
Engineering (Bucciarelli, Drew, and Tobias, 2015).Argument ranged over the challenge of promoting 
and sustaining collaboration to the need to provide a convincing argument to students that an 
engineering program rooted in the liberal arts made sense. 

Subsequently, a special double issue of the journal, Engineering Studies, was devoted to 
presentation of our proposal (Bucciarelli and Drew, 2015) followed by the responses and reactions of 
thirty scholars who attended the NAE conference.  Currently we are conducting a national feasibility 
study of this programmatic concept under funding from the National Science Foundation.  

To conclude, we return to Steve Jobs.  In 2010, when he was struggling with serious illness, 
he became reflective and philosophical during a product presentation of the iPAD.  He said, “It’s in 
Apple’s DNA that technology alone is not enough.  It’s technology married with liberal arts, married 
with the humanities, that yields the results that make our hearts sing.”    
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Abstract. Cognitive studies have resulted in great improvements in deeper learning. This 
paper explores groundings for synergizing embodied, embedded and extended cognition by 
looking at first, theoretical foundations and issues of interrelated disciplines, and second, 
ponders what the difference would be if the centrality of design shifts between a 
creativity/knowledge-building epistemology and a resource-based/optimization epistemology 
based on the same design factors. Third, we consider what the implications to STEM 
Education would be.  

1. Introduction  

Learning and retention are two key difficulties that many students face. Hence, cognition has 
increasingly become the focus of research related to Newell and Simon’s (1972) problem-solving, 
with the intention of investigating mechanisms, which can enhance or hinder learning and retention. 
In response to these two key difficulties, Mayer (2009) in his theory of multimedia learning has 
highlighted 12 principles for the design of multimedia learning environments/simulations. These 
principles apply to computer-based interactions, while taking into consideration limited cognitive 
processing capacities.  

More recently, the 2016 International Conference on the Learning Sciences and respective 
workshops have addressed these issues in relation to deeper learning. Many findings point out the 
importance of viewing effective design holistically, complementing authentic whole task experiences 
with discovery-based design, and analysing learning in terms of not only complex cognitive 
processes, but also a holistic design. These findings also highlight how deep learning in inquiry and 
problem-solving contexts can be empowered and evaluated, the challenges experienced (e.g., 
methodological complexity, extended research process, need for domain knowledge, and commitment 
to advancing both theory and practice) and useful strategies so as to improve learning outcomes.   

The above deals with digital simulated learning environments contained in the tool/learning 
environment. A phenomenological perspective promotes that concepts and schema are formed and 
revised over time triggered by externally-influenced factors or self-organization. Such dynamical 
view of systems and self-organization within such systems as is typical of systems engineering, point 
towards modularity and how enactive agency can help to refine propositional encoding as well as 
action schemas towards the formulation of generalizations. Synergizing embedded, extended and 
embodied cognition within the situated cognition framework may thus improve interaction/learning 
outcomes. The three different types of cognition are defined in Table 1 below.  

Table 1. Definitions of three types of cognition  

Type of 
cognition  

Definition Authors 

Embodied concerned with specific significant causal or physically constitutive 
roles of the body on cognition 

Clark (2008) and 
Shapiro (2011) 
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Embedded cognition as off-loading cognitive processing onto the physical, 
social and cultural environment – framed by situated cognition, 
where learning or behaviour as a result of interaction with a 
dynamic ecological environment 

Donald (1991) 

Extended  features of an agent's physical, social, and cultural environment as 
possibilities not only for in-situ processing but also for distributed 
cognitive processing 

Wilson (2004) 

All three definitions highlight attempts to simplify or extend the nature of cognitive 
processing. Cognitive processing leads us to the concept of affordances. For example, for embedded 
cognition, affordances are encapsulated and yet perceived (with or without relation to the user’s 
environment). The use of post-it notes however, simplifies. Putting post-it notes on the body to label 
or remind exemplify embodied cognition. Extending post-it notes to social media distributes/extends 
cognition.  

2. Objectives  

Our objectives are to investigate the following research questions:  
a) Can we synergize these forms of cognition? If yes, how? 
b) Is it possible to apply a creativity/knowledge-building epistemology and a resource-

based/optimization epistemology to the same design factors? What would the research model 
look like?  

c) How would STEM Education benefit from these findings?  
d) This paper next presents related theoretical groundings and the related issues raised, how 

findings are used to design two healthcare systems and two other activities for seniors and 
conclude with future work.  

3. Related work and discussion 

Emphasis on recognition of features of an agent's physical, social, and cultural environment aids 
propositional encoding through modality-specific representations and manipulations. Since people 
construct concepts differently in different contexts, three main factors may influence 
conceptualization:  
 

a) The role of visual processing as highlighted by Gibson (1979);  
b) Hutchins’s (1995) view that constraining, distributing or regulating cognition would either 

enhance or hinder sensorial inputs and processing;  
c) Solomon and Barsalou’s (2001) study that the pattern of interaction may influence 

distributed/extended cognition.  
 

Aside from these technical concerns, from a more human-
centered/systemic/phenomenological perspective, Keller’s (2010) Attention, Relevance, Confidence 
and Satisfaction (ARCS) motivation theory links visual processing to include needs and experiences. 
Designing the interaction to scaffold/afford such modalities and property verification thus play pivotal 
roles. This is especially in view of emergent and self-organizing schematic developments. This leads 
us to a knowledge-building-based perspective.  

4. Knowledge-building vs. resource-based research model 

From a Learning Sciences’ knowledge building/creativity epistemology and approach, Lee, Kolodner 
and Goel’s (2011) special issue grounded on Problem-based Learning-Learning-by-Design (Kolodner, 
Camp, Crismond, Fasse, Gray, Holbrook, Puntambekar, & Ryan, 2003) consider the following 
questions:  
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• How, precisely, can design and creative capabilities be promoted in formal and informal 
education?  

• What are the principles for generating activities and curricula that promote creative design?  
• What scaffolding do learners need to become more creative and to learn to design?  
• How can responsibility for scaffolding be distributed between teacher, peers, and computing 

technologies?  

To answer these questions, we find that the Learning Sciences, the IEEE, design thinking and 
computational thinking share common foundations in ideation and computational representations, 
simulations and manipulations. Being interdisciplinary, these three disciplines provide synergistic and 
well-grounded frameworks and channels for further investigating how to address changing design 
challenges such as Duderstadt’s (2007) Millenium Grand Challenges. In line with the three 
interdisciplinary frameworks, subsequent works in the Creative Industries (Lee & Wong, 2015), 
Software Design and Testing (Lee, Wong & Lau, 2015), e-Commerce (Lee & Wong, 2016), 
Information Systems Analysis and Design (Lee & Wong, 2017) have strived to address these 
questions and investigated design scaffolds to increase cognitive access, learning transfer and creative 
outcomes. The progression is illustrated in Figure 1.  

 

Figure 1. Progression of studies 

First contextualized within the Cognitive Modelling “Laboratory” (Lee, 2007), these works 
extend the intelligent tutoring systems framework towards achieving user experience, sustainability 
and entrepreneurship in line with design thinking. Lee and Lee’s (2015) study on design factors to 
inculcate creativity among students undertaking the course Robotics and Automation however, targets 
only sustainability and entrepreneurship, minus user experience, as the design would involve robots 
and the robot’s environment and processes within that ecosystem rather than humans’.  

Due to the very close relation between robotics and cognition in Systems, Man and 
Cybernetics (SMC), the focus is on emergence in self-organization. The methodology across these 
studies is similar to the SOM-PCA described in Lee (2007), whereby after self-organization, 
significant factors are identified. This methodology is one of the unsupervised learning data mining 
techniques, with emergent iterative processes and outcomes. In the Learning Sciences, this leads to 
the development of epistemic agency, necessary in view of lifelong learning, another tenet/aspiration 
of the IEEE.  

adapted LBD , DT, UX, CT, + co-design + KM

adapted LBD, DT, UX, CT, + co-design 

adapted LBD + design thinking, user 
experience and computational thinking 

adapted LBD + design thinking and 
user experience 

adapted LBD + design thinking
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What’s most interesting is that whether in the creative industries or the Sciences, creativity 
design factors match Carnegie Mellon University’s rubrics for Information Systems projects as 
foundational. These rubrics attest to the efficacy of design and computational thinking. Thereafter, the 
respective discipline determines the foci and degree of emphasis or centrality of design (user 
experience/sustainability/ entrepreneurship).  

Figure 2 shows the most recent model from the evolution of our research model. The same 
epistemology has been applied throughout the series of studies. Hence, Figure 2 serves as a reference 
model. Components can be used as deemed fit, to suit different contexts.   
                                                    
        

 

Figure 2. Research model for social-cognitive-affective learning and engagement based on 2013-2017 
research 

The studies thus far have focused on knowledge-building. The question is, can the same 
design factors be used with different epistemologies, i.e., creativity/knowledge-based and 
resource/optimization based? Figure 3 presents the possible changes in the research model, reflecting 
not only changes in the centrality of design but also the design itself. In Figure 3, resource-based 
views will mostly arise from project management (PM) concerns such as scope, time, cost and quality 
or the reuse of resources. Hence, Figure 3 has to be viewed and used cautiously based on objectives, 
epistemology and discipline.  
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Figure 3. Changes in centrality of design highlighting differences between a three-layered 
creativity/interactional 

knowledge-based/phenomenological model (Figure 1) to a three-layered resource-based model (this 
figure) 

However, if cognition, neuroscience, psychology and robotics are put together as is possible 
by synergizing these three kinds of cognition, what will be the outcome, i.e., robotic humans or 
creative robots? The latter is acceptable with great benefits such as domestic help and intelligent 
tutoring/companion. However, a new trend is brain-machine interfacing (BMI). Furthermore, the 
precision by which cognitive processes can be understood means that it can be inferred somewhat to 
normal humans and can be tweaked through psychological experiments. What if the noble initiatives 
of systems engineering in brain-machine interfacing (BMI) are abused by some to become brain-
machine hacking (BMH)? What if people (adults and kids) just want to have fun and/or to show their 
prowess? What if this fun and prowess become addictive? These concerns take on greater dimensions 
in view of trends towards Big Data and Internet of Things (IoT). Examples of BMI and BMH are 
shown in Figures 4a and 4b. 

We are beginners when it comes to cognition, psychology and neuroscience. Hence, perhaps 
the above is an over-simplification of issues and/or overamplification of issues in the field. Wilson 
and Fogliaa (2000) present the full spectrum of issues. The above discussion is aimed at highlighting 
the wide range of possibilities for embodied, embedded and extended cognition in diverse fields. 
Concerns aside, there is much good that can be generated through technology and interdisciplinary 
research, Big Data and IoT – to improve quality of life. The two research models are possible starting 
points from which we can synergize and mash to meet authentic design challenges, through media-
based computational and design thinking. 
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Figures 4a and 4b. Examples of brain-machine interfacing hackathons (IEEE SMC, July 2017) 

5. Examples  

Interpretive affordances are more akin to sense-making, with regards to relational properties. The 
possibility for action exists regardless of how the user perceives the affordance. For example, a door 
knob’s affordance exists even if the user is not going to turn the knob. This is akin to Gibson’s (1997) 
affordance. Later definitions of affordances promote the socio-cultural influences on interpretation; 
involving the user’s perception as part of the interactive equation.  

We categorize affordances into two types: interpretive affordances and expressive 
affordances. The former’s degree of complexity in terms of availability of context and level of details 
determine its outcomes. The latter can involve a double loop, reversing the sense-making and design 
challenge from the user to the designer, i.e., to help the user to interact in diverse manner based on 
specific objectives, the socio-cultural scenario and the user’s personality, mood and logic. Both 
mediate action and both involve concerns such as the context, “universe of discourse” and the 
required cognitive processing of the afforded object but to different degrees. 

Based on the research model in Figure 2, two activities and two examples of systems 
implemented have been investigated. They form possible ground for further extending to other forms 
of cognition in view of the above discussions Examples are presented in Figure 5a (JP, 2017) [not the 
author’s], Figures 5b and 5c (Lee & Wong, 2017) and Figure 5d (Lee, Chan & Guy, 2017). The types 
of cognition they exemplify are varied.  

Jigsaws require piecing together pieces based on a pre-conceived idea of the whole picture. 
This is an example of embedded cognition, but grounded in Gestalt psychology. For the craft in 
Figure 5b, expression involves embedded cognition as semiotics itself can be interpreted differently 
by different people. Similarly, for Figure 5c, there is embedded cognition as there is interpretation of 
actions that need to be carried out and how. For Figure 5d, there is extended cognition, as 
interpretation leads to movement and action such as sharing recipes, dancing along with the dance 
videos.  
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Figure 5a. Jigsaws (interpretive) 

 
 

Figure 5b. Crafts (expressive) 

 
Figure 5c. Three variants of the bingo game (interpretive)     Figure 5d. MoveIt Dancing Page 

(expressive) 

 

 

Figures 5d and 5e. Resource-based examples for pre-school (Introduction to Multimedia, UTAR, 
2015) 

Better examples with regards to the international digital maker movement carried out by the 
Malaysian Digital Economy Corporation (MDeC), includes games, animation and virtual reality 
development, as well as the non-hacking side of IEEE SMC robotics, i.e., the learning of Science 
through making/mashing. In all these, computational thinking serves to bridge the gap between 
computational theory and practice, providing room for imagination and creativity along with design 
thinking.  
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Some snapshots from the recent #mydigitalmaker Fair in Malaysia are shown in Figure 9. 
With the caption Be a dreamer, be a maker, these workshops are similar to the digital maker 
movements internationally and it is great to know that parents themselves are interested and marvel at 
what Science can do. They are the best Science motivators. Workshop registrations were full with 
many waiting in queue. The most wonderful aspect is these workshops are free to applicants who 
qualify. Nevertheless, there is a long way to go.  
 

 
Figure 9. Future innovators 

6. Implications to STEM Education 

 Never before have Science disciplines been ‘challenged’ as it is now due to the need to 
innovate/transform. Considering the diversity of disciplines, contextual dimensions and varied issues 
from different approaches or synergistic approaches, STEM Education needs to ground students in the 
Sciences more solidly than ever in order to build solid foundations. To remind us of our own 
humanity, STEAM and Liberal Arts/Education would provide holistic answers but how to integrate 
with Science and to what extent is the next question as disciplinary foundations must be primary. 
Ultimately, the market decides, but so does the respective discipline.  

First, we need to recognize that the physical, social and cultural factors to be considered in 
diverse approaches such as a phenomenological or Industrial 4.0 contexts do highlight the variance in 
centrality of design suited to various contexts. Many in the Learning Sciences have chosen the middle 
path cautiously, acknowledging the benefits and precision of neuroscience to enhance the quality of 
life of those in need, downplaying emotions research while augmenting human learning capabilities. 
We agree and note that open-ended emergent environments complement formal learning in a fuzzy 
yet positive manner.   

Second, in view of the latest trends in technological advancements aimed at meeting the 
diversity of human needs and augmenting positive experiences, a loose coupling between a resource-
based/optimization approach and a knowledge-based approach may be advantageous if we are to 
explore possibilities for embodied, embedded and extended cognition.  We further contend that the 
aim has to be in view of personhood (improving quality of life) in view of the original epistemology 
for our past studies, espoused by the Learning Sciences and the IEEE. In addition, we conjecture that 
the suitability of each model would depend on contextual needs, intrinsic leadership as well as 
communal beliefs, the availability of resources and capability maturity level of each context (in line 
with common Information Systems principles and concepts). Effects and implications will however, 
be different among different cultures. 

These three types of cognition have broadened dimensions for investigating Lee, Kolodner 
and Goel’s (2011) questions on developing creativity. Future work will be with a young target group 
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who characteristically keep repeating certain actions. If we continue with this research, we will 
present our hypothesis why and how we propose to transfer these findings. 
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