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Abstract: Engineering becomes significant in every aspect of our daily lives. To understand 
and learn engineering effectively, its foundation derives from the integration of multiple 
content subjects of science, technology, and mathematics. In Thailand, these topics are taught 
independently, making young students do not understand and apply the knowledge further. 
Furthermore, engineering education requires computational thinking skill to solve problems 
and create products logically. Therefore, this paper proposes a robotics training workshop to 
promote computational thinking process for pre-engineering students. The workshop 
activities, including labs, tasks, and competition are developed based on STEM strategy to 
provide meaningful, engaging learning environment bonding relevant knowledge in robotics 
performance. After analyzing collected data from questionnaires and interview, it was found 
that the pre-engineering students could enhance robotics performance, where their 
computational thinking process was promoted through its component of logical thinking, 
problem-solving and creative thinking. Interestingly, the high-robotics performance students 
could solve robotics problems more logically with creativity than the other group. 

Keywords: Robotics, STEM, engineering education, computational thinking, collaborative 
knowledge construction, training workshop 

1. Background and Rationale 

Since the second industrial revolution era in the late 20th century, the term engineering has become 
prominent to focus on around the world. Most of the products and services used in various industries 
have been invented to maximize the productivity (Clark, 2007), ranging from conveyor lines to move 
many products at a faster rate to autonomous arms to grab tiny parts in the automobile industry. 
Especially in the past decades, engineering plays a crucial role in everyone’s daily life (Pasman & 
Mulder, 2010), starting a day with small alarm clock with a thousand of mechanics, check the news 
on mobile devices, get an instant coffee flavored for most people, till ending a day with watching a 
favorite drama series on the internet-connected TV. This illustrates how engineering is significant to 
everyone. In this perspective, engineering education is important. 

Engineering education focuses on the teaching and learning relating knowledge and principles 
to the professional practice of engineering. Engineering education must be strengthened to teach and 
provide training in critical and creative thinking skills and problem-solving methods (Felder et al., 
2000). In Thailand and many countries, young students learn many subjects at school independently 
(Chesloff, 2013). Most of those subjects are the foundation of engineering education at the higher 
level, e.g. Mathematics, Physics, Science, and Technology. This disables students to see and 
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understand how the knowledge of multi disciplines integrate together to perform or operate certain 
tasks/functions of the engineering process. Furthermore, the students lack essential skills which are 
significantly required for an engineer; that is computational thinking process (National Academy of 
Engineering, 2009; Swaid, 2015). 

Computational thinking was firstly introduced by Papert in 1996 as the value of applying 
human cognitive primitives to object oriented problems by noticing the relationships between the 
components of a complex system based on students’ thinking. After that, Wing (2006) proposed the 
computational thinking that is a kind of analytical thinking. It shares with engineering thinking in the 
general ways in which we might approach designing and evaluating a large, complex system that 
operates within the constraints of the real world that approach to solving problems, designing systems 
and understanding human behavior that draws on concepts fundamental to computing (Wing, 2006; 
Wing, 2008). To enhance the computational thinking process, three major components are required, 
i.e. logical thinking, problem-solving skill and creative thinking (Bocconi, Chioccariello, Dettori, 
Ferrari, & Engelhardt, 2016). Especially for engineering education, young students should get ready 
and trained with carefully designed learning activities. Many research attempts to study the element of 
preparing high school students into engineering education such as engaging in design thinking with a 
little understanding of the problem of high school students (Mentzer, Becker & Sutton, 2015). In 
addition, the integration of science, mathematics, and engineering is a benefit of students in high 
school engineering they can design work without teacher prompting when the concepts were familiar 
(Valtorta, and Berland, 2015).  

The current research interest in science, technology, engineering, and mathematics (STEM) 
has been emphasized in high schools and higher education (Eguchi, 2015; Thomas & Watters, 2015; 
Mosley, Ardito & Scollins, 2016; Master et al., 2017). In the past decade marked the beginning of a 
transformative time for engineering education, many research has interested the challenge in 
engineering education is the ability to promote students’ learning by thinking and working in pursuing 
careers in STEM. Moreover, several researchers’ interesting design and implement STEM using 
robotics (Kim et al., 2015; Master et al., 2017). Educational robots enable the students to integrate 
different fields of knowledge, from basic mechanical devices, electrical peripherals, sensors, computer 
programming, to operate the robots. Meanwhile, the students have to perform systematical, logical, 
critical, and computational thinking to analyze the robotics environments, assemble the parts, 
configure to meet the surrounding conditions. These processes require hands-on exercises with trial-
error basis to achieve the goals (Leonard et al., 2016). 

Presently, many research used the advantage of robotics that offers opportunities for students 
to engage computational thinking skills (Atmatzidou & Demetriadis, 2015). Computational thinking 
tries to strengthen the development of students’ learning achievement. Computer programming has 
become an important skill to express ideas, inspiring student’s originality while helping develop 
logical thinking. Many studies attempt to use robotics technologies in education is increasingly 
common and has the potential to impact students' learning (Kucuk & Sisman, 2017). 

Using robotic programming software has become an increasingly popular, and the use of tools 
is regulated in education. The graphic programming environments play an essential role to enhance 
computational thinking in the learning process (Basogain et al., 2017). Thus, finding ways to foster 
computational thinking and to incorporate computer programming in many research, such as Chen, et 
al. (2017) proposed framework of computational thinking for elementary school where a new 
humanoid robotics curriculum has good psychometric properties and has the potential to reveal 
student learning challenges and growth in terms of computational thinking. 

Based on this significant perspectives, therefore, this study aims to propose a STEM-based 
robotics workshop to enhance pre-engineering students in Thailand. mBot educational robot kit was 
used in a series of workshop tasks and activities, which were developed accordingly to promote 
students’ computational thinking process. To direct this study, several research questions were 
formulated: 1) how is the computational thinking process of the students who participate in the 
proposed workshop, and 2) what are their engagements towards the STEM-based activities in the 
proposed workshop? 
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2. A Proposed STEM-based Robotics Workshop 

In this study, the researchers adopted the idea of STEM education to help prepare pre-engineering 
students to understand the mechanism and phenomena of basic engineering. With the availability of 
time, resources and environment, a robotics workshop was hosted for students as it enables the real-
world applications of the concepts of engineering and technology and helps to improvements in 
science, technology, engineering, and mathematics learning (Kim et al., 2015). Therefore, a STEM-
based robotics workshop was presented in a training workshop format, hereinafter called, 
STEMRobot. This study mainly focuses on the computational thinking process as a result of this 
workshop. 

2.1. Overall Structure 

The structure of STEMRobot mainly comprises of how the elements of STEM integrate together as a 
workshop, what activities are carried out in order to enhance the computational thinking process 
(CTP) of the participants, as presented in Figure 1.  

In the workshop, each STEM element is account for certain concepts: S (Science) covering 
condition, iteration, variable and parameter in computer programming, T (Technology) used in this 
study: an educational robot kit (mBot) with graphical programming software (mBlock), sensors and 
Bluetooth connection, E (Engineering) covering construction, mechanical, electrical, precision and 
stabilization, M (Mathematics) covering number, measurement and estimation, transition and rotation. 
While, CTP in this study considered from logical thinking, problem-solving skill and creative 
thinking. Therefore, a series of learning activities, labs and competition were carefully designed in 
this training workshop. 
 

 
Figure 1. An Overall Structure of STEMRobot. 

 

2.2. mBot and mBlock 

mBot is an affordable educational robot kit designed for learners to enjoy the learning experience of 
programming, electronics, and robotics (Merino et al., 2016). As shown in Figure 2 (left), mBot is a 
detachable robot operating under the integration of core body, main board, wheels with motors, light 
sensors, mechanics and electrical components, etc. Apart from the assembly process, the robot is 
controlled by the programmable computer code structured in the graphical programming software 
companion, called mBlock.  
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mBlock programming software is made up of colorful and modularized drag-and-drop 
graphical blocks for writing Scratch 2.0 language, presented in Figure 2 (right). Unlike traditional 
programming environment, mBlock came in graphical interfaces allowing to learners to easily 
program the robot without writing difficult codes. Note that the code can be wirelessly transmitted to 
the robot’s main board via Bluetooth. 

With this educational robot kit, there is a number of challenges for students to enable 
opportunities of different robotics experience. The students have to consider relevant contexts both 
physically in the robot and virtually in the programming, such as what happened with the robot, why 
it moved out of the direction, what to reassemble the robot, how to make it better, how to adjust the 
code blocks accordingly to achieve the goals. 
 

 

  
Figure 2. mBot Structure (left) and mBlock Graphical Environment (right).  

2.3. Workshop Activities 

In STEMRobot, a three-day training workshop is provided for higher-secondary school’ students. The 
workshop run by the organizing team which comprises of a teacher who has expertise in mechanical 
engineering education and robotics as a workshop host, and vocational pre-service teachers in 
mechanical engineering education as teaching assistants (TAs). They all have been trained to not only 
facilitate the robotics workshop but also provide the meaningful guidelines for workshop participants. 
Students participate the workshop in groups of 2-5 members upon the availability and convenience. 
Note that the organizing team arrange the workshop environment and prepare one robot kit and one 
computer laptop for each group of students. The workshop activities are scheduled as follows. 

Day 1: the students get acquainted with the mBot components through several mini labs: 
control board, sensor, speaker, battery, and motor. After that, they begin to design and assemble the 
robot step-by-step, and learn how to program the robot, such as turn life and turn right, move forward 
and backward. At the end of this day, the students should be able to understand how the robot 
functions and how to operate the robot. 

Day 2: the students in each group work together on the given tasks ranging from testing the 
robot on the field to moving robot following symmetrical and unsymmetrical tracks. At this moment, 
each group is faced with different problems upon their robot’s settings and programming. They 
learned to analyze and solve the problems in a logical way by taking the knowledge integration of 
STEM. 

Day 3: it is a final day in which each group is encouraged to apply what they have learned to 
accomplish the goal effectively on the robot competition. As in the preparation, they are expected to 
work in cooperation with peers for planning, analyzing, solving the problems, and finally showing the 
best performance in the competition. 

Through three-day training workshop of STEMRobot, the students could encounter trial and 
error process and learn from the mistakes to not only better understand the engineering process, but 
also develop their computational thinking process. However, the activities in the proposed workshop 
have been tested for the collaborative knowledge construction, robotics and engineering 
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understanding and STEM workshop before the implementation. Figure 3 shows parts of the workshop 
activities. 
 

   
Figure 3. Workshop Activities. 

3. Methods 

To examine the results of this proposed STEMRobot approach, a three-day workshop has been 
conducted with 31 higher-secondary school students from a school in the upper central area of 
Thailand (21 males, 10 females). Participants, who are studying the science and mathematics program 
and have had a basic understanding of computer programming, spent three days in ten groups for this 
workshop at their school. 

In order to investigate and understand the effects of the proposed workshop, two research 
instruments were used in this study. First, a questionnaire for assessing STEM robotics workshop 
engagements and for evaluating the perception towards the workshop; the former adopted from Kim 
et al., 2015 has 13 items to assess behavioral engagement, cognitive engagement, and emotional 
engagement, while the latter examine students’ satisfaction on 5-point Likert scale items on two 
dimensions of workshop activities and usefulness. Second, nine semi-structure interview questions 
(five scores for each question) to investigate students’ computational thinking process through 
following components: logical thinking, problem-solving skill, and creative thinking. Both 
instruments were cross-validated for item discrimination and reliability with four experts in 
technology/computer education, mechanical engineering, and robotics. In addition, the results from 
labs, activities, and competition from the workshop were also collected from the activity sheet and 
observations done by TAs. 

This research study adopted a one-shot case study design with one group of the participants. 
The participants received a three-day workshop based on the proposed STEMRobot approach. Then, 
they were required to provide the answers on the questionnaire individually for ten minutes and 
interviewed for another ten minutes. 

4. Results 

4.1. Computational Thinking and Robotics Performance 

In this study, the participants were separated into ten groups completing six workshop labs/activities 
(30 points) and one final competition (70 points) covering robot assembly/structure (10 points), logics 
and coding (10 points) and competition result (50 points), in a total of 100 points. The robotics 
performance results can be ranked by each group’s collected points. To better understand the effects 
of the proposed workshop, the difference between a high robotics performance group (HIRP) for top 
three groups and a low robotics performance group (LORP) for bottom three groups were contrasted. 

 From the interview scoring results shown in Table 1, it was found that the students in HIRP 
group (high level) hold better computational thinking process than LORP group (medium level) on 
the problem-solving component. While both groups gain the same results on logical thinking (high 
level) and creative thinking (medium level) components. 
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 To further understand this phenomenon, the correlation between each two component was 
analyzed as presented in Table 2. It was found that there were significant correlations between PBS 
and LOG, and CRT and PBS on HIRP group, and between PBS and LOG on LORP group.  

Table 1: Descriptive results of computational thinking components between high- and low- robotics 
performance groups. 

Component HIRP Group LORP Group 
M ± SD Interpretation M ± SD Interpretation 

Logical thinking 4.22 ± 0.38 High 4.05 ± 0.16 High 
Problem-solving 4.16 ± 0.94 High 3.58 ± 0.58 Medium 
Creative thinking 3.91 ± 0.82 Medium 3.50 ± 1.23 Medium 

 

 Therefore, it can be implied that the proposed workshop approach better helped promote 
computational thinking process in those who gain higher robotics performance. Moreover, those who 
better performed on robotics tended to have creative thinking to solve the problems logically, while 
those who lower performed could solve the problems logically but lack of creative ideas. 

Table 2: Pearson correlation coefficients results among computational thinking components. 
Component HIRP Group  LORP Group 

LOG PBS CRT LOG PBS CRT 
Logical thinking (LOG) 1 0.87*** 0.63 1 0.50* 0.49 
Problem-solving (PBS) 0.87*** 1 0.86* 0.50* 1 0.52 
Creative thinking (CRT) 0.63 0.86* 1 0.49 0.52 1 

*p < 0.05; ***p < 0.001 

4.2. STEM Engagement and Perceptions 

Owing to the data collection procedure, it was found that most of the students’ responses were 
inadequate for numerical analysis. Therefore, the results of students’ engagements in the proposed 
STEMRobot approach were presented qualitatively on three different aspects in Table 3. For 
behavioral engagement, the high-robotics students revealed that they could perform well individually 
and prefer no distraction environment, while those with low-robotics performance enjoy learning in a 
group with friends to support and make a decision. Both groups agreed that three persons in the group 
are best for cooperation and united. For cognitive engagement, the better robotics students can reflect 
higher thinking skill on applications on their daily lives, while those in another group just reflect what 
they have experienced from the workshop by putting more efforts before the success. Moreover, the 
students in LORP group revealed their emotions towards the assistance of peer members in the group 
that could encourage them to proceed on the workshop. 

Table 3: Qualitative results of individual students’ STEM engagement towards STEMRobot. 

Engagement HIRP Group LORP Group 
Behavioral - I prefer to run the project individually. 

- I think classroom is the best learning 
environment with less distraction. 
- Regular classroom is best with A/C. 

- Work in team can make a better decision 
when needed.  
- Lecture hall is the best learning 
environment as we can meet friends. 

- Team of three members are suitable for the project. 
- I think working in group can produce a better work and performance. 
- Discuss with peers in group makes us united. 

Cognitive - I can apply what I have learned from this 
workshop in my everyday life.  
- The workshop helps my cognitive 
development. 
- Planning is the key for any process.  

- I have learned and experienced new things.  
- Time is too short to complete the project. 
- It took me many mistakes before seeing the 
successful results. 

- TAs are very helpful for learning in this workshop. 
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Emotional - Watering the plants and fixing the light bulbs 
are my very first plan to do after the workshop. 

- I cannot apply this knowledge in my life. 
- I gave up sometimes in workshop activities 
but friends helped. 

- I very enjoyed the activities in the workshop. 
- It’s really worth joining this activity. 

 

 In addition to that, the students’ perceptions towards the STEMRobot approach were 
examined on two dimensions, as presented in Table 4. It was found that students in HIRP group were 
more satisfied than those on LORP group on workshop activities and workshop usefulness. This result 
confirmed that those who better improve robotics performance could perceive the benefits of learning 
activities arranged by the organizing team and perceive its usefulness of integrating difference 
knowledge domains of science, technology, engineering and mathematics in their daily-life 
applications. 

Table 4: Perception results towards STEMRobot 
Items HIRP Group LORP Group 

M ± SD Interpretation M ± SD Interpretation 
Activities 4.76 ± 0.31 Highest 4.45 ± 0.58 High 

The learning environment is engaging with 
enjoyment. 

5.00 ± 0.00 Highest* 4.35 ± 0.74 High 

The facilitator provides a meaningful 
learning guideline 

4.70 ± 0.48 Highest  4.37 ± 0.74 High 

The learning materials are given for learning 
enhancement. 

4.60 ± 0.51 Highest 4.62 ± 0.51 Highest 

Usefulness 4.50 ± 0.70 Highest 4.35 ± 0.53 High 
The knowledge gained from this workshop 
can be applied in other projects. 

4.50 ± 0.75 Highest 4.40 ± 0.51 High 

The workshop illustrates the real 
applications of regular school contents. 

4.50 ± 0.75 Highest 4.30 ± 0.65 High 

* Maximum level 

5. Conclusions and Discussion 

Owing to the importance of engineering and the flaws of learning subjects independently in the 
regular school context, this paper presented an approach for conducting robotics workshop based on 
STEM strategy for pre-engineering students in Thailand, called STEMRobot. The educational robot 
kit, mBot, and its accompanied graphical programming software, mBlock, were used as a major tool 
in this workshop. With this robot kit, the students can learn and experience different robotics 
situations in which they are required to tackle on to accomplish the goals. A series of workshop 
activities, tasks and competition were developed accordingly by focusing on the integration of 
science, technology, engineering, and mathematics. In this study, this proposed STEMRobot aims to 
promote the students’ computational thinking process from a three-day robotics training workshop. 

By collecting data from the activities results and observations, their robotics performance can 
be collected. Moreover, the participants also took a questionnaire and interview questions for further 
analysis. It was found that the students in higher robotics performance revealed better computational 
thinking process than those who are in the lower robotics performance. Moreover, the former tended 
to solve the problems with better logics and creativity. Furthermore, the former group provided more 
advanced responses towards the STEM engagement questions than the latter group, meaning that they 
were higher engaged in the STEM strategy. Both groups were satisfied with the workshop activities 
and perceived the usefulness of this workshop. 

The findings of this research study shed light the essence of STEM activities with robots 
which not only help better understand the engineering process and robotics but also help promote the 
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significance of computational thinking process from different aspects. However, the results of this 
study could not generalize to bigger population due to the limited number of participants (Polit & 
Beck, 2010). The finding was aligned with Eguchi (2016) and Leonard et al. (2016) that the high 
robotics achievers can better handle different robotics tasks logically. 

Based on the existing results, we would suggest the educators on STEM, robotics, engineering 
to be aware of applying the proposed approach to your actual contexts with following 
recommendations. First, the grouping process of workshop participants is important to the success of 
their learning. Second, the materials and robots setup should be carefully tested at the workshop 
location in advance. Additionally, a series of follow-up studies can be performed upon the future 
implementation of the proposed approach, such as the behavioral pattern of participants, the effects of 
peer collaboration, and the use of digital tools to track the participants’ ongoing robotics performance. 
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Abstract: In this paper, we introduce our newly developed interactive simulation that allows 
students to conduct virtual experiments to learn how ionizing radiation affects living things. 
Twenty-three seventh-grade students in Taiwan participated in this study and used the 
interactive simulation to conduct virtual experiments during their science class. The study 
identified and investigated nine different types of virtual experiment behavior. Moreover, the 
results indicated that three kinds of virtual experiment behavior significantly related to how 
well the students conducted controlled experiments, including (1) whether or not the students 
inspected all the objects before experimenting, (2) the extent to which the students conducted 
convergent experiments, and (3) the number of experiments started. Implications of the results 
are discussed.  

Keywords: virtual experiment, behavior, interactive simulation, science learning 

1. Introduction 

Interactive computer simulations allow learners to conduct virtual experiments that cannot easily be 
conducted in real-life situations (Chang, 2016). Learners can change the parameters and values of the 
simulation to test their hypotheses and theories. In this study, a newly developed interactive 
simulation focuses on the issue of how ionizing radiation may impact living things. Nuclear pollution 
that involves ionizing radiation has been a concern of nuclear power development locally and 
globally. Students as future global citizens need to learn the mechanism of how ionizing radiation 
affects living things in order to make informed decisions about the issue of nuclear power 
development (Jho, Yoon, & Kim, 2014). Virtual experiments using interactive simulations are 
particularly suitable for this topic since ionizing radiation can be harmful, and it is not possible for 
students to conduct real experiments using ionizing radiation.  

However, students may have difficulties conducting mindful and purposeful virtual 
experiments, given the openness of the interactive simulation environment (Lee, Nicoll, & Brooks, 
2004; Moreno & Valdez, 2005; Parnafes, 2007). One major difficulty involves students’ inability to 
conduct purposeful controlled virtual experiments (McElhaney & Linn, 2011). Purposeful controlled 
experiments require students to consider the investigation goal and conduct unconfounded 
experiments using the “varying one variable at a time” technique. Researchers have started to develop 
data mining techniques to investigate learners’ virtual experiment behavior (Gobert, Sao Pedro, 
Raziuddin, & Baker, 2013). As an initial step, this study examined a class of junior high school 
students’ virtual experiment behaviors by analyzing process videos that captured the students’ 
interactions with the simulation. This study further investigated which aspects of the behavior can 
significantly predict the behavior of conducting controlled experiments. The results of this study 
provide insights for curriculum developers to consider how to design effective learning environments 
to support students in developing their ability to conduct purposeful controlled experiments.     
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2. The Interactive Simulation 

The simulation was developed by a group of science educators, biology teachers, and medical experts. 
It is virtually contextualized as taking place in the garden of a school that contains objects including 
various plants and human beings. A virtual emitter of ionizing radiation is located on the lower right 
corner of the screen (Figure 1) for students to set up the dose of the ionizing radiation. Students then 
drag the emitter to choose the object receiving the radiation. After that, a window emerges in which 
students can select to view animations showing the impact of the radiation on that object at the 
microscopic level (an example is shown on the left in Figure 2) or macroscopic level (on the right in 
Figure 2). Students can review their experiments by clicking the “record of data” button that shows all 
the radiation values the students have set up and the microscopic and macroscopic results. A follow-
up activity guides the students to infer from their data and observation of the animations the amount 
of ionizing radiation that can cause different degrees of damage to plants and animals, and the 
mechanism of how the damage occurs.   

 

 

Figure 1. Screenshot of the interactive simulation. 

 

 
Figure 2. Result animations showing the impact of the given dose of the ionizing radiation on the 

selected living thing. Left: at the microscopic level. Right: at the macroscopic level.  
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3. Methods 

3.1. Participants and Procedure 

One class of 23 seventh-grade students (11 female) at a public junior high school in Taiwan 
participated in this study. The second author taught the science class that incorporated the simulation 
in the unit of radiation and energy. In the unit, the students were guided to learn the definition of 
ionizing radiation and its impact on ecology (three class periods). This study particularly focused on 
the learning activity in which the students explored the simulation and conducted virtual experiments 
for about half of a class period (45 minutes). Each student worked on one computer. The students 
were encouraged to discuss with their peers and the teacher. The students had little experience of 
using computer simulations prior to this study. 

3.2. Data Collection and Analysis 

The students’ behavior of conducting virtual experiments was recorded using the screen-capture 
software, Camtasia. Referring to the experiment behavior investigated in Gobert et al. (2013), we 
reviewed the recorded process videos to generate a scheme of the students’ virtual experiment 
behavior, which is discussed in the results section. The second author and another independent coder 
coded the behavior of 8 students based on the scheme, and their agreement reached 84%. Inconsistent 
codes were discussed and resolved. The second author then coded the rest of the process videos. 

Descriptive statistics were employed to indicate the distribution of the students’ virtual 
experiment behavior. Moreover, an exploratory multiple regression analysis was conducted to 
investigate whether any of the students’ virtual experiment behaviors were a significant predictor of 
their performance of conducting controlled experiments. Therefore, the multiple regression model 
included the 8 types of virtual experiment behavior as the predicting variables, and the controlled 
experiment variable as the outcome variable. This model explained 83.2% of the variance in the 
students’ controlled variable performance, indicating that the regression model is appropriate.  

4. Results 

4.1. The Students’ Virtual Experiment Behavior 

We summarized the nine different types of virtual experiment behavior identified in Table 1. Overall, 
only 8.7% of the students inspected all objects before starting the experiments. That is, the majority of 
the students did not inspect what objects were available prior to their experiments. On average, the 
number of objects tested per student was 8.48, given that the maximum number of objects available 
for testing was 12. Each student started about 20 experiments, but only completed 4.61 on average. 
The number of completed experiments is low because many students did not click to observe the 
microscopic animation showing the result of the experiment at the microscopic level.   

Moreover, the mean number of changing the radiation values is about 10 times per student. On 
average, each student viewed the datasheets three times. Very few students conducted repeated 
experiments in which none of the values or objects were changed. About one-fifth of the experiments 
conducted focused on the same object. As for the number of controlled experiments, the mean number 
per student is about 16 times, with the minimum of 4 and the maximum of 29. It seems that all of the 
students conducted controlled experiments, but this could be either intentionally or unintentionally.   
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Table 1: Types, definitions and results of the students’ virtual experiment behavior.  

Type Definition Result 

1. Inspection of all objects 
available 

Whether the student inspected all objects before 
starting experiments. 

Yes: 8.7% 

No: 91.3% 

2. Number of objects 
tested 

The number of objects the student selected to receive 
radiation. 

8.48 a (2.73 b) 

3. Number of times 
starting an experiment 

The number of times the student clicked “start” to 
start an experiment. 

20.22 (6.45) 

4. Number of times 
completing an 
experiment 

The number of times the student completed an 
experiment, including setting up values, 
experimenting, and viewing the macro- and 
microscopic animation results for that experiment. 

4.61 (5.68) 

5. Number of times 
changing the radiation 
values 

The number of times the student changed the 
radiation values. 

10.17 (4.55) 

6. Number of viewing 
datasheets 

The number of times the student viewed the 
datasheets. 

3.04 (1.43) 

7. Number of times 
repeating an experiment 

The number of times the student conducted two 
identical experiments (same value, same object). 

0.17 (0.49) 

8. Percentage of series 
experiments on the 
same object 

The percentage of the number of times an experiment 
focused on the same object divided by the total 
number of experiments.  

19.40 (19.51) 

9. Number of controlled 
experiments 

The number of times the student changed only one 
variable and controlled the other variables between 
two experiments.  

15.87 (7.22) 

a: mean; b: standard deviation in parentheses  

4.2. Factors Related to the Controlled Experiment Behavior 

The multiple regression results indicated that only three types of virtual experiment behavior were 
significantly related to the variable of controlled experiments, namely inspection of all objects, 
number of times changing the radiation values, and number of times starting an experiment. We 
summarize the results only for the significant factors in Table 2.  

As revealed in Table 2, the students who inspected all objects before they started the 
experiments were more likely to be able to conduct controlled experiments. In contrast, changing the 
radiation values more often had a negative effect, given that the coefficient is negative. In other 
words, the students who changed radiation values more often were less likely to conduct controlled 
experiments. Moreover, the students who started more experiments were more likely to conduct 
controlled experiments.    
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Table 2: Multiple regression results.  

 Unstandardized 
Coefficients 

Standardized 
Coefficients 

  

Model B SE Beta t Sig. 

(Constant) 7.08 4.07  1.74 .104 

Inspection of all objects 9.00 2.75 .36 3.27 .006 

Number of times changing the 
radiation values 

-1.17 0.26 -.74 -4.47 .001 

Number of times starting an 
experiment 

1.26 0.17 1.13 7.31 <.001 

5. Conclusion and Discussion  

In this study, we found that very few students demonstrated the “inspection of all objects available” 
behavior prior to their experiments. However, this behavior was significantly related to the extent to 
which the students conducted controlled experiments. Among the nine types of experiment behavior 
identified, we think that this inspection behavior is mostly related to metacognition, since it may 
involve planning and monitoring, which are important aspects of metacognition (Baker & Brown, 
1984). Research has found that scaffolding students’ self-monitoring skills can enhance their learning 
with visualizations (Chiu & Linn, 2012). In this study, we provide evidence that students being able to 
inspect all objects available significantly predicted their behavior of conducting controlled virtual 
experiments using interactive simulations. Future research can consider designing instructional 
activities to guide students to inspect the context before experiments to formulate experimental goals. 
We believe that this strategy will enhance students’ ability to conduct purposeful controlled virtual 
experiments. Future investigations can develop instructional activities and include more participants 
to test this claim.        

One limitation of this study involves the relatively small number of participants. Nevertheless, 
we were able to thoroughly investigate the virtual experiment behavior of the participants, and 
identified nine types of behavior, among which three were significantly related to the extent to which 
the students conducted controlled experiments. In addition to the “inspection” behavior that has been 
discussed, we found that students who conducted divergent experiments that involved the behavior of 
setting up a greater variety of radiation values were less likely to conduct controlled experiments. It 
seems that encouraging this group of students to conduct convergent experiments instead may help. 
However, research also indicates that allowing students to explore simulations may provide 
opportunities and time for them to set up their conceptual framework for mindful engagement 
(Adams, Paulson, & Wieman, 2009). It seems that in our study the students were arbitrarily changing 
the values rather than mindfully exploring the simulation. Developers of learning environments need 
to differentiate these two types of student behavior and provide different types of scaffolding to 
address different student needs. 

It seems reasonable that students who started more experiments had greater chances of 
conducting controlled experiments, as we found a positively significant relationship between students 
starting more experiments and conducting more controlled experiments. This finding also supports the 
perspective of Adams et al. (2009) that free exploration of simulations may benefit student learning. 
Moreover, one advantage of virtual experiments using computer simulations is that it does not cost or 
result in damage when error or trial experiments are conducted. The trial-and-error strategy may be 
effective for some students. Students should not be restricted to a certain procedure of conducting 
virtual experiments. Nevertheless, how to challenge and scaffold students to purposefully conduct 
controlled experiments with their appropriate developmental needs for deep and effective learning 
needs further investigation.   
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Abstract: Some researches showed that, comparing the teaching experience and style of 
teacher, interactive teaching method, which could help teachers to collect and analyze 
feedback data regarding students’ misconceptions or difficulties, was the key factor of 
improving the student learning outcomes. Interactive-engagement method makes teaching 
activities more scientific.  In  the  study,  we  developed  an  interactive  teaching  approach  
with  quantitative analysis for an introductory physics course. The system consists of four 
instructional components that improve student learning by including warm-up assignments 
and online homework. Student and instructor activities involve activities both in the 
classroom and on a designated web site. An experimental study with control groups evaluated 
the effectiveness of this teaching method. The results indicated that the method is an effective 
way to improve students’ understanding of physics concepts, develop students’ problem-
solving abilities, and identify students’ misconceptions. 

Keywords: quantitative analysis, web-based teaching, interactive teaching, science, art 

1. Teaching Scientifically 

Is teaching an art or a science (Makedon, Alexander, 1990)? There has been a lot of debate about this 
issue. It is not a good solution to argue simply whether teaching is an art or science, or both, since it 
tells us nothing about how much of each teaching is, and exactly how the two are combined in 
teaching practice. Whether teaching is an art or science depends on which definition of teaching we 
adopt, or what we think the goals of teaching should be. 

What are the goals of teaching? Most teachers would like to improve students’ learning 
outcomes, especially the examination performance. In 1998, Hake reported the results of a study of 
test results  for  6000  students of  mechanics, which  found  that  the  average  normalized gain  for  
the interactive-engagement methods (g=0.48) were higher than the gain for traditional methods 
(g=0.23), indicating that interactive engagement improved student learning. In this study, comparing 
the teaching experience and style of teacher, interactive teaching method has become the key factor of 
affecting the learning outcomes in the following two aspects: 

• Through interactive activities, the teacher is able to collect and analyze feedback data 
regarding students’ misconceptions or difficulties, and discover the gap between their current 
knowledge and the desired level of knowledge, so as to adjust the lecture. 

• The interaction of teacher and student motivates the initiative and enthusiasm of students in 
the teaching process. 

In this case, teaching is more like a science than an art, and the interactive-engagement 
methods make teaching more scientific. 

mailto:binli@tsinghua.edu.cn
mailto:binli@tsinghua.edu.cn
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2. The Quantitative Analysis of Feedback Data from Teaching Activities 

In fact, interactive approaches are not necessarily able to improve student outcomes. A case study 
using a clicker-like APP showed that the students' final average scores were not significantly 
different from previous ones. 

In addition, we encountered difficulties when we introduced the Just-in-Time Teaching (JiTT) 
pedagogical approach to universities in China. In the JiTT approach, warm-ups are used as the basis 
for each classroom session to enhance learning (A. Gavrin and J. X. Watt et al, 2004). Many 
researchers and instructors in the U.S. have reported the effectiveness of JiTT, not only in physics but 
also in other subjects such as math, chemistry, and psychology (A. Marrs Kathleen and N. Gregor, 
2004). However, an international research project investigating over 5000 students in the U.S. and 
China found that Chinese students exhibited a high level of performance on tests of physical concepts 
due to “numerous and rigorous courses in middle school and high school” (L. Bao et al, 2009). 
Middle school and high school students in China who choose science or engineering majors and plan 
to go to a university enroll in approximately 5 years of physics courses. All students receive identical 
curricula in physics and must perform well on the same national college admission examination. 
Because of Chinese students’ strong background in physics, it was difficult to identify misconceptions 
in physics classes, and the common conceptual warm-up questions often failed to evaluate their prior 
knowledge in introductory physics courses. 

Obviously, whether to seek out students’ misconceptions and difficulties and then modify the 
lecture accordingly is the key point to enhance the efficiency and effectiveness of teaching. In order to 
availably identify the problems in teaching, it is a good choice to quantify and analyze the feedback 
data. Then, with the help of Internet to collect and process learning data, the statistical results will 
provide scientific reference for the adjustment of teaching. 

3. The Case Study in an Introductory Physics Class 

In order to achieve effective teaching, we developed a dual feedback loop approach by combining 
warm-up assignments with online homework in an introductory physics course. We used the warm-up 
assignments to obtain information about students’ prior knowledge, misconceptions, and confusion 
based on relevant exercises. Students’ responses to the warm-up assignments were used to provide the 
instructor with information to modify the upcoming lecture to provide a more instructive and 
engaging course. Similarly, the goal of the online homework was to assess teaching effectiveness by 
comparing students’ homework responses to students’ responses to the warm-up questions. 
Furthermore, the postclass homework was used to identify course content that continued to confuse 
students and required more explanation in discussion sessions. 

3.1. Building up Question Bank 

The question bank is fundamental to designing and assigning the exercises, which is used to collect 
feedback data about students’ learning. In order to be adapted to the online format, the bank is 
consisted of multiple-choice and fill-in-the-blank questions, all of which cover almost the entire 
lecture content, so as to sufficiently revealed students’ prior knowledge, misconceptions, and 
difficulties. Meanwhile, according to the results of previous exercises, the questions will be modified 
to reflect the problems in the learning process. Now the question bank is the Third Edition. 

In addition to the collection of objective learning data, we also gather some subjective attitude 
to learning content. For example, besides four options (A, B, C and D), each question included two 
additional response options (E and F). Response option E, which stated “this question is too easy for 
me,” was designed for students who felt that the problem was too easy and could easily be responded 
to at first glance, and option F, which stated “this question is too difficult for me,” was designed for 
students who felt that they could not correctly respond to the question even after in-depth reflection. 
These two response options were provided to reduce student responses based on guess work. 
Moreover, for each question, students were asked to identify whether the question should be 
explained during the upcoming lecture. 
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3.2. Procedures Involved in This Approach 

This teaching approach requires for both instructors and students throughout the entire teaching 
process included four instructional components. The teaching activities of the instructor and students 
involved activities both in the classroom and on a designated web site (www.zjiao.com). The entire 
teaching process consisted of four components (see Table 1).  

Table 1: The teaching process. 
 

Instructional components Student activities Instructor activities 

Preclass preparation Prepare  the  assigned  material, 
perform the warm-up exercises, 
post results online, and identify 
whether the results need to be 
explained. 

Check students’ responses and 
prepare classroom teaching 

In-class lesson The  instructor  organizes  classroom  teaching  to  include  course 
material needed to construct the student knowledge base and correct 
key student misconceptions, as well as the content requested by 
most students. 

Online homework Repeat the warm-up exercises 
and repost the results online. 

Identify the main points for 
discussion. 

Discussion session The  instructor  and  the  TAs  lead  discussion  and  collaborative 
learning sessions in response to student homework. 

 

3.2.1. Preclass Preparation 

Before each lecture, students in the experimental class were required to prepare assigned content and 
complete the warm-up exercises online, which consisted of the questions of the bank. The warm-up 
questions were adapted from traditional homework assignments related to the lecture topic. 

Besides E and F options, students must choose whether the questions should be explained 
during the upcoming class session, and the instructor organized and modified the classroom lecture 
based on student responses. 

3.2.2. Classroom Lesson 

In contrast to traditional classroom teaching, the instructor constructed the classroom lesson based on 
students’ responses to the warm-up assignment. This procedure allowed the instructor to save time 
and focus on three key elements: the core knowledge that students would use to construct their 
knowledge base, the trigger point the instructor established for warm-up assignments (e.g., because 
the experimental trigger point was 70%, the system identified warm-up questions in which fewer than 
70% of the students responded correctly to the question), and the content requested when most 
students identified a question as being too difficult and requiring further explanation. In the 
classroom, the instructor primarily focused on lecture rather than discussion. 

3.2.3. Online Homework 

Students were required to repeat the warm-up exercises as homework. They worked out the problems 
on paper and posted the results on the designated web site as they had done for the warm-up exercises. 
The student homework was also graded by computer, and the instructor and the teaching assistant 
used the results to design the discussion session.  
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3.2.4. Discussion Session 

In general, a discussion session was required after two classroom lectures. The instructor organized 
the material for the discussion session based on the results of students’ online homework and 
students’ responses in class. This key component enabled the instructor to identify material that 
continued to confuse students after the lecture so that it could be addressed during the discussion 
session. 

For this component, a teaching assistant was trained by the instructor to assist during the 
discussion session. Each discussion session included approximately 30 students who participated in 
was the foundation for in-class collaborative learning. 

3.3. Methods for Improving Data Validity 

Besides the elaborative design of the warm-up exercises and homework, an important and practical 
problem, i.e. whether the students are sincere and careful or not, need to be solved to get a valid 
result. If the students don't care about the exercises and homework, any data related to their learning 
are meaningless. To ensure the authenticity of the data, the following measures are taken: 

Integrate the exercise result as part of the final assessment. It is also pointed out that the grade 
of the exercise has nothing to do with students' score. 

• To have psychological reinforcement, e.g. telling students that his final grade will surely improve 
if he has done a good job in these exercises. 

• Print out the warm-up exercises and homework on paper for students. 

4. Data Collection 

Data for the experimental study were obtained from eight 90-minute lectures in experimental and 
control thermodynamics classes. The topics covered in the thermodynamics classes included 
molecular kinetic theory as well as the first and second laws of thermodynamics. 

First-year university students majoring in computer science, automation, engineering science, 
and  mathematics  were  recruited  as  study  participants.  Students  were  randomly  assigned  to  the 
experimental or control groups. Students in both groups were presented with the same educational 
content covered in the same number of class periods. In contrast to the control classes in which 
students received traditional instruction, students in  the  experimental class  were  exposed to  the  
designed teaching  approach.  One  control  class  was  taught  by  another  experienced  instructor,  
while  the experimental class and the second control class were taught by one of us who has used this 
approach for several years. 

The teaching procedures for the experimental and control classes are presented in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. A schematic representation of the experimental study design. 
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4.1. Pretest 

Prior to taking the class, students in both classes completed a pretest based on the Thermal 
Conductivity Instrument (TCI) (K. C. Midkiff, T. A. Litzinger and D. L. Evans, 2001) that included 
32 questions as well as questions in other areas of physics and questions on scientific reasoning. For 
the TCI test, several questions (Q1, Q2, Q12, Q13, and Q23) were removed from the test because 
students exhibited sufficient comprehension of these topics. 

In the class lesson component, traditional methods were used to present the course material to 
students in the control classes. For the control classes, the instructor controlled the class and assisted 
students in filling in “knowledge gaps” during class. The homework questions for control class 1 were 
primarily quantitative questions with content and difficulty levels that were similar to the 
experimental class homework. Control class 2 was assigned the same homework as the experimental 
class, which primarily consisted of multiple-choice and fill-in-the-blank questions. 

The discussion session was taught by teaching assistants with the same number of teaching 
hours, and the class size (about 30 students) was similar in both the experimental and control groups. 

4.2. Posttest 

After completing the 8 thermodynamics lectures, students were asked to complete a posttest that was 
identical to the pretest; the posttest thus included TCI questions, questions on other areas of physics, 
and several scientific reasoning questions. The TCI pre- and posttests were administered by a different 
instructor. 

5. Data Analysis 

In the present study, we investigated the extent to which the dual web-based interactive system 
improved students’ academic performance. 

Based on the results of the pre- and posttests, an additional 8 TCI test questions (Q3–Q5, Q9–
Q11, Q14, Q18, Q20) that exhibited average scores above 85% in both the pre- and posttests were 
eliminated from the analysis to reduce possible “ceiling effects.” Moreover, because the base concept 
in one question (Q19) was not defined in the class textbook, scores for this question were also 
removed from the analysis. Consequently, the analysis included data from only 17 TCI questions. 

5.1. Normalized Gain (g) 

To assess the effectiveness of this approach, we required a comparable measure associated with the 
instructional methods studied. In a detailed study of FCI results that investigated 62 introductory 
physics courses with over 6000 high school, college, and university students, Hake introduced the 
normalized gain (g value): 
 

The absolute gain is equal to the difference between the pretest mean score (Spre) and the 
posttest mean score Spost of the class, and the maximum possible gain is equal to the difference 
between the maximum possible test score (assumed to be 100) and the pretest mean. 

Table 2 presents the TCI test results for the experimental and control groups. The data indicate 
that the g value for the experimental class was twice the g value of the control classes, which is 
consistent with Hake’s findings for interactive teaching methods. In the experimental groups, the 
interaction was increased between an instructor and students via the designed approach.  
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Table 2. The g values for the control and experimental groups. 
 

Group N Pre-mean (SE) Post-mean (SE) g (SE) 
Experimental. 72 0.61 (0.02) 0.74 (0.02) 33.4% (0.05) 
Control 1 123 0.64 (0.01) 0.70 (0.01) 16.8% (0.05) 
Control 2 144 0.60 (0.01) 0.65 (0.01) 14.7% (0.04) 

5.2. Results of T-tests 

We used t-tests to investigate the difference between the experimental and control groups. The 
significance level was set at 0.05 for every factor. The two-tailed p values are presented in Table 3. 

Table 3. Two-tailed p values for the t-tests of mean differences. 
 

 Experiment 
–control 1 

Experiment 
–control 2 

Control   1 
–control 2 

Experiment Control 1 Control 2 

Pretest mean 0.046 0.77 0.046    
Pretest–posttest 
mean 

   0.002 0.0001 0.001 

g values 0.003 0.003 0.964    
 
 

The data in Table 3 indicate that pretest scores for the experimental class and control class 2 
did not exhibit a statistically significant difference (p value = 0.77). The pretest scores for the 
experimental class, however, were significantly different from the control class 1 scores (p value = 
0.046 < 0.05). From Table 2, we know the mean of the pretest was slightly lower in the experimental 
class than in control class 1. One possible cause of this phenomenon is that in recent years China 
undertook reforms of its college entrance examination system. 

After learning the course material, all three classes exhibited significant improvement on the 
posttest compared to the pretest. For the g values, the experimental class was significantly different from 
the control class, but there was no significant difference between the control classes. 

To confirm the effectiveness of the designed teaching approach furtherly, we also compared 
students’ final exam test results for the experimental class and control class 2, which were taught by the 
same instructor. Both classes took the same exam and the exam questions were identical. The analysis 
found that the experimental class had higher scores on the class test compared to the control group. 

6. Conclusion 

In order to improve students’ learning outcomes, such as exam results, we developed an interactive 
teaching approach with quantitative analysis for an introductory physics course. This method is based 
on a dual interactive framework of warm-up exercises and homework that includes questions that 
cover all course material and teaching requirements. The instructor is able to obtain feedback 
regarding students’ learning process and the gap between students’ current knowledge and the desired 
level of knowledge. With the help of the method, instructors are able to identify students’ 
misconceptions so that they can use lectures and discussion sessions to develop students’ problem-
solving ability and construct new knowledge. Moreover, the method uses the Internet to improve the 
interaction between the instructor and the students. In a traditional classroom, it is difficult for the 
instructor to perform educational assessments and to quantitatively estimate the extent to which 
students understand each lesson. 
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Abstract: Board game has been popular these years, and increasing technology-enhanced 
board games were developed to extend its playability and content. This study presents an 
interdisciplinary instructional game, Fragrance Channel, in the context of the Age of 
Discovery as the game which encourages students to use their history and geography 
knowledge as well as logistics to win the strategic game. This study uses game records, 
observation, and focus group interviews to investigate how players’ personality traits and 
other factors such as game stages, gender, personal conditions, emotional tendencies, and 
learning styles can influence their gaming behaviors and strategies.  

Keywords: technology-enhanced board game, game-based learning, personality, gaming 
strategies, the Age of Discovery. 

1. Introduction 

Board game has long history in human civilization. It is played in groups in which players interact 
with others, either communicates, cooperate, compete, or use strategies to win. It can be played on 
any surface, with or without cards and objects, and with all kinds of content.  

With the wave of Web 2.0 and technological development, many game designers have 
transformed board games into digital board game (DBG) which uses digital technology and 
multimedia to simplified game rules and create scenarios that increased the sense of immersion.  

In the gaming process, individuals would have different types of thinking, reactions, 
behaviors, and strategies, which are deeply influenced by their personality traits and many other 
factors. Personality is one’s feeling, thinking, and performance pattern that is general in certain typical 
patterns but still unique in each individual. In the game, the mental playing space is large and open 
where players can choose and manipulate in their own way. They interact with others, cope with 
others, and learn from others. 

This study attempts to design an interdisciplinary technology-enhanced board game which 
would require players to apply their knowledge in history, geography, and math, named Fragrance 
Channel; and then focus on observing what factors would influence the players behaviors and 
strategies to win the game, including their personalities.  

Two research questions are aimed in this study:  

1. How players in different personality traits would use different gaming strategies in 
Fragrance Channel?  

2. Other than personality traits, what other factors would influence the players’ gaming 
strategies?   
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2. Related work 

2.1. Technology-enhanced Board Games 

Board games generally refers to games that can be played on the table, do not depend on electronic 
products and do not need large movements, such as card games, board games, and dice games, etc. 
People play different types of board games can have different benefits. Research results show that 
board games have positive influence to players’ cognitive, organizing strategies, and thinking abilities 
(Wilson, Barnes, Aggarwal, Boyle, Hebert, de Leon, & Evans, 2010). When board games were 
properly integrated in the classroom learning, students’ learning achievements have significant 
improvements through game-based learning (Lin, Huang, Shih, Covaci, & Ghinea, 2017; van der 
Stege, van Staa, Hilberink, & Visser, 2010). 

Board games are normally designed with boards, cards, and objects. With digital technologies, 
simulated scenarios and extensive game mechanism were much enhanced. Chen, Wu, and Chen 
(2011) used large touched screen and projections to present digital board game, and used it in formal 
curriculum in the university. Their results showed significant improvement on students’ class 
participation and learning achievements.  

Wallace et al. (2012) also used large touched table to present the card game so the players can 
interact with the virtual world map and cards. Han, Kim, Jung, and Lee (2012) created a RFID based 
digital board game platform to play either puzzled board game or chess board game for kindergarten 
kids. Andrukaniec, Franken, Kirchhof, Kraus, Schöndorff, and Geiger (2013) integrated augmented 
reality (AR) into traditional board game The Settlers of Catan and developed OUTLIVE. This game is 
a multiplayer game in which players act as the settlers of Catan, but other actions can only be 
imagined through AR, such as fighting, hunting, and gathering resources.  

With digital technology integrations to board games to increase game effects was defined as 
complex board by Lin et al. (Lin, Huang, Shih, Covaci, & Ghinea, 2017). With extended gaming 
experiences, players can have face-to-face interactions with others, but also have virtual content to 
increase the content and fun. Players can obtain, manage, and digest more knowledge content 
(Andrukaniec, Franken, Kirchhof, Kraus, Schöndorff & Geiger, 2013; Broll, Vodicka & Boring, 
2013).  

2.2. Professional Dynametric Programs (PDP) 

Game-based learning provides players simulated situations to think and make internal connections to 
their external behaviors. Many studies have evident that the behavioral differences between 
individuals may be caused by their dissimilar personalities (Hampson & Goldberg, 2006). Personality 
has been an important indicator to individual differences and all theories have posed different views to 
it. There are four assessments that are commonly used by science researchers and human resources in 
industries including Five-factor model of personality (Big Five), Myers Briggs Type Indicator 
(MBTI), DISC, and Professional Dynametric Programs (PDP).  

Among all, Big Five are the most used which identified five personality traits (OCEAN) of 
individuals that are openness, conscientiousness, extraversion, agreeableness, and neuroticism. 
However, these five personality traits only describe general traits with measurements. In order to be 
able to explain why personality would influence players’ gaming behaviors and strategies, this study 
landed the eyes on PDP which would be able to explain how the personality traits would affect 
individuals’ behaviors, reactions to the environment, and predictable behavioral model 

PDP started out from DISC personality test which was developed by Dr. Marston in 1920 
which is generated from the ancient Greek personality theories. It is a test about human behavioral 
languages saying that the individuals’ personalities were composed by four basic elements namely 
dominance, influence, steadiness, and compliance (DISC). It explains how individual can adapt to 
certain work type, and what their possible performance and achievement would be. It can diagnose the 
individual’s management ability and chance to succeed (Cashion & Lynch, 1979).  

In order to be more well-rounded and objective, after several decades, Houston, Solomon, and 
Hubby developed it into Professional Dynametric Programs (PDP) and registered for shared patent 
between University of South California and University of Colorado (Eastburg, Williamson, Gorsuch, 
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& Ridley, 1994). PDP has been most widely used around the globe in the human resource 
departments in the enterprises to manage their employees due to its accuracy. Throughout the years, 
the system has been used for more than 16 million times by more than 5000 companies, research 
organizations, and government sectors. It is used to discover people’s internal motivation, behaviors, 
attitudes, and status quos.  

PDP Personality Trait Assessment analyzed subjects’ reactions to 30 adjectives on five-point 
Likert Scale to define their personality tendencies. The five types of personalities include Tiger-
Driven, Peacock-Expressive, Koala-Amiable, Owl-Analytical, and Chameleon-Comprehensive. 
Tiger-Driven is the persons who have highly dominating trait. They prefer to adventure, evaluate, and 
make decisions and are confidence, positive, competitive, and ambitious; The Peacock-Expressive 
persons are good at interpersonal relationship building. Those persons who are compassionate, 
optimistic, and sociable have great sympathy, enjoy communicating and like the exposure; The Koala-
Amiable persons belong to honest, steady, gentle and kind characteristic. They don’t like make 
trouble with others and work steadily; The Owl-Analytical persons are conservative, down-to-earth 
and methodical. They pay attention to details and have strong analysis and responsibility; Finally, The 
Chameleon-Comprehensive persons are fickle, moderate, tough, and good at communication. They 
are a born negotiator as well as have high resilience. 

In game-based learning related studies, studies have proved that personality has close 
relationships to players’ level of immersion and behaviors in online games (Worth & Book, 2014). 
Personality traits also have positive correlation to gaming motivation and gaming achievements, as 
well as team cooperation. Players with openness are more immersed in the game while conscientious 
players avoid role-play games. Neurotic players are less willing to cooperate with team decisions and 
work more independently in the game (Jeng & Teng, 2008). Therefore, it is known that personality 
can help us see why the players would have certain behaviors. This study, would take a step further, to 
diagnose how personality can influence the players’ gaming strategies, the actions taken with their 
natural motives along with their rational thinking that might influence their decisions in games. 

3. Game design 

Fragrance Channel is a technology-enhanced interdisciplinary board game which contains two major 
learning contents: spice trading history in the Age of Discovery and math calculation. The context of 
the game is setup in 16th and 17th century while European countries were launching for the Great 
Voyage.  Countries including United Kingdom, Netherland, Spain, and Portugal colonized Africa and 
parts of Asia for spice plantation, and use the spices to trade for other goods.  

On the game map (Figure 1), there are signs for four countries with their corresponding flags 
with color identifications. On the map, ports were tagged with corresponding one or above colonial 
states; and with or without spice productions. Some countries have more colonies than others. 
Whichever country’s ship is one space close to ports owned by other countries will be attacked and 
lose movement points, spices, or weapons. The ocean is the space where ships can sail freely. 

Every game has four players. Every player has one mobile device with NFC detection 
function through which player can interact with the game map to confirm location, retrieve card 
information, and checks other players’ gaming states. There are four kinds of cards: task cards, 
country cards, equipment cards, and action cards.  

Each player has his own randomly selected task (Figure 2), whoever completes the task first 
wins. Each task would contain spices (total of 13 spice quantities) that can be commonly retrieved and 
that are owned by specific country which can only be obtained by either exchange or attack. 

Every country has different power (Figure 3), such as UK has more attack power, Netherland 
has more action points, Spain has more cargo capacity, and Portugal has more colonies.  
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Figure 1. Fragrance Channel Game Map 

 

 

Figure 2. Spice Tasks 

 

 

Figure 3. Country cards and the parameters of country power 

Equipment cards include ship hull, oar, sail, and weapon (Figure 4), each influence the ship 
power such as Propulsion Power, Cargo Capacity, Arm Force, Firing Distance, and Sailing Duration. 
For example, the size of ship hull would increase cargo capacity and sailing force that would extend 
the turnaround time; better sails can accelerate the speed; and higher rank of weapon have higher arm 
force. With these variables, players are placed in the conditions in which they need to apply different 
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strategies in the game. However, the total of action points and cargo capacity is limited to 20. All 
ships are equipped with basic weapon, bow and arrow. If more powerful weapons are wanted, the 
player can use his spice to trade for it and upgrade the ship. 
 

 

Figure 4. Equipment cards for ships 

In every turn, players can use their action points to do actions, such as move, inbound, 
outbound, trade for spices, repair ships, upgrade weapons, attack, and progress report (Figure 5).  
 

 

Figure 5. Action cards for the game 

On the mobile device, the main screen show the status of all four countries; after clicked on 
the specific country, details of the ship powers will show. Students need to calculate how and where 
to sail their ships so that they can properly use their action points to do what they want to do. With 
their winning strategies, the students should calculate how many spices they should buy and in what 
way they can obtain or trade more, or use them to upgrade their ships. To sum up, the game has heavy 
demands to the students to use their math and logistics as well as strategies to win the game. 
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Figure 6. Game Interface on the Mobile Devices  

4. Research design 

4.1. Research process 

This study presents the technology-enhanced board game Fragrance Channel which integrates 
physical board game, mobile phone, digital system, history, geography, and math to allow students to 
use what they have learned in the classrooms in the interaction of game. In order to know what kind 
of people can benefit the most from the game, and what kind of interactions they would have, a cross-
analysis of students’ personality, group dynamics, and gaming strategies were analyzed.  

 

Figure 7. Research structure 

The research process is a Figure 8. Before the experiment, all players took PDP personality 
trait test, and then the first and second round of board game followed by the focus group interview to 
review gaming strategies and retrieve feedbacks.  
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Figure 8. Research process 

This instructional game experiment invited 16 secondary school students to participate. They 
are 12 boys and 4 girls, aged 13 to 15; randomly distributed into groups of 4. They all have more than 
three years experiences playing digital games and board games so they should be familiar with the 
basic gaming concepts. 

After the PDP tests, there are 1 tiger/chameleon; 4 peacocks; 2 koalas; 1 koala/chameleon; 3 
owls, 5 chameleons. All members were randomly distributed into groups; and redistribution was done 
before the second round the game. 

4.2. Research tools 

PDP Personality Trait Assessment has total of 30 questions with 5-point Likert-Type Scale, in which 
5 to be strongly agree, 4 to be agree, 3 to be neutral, 2 to be disagree, and 1 to be strongly disagree. 
Question items that contribute to the personality traits were as follows (Table 1).  

Table 1. PDP Personality Trait Types and Question Items 

Personality Trait Types Question Items 

Tiger (Dominance) Questions: 5, 10, 14, 18, 24, 30 

Peacock (Extroversion) Questions: 3, 6, 13, 20, 22, 29 

Koala (Pace/Patience) Questions: 2, 8, 15, 17, 25, 28 

Owl (Conformity) Questions: 1, 7, 11, 16, 21, 26 

Chameleon (1/2 Sigma) Questions: 4, 9, 12, 19, 23, 27 

 

Focus Group Interview questions include:  

1. How did you setup the parameters of your ship? What is your choice of cargo 
capacity and sail force? Why?  

2. What did you do in the gaming process? Why?  
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3. How did you interact with the other three players? Why? 

4. What did you do to complete the task before others do?  

5. If there is next time, what would you do for change? 

5. Result analysis 

5.1. PDP Influence Gaming Strategies 

Players with specific PDP personality traits would show certain gaming strategies and behavior 
patterns.  

Tigers: They are leaders and should be more dominant in group interactions. In this 
instructional experiment, there is no student who is with this trait.  

Peacocks: They are active, outgoing, talkative, and would brighten up the group atmosphere. 
Peacocks with prosocial tendencies would use more peaceful gaming strategies. They tend to give 
suggestions others to complete their tasks step by steps. On the other hand, peacocks with aggressive 
tendencies would lead the groups to use more conflict strategies. They would encourage others to 
make alliance, weaken targeted players, and compete to win. 

Koalas: They are conservative and rigid. Once they had decided a strategy, they would not 
easily change their minds. They do not like to attack others, and be attacked. They are passive players 
in terms of initiating battles. They tend to be prosocial and keep game atmosphere to be more 
peaceful. 

Owls: They are with delicate minds, and would follow the game rules and calculate in detail 
about movement distance and predict locations. They would think about their next step when it is 
other’s turn, and would protect them by getting inbound to ports or quickly sailed back to the starting 
points to complete the task. They tend to play safe, would maximize the effects of action points.  

Chameleons: They tend to go with the flow, and would change their strategies as the game 
progresses. They are goal-oriented, and want to complete game tasks as their priority. They like to 
like to take aggressive actions such as attack, or persuade others to attack the same target to 
strengthen his advantages. He may or may not betray his alliance to achieve his goal. 

5.2. Other Factors Influence Gaming Behaviors 

Game stages: It is found that when unfamiliar players were placed in one group, they were more self-
contained, and less interaction would happen. In the middle of the game, when one player fired attack, 
the group interactions start, and more actions and strategies such as making alliance, persuasion, 
making commands, and seducing.  

Gender issues: In the game, boys tend to attack more than girls, and girls tend to use more 
prosocial strategies and obtain spices by trading instead of initiating battles. From the interviews, girls 
in this age would tend to remain in one strategy without being influenced or intervened by others’ 
opinions or game progress.  

Personal conditions: In this experiment, two students were with special conditions and needs 
and had very special gaming strategies that are different from others. The first one is physical 
challenged. He chose Spain which has more colonies and ports. He made inbound to a port in every 
turn from the beginning to the end of the game so that he wouldn’t be attacked by others. He is 
subconsciously protecting himself all the time which may due to his personal life experience. The 
second student is with ADHD. He chose Netherland which has higher sailing force in nature. He also 
setup the ship movements to the highest parameter so that he can sail in very high speed and to the 
farthest location. He didn’t want to have any contact with others so they would not have any chance to 
fire attack. With this experience, when he couldn’t choose Netherland in his second round of game, he 
couldn’t move faster than others, he gave up the game and did not want to play. In the middle of the 
game, he realized that his country, Portugal, has many colonies and can get away from other by 
getting inbound to ports, he kept his ship away from the other players. Throughout the game, he kept 
begging for pities and use emotional strategies to protect himself. However, since he had a fame of 
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poor social interactions and tended to say bad things or used bad body languages to provoke others, 
other players would make alliance to attack him. Therefore, he felt upset and gave up the game. 

Emotional tendencies: Emotional directed players liked to play games in peaceful way, so they 
were easily influenced by aggressive players. When the atmosphere of the game is filled with attacks, 
they tend to change their goals or give up. It is better to place them with prosocial players to play 
games. 

Learning styles: Players were generally either goal-oriented or attack-oriented. Although 90% 
of the players aimed to complete their tasks, others would fire attacks just to increase the fun of the 
game. Players with more gaming experiences would ask for making alliances or persuading others to 
change their original strategies regardless whether they would keep their promises in or after they 
achieve their own goals. Once they betrayed their alliances, the other players would attack him 
reversely as punishments.   

6. Conclusion 

It is interesting to see from the game experiment how players with different PDP personality traits 
would do things in generally categorized patterns, but with different strategies due to other factors.  
Internal personality traits that an individual born with would not only affect how they think, but also 
what they do. When players were into different game stages, they would use higher level gaming 
strategies in the game, such as making alliance, persuasion, making commands to others, and 
seducing others to do certain actions.  

Comparing to the first round of the game, players were more immersed in the second round, 
have more emotional reactions, and have more interactions. Players with special personal conditions 
would show behaviors that are corresponding to their real life behaviors. If they are regarded as the 
vulnerable groups in the real life, they are more protective and defensive in the game. Also, players 
who are prone to emotional changes are better to play with prosocial players so that their gaming 
experience would be better.  

Quercia, Kosinski, Stillwell and Crowcroft (2011) had stated that the individuals’ personality 
traits would influence their reactions to their environment, behaviors they do, preferences they have, 
and strategies they take. Other than external behaviors, the traits also influence their internal interests, 
value, emotions, and attitudes (Hampson & Goldberg, 2006). 

From the experiment, it is found that the interrelationships between personality traits and 
gaming strategies would also influence group dynamic, and vice versa. A framework for analyzing the 
gaming process, diagnosing how individuals with various personality traits would be influenced by 
each other would be an important and valuable contribution so that game designers as well as 
instructors would know how to place students in groups to enhance group dynamics, increase learning 
effectiveness, and encourage thinking that require more logical, critical, as well as creative thinking. 
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Abstract: In recent year, STEM education has been widely practiced with computational 
thinking since it encourages students to be immersed in the problem-solving process which 
also requires interdisciplinary knowledge. This study presented a 21-hour game-based 
learning course in the context of Great Voyage with the integration of STEM and robots, 
called <STEM Port>. Students programmed the robots to play the classroom-size spice-
trading game. The results show that students can effectively learn to use programming block 
editor to control mBot in this course. From the course evaluation and learning motivation 
survey, it is shown that students are highly motivated to learn knowledge and skills in 
different fields including science, technology, engineering, and math, and can show significant 
improvements in all these subject areas.  

Keywords: STEM, computational thinking, mBot, game-based learning, Great Voyage 

1. Introduction 

The 21st Century Skills has been the focus of educational reform in the last decade in several 
countries including the U.S., Australia, Finland and Singapore. The 21st Century Skills reinforces 5C 
skills including critical thinking, creative thinking, complex problem solving, communication, and 
collaboration. Students would not only have to learn the knowledge content in the textbooks but also 
use multiple abilities to adapt to future society. Therefore, interdisciplinary education is essential, 
such as STEM education has integrated science, technology, engineering and mathematics into one 
thematic curriculum. Current STEM practices are educational applications done with 3D printings, 
robots, tele-controlled aircraft, just to name a few. MIT also has created code.org which use block 
editor and mini-games to let primary school students to learn basic coding concept.  

However, game-based learning can intrigue students to learn in the interesting way which can 
enhance their learning motivation. The gamification mechanism, such as levels, collective points, 
badge system, and ranking board, can turn the classroom lectures into a more competitive and 
activity-based learning so that students can be more autonomous in their own learning, acquire and 
apply what they learn in the process. Games have enriched students’ learning environment, and 
gaming tasks have given them clear learning goals. Through either cooperative or competitive ways, 
students learn from their peers in the positive interactions. They would also enhance their social 
abilities, train communication skills, and nurture negotiation habits. Student groups would not just be 
work-sharing groups, but a collaborative team with common goals in which group members know 
when and how to support each other.  

This research describes the design and evaluation of the game <STEM Port> about the spice 
trades in the Age of Discovery and the complete game-based learning course with the integration of 
STEM interdisciplinary concepts. In the 21-hour summer camp, twenty primary students aged from 8 
to 11 participated the STEM course. They learned coding with block editor to control the robot, mBot; 
they learned astronomy to be able to define directions without compass; they learned the history of the 
Age of Discovery to understand how and why the European countries do trading with the Asian 
countries.      
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In the study, both quantitative and qualitative data were collected for analysis in order to 
answer the following research questions.  

1. What is the students’ learning achievements in the STEM game-based learning course?   
2. What is the students’ learning motivation in the STEM game-based learning course?  

2. Related work 

2.1. Game-based learning 

Game is interactive, interesting, and lively (De Lisi & Wolford, 2002; Mayer, 2003). With proper 
integration with instructions, students can be immersed in the pleasure learning environment. In the 
past studies, students’ learning motivation and effectiveness were positively improved (Huang, 
Huang, & Wu, 2014; Jacob, 1999; Johnson & Johnson, 1990; Lin & Shih, 2017; Shih & Hsu, 2016).   

Students are situated in the virtual learning context in the classroom instructions and the 
theoretical concept of learning-by-doing can be practiced. Students are immersed in the learning 
situations that are instructional structured which encourage student cooperation in the authentic 
learning environment (Druckman, 1995; Eskelinen, 2001).  Students’ learning was achieved through 
the communicative interactions, manipulative experiences, feedbacks, in both individual and group 
activities (Mayer, Mautone, & Prothero, 2002). Therefore, in order to have positive learning effects, 
games have to provide challenges and instant feedbacks in the process (Prensky, 2003).  

Rosas (2002) mentioned that game-based learning is meaningful to students which allow them 
to make connections to real life. Also, students favor it since digital games can bring positive effects 
to them such as learning achievements, cognitive ability development, learning motivation, and 
attention span. Pepler and Ross (1981) discovered that children could solve problems in the static 
games, and can think about various solutions to the problem. Bruner (1960) said children’s problem 
solving skills can be improved through their behavioral choices.  

However, games are interesting and attractive by nature. Students can learn in the joyful 
environment and have effective learning. Kirriemuir and McFarlane (2004) and Yang (2012) said that 
students generate strong motivation when they are playing games. They participate in the hands-on 
process. Games have become good learning tools in learning. Moreover, games provide challenges in 
learning so students pay much attention in the process and have high motivation (N. Vos, D. M. H. 
Van & E. Denessen, 2011). In the process, students are active and creative.  

2.2. STEM 

United States government launched “Educate to Innovate” initiative in 2009 to support STEM 
educational movement which nurture students to reach excellence in subject areas of science, 
technology, engineering, and mathematics, thus enhancing science literacy. Since STEM refers to the 
above subjects, interdisciplinary instructional design should be carried out.  

By situating students in collaborative hands-on tasks, they are more immersed in complex 
problem-solving process and learning by trying, designing, discovering, and experimenting. Students 
would be motivated to expand their knowledge in the wide array of learning content, discuss with 
peers, and take multiple perspectives, and try to use the knowledge in any way they can to resolve the 
given issues.  

In the aspect of educational policy, STEM education focuses on talent education and award; in 
the aspect of teaching, STEM course focuses on improving K-12 STEM course design, teaching 
strategies, and teaching practices in order to allow students to synthesize what they have learned 
(Bybee, 2010). 

Computational thinking is a kind of analytical thinking, and is a process from defining 
problems to finding solutions with mathematical thinking and systematic scientific thinking, which 
gives computers or robots commands for effective execution (Wing, 2006; Wing, 2008; Wing, 2014).  
Learning to control robots has brought to the students high sense of achievement.  
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3. Course design 

In this study, the game uses the Age of Discovery in 17th century as its context, with learners 
representing different countries that conduct spice trading. The interdisciplinary course integrates 
game-based learning, technology and coding for the students to learn history at one time. The course 
structure is shown in Figure 1.  

 

 

Figure 1. Course structure 

In the course, students were divided into four groups for the game <STEM Port>. The game 
has three parts: technology, coding and game-based learning. 

• Coding: Students learn coding using mBlock editor. With 2.4G wireless receiver 
connecting to notebook, students can send their commands to mBot (Figure 2). Class 
time for unplugged coding is 3 hours. Class time for plugged coding with code.org is 
3 hours. 

• Technology: mBots are used as ships for the game <STEM Port>. Class time for 
mBot is 6 hours.  

• Game-based learning: the game <STEM Port> is based on the historical context of 
Great Voyage. A big map in 600x400 cm shows the area covered in the Age of 
Discovery in the 17th century (Figure 3). mBots represent ships of different countries, 
namely England, Netherland, Portugal, and Spain. Each country can choose ship parts 
such as hull, oar, mast, and weapons which would influence their total ship power, 
including Propulsion Power, Cargo Capacity, Deceleration, Firing Distance, Arm 
Force, and Sailing Duration. With the self-set parameters, all groups start up with 
different strength and weakness. Then, they take turns to move their ships by coding. 
Whichever country completes its spice task wins. Class time for table game is 3 
hours. Class time for big <STEM Port> game is 6 hours. 
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Figure 2.  

 

Figure 3. 600x400cm world map 

In the gaming process, students need to use mathematic concept such as angle, distance, 
direction, and calculation; computational thinking for coding and control robots, as well as 
geographical concept to do spice trading (Figure 4). 

 

Figure 4. mBlock programming training 

In the game, students were involved in the within-group cooperation and inter-group 
competition so they need to think of good gaming strategies to complete the task and win the 
competition. At the same time, students were immersed in the social cultural context of the history of 
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Great Voyage (Figure 5). In order to successfully win the final game, the students were motivated to 
learn the course content. 
 

 

Figure 5.  <STEM port> Game 

4. Research design 

4.1. Research process 

The participants of this research were 20 primary school students in grade 3 to 6, aged 8 to 11. 
Students were randomly divided into 4 groups with four to five students in a group, but each group 
would intentionally place in with a couple of older kids. At the same time, in-class practice 
assignments were required to be done individually so that the little ones won’t be left aside. 

In the beginning of the course, a pre-test of math, coding, and game-related history concepts 
were conducted so the teacher knows how much course content should be included.  

During the course, teacher observation were taken about students’ behaviors, group 
interactions, and gaming strategies. After every section of the course, science, technology, 
engineering, and math would be evaluated from their in-class assignments and practices. 

At the end of the course, a post-test of similar questions were conducted.  
The research process is as Figure 6. 

 

 

Figure 6. Experiment process 
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4.2. Research tools 

In order to evaluate learning motivation and learning effectiveness, quantitative research tools were 
used.  

Learning effectiveness: Pre- and post-tests were done by tests that took students 20 minutes to 
complete. The testing content includes the history, mathematic and logistics of coding using coding 
blocks. Fifteen questions with a total of 100 points. SPSS statistics 19 were used; and nonparametric 
Wilcoxon signed rank test statistics method were performed to see the students’ learning 
improvements.   

Learning motivation: At the same time, students’ learning motivation before and after the 
course is also assessed through ARCS questionnaire including four aspects such as Attention, 
Relevance, Confidence and Satisfaction. ARCS questionnaire for learning motivation uses a 5-point 
Likert scale from 1 as Strongly Disagree to 5 as Strongly Agree with total of 36 questions. The 
reliability estimates (Cronbach’s α) for each aspect were as follow: Attention: 0.89, Relevance: 0.81, 
Confidence: 0.90, Satisfaction: 0.96 and total: 0.96 (Keller, 1987). 

5. Result analysis 

5.1. Learning achievements 

From the survey before the course, it is known that the student participants in this course were in 2 to 
5 grade levels, aged from 8 to 11 years old. 70% of students did not have coding experience (Table 1) 
so this course was their first time getting in touch with coding. They have large age and experience 
gap. Therefore, the course started with unplugged coding game to give students’ basic coding concept.  

Table 1: Student programming experience of difference level 

Programming experience N (%) 

No experience 12 (67%) 

Less than 1 year 5 (28%) 

Between 1 and 3 years 1 (5%) 

Total 18 (100%) 

 

The pre-test and post-test results of the learning achievements have reached significant 
difference (z = -2.78, p<.05) (Table 2). It is shown that the STEM interdisciplinary course can 
effectively enhance students’ learning in STEM subjects.  

Table 2: Pre and post-test nonparametric Wilcoxon signed rank test 

Subject Test N M SD z 

All Pre-test 20 44.25 18.94 -2.79** 

 Post-test 20 19.25 15.92  

History Pre-test 20 68.95 29.64 -3.10** 

 Post-test 20 22.63 31.75  

Mathematic Pre-test 20 51.25 27.48 -.92 
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 Post-test 20 52.50 30.24  

Programming Pre-test 20 4 10.46 -2.68** 

 Post-test 20 24 28.72  

**p<.01 

 

Among all, history about the Age of Discovery has the most improvement, and has reached 
significant difference (z = -3.10, p<.05). Although the course did not give lectures on the history, the 
students learn about the concept of the Age of Discovery in the game without being taught.  

Otherwise, students’ pre-test programming scores were low (M = 4, SD = 10.46) showing that 
they had little coding experiences before the course. More than 70% (14 students) did not know how 
to answer most of those questions. After the course, students’ post-test score was much higher than 
pre-test (pre-test SD = 10.46 and post-test SD = 28.72). It is shown that the students can learn coding 
effectively in this course. However, the standard deviation was large because the student participants 
had great age differences, that their learning paces had great gap. Older students had more 
improvements than younger students. The nonparametric Wilcoxon signed rank test result (z = -2.68, 
p<.05) shows significant difference between the pre- and post-tests. 

From the results, it is seen that students’ do not have significant improvement in math (z = -
.92 p>.05), but slightly went down. It is supposed that math tests were 2D concepts, and in the mBot 
game, students need spatial concept to solve the angle problems. Therefore, it might be the difference 
that caused their confusion. It is also a reminder to us that the flat and dimensional concepts were to 
be verified to the students. 

5.2. Learning motivation 

The ARCS learning motivation uses a 5point Likert scale from 1 as Strongly Disagree to 5 as Strongly 
Agree with total of 36 questions. The Cronbach’s α for both groups was above 0.7 and shows high 
response validity. The pre- and post-test questionnaire results of the four aspects considered 
(Attention, Relevance, Confidence, and Satisfaction) are shown in Table 3. 

A nonparametric Wilcoxon signed rank test was conducted to see the differences. The results 
of the four aspects pre- and post-tests comparison of the learning motivation have all reached 
significant differences. Among the four aspects, the means of attention, relevance and satisfaction 
aspects were close to 4 which show that the course can effectively attract students’ attention, connect 
concepts with what they learn before, and feel satisfied with the course. However, confidence aspect 
is the lowest. From the interview, it is known that the course content is rather difficult to younger 
students which require a combination of all subject knowledge. Furthermore, the mBot game is done 
in groups. When only one computer is provided, lower graders have little chance to do coding. Thus, 
they had less confidence to themselves. 

Table 3: The nonparametric Wilcoxon signed rank test of learning motivation 

Aspects Test N M SD Cronbach’s α z  

Attention Post-test 20 4.058 .751 .853 -2.78**  

 Pre-test 20 3.536 .494 .946   

Relevance Post-test 20 4.078 .776 .883 -2.11*  

 Pre-test 20 3.705 .659 .959   

Confidence Post-test 20 3.791 .735 .746 -2.72**  
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 Pre-test 20 3.333 .332 .843   

Satisfaction Post-test 20 3.939 .797 .83 -3.33**  

 Pre-test 20 3.249 .500 .885   

*p<.05, **p<.01 

 

Overall speaking, students have generally positive feedbacks to the course. They liked the 
activities and liked the process arrangements of the course. They enjoyed learning history, math, and 
coding in the game. They hoped to have similar interdisciplinary activities in the future.   

6. Conclusion 

STEM education has been a global trend. Students’ computational thinking has been emphasized in 
the STEM course which is used to solve life problems. It is an interdisciplinary education gives 
students an overall literacy to adapt to future society 

Therefore, this study designed a STEM interdisciplinary course with game-based learning in 
the context of the Age of Discovery. Students learn about math, coding, and history in the course. In 
order to succeed in the game, students need to know about the global geography, the production 
places of spices, countries involved in the Great Voyage, and their ship forces respectively. Then, the 
students need to think about group strategies to sail, trade, and attack in the game so that they are 
required to apply what they have learned about math to calculate their distance and directions for 
sailing, and opportunities for trading.  

The research results have shown that they students can effectively learn the related subject 
content even when they had no coding experience. Both the learning achievements and learning 
motivation improvements had reached significance differences.  

It is seen from the observations that students enjoyed the learning process, and the atmosphere 
was joyful and pleasant. The course is challenging to all levels of students, and they were all highly 
immersed in the game. The mBot game was conducted with one computer per group, and older 
students were normally the leader of the group; therefore, younger students had less chance to control 
the computer in the game.  

From this experiment, it is learned that student groups in the game need to be limited to three 
members so that every member can be well immersed in the game. Student background difference has 
to be as similar as possible. Also, the course can be most effectively used for nurturing outstanding 
students.  
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Abstract: Computational thinking is an interdisciplinary core skill to be acquired in STEM 
education, while computer program coding is a concrete manifestation of such a skill. In 
response to the increasing size of computer programming classes and rapidly growing number 
of learners, particularly in massive open online courses (MOOCs), many instructors nowadays 
heavily rely on the use of automated systems to assess the programming work of students. 
However, these automated assessment systems typically perform black box testing to 
determine the correctness of student programs, which limits the type of programming 
exercises that can be automatically assessed. This paper reports a case study on the adoption 
of programming exercises from textbook and online resources, and categorises some 
difficulties and issues of caution due to the technical limitation of typical automated 
assessment systems. The identified issues are mainly related to the input/output and non-
deterministic nature of the programs or the intended learning outcomes of some of the 
exercises. The paper concludes with a brief outline of recent research directions to alleviate 
these problems for improvement of learning. 

Keywords: Assessment of learning, automated assessment, black box testing, computational 
thinking, computer programming exercises, technology-enhanced learning and assessment 

1. Introduction 

Computational thinking is an interdisciplinary core skill to be acquired in STEM education with 
relevance across all four disciplines of science, technology, engineering and mathematics, while 
computer programming (or program coding) is a concrete manifestation of such a skill. Computer 
programming is now taught not only at tertiary and senior secondary levels of education, but 
increasingly at junior high schools or even primary schools. It is also a core subject of almost all 
STEM-related majors spanning across different faculties and schools in most universities, and is now 
a popular subject in general education for students from non-STEM majors. It is not unusual to have 
hundreds of students attending a computer programming course at the same time (Wang & Wong, 
2007), particularly in massive open online courses (MOOCs) (Staubitz et al., 2015; Thiébaut, 2015). 

Although there are many other ways to assess students’ knowledge of computer programming 
such as the use of multiple choice or conventional questions (Siddiqi, Harrison, & Siddiqi, 2010), 
exercises that require students to write programs are much more common and relevant. Hence, to 
assess students’ learning, it is necessary for instructors to perform the following tasks (Chong & 
Choy, 2004): 

(T1) design and select many programming exercises as practice and for assessment, 

(T2) administer the dissemination of exercises and collection of students’ program submissions, 
and  

(T3) assess the submitted programs and provide feedback to students. 
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As class sizes grow, it is increasingly impracticable for the instructor to manually administer 
the exercises, collect and assess every student’s solution, and provide prompt and informative 
feedback to students. Many instructors nowadays heavily rely on automated program assessment 
systems (APASs) which not only alleviate their workload, but also significantly raise the motivation 
of students (Law, Lee, & Yu, 2010) and enhance their educational experience in a technology-
enhanced hybrid learning and assessment environment (Chong & Choy, 2004; Ala-Mutka, 2005; 
Wang & Wong, 2007). Thus, APASs have been effective in assisting instructors in the tasks (T2) and 
(T3) listed above. This paper focuses on the effect of using APASs on task (T1). 

Some examples of earlier APASs documented in the literature include BOSS (Joy, Griffiths, 
& Royatt, 2005), CourseMarker (Higgins et al., 2003) and PASS (Yu, Choy, & Poon, 2006), while 
more APASs have been reported since (Ihantola et al., 2010). An APAS typically performs black box 
testing to determine the correctness of the program outputs. Past anecdotal observations have 
suggested that such APASs may constrain the type of programming exercises amenable to adoption 
(Jackson, 1991; English, 2004; Yu & Tang, 2012). To better understand the extent of these effects, 
this paper reports a case study on the adoption of computer programming exercises from textbook and 
online resources, categorises some difficulties and issues of caution due to the technical limitation of 
typical APASs, and concludes with a brief outline of recent research directions to alleviate these 
problems. 

2. Considerations in the Adoption of Programming Exercises 

Designing good exercises for the assessment of learning is far from trivial. The instructor has to 
consider many such pedagogical factors as (1) the level of difficulty, (2) the nature of the 
programming constructs involved, (3) the intended learning outcomes being assessed, (4) the specific 
skills which the instructor wants the students to drill and practice, (5) the extent that the exercise can 
generate interests for students to work on and hence stimulate intrinsic motivation for their learning, 
and so on. 

Since students need to do a lot of practice, there is a heavy demand for a large number of good 
programming exercises. While many instructors do compile custom-designed programming problems 
with their own ideas, they may still have to seek additional resources when the number of exercises in 
demand is large. Textbooks and online courses usually have a variety of practical exercises that are 
systematically categorised into different topics of a course, levels of complexity or difficulty, or 
according to the specific skill to be drilled and practiced. However, these exercises may not be 
precisely aligned with the teaching of the instructor. In any case, the instructor will have to carefully 
evaluate the suitability of the exercises and, where necessary, adapt them for the specific needs of the 
course. 

When an APAS is to be used, the instructor has to consider additionally whether the exercise 
is amenable to automatic assessment. A programming task that is perfectly fit for student practice 
when manually assessed may be entirely impractical to be assessed automatically. For example, 
consider Exercise 1 in Figure 1 which is sampled from a textbook on computer programming 
(Bentley, 1986). 

 

Here the program requirements are vague and lack the necessary details for determining 
correctness in an objective manner. Given a capital letter, there are a myriad of ways it can be 
“depicted graphically” by an array of characters. While a human being can easily visually distinguish 
a correct output from an incorrect one, it is close to impossible for automatic assessment of the 

Exercise 1. Write a “banner” procedure that is given a capital letter as input and produces as output 
an array of characters that graphically depicts that letter. 

Figure 1. A programming exercise with vaguely specified requirements (Bentley, 1986). 
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correctness of the output, given the numerous fonts, sizes, styles, and other attributes that a 
“graphically-displayed” character may possess. Thus, Exercise 1 may be manually assessed but not 
easily by an APAS. 

A simple remedy is to supplement Exercise 1 with a sample output as in Exercise 1a 
(Figure 2). But Exercise 1a is still inadequate as it neither specifies the output for other inputs (such as 
‘B’) nor states unambiguously whether other character arrays (such as a larger array or an array with a 
different length-height ratio) are acceptable as correct outputs for the input ‘A’. These issues may be 
minor if the program is visually assessed by a human being, but become problematic with automated 
assessment. 

With a view to systematically identifying the extent of these and other problematic issues, we 
performed a case study by examining the programming exercises in four commonly used textbooks 
(Bentley, 1986; Dale & Weems, 2005; Deitel & Deitel, 2005; Etter, 2005) and a publicly accessible 
online programming course (MIT, 2010). One of us judged whether the exercises could be adopted for 
automated assessment and, if yes, how much effort would be needed. If not, the causes, obstacles or 
concerns were identified and recorded. Another one of us re-examined these exercises, categorised the 
issues and illustrated each issue with one or more samples. Finally, the other authors reviewed the 
overall results with comments. It turned out that we all agreed with the results without amendment. 

 

3. Issues in the Adoption of Programming Exercise for Automated Assessment 

In this section, we categorise a list of problems and issues found in the adoption of programming 
exercises for automatic assessment. Limited by the scope of this case study, the list is not meant to be 
exhaustive, but it does illustrate the common difficulties that instructors typically encounter and their 
possible pedagogical concerns in adopting these programming exercises for assessment by an APAS. 

3.1. Issues Related to Program Input/Output 

Some exercises are not directly suitable for automatic assessment due to the program inputs or 
outputs. 

Programs with no input: Interestingly, some textbook programming exercises (such as 
Exercise 2 in Figure 3) only require the program to produce an output without the need to accept any 
input. For such an exercise, an APAS can still automatically determine the output correctness of the 
program, but it may not be very useful in assessing students’ ability to write the program using the 
required method. Exercise 2, for example, can be completed by “hardcoding” the program to print the 
multiplication table using a series of output statements instead of a “nested for loop” as required. This 

Exercise 1a. Write a “banner” procedure that is given a capital letter as input and produces as 
output an array of characters that graphically depicts that letter. For example, if the input is ‘A’, the 
output is: 

 

    A 

   A A 

  AAAAA 

 A     A 

A       A 

Figure 2. A programming exercise from (Bentley, 1986) supplemented with a sample output. 
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exercise is more suited for manual assessment by code inspection. Moreover, testing such a program 
is trivial as the output is the same every time it is executed. Pedagogically, to effectively assess 
student’s learning, it is advisable to adapt the exercise to ensure the program behaves differently with 
varying inputs, such as changing the ending integer 10 to a variable n whose value is obtained from 
user input. 

 

Programs with no output: Some exercises (such as Exercise 3 in Figure 4) require students 
to write programs that only manipulate their internal states (such as memory contents) but produce no 
output. The lack of observable external behaviour of the reorder function in Exercise 3 makes it 
unsuitable to be directly assessed automatically using black box testing. One remedy is to “wrap” the 
function with a custom-coded driver program that accepts three integer input values for initializing the 
variables *a, *b and *c, invokes the reorder function, and then outputs the new values of the three 
variables. Then the driver program together with the reorder function can be assessed by an APAS. 

 

Unspecified or unclear input/output requirements: Some exercises describe clearly the 
program processing task, but the input/output requirements are not specified (such as Exercise 1 in 
Figure 1 and Exercise 4 in Figure 5) or unclear (such as Exercise 1a in Figure 2 and Exercise 5 in 
Figure 6). 

 

For Exercise 4, a common remedy by many instructors is to supplement it with a sample 
input/output, such as in Exercise 4a (Figure 7). 

Exercise 2. Write a nested for loop that prints out a multiplication table for integers 1 through 10. 

Figure 3. A programming exercise that accepts no input (Dale & Weems, 2005). 

Exercise 3. Write a function that reorders the values in three integer variables such that the values 
are in ascending order. Assume that the corresponding function prototype statement is 

  void reorder(int *a, int *b, int *c); 

where a, b and c are pointers to the three variables. 

Figure 4. A programming exercise that produces no output (Etter, 2005). 

Exercise 4. Write a program to convert miles to kilometers. (Recall that 1 mi = 1.6093440 km.) 

Figure 6. A programming exercise with unspecified output format requirements (Etter, 2005). 

Exercise 5. Write a code segment that prints the days of a month in calendar format. The day of the 
week on which the month begins is represented by an int variable startDay. When startDay 
is zero, the month begins on a Sunday. The int variable days contains the number of days in 
the month. Print a heading with the days of the week as the first line of output. The day numbers 
should neatly align under these column headings. 

Figure 5. A programming exercise with unclear output format requirements (Etter, 2005). 
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While Exercise 4a is a lot better than Exercise 4 in terms of having specified the expected 
output requirements, the former is still inadequate if the programming solutions are to be assessed by 
APASs built with a naïve implementation of string comparison for determining output correctness. 
This is because such an APAS would only treat the program output as correct when it exactly matches 
the expected output string. In practice, many students produce programs whose outputs are admissible 
variants, that is, outputs that differ “slightly” or “insignificantly” from the specified outputs but are 
still accepted as correct by a reasonable human assessor (Jackson, 1991; Tang, Yu, & Poon, 2010). 
For example, given the input value 10 for Exercise 4a, the following output strings (denoted by s1 and 
s2) are accepted by many instructors as admissible variants: 

s1 = “10 mi converts to   16.09 km” 

s2 = “10 Miles convert to 16.09 Kilometers.” 

Here s1 differs from the expected output by having extra blanks in front of the kilometer 
value, while s2 uses the full names of the units with the first letter in uppercase (Miles and 
Kilometers) instead of their abbreviations, and ends with an extra full stop. Most instructors 
would agree that the outputs are correct and the students have demonstrated their knowledge of how 
to write a program to compute the correct kilometer values, which is the primary assessed learning 
outcome, even though the students chose to output in a format slightly different from the given one. 
Unfortunately, an APAS built with a naïve implementation of correctness determination algorithm 
would treat both s1 and s2 as incorrect. 

Of course, the instructor can insist that both s1 and s2 are indeed incorrect because they do not 
conform exactly to the given sample output format, but experience has been documented that such an 
approach often caused student frustration and confusion (Jackson, 1991; Joy, Griffiths, & Royatt, 
2005) that are counter-productive in the learning process (which the instructor would not like to see) 
due largely to the technical issue of automated assessment (Tang, Yu, & Poon, 2010). 

As another example, Exercise 5 in Figure 6 requires the student to write a program that prints 
the days of a month in a “neatly aligned” calendar format, but the format details are not specified 
adequately, such as the column widths, type of alignment (say, left or right aligned) within a column, 
or whether the days of the week are in long (such as “Sunday”) or short (such as “Sun”) form. As a 
result of such ambiguity, there are many admissible variants that differ in, say, the number of blank 
spaces between two columns. Moreover, such ambiguity cannot be eliminated by giving a few sample 
outputs. Many programs which are manually assessed to be correct may produce outputs that deviate 
slightly from the outputs of the “instructor-conceived model program”. Unfortunately, these “correct” 
student programs will not be tolerated by APASs built with a naïve method of determining output 
correctness. 

To avoid confusion and post-mortem debates, some instructors chose to ensure “uniqueness” 
of correct outputs by writing lengthy and overly detailed specifications of the output format 
requirements, sometimes spanning more than a page for a simple programming task (Tang, Yu, & 
Poon, 2010). For instance, an instructor gave several specific examples of “incorrect outputs” (in 
addition to the task description and a sample run with the expected output “Volume = 360”), as 
follows. 

“The following outputs will all be graded as incorrect for the above example: 

Exercise 4a. Write a program to convert miles to kilometers. (Recall that 1 mi = 1.6093440 km.) A 
sample run is shown as follows, with the first line being the input and the second line the output. 

 

10 

10 mi converts to 16.09 km 

Figure 7. A programming exercise from (Etter, 2005) supplemented with a sample input/output. 
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  * volume = 360 (reason: “Volume” misspelt as “volume”) 

  * Volume=360 (reason: spaces around = sign missing) 

  * Volume =  360 (reason: too many spaces around = sign) 

  * Volume = 360. (reason: additional dot at end of line)” 

However, any list of incorrect output samples can never be exhaustive, and the list may not be 
convincing to students or others. Moreover, compiling such a list together with a detailed 
specification is not only time-consuming, but also counter-educational as the exercise becomes overly 
restrictive, inhibits creativity and distracts students from the main programming task and intended 
learning goal. 

Some instructors further chose to enforce the output requirements strictly and pre-warn 
students that any small deviation of the output format will be treated as incorrect. For example, an 
instructor using an APAS explicitly states that the APAS “awards mark for correctness ONLY if your 
output adheres to the given format. Hence, do not add any other characters (such as blanks) that are 
not asked for in your output, or change the spelling in your output.” Another APAS documents in its 
student guide that “If you do have extra lines that are not blank, or missing lines, then the Curator 
may compare the wrong lines, in which case you will probably receive a very low score.” (Curator, 
2010) Such a “be-warned” strategy might reduce students’ complaints, but not necessarily their 
frustration, as evidenced by typical students’ remarks like “too fussy” or “too picky with spaces” (Joy, 
Griffiths, & Royatt, 2005), or “Sometimes it is right to you but wrong to the automark” (Suleman, 
2008). 

Some APASs implemented simple pre-processing algorithms such as filtering out extra spaces 
and ignoring the case of letters (so that uppercase and lowercase letters are not distinguished) before 
matching the output strings. For Exercise 4a above, for example, such an APAS would judge s1 as 
correct but still treat s2 as incorrect. Recently, a token pattern approach for determining output 
correctness has been proposed to provide more flexibility in comparing output strings in APASs 
(Tang, Yu, & Poon, 2009). Such an APAS would then treat both s1 and s2 as correct, which is closer 
to the ways that human assessors would judge while obviating the need for ultra-detailed output 
format specifications. A more detailed review of other strategies for dealing with the output 
correctness determination problem in APASs can be found in the article by Tang, Yu, & Poon (2010). 

Programs with non-textual output: Programming exercises that involve graphical user 
interfaces (GUI) cannot be directly assessed automatically by common APASs which are designed for 
assessing textual outputs only. English (2004) proposed to adapt the wrapper/stub strategies (in which 
the instructor provides custom-designed drivers/stubs to students) for automatic assessment of GUI 
programs by converting the program input/outputs into text streams. Such strategies, however, have 
not been widely adopted by APASs in practice (Thornton et al., 2008; Tang, Yu, & Poon, 2010). 

3.2. Issues due to Non-determinism 

Some exercises cannot be easily adopted for automated assessment due to the non-deterministic 
nature of the function calls or operators involved whose resulting values are dynamically generated 
and cannot be predicted even when the inputs are known. An instructor who relies on an APAS for 
assessment may tend to avoid these kinds of exercises that require manual judgment, thus inducing 
the pedagogical risk of missing assessment of these topics related to these functions or operations in 
the course. Some examples are random number generator function and pointer or memory 
manipulation operations. 

Random number generation: Exercise 6 in Figure 8 cannot be directly adopted for APASs 
because of the non-deterministic values returned by the random number generator function rand. 
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Such exercises can even be difficult to assess manually if only black box testing is performed. 
If a program is supposed to output three random integers within 1 and 100, how can a human assessor 
know whether an output of the three integers 99, 12 and 31, say, is correctly generated by the 
program using the rand function or not? (The output numbers may as well be produced by some 
special formula unrelated to rand, or perhaps extracted from the year, month and day of a certain 
date!) The best way to assess such programs is to inspect the program codes, which cannot be easily 
automated. 

Pointer or memory manipulation: A pointer holds the address of a memory location for 
direct manipulation of data in the location. It is a fundamental element of many other data structures 
such as linked lists. Since memory addresses are non-deterministic internal states generated 
dynamically at run-time, exercises (such as Exercise 7 in Figure 9) that require pointer or memory 
manipulation operations generally cannot be automatically assessed by black box testing. To assess 
these exercises, the codes are either manually inspected or instrumented (say, with the aid of a 
debugger) to trace their execution. 

 

3.3. Issues of Assessing Some Course Learning Outcomes 

Some intended learning outcomes of a programming course are to develop students’ ability to use 
some specific methods or styles of coding. Exercises specifically requiring the use of a coding method 
or style are usually not suitable for automated assessment by black box testing, which can only 
evaluate a program’s external behaviour but cannot detect non-conformance to the requirements due 
to the use of a different method or style of coding. For example, Exercise 8 in Figure 10 requires the 
student to write a program to swap two integer values with specific mandatory use of the call-by-
reference method. But an APAS cannot distinguish from the program outputs whether call-by-
reference is used or not. 

Exercise 7. Write a code segment that checks whether the pointer oldValue actually points to a 
valid memory location. If it does, then its contents are assigned to newValue. If not, then 
newValue is assigned a new int variable from the heap. 

Figure 9. A programming exercise involving pointers (Dale & Weems, 2005). 

Exercise 6. (Computers in Education) Computers are playing an increasing role in education. Write 
a program that helps an elementary school student learn multiplication. Use rand to produce two 
positive one-digit integers. It should then type a question such as: 

  How much is 6 times 7? 

The student then types the answer. Your program checks the student’s answer. If it is correct, print 
“Very good!”, then ask another multiplication question. If the answer is wrong, print “No. 
Please try again.”, then let the student try the same question repeatedly until the student 
finally gets it right. 

Figure 8. A programming exercise involving random numbers (Deitel & Deitel, 2005). 
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Learning outcomes involving the following are generally hard to be assessed by APASs. As 
such, instructors relying heavily on APASs may also tend to avoid assessing these learning outcomes. 

Coding style: Coding style (Ala-Mutka, Uimonen, & Jarvinen, 2004) refers to a set of rules 
(related to variable naming, use of indentation and comments, etc.) that guide the writing of the source 
code to ease the effort required to understand and maintain the code. Again these rules only affect 
human reading of source code but not its execution, and so they are better assessed manually or by 
static analysis. 

Specified control structure: Some exercises are designed for students’ practice of certain 
control structures, such as recursion. Many students may find recursive function calls difficult to code 
and use iterations instead. Since automated assessment by black box testing normally cannot 
distinguish the use of recursion or iteration, such exercises are usually manually assessed by 
inspecting the source code. 

Behaviourally-equivalent algorithms: A programming task can typically be coded by using 
different algorithms that exhibit the same functional behaviour. If an exercise requires students to 
practice a specific algorithm (say, binary search), whether the student’s submitted program really 
implements the required algorithm cannot be easily assessed automatically by means of black box 
testing. 

Specified data structure: Data structures, such as arrays and linked lists, are ways for storing 
and organizing groups of data so that they can be managed neatly and manipulated efficiently. Some 
students may find the handling of one type of data structure (say, array) easier than another (say, 
linked list) and keep using the “easier” one despite the explicit requirement that specifies the use of 
another. The resulting program that uses an “easier” data structure may perform the same function 
despite not using the required data structure, which cannot be distinguished by means of black box 
testing. 

4. Recent and Future Work 

Our case study has identified and categorised a list of issues when adopting programming exercises 
for assessment by APASs. A common category of issues is related to program input/output, such as 
non-existent or underspecified input/output or the use of GUIs. The recently developed token pattern 
approach for output correctness determination has partly resolved the difficulties of correctly 
assessing admissible variants without the need of writing overly detailed and rigid specifications 
(Tang, Yu, & Poon, 2009), while the wrapper strategies proposed by English (2004) have partly 
addressed the assessment of GUI outputs, but further research to advance these technologies and 
broaden their applicability is still needed in these directions (Thornton et al., 2008; Tang, Yu, & Poon, 
2010). 

Another category of issues is due to the non-deterministic functions or operators being 
practised. Some kinds of non-determinism can be eliminated, such as by fixing the seed of the random 
number generator. For other types of non-determinism, further research may study the applicability of 
instructor-defined stubs or drivers (Jackson, 1991; Tremblay et al., 2008; Tang, Yu, & Poon, 2010) to 
convert these programs into deterministic ones for assessment by APASs. 

Finally, there are issues of assessing learning outcomes that require the use of a specific 
method or style of coding. If not addressed, instructors who rely on APASs may tend to avoid these 
kinds of exercises, causing some learning outcomes to be not assessed in the programming course. By 

Exercise 8. Write a function that swaps two integer values using call-by-reference. 

Figure 10. A programming exercise specifically requiring the use of call-by-reference (MIT, 2010). 
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nature, whether a program uses a specific coding style or method is hard to assess by testing and more 
feasibly by static code analysis. Some recent research has attempted to incorporate static analysis in 
APASs to perform such tasks as program style assessment (Ala-Mutka, Uimonen, & Jarvinen, 2004) 
and algorithm recognition (Taherkhani, Malmi, & Korhonen, 2008). Further work in this direction 
appears promising, but the applicability of most of the existing research results to real APASs is still 
limited (Striewe & Goedicke, 2014). Our case study has contributed to a categorisation of the main 
technical issues that hinder the adoption of some programming exercises for automated assessment, 
providing a basis for further and more focused concerted efforts in systematically addressing these 
issues. 
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Abstract: The Purposes of this research were: 1) to examine learners’ creative thinking 2) to 
compare pretest and posttest of the learners’ creative thinking for measuring and evaluation of 
executive function by using Torrance Tests of Creative Thinking (TTCT). The Model research 
Phase III Model Use was employed in this study. Both quantitative and qualitative data were 
collected and analyzed.  Mean, standard deviation, percentage and Z test, Wilcoxon Matched-
pairs Signed rank test and protocol analysis were used to analyzed the data. The target group 
was 24 learners of the 2015 academic year at Srisemawittayaserm School. The results showed 
that: 1) The students’ creative thinking 4 aspects including: (1) fluency (2) flexibility (3) 
originality and (4) elaboration   and 2) The comparison of the pretest and posttest of the 
learners’ creative thinking, from measuring and evaluation of executive function by using 
Torrance Tests of Creative Thinking showed that standard scores total activity of posttest all 
students were significantly higher than standard scores total activity of pretest at the level 
0.05. 

Keywords: Constructivist, Web-based learning environment, Neuroscience, Creative thinking 

Introduction 

Regards the society development which driven by knowledge, human resource development in terms 
of creativity and innovation is very challenge to the education revolution due to make a preparation 
for the working environment under the new trend of economy. It is very urgent to develop and foster 
the efficiency of the Thai among the fast moving of economic world which requires the human to be 
skillful in science, math, and creative thinking to be able to confront and solve a problem effectively, 
which consistent with the learning in 21st century about the Creativity and Innovation development. 
Including the Eleventh National Economic and Social Development Plan 2012-2016 (Office of the 
National Economics and Social Development Board, 2011) which focuses on creative thinking 
(Drucker,1993; Sawyer,2006; Charoenwongsak, 2004). The creative thinking is higher-order thinking, 
the ability to think or find a solution in multiple ways by connecting the prior knowledge with the new 
knowledge into a new work or production or to solve a new problem (Samat, 2015). Therefore the 
creative thinking is not only the ability to use in learning, but it can be used to solve a problem in 
different situation (Hardiman, 2010; Rotherham & Willingham, 2009).  

The current learning paradigm has been shifting from “teaching” to “learning” which most 
importantly focuses on the learners. In addition, the development then could be enhanced by using 
information technology for life-long learning. Furthermore, the unreachable of achievement in basic 
education school management according to the national standard. This might cause from the lack of 
learner-centered and thinking enhancement especially in analytical, critical, and creative thinking.  
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One of the learner development for such mentioned enhancement according the national 
education plan is to design the instruction based on pedagogy as Cognitivism which foster the learners 
to create and have their own cognitive process, Constructivist which mainly on knowledge 
construction along with creative thinking in area of information and technology consistent with 
learning 21st century. Especially in task presentation by using information and technology which 
requires the originality and presentation in more multiple ways fluently and quickly. This corresponds 
to the creative thinking (Guildford, 1967): fluency, flexibility, originality, and elaboration.   

Moreover, the study of recent studies was found that the results mainly showed creative 
thinking in cognitive process based on learning theory, but insufficient for the study of what happen in 
cognitive process of the learners. Therefore, the integration of Pedagogy and Neuroscience in terms of 
methods and equipment was focused in this study.  Qualitative and quantitative data collection with 
biomarker can show the empirical evidence of its cognitive process. The study of creative thinking by 
evaluating of executive function along with protocol analysis based on Guildford (1967) is one of the 
study that integration Pedagogy and Neuroscience. Designing the constructivist web- based learning 
environment and creative thinking according to Cognitive theories and Cognitive neuroscience. This 
kind of study is not the study of behavior observation but it is the enhancement of learner’s cognitive 
process to help them to be able to construct knowledge and confront the authentic problem in real life 
situation. The knowledge construction is enhanced by the connecting of prior and new knowledge 
through schema along with media attributes and media symbol system by each learner’s processing 
ability affected to their learning ability (Kozma, 1991; Chaijaroen, 2008). The web-based learning 
with hyperlink, hypertext, and hypermedia can help the learners to construct knowledge as each node 
of knowledge connection can link more and more. This can help the learners elaborate knowledge by 
their own selves. 

As mentioned above, the researchers hence realize the importance of the design and 
development of the constructivist web-based learning environment to enhance Creative thinking, and 
intend to study the Creative thinking of the learners. The finding finally may beneficial to enhance the 
learners to have more creative thinking and learning efficiency. Furthermore, the integration of 
neuroscience of methods and equipment could showed the empirical evidence of cognitive process. 
Such results so could be used to develop the human resource and 21st learning century for the stability 
of knowledge and economic society.   

Research purposes 

2.1. To study the creative thinking of the learners who learned with the Constructivist. 

2.2. To compare the pretest and posttest of the creative thinking between before and after 
learning with the environment by evaluating the executive function through Torrance Tests of 
Creative Thinking (TTCT). 

Research methodology 

3.1. The target group was 24 learners of the 2015 academic year at Srisemawittayaserm 
School 

3.2. The Model research Phase III Model Use (Richey & Klein, 2007) was employed. 

3.3. The research instruments used in the experiment and collecting data comprised of 1) 
the Constructivist web-based learning environment model to enhance creative thinking on the 
topic of Presentation 2) of the learners’ interview on creative thinking and Torrance tests of 
Creative Thinking; TTCT).  
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Data collection  

The data were collected as following these steps: 
• Administration Torrance Tests of Creative Thinking (TTCT) to the learners before they 

learned with the learning environment. 
• Divide the students into eight groups, each group consisted of three learners and allowed them 

learning with the learning environment by starting to provide a introducing them about how to 
learn with the learning environment in order to provoke them to get preparation and 
concentration to learn. 

• They learned with the learning environment and completed the tasks to enhance creative 
thinking by using 8 components as 1) Problem base, 2) Knowledge bank, 3) Cognitive tools, 
4) Creative thinking enhancement room, 5) Collaborative room, 6) Coaching, 7) Related 
cases, and 8) Scaffolding. Then, the researcher summarized the lesson together with them in 
the end of the class. 

• The learners took the TTCT after learned with the learning environment. 
• The students were interviewed their creative thinking by the researcher. 

Data analysis 

The quantitative and qualitative data were analyzed as the following: 
• The creative thinking of the students was analyzed by protocol analysis based on the 

framework of Guilford (1967), summarization, interpretation and analytical description. 
• The creative thinking of the students from the evaluation of executive function by using 

TTCT was analyzed by using descriptive statistics which were mean, standard deviation 
(S.D.), percentage and Z test, Wilcoxon Matched-pairs Signed rank test.  

Research result 

The results of the learners’ creative thinking who learned with Constructivist web-based learning 
environment were as follows: 

6.1. Creative thinking of the learners  

The results of interview and protocol  analysis were found that the learners’ creative thinking who 
learned with Constructivist web-based learning environment on the topic of Presentation consisted of 
4 aspects: (1) Fluency which were Word fluency and Associational fluency, it showed the students’ 
ability to find the answer quickly by naming of 24 presentation patterns in limited time of 1 minute 
and comparing the advantages of publications media as convenient to use and distribute, the 
disadvantages of such media as no sound and unable to present animation and picture like video, to 
suddenly edit work, and waste of papers, advantages of electronic files as able to present animation 
picture as video, sound effect, make more interesting, and fast edit, and disadvantages of such files as 
cots a lot of investment if have no background or expertise in technology also difficult to present if 
have no computer or specific program to open the files or resolve virus problems;  (2) Flexibility was 
the ability to create multiple concepts by be flexible to adapt or adjust presentation styles such as in 
project or exhibition or presented through a software as  Word, Photoshop, e-book, video or web site 
(3) Originality was the ability to use the knowledge to create a concept that new, originate, and 
different from the previous concepts which they designed and created the presentation from the 
provided pictures, and it was found that they presented in exhibition pattern by stimulating places or 
objects and (4) Elaboration was the ability to elaborate the main concepts until completion which 
they added an idea to their presentation of The 12 value by summarizing the each main idea, adding 
cartoons, effects, videos, or music to make more understating to its details which such result 
consistent with Creative thinking framework of   Guilford (1967).  
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6.2. The pretest and posttest of Learners’ creative thinking from measuring and 
evaluation of executive function by using Torrance Tests of Creative Thinking (TTCT)  

Table1-2 The pretest and posttest of learners’ creative thinking from measuring and evaluation of 
executive function by using Torrance Tests of Creative Thinking (TTCT) Form A: Shape and A: 
Language. 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The students’ creative thinking scores from TTCT: Form A: Shape showed the posttest scores 
(95.81) higher than pretest score (88.91) and scores of students’ creative thinking from TTCT: Form 
A: Language showed the posttest (87.01) higher than pretest score (77.72) significantly at the level of 
.05 which means they have more efficiency on creative thinking.   

Figure 1. Comparing results of learners’  
creative thinking of their executive  

function by TTCT: Set A Shape 

Figure 2. Comparing results of learners’  
creative thinking of their executive  

      

 

 

Creativity 
Dimension 

Type A )Shape( 

Pre-test Score 
Total Activity 

(Acvt.1-3) 

Post-test Score 
Total Activity 

(Acvt1-3) 
 89.83 105.12 

 102.15 102.29 

Abstractness of titles 90.32 93.57 

Resistance to 
premature closing 

84.15 93.23 

n 78.09 84.82 

 88.91 95.81 

* Significance at the level 0.05 

 
Creativity 
Dimension 

Type A )Language( 

Pre-test Score 
Total Activity 

(Acvt.1-3) 

Post-test Score  
Total Activity 

 (Acvt. 1-3) 
Fluency 
 

78.65 89.42 

Originality 
 

70.21 83.01 

Flexibility 
 

84.29 88.59 

 
Average 

 
77.72 

 
87.01 

* Significance at the level 0.05 

Table1 The pretest and posttest of Learners’ creative 
thinking A: Shape 

 

Table 2 The pretest and posttest of learners’  
creative thinking Form A: Language 
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Discussion 

7.1. Learner’s creative thinking.   

It was found that the students had the creative thinking from protocol analysis which were Fluency, 
Flexibility, Originality and Elaboration. This finding was consistent with the studies of Ditcharoen 
(2013); Samat (2009); Teerawat. (2007); Sujamnong (2015); Chaijareon, Samat, Kanjug. (2012), 
Samat&Chaijareon, (2015) which found that the learners have the ability to think creatively as 
fluency, flexibility, originality and elaboration , also able to expand and extend the idea outside the 
scope. The results of this study might cause from the design which based on theoretical principles in 
both Constructivist that focus on constructing knowledge and  Cognitivism theory that focuses on the 
learning process, especially in Guilford (1967) creative thinking framework. The design was provided 
for the learners to have an opportunity to develop their cognitive processes though creative learning 
tasks as in the Creative thinking enhancing room where they could thinking creatively as the empirical 
evidence showed that “The Creative thinking enhancing room was fun and if I could think fluently 
because it had limited time and also I could understand more after doing exercise” or “Flexibility 
room makes us to find something new to replace the old one, or to the new program to replace Power 
point program such as Proshow Gold, Prezi, Powtoon ” or “Originality room enhanced us to think 
based on our experiences in daily life and applied to a new thing to attract audiences and make more 
interesting” and “Elaboration room helped us to  expand my ideas from my old one and can be create 
a new thing  and have expand more ideas.” Such findings consistent with the Creative thinking of 
Guildford (1967) which its 4 aspects emphasize on connecting to prior knowledge to create a new 
idea or solution. 

7.2. The comparison of learners’ creative thinking from the evaluation of executive 
function by using Torrance Tests of Creative Thinking (TTCT) before and after learning. 
The results revealed that the posttest scores were higher than pretest scores from the evaluation of 
executive function by using Torrance Tests of Creative Thinking Form: A Shape and Language. This 
showed that the learners developed their creative thinking which consistent with the studies of 
Srikampha (2007); Kamin (2002); Kelley(1983) who studied the development of creative thinking. 
They found that the sample group had more creative thinking consistent with Clapham (1997) who 
studies the thinking skills practicing in creative thinking program and Hafizoah Kassim (2013) to 
study about the relationship between learning style, creative thinking to work effectively, and learning 
multimedia which found the enhancement of training or learning management and the benefits of 
using learning tools. This showed that the learning that conducted the evaluation and used TTCT 
hence was the learning with Cognitive activity and effected from Brain activity. This evidence 
showed the relationship between brain area and creative thinking activity that there are many areas are 
provoked by learning (Wiggins & Bhattacharya, 2014; Dietrich, 2007). Also, the study of fMRI which 
about the thinking sharing from confronting and provoking, it shows the results of  creative thinking 
evoking in Temporo-parietal and Frontal area which then more creative thinking (Andreas Fink et al., 
2010). Moreover, the study of creative thinking from the analysis of Cortex difference during activity 
through brain wave and solving problem tasks, it was found that Frontal area was efficiently in 
creative thinking examination (A.R.Aghababyan,V.G.Grigoryan, A.Yu.et.al., 2005). Regards these 
studies, the learning with the Constructivist web-based learning environment to enhance creative 
thinking could hence enhanced the learners’ creative thinking by the evaluation of executive function 
directly to learning development, for example; reading for comprehension or integration with new 
information to understand the learning content. Executive function is the thinking process in Frontal 
area which work as CEO to input data and analyze, synthesize, and solve a problem before output and 
protect to react automatically by realizing, considering, and adjusting thoughts in order to reach 
success (Naunchan Jutapakdeekul, 2015)  
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Recommendations 

The further study should be studied about other factors such as gender, age, emotions affected creative 
thinking in order to develop a Constructivist web-based learning environment, media attribute 
affected creative thinking for using such attributes to design and develop the web-based learning 
environment more efficiently and brain wave or specific brain area affected learners’ creative thinking 
for more useful in development and enhancement of learners. 
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Abstract: Currently, interactive science simulation has been recognized as pedagogical tool in 
science education in several countries, and the strategic use of science simulation has changed 
the way of active learning in science. Researchers and educators have reported benefits of 
science simulation in promoting motivation to learn science and enhancing scientific 
conceptions for students, especially in compulsory education. This paper illustrates a 
development of interactive computer-simulated laboratory lessons in physical science for 
middle school students. For this development, the researchers utilize Dual-Situated Learning 
Model (DSLM) for producing the interactive science simulation and a series of dual-situated 
learning activity about heat transfer in physical science subject. In this preliminary study, a 
total of 129 middle school students in seventh grade in a public secondary school located 
northeastern region of Thailand participated in the development. All of them were 
administered a series of two-tier question items in order to discover their misunderstanding of 
heat transfer concepts. The exploratory result shows that the middle school students hold 
many types of misconceptions and incomplete conceptions in the physical science concepts 
related to heat transfer. Moreover, some of them had no conceptions about heat transfer even 
they have learned the concepts already. As such, the researchers illustrate a conceptual idea of 
designing an interactive science simulation addressing the physical science concepts of heat 
transfer for improving the students’ conceptual learning performance, and it might enhance 
the change of student's misconceptions and their mental model development in science. 

Keywords: Computer simulation, inquiry-based learning, DSLM, science concept, heat 
transfer 

1. Introduction 

Over the past decades, digital technologies have become commonplace in education reform because 
of their potential of bringing about change in ways of teaching and learning (Srisawasdi, 2012; 2016).  
Many researchers, educators, and developers have reported a problematic issue that students at all 
level came to science class with common misunderstanding in science concepts and students’ 
misconceptions are highly resistant to change through un-design or traditional teaching in science 
(She, 2004). To solve these problems, the researchers reported the successful on the use of dual-
situated learning model (DSLM) for enhancing students' conceptual understanding in science (e.g. 
Lee and She 2010; Liao and She 2009; She and Liao 2010; Srisawasdi and Kroothkeaw, 2014; 
Srisawasdi and Sornkhatha, 2014). Currently, with the support of technological features, interactive 
computer-simulated learning materials for science teaching and learning provide opportunities to 
better facilitate students’ understanding of science concepts by visualizing the abstraction of science 
concepts into more concrete experience. Moreover, the interactive simulation could bring to change 
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students’ alternative conceptions into scientific conceptual understanding and advanced mental model 
of scientific phenomena (Srisawasdi, Kerdcharoen, and Suits, 2008; Suits and Srisawasdi, 2013). 
According to the abovementioned reasons, this study aims to specifically develop an interactive 
science simulation in physical science concepts of heat transfer for incorporating into simulation-
based inquiry learning through DSLM approach. This interactive simulation will be used to facilitate 
middle school students’ learning in school science for enhancing their scientific conceptual 
understanding and promoting science motivation in future study. 

2. Literature Review 

2.1. Dual-situated Learning Model (DSLM) 

Dual-Situated Learning Model (DSLM) is one of the teaching and learning models which promotes 
students’ conceptual development when alternative conceptions exist (She, 2003, 2004). The DSLM 
has been used in facilitating physical science learning in compulsory education, and the results 
showed that many misconceptions held by students were eliminated and reduced using DSLM with 
proper teaching methods and students had meaningful learning in science concept through the process 
of conceptual change (e.g. Srisawasdi and Kroothkeaw, 2014; Srisawasdi and Sornkhata, 2014). 

The DSLM includes six stages of instructional procedure: (1) examining the attributes of the 
scientific concept; (2) probing students’ alternative conceptions; (3) analyzing which mental sets the 
students lack; (4) designing dual-situated learning events; (5) instructing with dual-situated learning 
events; and (6) instructing with challenging-situated learning events (She, 2004).  

2.2. Science Teaching with Interactive Computer Simulation 

Concurrent with the rapid growth of computers and technologies in the practice of science education, 
technology-based approaches to science learning offer computer simulations with ample opportunities 
for inquiry-based learning environments in science (Rutten et al. 2012; Srisawasdi and Kroothkeaw 
2014; Vreman-de Olde et al. 2013). Interactive science simulation is a computer-based visualization 
technology which can imitate dynamic systems of objects in a natural world supporting to the quality 
of the visual aids. In addition, it has been used extensively as a visual representation tool to advocate 
presenting dynamic theoretical or simplified models of real-world scientific phenomena or processes 
for students (Srisawasdi and Panjaburee, 2015). There are several educational values that computer 
simulation adds into science learning activities (Hennessy, Deaney, and Ruthven, 2006), especially in 
activity type of inquiry-based science. To address the learning difficulty in science, interactive 
simulation has been used with inquiry-based learning process and this pedagogy has increasingly 
become a statigic approach for enhancing students’ conceptual learning and development in school 
science. 

3. Methods 

3.1. Study Participants 

The participants for this study included 129 of seventh-grade students in a local public school located 
northeast region of Thailand. They age between 13 to 14 years old. The students never learn formally 
physical science concepts of heat transfer before, and all of them also never have formal learning 
experience with interactive computer simulation before.  

3.2. Research Instrument  

To investigate middle school science students’ existing conceptions in physical science concepts of 
heat transfer, eight open-ended conceptual question items covering heat conduction (2 items), heat 
convection (2 items), heat radiation (2 items), and heat transferring (2 items) have been developed by 
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the researchers regarding the dual-situated learning events about heat transfer proposed by She 
(2004). 

3.3. Data Collection and Analysis 

All students took the open-ended conceptual question items to complete it in 50 minutes. The data 
analysis was the primary method for analysis of students’ written responses to the open-ended 
question items, represented their conceptual understanding about physical science of heat transfer. 
The researchers began with repeatedly read the students’ written responses and then development of a 
general conceptual understanding category, analyzed, interpreted, and classified their responses into 
four categories i.e. scientific conception (SC), which refers to the responses that provides correct 
answer and appropriate reasoning in science; incomplete conception (IC), which refers to the 
responses that provides either correct answer or appropriate reasoning in science, without anything 
wrong; misconception (MC), which refers to the responses that provides incorrect answer and 
inappropriate reasoning in science; and no conception (NC), which refers to no response or the 
responses that provides not clear conception in science. The researchers have designed a series of 
dual-situated learning events for facilitating mechanism of change and revise of their alternative 
conceptions of heat transfer into scientific conception. The dual-situated learning events were 
emphasizing into the design of a computer simulation of heat transfer. 

4. Results 

The results show that there are many types of students’ existing conceptions related to heart transfer 
concepts, as illustrates in Figure 1-4. 
 

 

Figure 1. Distribution of students’ misconceptions on heat conduction concept 

According to Figure 1, the percentages for combination of mis- and no conceptions for heat 
transfer concept 1 of heat conduction and heat transfer concept 2 of heat conduction were 53.49% and 
8.14%, respectively. The percentages of no conceptions of heat transfer concept 1 and heat transfer 
concept 2 were 8.53% and 7.75%, respectively. The result of students’ mis- and no conceptions on 
heat convection was illustrated in Figure 2. 
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Figure 2. Distribution of students’ misconceptions on heat convection concept 

 As seen in Figure 2, there was a small number of the students who hold no conception on heat 
convection (4.66%). However, more than a half of them showed misconceptions on the concept 
(67.45%). This means there need help for facilitating construction of conceptual understanding 
regarding the concept of heat convection. In the next, Figure 5, the result of students’ mis- and no 
conceptions on radiation were presented. 
 

 

Figure 3. Distribution of students’ misconceptions on heat radiation concept 

Figure 3, the percentages for combination of mis- and no conceptions for heat transfer concept 
1 of heat radiation and heat transfer concept 2 of heat radiation were 48.07% and 10.08%, 
respectively. The percentages of no conceptions of heat transfer concept 1 and heat transfer concept 2 
were 5.43% and 14.73%, respectively. The result of students’ mis-, no conceptions on challenge 
learning event concept was depicted in Figure 4. 

As shows in Figure 4, the percentages for combination of mis- and no conceptions on heat 
transfer challenge learning event concept were 41.48% and 7.75%, respectively. The percentages of 
no conceptions of heat transfer concept 1 and heat transfer concept 2 were 3.10% and 12.45%, 
respectively. 
 



576 

 

Figure 4. Distribution of students’ misconceptions on heat transfer challenge learning event concept 

5. The Proposed Design of Interactive Science Simulation on Heat Transfer 

To facilitate the students’ learning of heat transfer concepts through the designed learning events 
mentioned previously. Simulation was used as a conceptual tool to facilitate student’s inquiry learning 
on heat transfer phenomena. The preliminary results indicated middle school students’ common 
misconceptions of heat transfer, heat conduction, heat convection, and heat radiation. Moreover, the 
results revealed the learning difficulty of heat transfer and related concepts and the source of 
misunderstanding due to the invisibility of scientific phenomena and complexity of scientific 
concepts. 

To eliminate the problem, it is important to make the physical science concepts of heat 
transfer to be more visible and touchable, especially in molecular or microscale level of scientific 
phenomena. Therefore, the heat transfer simulation has been designed to address the common 
misconceptions found in the preliminary study. The interactive simulation would be used 
pedagogically with specific dual-situated learning events for eliminating their misconceptions of heat 
transfer and enhancing their scientific conceptions. Figure 5 illustrates conceptual idea of the 
development of interactive simulation focused on heat transfer concepts. 

 

  

Figure 5. An illustrative example of the heat conduction (left) and heat convection (right) 
simulation 
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Abstract: Several studies show that technology has been actively used in everyday life, but 
much less in the learning context. When technology has been used by teachers, its main 
purpose has often been to engage students and motivate them to learn. In the Estonian context 
there are only 5% of students who use tablets and smartphones not only for searching for and 
sharing information but also for communication and content creation in the learning context. 
Linking technology use with different pedagogical approaches and measuring its effect on 
learning outcomes is much rarer. In several European research and development projects we 
have tested different pedagogic scenarios to use technology in STEM (Science Technology 
Engineering and Math) education. In these scenarios the inquiry-based learning approach has 
been supported with technology. In this paper we describe these cases and provide 
recommendations to improve learning process by linking pedagogy, technology and STEM 
learning more successfully. We propose that the main characteristics of new technology-
enhanced learning environments have to enable self-directed computer-supported 
collaborative inquiry-based learning and the teachers have to support students’ self-regulated 
learning, digital competence and autonomy in learning. 

Keywords: STEM learning, technology-enhanced learning, digital competence, inquiry-based 
learning, self-regulated learning, computer-supported collaborative learning 

1. Introduction 

Publication of the ‘Science Education Now: A renewed Pedagogy for the Future of Europe’ report 
(Rocard et al., 2007) brought science and mathematics education to the forefront of educational goals 
for EU member states (following similar actions in the US in National Science Education Standards, 
1996). The authors argued that school science teaching needs to be more engaging, apply inquiry and 
problem solving methods and designed to meet the interests of young people. It means science 
education (and also related studies in technology, engineering and math) need to be linked with 
pedagogical principles (pedagogy) and opportunities available thanks to developments in technology-
enhanced learning (technology). According to the report, the origins of the alarming decline in young 
people’s interest in key science studies and mathematics can be found, among other causes, in the old 
fashioned way science is often taught at schools. The crucial role that positive contacts with science at 
a younger age have in the subsequent formation of attitudes toward science has been emphasised in 
many studies (e.g. PISA, 2006). However, traditional formal science education too often fails to foster 
these, affecting negatively the development of adolescents’ attitudes towards learning science. Also, 
as Kinchin (2004) has pointed out, the tension created between objectivism (the objective teacher-
centred pedagogy) and constructivism (the constructive and student-centred pedagogy) represents a 
crucial classroom issue influencing teaching and learning. The TIMSS (Third International 
Mathematics and Science Study) 2003 International Science Report (Martin et al., 2004) specifically 
documented that the three activities accounting for 57% of class time in European science classes 
were: teacher lecture (24%), teacher-guided student practice (19%), and students working on 
problems on their own (14%). 
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Later, OECD TALIS survey showed in 2013 that not much has changed. The teachers accept a 
student-centred social-constructivism belief but their pedagogical beliefs are not necessarily related to 
their instructional practices. About 94% of teachers found that their role is to facilitate students’ own 
inquiry and a bit more than 93% of teachers believe that students should be allowed to think of 
solutions to practical problems themselves before the teacher shows them how they are solved but the 
two most often used practices in classroom are presenting a summary of recently learned content and 
checking students’ exercise books or homework (TALIS survey, 2013). In contrast, there were only 
38% of teachers who reported that their students use frequently ICT for projects or class work. 

The use of technology in learning is often seen as a solution to give to students more 
autonomy over their learning and to engage them more but also to have a positive effect on learning 
outcomes (see Pedaste et al., 2016). Prensky (2001) have introduced the idea that new generation of 
learners are digital natives who capture the benefits of technology organically and start using 
technologies in different context without specific support. Unfortunately, the study of van den Beemt, 
Akkerman and Simons (2010, 2011) showed that this assumption is not true. They focused on 
differences in the students’ use of ICT in everyday life for interchanging, browsing, performing, and 
authoring and found in cluster analysis four profiles of applying ICT: traditionalists, networkers, 
producers, and gamers. Most of the people were networkers (39%) or traditionalists (28%) and only 
6% of them belonged to the group of producers. Similarly, we found in 2016 in our study that smart 
phones and tablets are actively used in learning context for searching and sharing information, 
collaboration and content creation only by 5% of students (Pedaste et al., 2017) even if the devices are 
owned by 97% of the students (Adov et al., 2017). Surprisingly, this study was done in Estonian 
context and Estonia is well-known as an e-country where people usually have a very positive attitude 
towards use of technologies and a lot of innovation is also done in schools (see Leijen et al., 2014, 
Pedaste et al., 2014) and where the Science Technology Engineering and Math (STEM) learning 
outcomes according to OECD PISA studies are also among the best ones in the world (see 
http://pisa.oecd.org/). 

One of the reasons why the potential of technology hasn’t opened enough is lack of autonomy. 
During the Soviet times until 1991 the autonomy of the schools and teachers was very low and since 
that Estonia’s educational system has been reformed many times but some of these activities did not 
have positive effect on autonomy (see Leijen & Pedaste, in press).  For example, the schools were 
often ranked in national newspapers based on their students’ scores in national exams and these high-
stake standardized tests decreased teachers’ autonomy in deciding what and how to teach their 
students. Considering the average age of teachers in Estonia (48 years) the fear related to autonomy 
and self-directed learning and teaching still lasts in practice. If the teachers do not feel that they have 
autonomy, then it’s difficult to give more autonomy to the learners as well. Only during the last 
decade, both the national curriculum and state exams have been changed. In addition to subject-
oriented goals the general competencies have gained much more importance and teachers have more 
freedom to decide what and how to teach. The number of compulsory national state exams is reduced 
and in this way more autonomy in several subjects has been given to the teachers. In addition, inquiry-
based learning approach is adopted in updating all STEM curricula and new national performance 
tests are focusing on inquiry skills rather than content knowledge. These changes provide a good basis 
for implementing several other changes to link the newest pedagogical approaches with technology-
enhanced learning to improve STEM learning. 

In conclusion it’s evident that there is a need to improve both science education and digital 
competence and teachers are as pedagogical agents who need guidelines for successful integration of 
technology-enhanced learning and STEM learning to change their instructional practices. Therefore, 
we analyse several cases where technology-enhanced STEM education has been in focus of 
international projects and provide guidelines for improving teachers’ professional development to link 
pedagogy, technology and STEM learning more successfully. 

2. Pedagogical approaches 

The main underlying pedagogical approaches used recently in developing technology-enhanced 
learning in STEM education are self-regulated learning and inquiry-based learning. Often these are 
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linked socio-constructivism indicating that individuals should learn how to regulate their learning in a 
group of learners and how to benefit from discussions on an inquiry task. As a result, we support the 
idea of developing learning environments that enable self-directed computer-supported collaborative 
inquiry-based learning. Next, the pedagogical approaches of self-directed learning, inquiry-based 
learning and computer-supported collaborative learning are introduced. 

2.1. Self-regulated learning 

The concept of self-regulated learning has been described through different definitions and models. 
What most of the theories agree about is that self-regulated learning is a constructive process whereby 
learners regulate different cognitive, metacognitive, motivational, volitional and behavioural 
processes during their learning (Winters et al., 2008). Pintrich (2000) drawing on Zimmerman’s 
cyclical three-phase model, formulated his definition of academic self-regulation as an active, 
constructive process whereby learners set goals for their learning and attempt to monitor, regulate and 
control their cognition, motivation, and behaviour, guided and constrained by their goals and 
contextual features on the environment. 

Learners with good self-regulated learning skills are able to use efficient learning strategies 
independently and control their learning process. It is especially important when a big part of learning 
takes place outside the traditional classroom, in web-based learning environments, at the workplace or 
in real-life situations. There is a variety of perspectives on self-regulated learning which incorporate 
individual self-regulated learning, co-regulation and socially shared regulation of learning (SSRL) 
(Hadwin et al., 2000) in different educational contexts. The three components of self-regulated 
learning – motivation, cognitive and metacognitive learning strategies are not static traits but dynamic 
and contextually bound (Duncan & McKeachie, 2005). They are gradually growing as learners 
become more aware and confident about their learning and responsibility. This makes observing and 
measuring the improvement of self-regulated learning interesting and challenging. 

Self-regulated learning skills with their components of cognition, metacognition and 
motivation are a necessary prerequisite for the development of self-directed life-long learner (Saks & 
Leijen, 2014). To become a successful life-long learner, a primary presumption of developing self-
directedness is acquiring self-regulated learning strategies. The use of appropriate learning strategies 
improves proficiency and achievement, and enables learners to take ownership of their own learning 
by enhancing learner autonomy, independence and self-direction (Wong, 2011). 

2.2. Inquiry-based learning 

Inquiry-based learning is defined as a process of discovering new causal relations, with the learner 
formulating hypotheses and testing them by conducting experiments and/or making observations 
(Pedaste, Mäeots, Leijen, & Sarapuu, 2012). It is important that the learner is active and takes 
responsibility in discovering knowledge that is new to him or her (de Jong & van Joolingen, 1998). 
Thus, by the nature inquiry-based learning is an approach where the main principles of self-regulated 
learning are applied. In order to guide this self-regulated process inquiry has been often divided into 
different phases which could be applied in many cycles. Pedaste et al. (2015) made a systematic 
literature review to describe the diversity of these phases and cycles. Based on analysis there was 
synthesized an inquiry cycle that combines the strengths of existing inquiry-based learning 
frameworks. This has been later used as a pedagogical framework in some of the projects described as 
cases in the current paper. They found in 32 articles 109 different terms for inquiry phases. Based on 
the analysis these were combined five general phases and some sub-phases in three of them. 

 According to Pedaste et al. (2015) inquiry learning starts with Orientation phase. In this phase 
learners get to know something about the problem situation and identify the problem. The second 
phase is Conceptualization. In this phase learners define the problem by collecting more information 
in order to formulate research questions and/or hypotheses. Depending on the outcome of the 
conceptualization phase there are two different pathways available in Investigation phase which is the 
third general phase. If the students formulated a research question, then they proceed with Exploration 
sub-phase where they systematically collect data to answer that question. If the learner formulated a 
hypothesis, then an experiment should be designed for data collection. In both cases the data should 
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be analysed and interpreted in order to proceed to the fourth general phase which is Conclusion. 
According to this framework the fifth phase – Discussion – is not after the other four but in parallel 
with them. In Discussion all activities and outcomes of the other phases or these of whole inquiry 
process are communicated to peer students or others and reflected systematically in order to learn 
from the learning process. While discussion is one of the general phases of inquiry-based learning, we 
should they and collaboration a mandatory activity in inquiry-based learning. This leads us to the 
approach of computer-supported collaborative learning.  

2.3. Computer-supported collaborative learning 

What is CSCL, link to digital competence (again, self-directedness is needed) . There is no doubt that 
inquiry-based learning is at least in the context of STEM education more effective than other more 
traditional approaches. This has been revealed in several meta-analyses (see Alfieri, Brooks, Aldrich, 
& Tenenbaum, 2011; Furtak, Seidel, Iverson, & Briggs, 2012). The benefits of inquiry learning have 
been discussed for long time even though it was argued already more than 50 years ago that not all 
topics should be learned in this way (Taba, 1963). However, recent studies also show that 
technological advancements can increase the success of inquiry-based learning even more (de Jong, 
Sotiriou, & Gillet, 2014), especially if specific guidance is available (see Lazonder & Harmsen, 
2016). 

 In order to apply inquiry-based learning in technology-enhanced environments digital 
competence is needed and might give some structure for guiding learners. According to a European 
framework of digital competence (Vuorikari, Punie, Carretero, & van den Brande, 2016) there are five 
competence areas that could be differentiated in digital competence: (i) information and data literacy, 
(ii) communication and collaboration, (iii) digital content creation, (iv) safety, and (v) problem 
solving. In each of these competence areas more specific competences (21 in total) are described. 
Most of these competences are needed in all general inquiry phases; however, the competence area 
Communication and collaboration provides some basis for computer-supported collaborative learning. 
The specific competences in this area are (i) interacting through digital technologies, (ii) sharing 
through digital technologies, (iii) engaging in citizenship through digital technologies, (iv) 
collaborating through digital technologies, (v) netiquette, and (vi) managing digital identity. This list 
shows clearly that there is no need to develop digital competence in separation from many other 
learning activities but digital competence is just a model that could be easily integrated in computer-
supported collaborative learning process and also in the self-regulated inquiry-based learning context. 

3. Cases  

3.1. SCY project 

The SCY (Science Created by You, http://scycom.collide.info) was a project financed by European 
Commission’s 7th Framework Programme to develop a flexible, open-ended learning environment that 
engages and empowers adolescent learners. The project lasted from 2008 to 2012. The SCY project 
started from a social constructivist approach by letting the learners to complete different missions in a 
web-based learning environment SCY-Lab while interacting with other students (de Jong et al., 2010). 
The central idea of SCY was that students learn by creating artefacts that could be developed by the 
ones developed by other learners and found in a repository. These were called Emerging Learning 
Objects (ELOs). The artefacts (products) produced in the learning process where for example pieces 
of texts (e.g. research questions), datasets (from real or virtual environments), or even physical 
products like a model of a house. SCY-Lab provided adaptive support for learning activities through 
providing students with pedagogical scaffolds, collaboration facilities, peer assessment, and social 
tagging tools. It also enabled to combine physical and online activities in a blended learning process 
so that different offline activities could be guided by pedagogical scenarios presented online. 

A good example of a SCY blended learning mission is SCY Eco Mission (Pedaste, de Jong, 
Sarapuu, Piksööt, van Joolingen, & Giemza, 2013). This primarily for learning ecology by combining 
hands-on data collection and working in the SCY-Lab learning environment. On this mission students 
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have to improve water quality of a freshwater lake. In order to do this, students follow four predefined 
inquiry cycles on related topics: (i) the role of light in the level of photosynthesis, (ii) the concept of 
pH and pH changes in a water body, (iii) the influence of nutrient concentration on primary 
production, and (iv) relations between trophic levels in an ecosystem. What we see already in this 
project, is the integration of pedagogical framework and technology-enhanced learning environment. 
However, the sequence of activities on the missions was quite pre-defined and there was not much 
autonomy for students to adapt the experiments according to their own ideas. Indeed, there were 
available several tools and even pedagogical agents to support collaboration between students 
(collaborative content creation and chat related to different ELOs) but in practice there were often 
technical issues that did not allow to use SCY-Lab by wider audiences. This project developed a 
prototype for learning STEM in a technology-enhanced learning environment but it got evident that 
collaboration might be still too demanding at this time. Therefore, this learning environment was 
tested only in small scale. 

3.2. Go-Lab and Next-Lab projects 

The Go-Lab (Global Online Science Labs for Inquiry Learning at School) project (http://www.go-lab-
project.eu), is a European Commission financed project that lasted from 2012 to 2016. The aim of this 
project was to increase the use on online science laboratories (remote and virtual labs) in school 
education at ages from 10 to 18. This environment has been now used by thousands of schools with 
many classes. In this project we also developed the inquiry-based learning cycle that was introduced 
previously and later used in the Next-Lab and Ark of Inquiry project.  

In the project was created a technology-enhanced portal (http://gloabz.eu) that allows 
searching for hundreds of online labs that could be combined with more than 40 inquiry learning 
applications in order to build Inquiry Learning Spaces (ILSs). ILSs support particular lesson scenarios 
that are developed using the inquiry cycle as a guide. In this way Go-Lab is a good example case for 
combining inquiry-based learning and technological tools. The inquiry cycle is provided for 
instructional designers (who might be teachers) as a template of the ILS where all general phases are 
presented as separate spaces. For students these are presented as tabs where pages with phase-specific 
guidance, assignments and tools are provided. For example, in the conceptualisation phase apps like 
Hypothesis Scratchpad Concept Map could be used. In all phases could be used some general apps 
like Shared wiki, Teacher feedback, Quiz tool, Quest. These tools already give some possibilities for 
interaction between the learners or between learners and teachers; however, collaboration was not the 
main focus on Go-Lab project. Indeed, the project provided good possibilities for collaboration 
between teachers – the teachers were supported in building a community that could develop new 
ILSs, share these with each other, and give some advice to others if one has an issue. The community 
of teachers developed hundreds of ILSs that cover wide variety of topics to learn STEM subjects. 

The Go-Lab project found its continuation in European Commission financed Next-Lab 
project (Next Generation Stakeholders and Next Level Ecosystem for Collaborative Science 
Education with Online Labs, http://project.golabz.eu). This project started in January 2017 and lasts 
until the end of 2019. The main improvement the project is aimed for is focusing clearly on 
collaboration. It means that the existing Go-Lab portal is updated that special focus is set on 21st 
century collaboration and reflection skills and new tools for self- and peer-assessment are provided. In 
addition, there will be created collaborative spaces where students could work in teams on research 
projects. To date there are eight apps supporting learners’ collaboration, e.g. Padlet or SpeakUp app. 
The first one allows to create a wall within an inquiry space where text, picture, videos, audio, and 
hyperlinks could be easily organised in a cloud-based environment. SpeakUp is asocial discussion 
tool that allows to create a chat room where messages could be anonymous if necessary. In addition, 
there is also possible to rate the messages or to create simple polls. For teachers there is created the 
possibility to create ILSs collaboratively. However, they could also use several learning analytics apps 
to learn more about students’ learning and to support their learning process appropriately. The 
important message from the Next-Lab case is that technology-enhanced learning is moving towards 
computer-supported collaborative learning.  

http://www.go-lab-project.eu/
http://www.go-lab-project.eu/
http://gloabz.eu/
http://project.golabz.eu)/
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3.3. Ark of Inquiry project  

The Ark of Inquiry project (http://arkofinquiry.eu) is again one more European Commission financed 
project to support STEM learning. This started in 2014 and will finish in 2018. In this project the 
pedagogical framework developed in Go-Lab project is implemented and applied for teacher training 
but first linked with Responsible Research and Innovation (RRI) concept. RRI is a concept that is 
getting more and more attention in guiding the research and development aims in Europe. One of the 
best definitions of this have been given by Schomberg (2011, p. 9): “Responsible Research and 
Innovation is a transparent, interactive process by which societal actors and innovators become 
mutually responsive to each other with a view on the (ethical) acceptability, sustainability and societal 
desirability of the innovation process and its marketable products (in order to allow a proper 
embedding of scientific and technological advances in our society).” In order to specify this concept 
more for the project, a literature review was done. According to this we could differentiate six 
dimensions of RRI: (i) inclusion, (ii) anticipation, (iii) responsiveness, (iv) reflexivity, (v) 
sustainability, and (vi) care (Burget, Bardone, & Pedaste, 2016). Emergence of these dimensions 
shows very clearly that in collaboration we have to keep in mind and support several aspects and not 
only between students but according to RRI approach learning should happen in collaboration with 
the whole society. 
Thus, the Ark of Inquiry project aims to create a “new science classroom”, one which would provide 
more challenging, authentic and higher-order learning experiences and more opportunities for pupils 
to participate in scientific practices and tasks, using the discourse of science and working with 
scientific representations and tools in collaboration with peer students but also in collaboration with 
science centres and researchers. Therefore, there has been developed a platform (http://arkportal.eu) 
through which carefully selected inquiry-based activities will be made widely available across Europe 
and beyond. This platform will link together inquiry-based activities, learners and supporters 
(teachers, university students, researchers, staff of museums and universities). To support teachers, the 
Ark of Inquiry project provides face-to-face training for teachers so that they will be able to support 
and motivate the pupils in their inquiry-based learning activities. 

4. Discussion and recommendations 

The cases introduced in this paper give an idea about the changes in approaches to link pedagogical 
principles with technology-enhanced learning environments for STEM learning during the last 10 
years. All these projects are European-wide projects where in each have participated institutions from 
more than 10 countries. Most of the projects have targeted thousands of students in hundreds of 
schools. Therefore, these cases represent major movements in Europe and are a good basis for 
generalisations. 

First, we see that in all these projects there have been used a pedagogical scenario (usually 
inquiry-based learning) that is then enhanced by technological tools. The scenario-based approach has 
been increasingly used in linking pedagogy and technology-enhanced learning during the last decade 
(see de Jong et al., 2012; Lejeune et al., 2009). Therefore, our first recommendation for instructional 
designers is not to focus too much on the technological tools available on the market but on the 
pedagogical needs. 

Second, we saw that autonomy is more and more given to the students and also teachers get in 
recent projects more possibilities for designing new learning scenarios according to their specific 
goals. This movement supports both learners’ and teachers’ proficiency while they take ownership of 
their own learning by enhancing autonomy, independence and self-direction (Wong, 2011). Therefore, 
our second recommendation is to support students’ skills for self-directed learning more 
systematically. This is not something new while already more than 40 years ago Malcolm Knowles 
(1975) envisioned “a process in which individuals take the initiative, with or without the help of 
others, in diagnosing their learning needs, formulating their learning goals, identifying human and 
material resources for learning, choosing and implementing appropriate learning strategies, and 
evaluating learning outcomes” (Knowles, 1975, p. 18). However, it’s interesting that decades later we 

http://arkofinquiry.eu)/
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are still discussing similar ideas. The reason for that might be the new affordances that have been 
opened by technology, which should be used according the pedagogical goals. 

What is similar in all projects reviewed in the current study, is reuse of existing learning 
objects (for a definition see Cisco Systems, 1999) as it is expected in case of a constructivist 
approach. Therefore, the third recommendation would be to give some focus on digital competence to 
use technology-enhanced tools not only for searching and sharing information but also for 
communication and collaboration in content-creation (for a framework of digital competence see 
Carretero, Vuorikari, & Punie, 2017). This recommendation is valid for both learners and teachers 
while both of them could create artefacts that could be re-used by themselves or others. RRI approach 
introduced in the Ark of Inquiry project (see Burget et al., 2017) takes this responsibility in sharing 
materials and knowledge beyond the classroom by integrating different stakeholders in the learning 
process. 

Fourth, an interesting change has been seen in supporting collaboration between learners. 
Although there was a willingness to use a collaborative learning approach already ten years ago it 
seems that only in the last years the available technological tools provide a stable solution to support 
collaboration in many different ways. Several apps in the Next-Lab learning environment offer many 
possibilities for collaborative content creation that is supported by online discussion and sharing 
information in a problem-solving process. Indeed, it seems that the best solution is to combine 
different learning objects (e.g., online labs, learning apps) rather than designing very complex 
learning environments that cannot be customized and adapted by the teachers and learners. This might 
be one of the reasons why the prototype of the SCY-Lab was not ready for scaling up its use in many 
schools. 

On the basis of these findings and recommendations we can also draw some guidelines for 
teachers to prepare their students for a self-regulated collaborative STEM learning process in 
computer-supported learning environments. First, the students need systematic support in developing 
their competence for self-regulated learning. Second, the students also have to get systematic support 
for developing their digital competence, especially in the competence areas communication and 
collaboration and digital content creation. Third, the teachers should keep in mind that a pedagogical 
framework, e.g. inquiry-based learning framework should be applied so that it allows self-directed 
and collaborative learning and leaves to the learners’ autonomy in selecting different technological 
tools according to their learning goals and preferences. However, these developments have to be 
supported by relevant studies on teachers’ readiness to use technology and both learners’ and 
teachers’ acceptance of technology (see the TRAM model by Lin, Shih, & Sher, 2007). In the 
Estonian context our studies show that the learners and teachers are willing to use technology and 
they have equipment but the missing validated pedagogical learning scenarios seem to be missing too 
often and it results in quite rare use of modern technologies like smart phones and tablets in learning 
context (Pedaste et al., 2017). Therefore, the future studies have to focus more on teachers’ and 
learners’ practices on using learning scenarios where pedagogy and technology are linked to support 
learning for example in STEM context. 
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Abstract: The present study examines the differential impact of studying in an innovative 
learning approach, flipped inquiry-based learning with mobility (FILM) setting, as compared 
to a hands-on inquiry-based learning (HIL), and traditional learning (TL) setting on science 
learning performance regarding scientific conceptual understanding. Participants were 
eleventh-grade students (N = 79), enrolled in physics course in a public secondary school in 
northeastern region of Thailand. They were divided into the three groups and randomly 
assigned according to one of the three experimental conditions (TL n = 25, HIL n = 23, 
FILM n = 31). The results showed that conceptual learning performance on liquid pressure 
was superior in the FILM group as compared to other learning settings (Cohens' d = 3.35), 
HIL (Cohens' d = 0.64) and TL (Cohens' d = 0.99). Students in the HIL setting had a higher 
conceptual learning performance as compared to the TL setting. This finding suggest that the 
FILM setting could be a promising way of enhancing high school students’ learning 
performance in science. 

Keywords: Flipped classroom, inquiry, mobile learning, science education 

1. Introduction 

The Flipped classroom model was introduced by the high school chemistry teachers Jonathan 
Bergmann and Aron Sams in 2007 (Tucker, 2012). The principle of this instructional methodology is 
based on “directs instruction and lecture is not an effective teaching tool in the group learning space, 
but is effective when delivered to individual” (Sams and Bergmann, 2013). This approach allows 
students to learn at their own, having more flexibility to distribute their studying time and putting on 
them more responsibility in the learning process (O'Flaherty and Phillips, 2015). Thus, in the flipped 
classroom model, students are asked to view a recorded video prior to attending class and the class 
time is used to engage in student-centered learning activities like inquiry and problem solving, 
fostering the students to be more interactive during class time (Moraros et al., 2015). Another feature 
of the flipped classroom is that the video and interactive lesson are always available to students, they 
could reinforce their learning by re-watching the materials provided by the teacher the number of time 
they need. Moreover, flipped classroom could be integrating into many subject areas, i.e. general 
science (Gonzalez-Gomez et al.,2016); mathematics (Lai and Hwang, 2016); ICT teaching (Kostaris 
et al., 2017). Especially in science classroom with flipped learning, students have positive perceptions 
and engagement toward this methodology (Chaipidech and Srisawasdi, 2016).  

In science learning environment, inquiry teaching approach has been widely used for support 
students to develop scientific concepts and knowledge. Moreover, the students were asked to observe 
and purpose explanations or answers from evidences gained by the experiment (National Research 
Council, 1996). Inquiry learning is procedure that focused on upcoming cognitive domain of students 
(Hofstein and Lunetta, 2004; Srisawasdi and Kroothkeaw, 2014). Thus, inquiry learning invests more 
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opportunities for the learners to achieve an intensive understanding in the concepts (Vlassi and 
Karaliota, 2013). 

For many years, to support the construction of conceptual understanding in science, numerous 
educators aimed to develop the instruction and teaching materials for physics concepts. For example, 
they indicated that the simulation-based inquiry learning could support conceptual understanding and 
the process of conceptual change in science learning. (Lazonder and Ehrenhard, 2014; Olympiou and 
Zacharia, 2012; Suits and Srisawasdi, 2013; Zacharia, Olympiou, and Papaevripidou, 2008).In this 
study, high school students were recruited to investigate the effects of instruction with flipped inquiry-
based learning with mobile technology pedagogy by using computer simulation as a learning tools on 
conceptual understanding of the liquid pressure. The research question was addressed: Do the students 
who learn with flipped inquiry-based learning with mobility (FILM) improve conceptual 
understanding of liquid pressure than those who learn with hands-on inquiry-based learning (HIL), 
and traditional learning (TL)? 

2. Literature Review 

2.1. Previous Findings on Flipped Classroom 

A more recent pedagogical approach known as “flipped classroom” or “flipped learning” which allow 
teachers more time to guide the learning activities and promote student’s learning. In addition, it 
moves the learning contents taught by teachers’ direct instruction to the time before class in order to 
increase the chances for students’ interaction. Several teachers have used some methods to flip the 
class, for example, offering video clips as supplemental materials and letting students learn outside 
the class. Nevertheless, more requirements need to be met to achieve flipped learning (Hwang, Lai, 
and Wang, 2015). In fact, ‘‘flipped learning’’ is closely definition of the ‘‘flipped classroom.’’ In this 
research, the two terminologies are not strictly distinguished. There are many adopting the concept of 
the flipped classroom. For example, Gonzalez-Gomez et al. (2016) examined performance and 
perceptions of students in general science classroom along with flipped classroom and result showed 
that students who leaned with flipped classroom have higher performing, positive perception than 
other and increased individualized learning. 

Moreover, Hwang et al. (2015) have indicated some of the reasons why flipped learning has 
been adopted by so many educators.  

(1) The multimedia technology is provided by teacher let students learn without time or space 
limitations. Students are taught to collect information before class and are expected to be 
active learners responsible for their own learning. 

(2) the interaction between students with teaching videos allows them to prepare themselves and 
to have thoughtful prior knowledge before class, and lets those students who miss classes 
catch up. 

(3) With enough prior knowledge, students have more time to conduct higher level activities and 
questions. teachers can further provide individualized consulting and would better understand 
the learning status of their students. 

(4) In-class activity could increase teacher and student’s interaction. An active atmosphere can 
improve students’ learning motivation and, through peer pressure, the learning effects would 
increase. 

2.2. Simulation-based Inquiry Learning in Science 

The appropriate learning tools which considered for effective conceptual change are Simulation-based 
learning environments in science learning. It can allow learners to observe and understand abstract 
and complex concepts. In addition, the capability of computer simulations is closely related to the 
pedagogy through which they are employed (Srisawasdi and Panjaburee, 2015). For science 
educators, teaching and learning through scientific inquiry is recognized as an instructional practice. 
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The Inquiry-based learning with simulations is an encouraging area for teaching to promote learners’ 
interaction with the physical and social world in order to develop scientific understanding, 
explanation, and communication among science ideas. Many educators have found that simulation-
based inquiry learning works as an improving process by producing change in the alternative 
conceptions held by learners (Srisawasdi and Kroothkeaw, 2014; Zacharia, 2007), and promoting 
more qualitative knowledge than formalized knowledge (Suits and Srisawasdi, 2013), offering 
students more time to experience on its conceptual aspects. (Zachaia et al.,2008), and promoting 
positive perception of science learning (Buyai and Srisawasdi, 2014; Pinatuwong and Srisawasdi, 
2014). 

2.3. Mobile Technology-enhanced Learning 

Over the years, a number of studies about mobile technology have been increased. Many mobile 
devices were used in class or out class for enhance students’ learning in science (e.g. iPads, smart 
phones, tablets, and PDAs) and their effect related to cognitive and affective goals in different 
settings. For example, the students used mobile devices at the school classroom, outdoors, and 
museums (e.g. Chu et al., 2010; Klopfer et al., 2012).  

Most of the findings of these studies pointed the added mobile learning is promoting students’ 
affective (e.g. interest, attitudes) and cognitive domain (conceptual understanding). In terms of 
promoting students’ understanding, the findings from of these studies showed that the use of mobile 
devices could enhance students’ conceptual understanding and learning achievement in science (e.g. 
Chu et al., 2010; Zacharia, Lazaridou, and Avraamidou, 2016). In addition, Looi et al. (2009) also 
mentioned the fact that mobile learning offers a student-centered learning environment that aims at 
enhancing personalized and self-directed learning. These positive outcomes could be attributed to 
different affordances of the mobile devices (e.g. individuality, connectivity, context sensitivity, 
mobility, immediacy, content provision, collaboration, gaming, and rapid data collection) (Zacharia et 
al., 2016). 

3. Research Methodology 

3.1. Participants  

The participants of this research were eleventh-grade students of a public secondary school in 
northeastern region of Thailand. Seventy-nine students from three classes participated in the 
experiment. Two of the classes were designated as the experimental group A and experimental group 
B, and the third one was designated as the control group, respectively. The study has not recruited 
students on a random basis but had to use existing classes. Three classes were selected by a regular 
science teacher in the school.  

 
Figure 1. Diagram of participants and learning environment 
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3.2. Research Instruments 

The tools for measurement in this study included a “Liquid Pressure” conceptual test. This 
conceptual test consisted of five open-ended conceptual questions that focused on four main science 
concepts consisting of the following: (i) liquid pressure-depth; (ii) liquid pressure-type of liquid; (iii) 
liquid pressure-shape of container; and (iv); liquid pressure-gravity, with a perfect score of 10 points. 
The conceptual test was adapted from Buyai and Srisawasdi (2014).  

3.3. Data Collection and Data Analysis 

Figure 2 illustrates the procedure of the implementation of the learning activities. Before the learning 
activity, the students took the pre-test of conceptual understanding. Then, they were provided four 
activities (i.e. (i) liquid pressure-depth; (ii) liquid pressure-type of liquid; (iii) liquid pressure-shape of 
container; and (iv); liquid pressure-gravity). After completing all of learning activity, the students 
were administered the conceptual test again as the post-test.  
 

 

Figure 2. Diagram of experimental design in this study 

The statistical data techniques selected for analyzing were the Wilcoxon Signed-rank sum test 
for paired data (a nonparametric equivalent of pair-sample t-test) was used to compare learning gains 
for all groups. To answering the research questions, the one-way analysis of covariance (ANCOVA) 
was used to compare the scores of the three groups in terms of conceptual understanding among the 
experimental and control groups 

3.4. Learning Materials and Activity 

3.4.1. Traditional Teaching Method by Lecture-based Instruction for CG 

Students assigned to regular teaching method (n = 25) interacted liquid pressure lectures and 
assignments in a normal classroom. The lecture-based instruction was organized in four lectures 
(2x50 minutes) and 25 were usually following the lectures which were given as doublets every week. 
Lectures consume the vast bulk of actual class time, and each lecture is accompanied by a set of PPT 
slides. The slides have been designed to provide students with full notes of lessons and project in class 
concerning general principles for effectively using PowerPoint. Such principles include using text 
sparingly on slides (i.e. bullet points made up of only key words or brief phrases), making slides 
visual, ensuring that any slide visuals are integrated with the verbal lecture message, avoiding non-
relevant sounds and animations, etc. In addition, the lectures and learning assignments in this class 
were aligned with series of formative assessment task in every lesson.  
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3.4.2. Hands-on Open Inquiry Learning and Interactive Lecture for EG#A 

Students assigned to hands-on open inquiry learning and interactive lecture (n = 23) solved liquid 
pressure assignments in a normal classroom, with manipulative laboratory equipment and materials 
that included plastic bottles, beakers, cylinders, plastic tube, glass tube, water, salt water, alcohol, and 
a manometer.  

3.4.3. Flipped Inquiry-based Learning Approach with Mobile Technology for EG#B 

In the flipped classroom with the support of mobile technology, students were assigned to take 
responsible for their own learning with a series of video-based lecture material via YouTube, that are 
studied prior attend the face-to-face lab section. The video provided the content of open-ended driving 
questions and scientific background and terms or describing related theory as same as the other groups 
in 6-9 minutes.  

For each lab section, students received additional instructional support (i.e. apparatus set up 
and diagram illustration of the learning process) via PPT slides, and then they take control of their 
own learning pace, and be responsible for their own learning process with simulation on mobile 
devices, both tablet and mobile phone. 

4. Results and Discussions  

4.1. Scientific Conceptual Understanding of Liquid Pressure Phenomena 

To examine the influence of three different learning strategies on high school students’ understanding 
of liquid pressure. The one-way ANCOVA were used to test the main effect for the experimental 
groups and the control group, controlling the effect of prior conception. The result of the ANCOVA 
analysis displayed in Table 1. In addition, this study analyzed the differences between pre-test and 
post-test, using Wilcoxon Signed-rank test. Table 2 reports the result of the Wilcoxon Signed-rank 
test analysis.               

Table 1: The ANCOVA results of post-test score for three groups of students. 

Group N Mean (S.D.) Adjusted mean Std. error F(2,67) 
Post hoc test 
(Bonferroni) 

(a) TL 25 3.76(1.88) 4.17 .42 

19.658 

(b) > (a) 

(c) > (a)* 

(c) > (b)* 

(b) HIL 23 5.09(2.00) 4.62 .42 

(c) FILM 31 7.03(1.55) 7.19 .35 

*p = < .05 

The result of ANCOVA indicated that there was a statistically significant difference (F(2,67) = 
19.658, p = .000) between the experimental groups and the control group after intervention as shown 
in Table 6. After eliminating the influence of covariance (pre-test), the EG#A had an adjusted mean of 
4.62 (SE = .42); the EG#B group had an adjusted mean of 7.19 (SE = .35), and the CG group had an 
adjusted mean of 4.17 (SE = .42) for the post-test measure of conceptual understanding. Students who 
participated in the FILM group outperformed others. In other words, after the instruction (flipped 
inquiry-based learning with mobile technology), the students in this experimental group had enhanced 
their conceptual understanding on liquid pressure phenomena.  

To determine where the differences among the teaching methods were, Bonferroni’s Post 
HOC Test in Table 6 was employed to test for significance. All tests were conducted using the 
adjusted means, controlling for any difference prior conceptual understanding. The EG#B group were 
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compared to EG#A and CG groups revealing a mean difference of 2.571, p = .000, and of 3.025, p = 
.000, respectively. This evidence indicated that integration of flipped learning approach with mobile 
technology could better effect on enhancing students’ scientific conception on liquid pressure 
phenomena. In addition, the comparison of the EG#A group with the CG group revealed a mean 
difference of .450 and level of significant of p = .826 that indicated that there was no significant 
difference between the two teaching methods of HIL and TL on liquid pressure phenomena. 

Table 2: Statistical results on Wilcoxon Signed-rank test for the students’ conceptual understanding of     
liquid pressure. 

Group Test Mean Mean 
Rank S.D. Posttest-Pretest N Z Sig. Cohen

’s d 

TL 

Pretest 2.20 32.06 1.19 Posttest<Pretest 4 

-2.953 .003* 0.99 
Posttest 3.76 23.00 1.88 Posttest>Pretest 16 

 Posttest=Pretest 5 

Total 25 

HIL 

Pretest 3.91 55.67 1.70 Posttest<Pretest 3 

-2.559 .011* 0.64 
Posttest 5.09 35.96 2.00 Posttest>Pretest 16 

 Posttest=Pretest 4 

Total 23 

FILM 

Pretest 2.39 34.77 1.20 Posttest<Pretest 0 

-4.879 .000* 3.35 
Posttest 7.03 56.71 1.55 Posttest>Pretest 31 

 Posttest=Pretest 0 

Total 31 

*p = < .05 

The analysis from Wilcoxon signed-rank test reveal students in traditional learning class (CG) have post-
test greater than pre-test score (Z= -2.953, p (pre-post)< .05 ). This evidence indicated that although students 
have a progression of conceptual understanding when learned with conventional method. For another 
groups, students who learned with flipped inquiry-based learning with mobility (FILM) and hands-on 
Inquiry-based learning (HIL), their post-test score showed increased significantly (Z = -4.879, p (pre-

post))<.05), (Z = -2.559, p (pre-post)<.05). However, students in FILM class were highest score when compared 
with others, as shown in Table 3. This indicated that when the flipped inquiry-based learning had been 
integrated with the computer-simulated visualization into the science learning of liquid pressure, there 
had been a significant impact on conceptual understanding. Therefore, this method has been shown to be 
superior to a more general flipped learning. Similar to previously studies regarding the students’ 
performance reported that all assessment was significant difference found with students in the flipped 
class, when compared to a traditional group (Gonzalez-Gomez et al., 2016). Similar conclusions were 
found in an engineering course (Mason, Shuman, and Cook, 2013). In addition, Davies et al., (2013) 
determined what benefit flipped classroom might have for undergraduate students and investigated how 
technology can be used to enhance technology skills in this class. They found that the flipped classroom 
approach allowed students to learn course content by themselves, and to make better use of their time, 
improving their perception toward the class. In our study, the significant differences are observed 
between FILM, HIL, and TL. Especially students’ performance was significantly higher when a flipped 
model integrated to inquiry-based learning with visualize simulation on mobile devices was followed. In 
most cases simulation conditions showed improving learning outcomes, Srisawasdi and Kroothkeaw 
(2014) mentioned that students’ conceptual score for pre-test, post-test, and retention test were 
significantly different and they increased conceptual understanding after participated with simulation 
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class. However, the flipped approach integrated into simulation-based inquiry was also better than the 
regular approach for delivering this course.  

5. Conclusion 

This research aimed to explore students’ learning performance in the flipped inquiry-based learning 
with mobility (FILM), comparing the results with hands-on inquiry-based learning (HIL) and 
traditional learning (TL). The study was conducted in a physics course, eleventh grade high school 
students in the northeastern region of Thailand. The students’ performance was measured in terms of 
overall students’ testing score. The result showed that better outcomes were achieved when the FILM 
was followed. In addition, an integration of flipped learning into inquiry-based learning with mobile 
technology and using simulation as learning tools can help students to comprehend conceptual 
understanding about liquid pressure both observable and unobservable level of phenomena. 
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Abstract: This paper aims to report the Adaptive E-learning for Science Project (AESP) in 
Taiwan. The AESP aims to develop an adaptive science learning system, introduce it to 
primary science teachers and examine the effectiveness of using this adaptive science learning 
system. The adaptive learning system is knowledge-structure-based and integrates adaptive 
dynamic assessment into adaptive learning. Besides, to construct the diagnostic items and 
learning materials, a group of expert primary science teachers and science educators also 
participated. With a knowledge-structure-based approach, we analyzed and constructed the 
conceptual (or skill) nodes and conceptual (or skill) network (i.e., knowledge structure) based 
on the Taiwanese Science Curriculum Guidelines for grade 1-6 firstly. The conceptual (or 
skill) network reveals the hierarchical relationships among the conceptual nodes. Then, 
according to the conceptual (or skill) nodes, diagnostic items for adaptive dynamic assessment 
and instructional materials (videos) for adaptive learning were designed. After developing the 
system, the adaptive science learning system was introduced to primary science teachers and 
conducted preliminary studies to evaluate the effects of using this online adaptive learning 
system in different science learning contexts (e.g., ICT-based lecture and flipped classroom). 
The major findings derived from two preliminary studies are discussed.     

Keywords: adaptive learning, knowledge-structure-based, science learning 

1. Introduction 

Conventional instruction relies on the way that teachers convey and transfer knowledge completely to 
their students (Ewing, 2011; Myers, Monypenny & Trevathan, 2012). Considering students’ diverse 
backgrounds in the conventional instruction, teachers have been encouraged to incorporate students’ 
learning needs with their instructional arrangements (Bergmann & Sams, 2012). In a recent decade, 
science education proposes the significance of inquiry-based and hands-on learning activities to the 
cultivation of scientific literacy. However, insufficient qualified teachers in teaching primary science 
and science class time constitute fundamental challenges of primary science teaching and learning in 
Taiwan. There is a need to offer a viable alternative to conventionally instructional approach, and 
provide more personalized learning and remediation for fulfilling students’ individual differences in 
the current status of science instruction. 

Adaptive e-learning could be viewed as a promising way to address these challenges, as well 
as would be helpful to Taiwanese students’ science achievement and motivation toward science 
learning. Adaptive learning is an approach to create a personalized learning experience for students 
that use a “data-driven”, and in some cases, nonlinear approach to instruction and remediation 
(Education Growth Advisors, 2014). Many studies have proposed the benefits of using adaptive e-
learning technology (Kerns, 2013; Hicks, 2015) such as providing real-time response for students to 
accelerate their learning progression and engaging students in learning by technology tools. Students 
can work on their own time at different pathways and paces, as well as teachers can get data with 
insights into student needs and free up time for one-on-one instruction. Although many systems have 
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been created to support adaptive e-learning, but an adaptive e-learning system designed based on 
Taiwanese students’ need and curriculum standards is still not available.  

This study proposed an adaptive e-learning project for science in Taiwan (sponsored by 
Ministry of Education, MOE). The goals of Adaptive E-learning for Science Project (AESP) aim to 
develop an adaptive E-learning system for science, namely Adaptive Science E-Learning System 
(AELS). Incorporating the perspective of knowledge structure with adaptive testing, the development 
of AELS adopts multiple components and mechanism together to carry out science instruction tailored 
to the needs of the individual students. In addition to the introduction of the developed AELS, this 
study revealed some preliminary findings form pilot studies to demonstrate the effectiveness of 
applying adaptive e-learning system (AELS) in primary school students’ science learning.     

2. Methodology 

2.1. Adaptive Science E-Learning System (AELS) 

AELS consisting of multiple components together enables science instruction tailored to the needs of 
the individual students. These components as shown in Fig 1, according to literature are: the content 
model, the learner model, the instruction model (interface model) and the adaptive engine. The 
content model contains the concepts that a student should master. In educational research, the 
concepts are usually described as learning objectives. The learner model contains information about 
the individual student, such as demographic data, and information about the knowledge of a specific 
topic. The instruction model monitors the learner model in relation to the content model in order to 
ascertain the student’s mastery of concepts. As such, the instruction model determines how close a 
student is to the target competence level after carrying out a learning activity. The adaptive engine is 
an algorithm that integrates information from the preceding models in order to select appropriate 
learning content to present to the student.   

 

Figure 1. The Framework of Adaptive Science E-Learning System  
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2.2. Knowledge Structure Maps 

The construction of knowledge structure maps is the core of adaptive e-learning system for science 
instruction and learning. Knowledge structure maps are constituted of conceptual (or skill) nodes and 
networks, as shown in Figures 2 and 3. Nodes were identified based on the Taiwanese Science 
Curriculum Guidelines for grade 1-6, which represent the science competences required for successful 
learning in a specific grade. The conceptual (or skill) network reveals the hierarchical relationships 
among the conceptual nodes and conceptual learning sequence. There are two layers of nodes and 
networks in knowledge structure maps. First layer of nodes and networks (Figure 2) represent the 
conceptual network of grade competence indicators of Taiwanese grade 1-6 curriculum guidelines. 
For example, the grade competence indicator nodes (e.g., 110-2a, 110-2b) within the knowledge 
structure map of the sub-theme, “earth environment.” The code “110” refers to “earth environment”; 
“2” refers to “3rd or 4th grade”; “b” refers to “number.” The second layer of nodes and networks 
(Figure 3) represents the conceptual network of sub-concepts and sub-skills which are subdivided 
from each grade competence indicator node in the first layer. The second layer of knowledge structure 
can provide learning information at a micro level. 
 

 

Figure 2.  First layer of knowledge structure maps   Figure 3. Second layer of knowledge structure 
maps  

2.3. Adaptive Diagnostic Test 

The adaptive testing algorithm is based on the knowledge structure. As shown in Figures 4, if the 
subject gets a top skill such as item A incorrect, then the low-level item will test to detect where is 
student’s problem, If high-level node such as item C is correct then it is inferred that he or she also 
understands its prerequisites (items F, G, H, I). This algorithm can predict students’ profiles using 
fewer items than in original paper-and-pencil based tests. 
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Figure 4. Adaptive testing algorithm                                    Figure 5. Personalized remedial instruction 
path based on experts’ knowledge structure for student B 

2.4. Learning profiles 

According to adaptive diagnosis report (learning profile), different learning paths and resources are 
suggested for each student to advance his/her optimal learning. Three learning profiles regarding 
specific competence indicator learning (Figure 6), single grade learning and longitudinal learning 
(Figure 7) are provided for individual student, teacher, and school. 

 

 

Figure 6. Specific competence indicator learning        Figure 7. Longitudinal learning profile 

3. Data collection and analysis 

A total of 136 primary school students with 4th-6th grades were recruited from six partner schools 
attending in AESP in Taiwan. The students were assigned to different instruction modes of ICT-based 
instruction, flipped classroom and longitudinal adaptive review learning conducted respectively in 
three pilot studies. A quasi-experimental design was conducted in ICT-based instruction and flipped 
classroom instruction, and one-group pretest-posttest design was employed in the instruction mode of 
longitudinal adaptive review learning. 
Based on the knowledge structure, instructional materials and diagnostic items were developed on a 
single concept or skill node in the second layer of knowledge structure map. Each node in the second 
layer of knowledge structure map contains an instructional video and four items at least. In order to 
get fine-grained diagnostic information, each item was developed to assess knowledge on a single 
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concept or skill node in the second layer of knowledge structure. The students’ of diagnostic test 
performance was employed to validate the effectiveness of adopting adaptive science e-learning 
system in primary school students’ science learning through different instructional modes conducted 
in this study. 

4. Results 

In the pilot study of utilizing ICT-based instruction mode, the t-test results of Table 1 reveal that the 
students in experimental and control groups did not have significant difference in the pre-test 
performance (67.62 versus 74.48). Further examination of post-test performance reveals that the 
students in experimental group significantly outperformed the students in control group (88.43 versus 
77.33, p<0.05) through the ICT-based instruction mode. 
 

Table 1: Pilot study 1: ICT-based instruction mode  

 Experimental group(n=21) 

Mean./S.D. 

Contorl group(n=21) 

Mean/S.D. 

 

t-value 

Pre-test 67.62/18.60 74.48/14.93 1.32(n.s.) 

Post-test 88.43/17.03 77.33/17.97 -2.05* 

*p<0.05  

As shown in Table 2, in the pilot study of employing flipped classroom mode, there is no 
significant difference of students’ pre-test performance between experimental and control groups 
(75.32 versus 71.36). The t-test result of post-test performance reveals a significant difference 
between experimental and control groups (92.60 versus 79.36, t<0.001), which indicates that students 
could have better learning performance through flipped classroom mode than conventional 
instruction.  

Table 2: Pilot study 2: Flipped classroom mode  

 Experimental group(n=21) 

Mean./S.D. 

Contorl group(n=21) 

Mean/S.D. 

 

t-value 

Pre-test 75.32/14.84 71.36/19.12 -1.22(n.s.) 

Post-test 92.60/9.08 79.36/11.16 -5.62*** 

***p<0.001 

In the pilot study of adapting longitudinal adaptive review learning mode, the method of 
paired-t test was employed to examine the difference between pre- and post- test performance within 
the same group of students. As shown in Table 3, significant results of paired-t test reveal that the 
students may have better performance of learning science through the implementation of longitudinal 
adaptive review learning mode.  
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Table 3: Pilot study 3: Longitudinal adaptive review learning mode  

 Pre-test 

Mean./S.D. 

Post-test 

Mean/S.D. 

 

t-value 

6th graders 

(N=52) 

65.94/14.60 75.83/11.23 --8.73*** 

***p<0.001 

5. Conclusion and Discussion  

This study introduced the development and properties of Adaptive Science E-Learning System 
(AELS). Some initial positive results provide some evidence that the adaptive e-learning system could 
be incorporated with various instructional modes to promote students’ performance of learning 
science. AESP’s future work will focus on revising and expanding knowledge structure maps and 
instructional materials and videos to 9th grade science learning, improving system interface and 
functions and co-working with more partner schools to find out better practices. 
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Abstract: Digital game, a technological tool, can be in the form of a scenario or simulation 
with specific rules and principles for assisting students’ construction of knowledge and 
promoting their motivation. However, how to trigger students for acquiring educational goals 
in playing game remains to be settled, especially for chemistry course. In this study, a 
contextual educational digital game based on an inquiry-based learning strategy is developed 
to improving students’ learning performance. An experiment has been conducted on a high 
school chemistry course to evaluate the effects of the proposed approach on the learning 
performance of students. The experimental results indicate that the proposed approach 
effectively enhanced the students’ learning performances in terms of their conceptual 
understanding and learning motivation.  

Keywords: Science education, instructional design, learning strategies, active learning 

1. Background and Motivation 

With the significance of connecting chemical content to real life, researchers are aware of teaching 
and learning process for chemistry concept in classroom. Chemistry, which is the one of most 
important discipline, explains daily life phenomena. Its concept related to other concepts in science 
such as the biology, physics and materials science. The nature of chemistry is abstract content, which 
need to use imagination for connecting to real life situation. Chemistry requires three different levels 
of representation, which are macroscopic, submicroscopic, and symbolic level. The topic of adhesive 
force in chemistry uses three levels of representation for explaining the phenomena. This topic related 
to understanding the basic phenomena in the science curriculum that student is incomprehensible 
(Eilam, 2004; Leite et al., 2007). There are many factors related to difficulty in learning chemistry. 
Sirhan (2007) indicated the main factors of the learning difficulty in chemistry are curriculum content, 
overload of students’ working memory space, motivation, language, and communication. Several 
researchers revealed that motivation, which is one of physiological processes, influences human 
behaviors when being doing something (Moos and Marroquin, 2010), especially, learning in an 
educational environment (Murphy and Alexander, 2000). Moreover, positive attitudes to learning 
influence motivation to learn led to success in learning (Osborne et al., 2003).  

 With the rapid growth of technology-enhanced learning approach, teaching and learning by 
using the digital game-based learning has been recognized as a model that combines computer 
technology into the instruction, such that the students who learned with the digital game-based 
learning can gain both enjoyment and knowledge (McNamara et al., 2010). In recent years, 
researchers have developed the educational digital game-based learning to support learning 
performance in several areas. For example, Yien et al. (2011) showed that a game-based learning 
approach could help students to improve their learning achievements in a nutrition course. Yang et al. 
(2012) proposed a digital game-based learning system for energy education for the children in the 
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school. Chee and Tan (2012) designed and developed an educational game named Legends of 
Alkhimia. They found that the developed game effectively fosters learning and supports conceptual 
understanding of chemistry. Moreover, researchers showed that the digital game-based learning could 
promote students’ learning motivation. For example, Huang (2011) found that the Trade Ruler game 
could improve students’ learning motivation in introduce economic. Papastergiou (2009) found that 
students who learned with the computer game have more motivational than the non-gaming approach. 

 Moreover, to trigger trigger students for acquiring educational goals in playing game, the use 
of inquiry-based learning strategy could encourage students to conceptualize a problem and then 
conduct experiment to find out possible explanations related to that problem (Olson and Loucks-
Horsley, 2000). Hwang, et al. (2015) revealed that a contextual game basing on inquiry-based 
learning approach to enhance students’ learning achievement, learning motivation, satisfaction degree, 
and flow state on deposits and investments topic in social studies course. Accordingly, the 
development of digital game with the support of inquiry-based learning activities has become an 
important and challenging topic, especially in chemistry course. This study extended the digital game 
developed by Nantakaew and Srisawasdi (2014) for engaging students in meaningful learning 
activities and examined students’ learning performance in terms of conceptual understanding in 
chemistry course and learning motivation.  

2. The development of Contextual Online Game based on Inquiry Learning 
Approach 

In this study, the inquiry-based learning contexts were incorporated into contextual gaming scenarios 
for promoting students’ learning performance in chemistry courses. The main gaming interface 
enables students to learn in various gaming contexts based on the contextual dramas related to 
chemistry. There are two games named Pipe-game and Factory-game for encouraging chemistry 
learning.  

The main objective of the Pipe-game is to improve students’ conceptual understanding of 
adhesive force in chemistry course. The main elements (water and pipe) are executed by the players 
(students). Thus, the students are encouraged to use knowledge of macroscopic, sub-microscopic and 
symbolic levels in chemistry to select pipe. The students then get a visual idea of water flow timing 
when using different material of pipe. Such that the game is not complicated game technology. That is 
the Pipe-game was simple and based-on the traditional simulation game mechanics like reward, 
encourage, and rethink. Moreover, the game provides the story and mission to students. That is why 
the Pipe-game was interested and motivated the students to learn the adhesive force content. In the 
first stage of our game, the learning objectives are introduced to the students. Before participating in 
the game, they are asked to investigate their prior knowledge on adhesive force. Moreover, the rules, 
basic functions, and missions of the game are demonstrated. For example, the students receive the 
problem situation in the factory. The problem states that the water flow through pipes is slowly; if you 
were a chemist, how do you handle/select the proper pipe to increase rate of water flow. Once the 
students understand the situation, the game also provides scaffolding for making decisions. The 
students can see molecular structure of each pipe. In this part, the students can observe experimental 
demonstration of the water flow. However, the students need to pay coins for seeing that 
demonstration. During this stage, the students encounter various challenges that they must overcome 
in order to progress. In this stage, the students have to buy the various shapes of each pipe for 
connecting two fixed pipes to each other. The teachers have to encourage them to concern about the 
coins that they have. Thus, they have to play and win the game in order to save coins for playing in 
the next stage. The ultimate goal of the students is to fix the water flow through pipes in the factory by 
saving coins. To achieve the ultimate goal, they have to complete that the four bottles are filled. By 
completing each bottle, the students can gain the knowledge of adhesive force for different pipes that 
they select by seeing information of macroscopic, sub-microscopic and symbolic level (See details in 
Nantakaew and Srisawasdi, 2014). 

The main objective of the Factory-game is to improve students’ conceptual understanding of 
properties of liquid topic including the main concepts of cohesive force, evaporation, and boiling in 
chemistry course. The Factory-game was based-on the mechanics as story and mission, reward, 
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rethink, and encourage by seeing the visualization of molecule. Thus, the students are encouraged to 
use prior-knowledge for constructing each main concept knowledge on their own. The main elements 
(such as chemical boxes, road, and cannons) are executed by the players (students). Such that the 
game was interested and not complicated game technology for the secondary school students. For 
example, to gain the knowledge of cohesive force, the students were asked to transfer chemical box 
through the different surfaces of road as shown in Figure 1. That is, the prior-knowledge about 
polarity is required. Moreover, the students can use coins to buy visualization to see the molecular 
structure of the chemicals, which presents in sub-microscopic and symbolic level in chemistry. If the 
students transfer the chemical box with improper way, the chemical box will be broken and the coins 
will be decreased. It means that if they can transfer the chemical box with proper way, they can gain 
more coins to play the next stage for learning the next concepts.    
 

 

 

Figure 1. Illustrative examples of gaining the knowledge of cohesive force interface with in the 
Factory-game 

Figure 2 shows how to gain the concept of boiling with in the Factory-game. Before playing 
game, the students received the mission for collocating suitable chemicals into four thermostat boxes 
in which each box has the different temperature inside and the levels of molecular changes. During 
playing game by shooting molecule with the different power of cannons, the boiling phenomena will 
be shown. For each molecule-shooting, it is consumed different times of deciding matching among 
chemicals with the different thermostat boxes. Moreover, the simulated vaporization and bubble are 
shown. From this information, the students were asked to discuss the concepts of evaporation and 
boiling phenomena. That is, the evaporation phenomena is a type of vaporization of liquid occurs 
from the surface of liquid, while boiling phenomena occurs when liquid is heated and then bubble is 
shown. When finishing the Factory-game by gaining the concept of boiling, the students who had the 
maximum coins are said winner. 

3. Research Design 

To evaluate the effectiveness of the proposed approach in this study, a quasi-experiment with non-
equivalent groups was employed. The aim of the experiment was to compare the conceptual 
understanding and learning motivation of the students who learned with the contextual online game 
based on inquiry learning approach and those who learned with the lecture-based inquiry learning 
approach.  

Encouraging students to transfer chemical 
box through the different surfaces of road 

Visualizing the 
molecular structure of 
the chemicals 

Coins of player 
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3.1. Participants  

An experiment was conducted on a high school in chemistry course. The participants of this 
experiment were eleventh graders secondary school in Northeast of Thailand. A total of 63 students 
participated in this study. 32 students were assigned to be the experimental group, and 31 ones were 
assigned to be the control group. The students in control group learned with the lecture-based inquiry 
learning approach, while those in the experimental group learned with the same lesson by the 
contextual online game based on inquiry learning approach. 
 

 

 

Figure 2. Illustrative examples of gaining the knowledge of boiling interface with in the Factory-game   

3.2. Measuring Tools 

In this study, a pre- and a post-conceptual understanding tests were implemented as the measuring 
tools. Both the pre- and the post-test were accommodated from Leite, Mendoza and Borsese (2007), 
Bridle and Yezierski (2012) and were translated into Thai language by researchers. These tests were 
verified by three experienced teachers. Each test contained seven multiple-choice items (one score for 
each correct answer) and three open-ended questions (two scores for each correct answer); therefore, 
the total score of the tests was thirteen. The pre-test aimed to evaluate the students’ prior knowledge 
of the adhesive force and properties of liquid content. On the other hand, the post-test aimed to 
evaluate the conceptual understanding of the students after participating in the learning activities.   

Moreover, a pre- and a post-chemistry learning motivation questionnaires were used to 
evaluate their chemistry learning motivation before and after participating in the learning activities, 
respectively.  According to Glynn et al. (2011), the Science Motivation Questionnaire II (Glynn et al., 
2011) based on social cognitive theory was revised by authors for using as a discipline-specific 
version of the motivation questionnaire, and was used in this study to explore students’ motivation to 
learn chemistry. It consisted 25 Thai language items on 5-point Likert scale in which “5” represents 
“always”, “4” represents “usually”, “3” represents “sometimes”, “2” represents “rarely”, and “1” 
represents “never”. There were five dimensions of the questionnaire: intrinsic motivation (IM), career 
motivation (CM), self-determination (SDT), self-efficacy (SEC), and grade motivation (GM), and its 
internal consistencies of the subscales by Cronbach’s alphas were 0.79, 0.81, 0.81, 0.89, and 0.85, 
respectively. The Cronbach’s alpha value for the motivation questionnaire in Thai version was 0.92 
implying good reliable.  

3.3. Experimental Process  

The experiment was conducted on the topic of the adhesive force and properties of liquid of eleventh 
grade students in chemistry course. Before the experiment, the students took the pre-test for 
evaluating their prior knowledge of the adhesive force and properties of liquid followed by the pre-

Shooting molecule with 
the different cannons 

Showing the different times among 
chemicals with the different thermostat boxes  

Bubble of 
molecule 
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learning motivation questionnaire. The learning activities lasted 50 minutes in each class. The 
learning content for both the experimental and control group was the same. The students in 
experimental group learned with the proposed game, whereas those in the control group were taught 
with traditional teaching method. After learning activities, a post-test was conducted; moreover, the 
students were asked to response the post-learning motivation questionnaire.  

4. Experimental Results 

4.1. Students’ Conceptual Understanding 

Before conducting the inferential statistic tests, we found that pre-test scores from the control group 
were normally distributed by Shapiro-Wilk test (p = 0.071), while those from the experimental group 
were not normally distributed as indicated by Shapiro-Wilk test (p = 0.001). Therefore, we deal with 
non-parametric hypothesis test, Mann-Whitney U test is used to analyze pre-test scores from both the 
control group and the experimental group. It was found that the mean ± standard deviation of pre-test 
of the experimental group was 2.71 ± 1.553, and of control group was 2.82 ± 1.268. There was no 
significant difference between the mean score of pre-test of the control and the experimental groups (z 
= 0.468, p = 0.320), indicating that the students in both the groups had similar prior knowledge 
regarding the topic of the adhesive force and properties of liquid content. Furthermore, to examine 
how the conceptual understanding was affected by the teaching and learning method after the 
implementation of the proposed game, the post-test scores of both control and experimental groups 
were analyzed with non-parametric hypothesis test, Mann-Whitney U test, as shown in Table 1. 

Table 1. Mann-Whitney U result of the post-test 

Groups N Mean ± SD Z p-value 

Control Group 31 3.85 ± 1.916 
2.664 0.004* 

Experimental Group 32 5.48 ± 2.401 
* p <0.05 

The results in Table 1 shows the mean score of post-test for the experimental group were 
significantly higher than that for the control group, implying that the proposed game could enhance 
better promoting conceptual understanding in the adhesive force and properties of liquid content in 
chemistry course. 

4.2. Students’ Learning Motivation 

Non-parametric hypothesis test, Mann-Whitney U test, was employed to analyze the students’ pre-
learning motivation by adopting teaching and learning methods (i.e., the proposed game and 
traditional teaching). Six students and five students in control and experimental group non-responded 
to the questionnaire, respectively. As shown in Table 2, the Mann-Whitney U result shows that the 
students in both the groups had similar learning motivation before participating in learning activity. 

Table 2. Mann-Whitney U result of the pre-learning motivation questionnaire 

Learning motivation 
Control Group 
(N=25) 

Mean ± SD 

Experimental 
Group (N=27) 

Mean ± SD 
Z p-value 

Intrinsic motivation  16.72± 2.132  16.83 ± 2.221 0.264 0.346 

Career motivation  16.97± 3.987 15.87 ± 3.394 0.898 0.184 
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Self-determination  16.30± 2.016 15.58 ± 1.586 1.627 0.052 

Self-efficacy  13.50 ± 1.978 13.43 ± 2.441 0.718 0.236 

Grade motivation 18.04± 2.126 17.14 ± 2.587 1.421 0.077 

 
Furthermore, to evaluate how the learning motivation was affected by the teaching and 

learning methods after the implementation of the proposed-game learning method, the post-learning 
motivation of both control and experimental groups were analyzed with non-parametric hypothesis 
test, Mann-Whitney U test, as shown in Table 3. 

Table 3. Mann-Whitney U result of the post-learning motivation questionnaire 

Learning motivation 
Control Group 
(N=25) 

Mean ± SD 

Experimental 
Group (N=27) 

Mean ± SD 
Z p-value 

Intrinsic motivation  16.54 ± 1.351 17.54 ± 1.351 2.299 0.010* 

Career motivation  17.10 ± 3.259 17.45 ± 3.434 0.524 0.300 

Self-determination  15.19 ± 2.079 17.09 ± 2.308 2.530 0.005* 

Self-efficacy  13.43 ± 1.869 15.64 ± 2.405 2.153 0.017* 

Grade motivation 18.62 ± 2.908 17.86 ± 2.875 1.260 0.104 
* p <0.05 

The results in Table 3 shown that there are significant differences of the post-learning 
motivation: intrinsic motivation, self-determination, and self-efficacy scores between the experimental 
group and the control group. In the other words, the mean scores of post-learning motivations on 
intrinsic motivation, self-determination, and self-efficacy for the experimental group were 
significantly higher than those for the control group, suggesting that the proposed game learning 
method could improve intrinsic motivation, self-determination, and self-efficacy in topic of properties 
of liquid more than the traditional teaching and learning method. 

5. Discussions and Conclusions 

The main objective of this study is to compare the conceptual understanding and learning motivation 
on the topic of the adhesive force and properties of liquid content between students who learn with the 
contextual online game based on inquiry learning approach and those who learned with the lecture-
based inquiry learning approach. The experimental results were presented, which help in 
understanding whether the contextual online game based on inquiry learning approach contribute to 
conceptual understanding and learning motivation. It was found that the game significantly improved 
the students’ conceptual understanding. As such, our study results verify that the game could play an 
important tool in enhancing the conceptual understanding for students in the adhesive force and 
properties of liquid content. In the meantime, the results revealed that students who learned with the 
game showed higher learning motivations: intrinsic motivation, self-determination, and self-efficacy 
than those who learned with the conventional teaching approach.  

From the developed games, it was found that students were asked to action, reaction, apply 
knowledge, see experiment demonstration, and see molecular changes in phenomena by being 
involved in contextual scenarios. For the first game, the students were asked to explore adhesive force 
in pipes and the rate of water flow from visualizing the macroscopic, sub-microscopic and symbolic 
level in different material of pipes and simulating water flow through each pipe encouraged them to 
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acquire adhesive force knowledge. Students’ explorations involved reward, encourage, and rethink 
from errors for saving coins as much as they can. For the second game, there are feedback after 
finishing each stage. Students could connect liquid splashing when moving through the different 
surfaces of road with the cohesive force of liquid content. Moreover, when shooting molecule using 
the different power of cannons, the students were asked to show their understanding about 
evaporation and boiling phenomena. These are non-observable in everyday life. They also faced 
challenge with limited time, coins, and feedback data. These were interested and motivated the 
students to learn the properties of liquid content. In other words, during playing game, learning 
properties of liquid was interesting and relevant to their life led to promote students’ intrinsic 
motivation. They could put enough effort and spent a lot of time learning adhesive force by rethinking 
from errors and receiving teachers’ hints for saving coins led to promote their self-determination. 
Moreover, they were confident in understanding content and on labs from visualizing macroscopic, 
sub-microscopic and symbolic level of different pipes led to promote their self-efficacy. Meanwhile, 
the students in the conventional teaching approach mainly focused on concepts related to content with 
text-based layout, practice, and drill that required less conceptual constructing and learning 
motivation. This could be the reason why the developed digital educational chemistry games 
significant improved the students’ conceptual understanding and promoted their learning motivations 
(i.e., intrinsic motivation, self-determination, and self-efficacy). The results comply with the view 
expressed by Erhel and Jamet (2013), Huang, Hung and Tschopp (2010), Daubenfeld and Zenker 
(2015) that the game could promote students’ learning motivation and engage them in learning with 
enjoyment; furthermore, on Dorji, Panjaburee, and Srisawasdi (2015) and Antunes et al. (2012) 
indicated that simulating game could support students’ conceptual construction in an exploration 
manner. Moreover, these experimental results are in line with previous studies, which stated that the 
game with authentic scenarios could improve learning achievement and learning motivation (Chee 
and Tan, 2012; Hwang et al., 2015; Sung et al., 2017). 

Although, the experimental results show that the game effectively enhanced the students in 
terms of conceptual understanding and leaning motivations (i.e., intrinsic motivation, self-
determination, and self-efficacy). In particular, students’ conceptual understanding mean score is less 
than a half of total score, implying that the mean score is quite low. This suggests the need to provide 
additional supports to students with particular method in the future. For example, teachers can take 
role to provide hints/feedback for macroscopic, sub-microscopic and symbolic level for assisting 
students during exploring in the gaming contexts. In addition, to make worth further study, it is to 
improve the game by concerning conceptual difficulty level of students in the gaming context manner.   
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Abstract: This research study aimed to synthesize theoretical framework and designing of 
constructivist augmented reality web-based learning environments to enhance creative 
thinking on topic design and create three-dimensional for secondary school. The target group 
consisted of 3 expert reviewers for content, web-based learning and learning environment 
designing. Research methodology is developmental research; developmental research 
consisted of 3 processes: (1) designing process, (2) developing process research methods are 
document analysis, (3) Evaluate the efficiency of the design framework. And survey. The 
procedures were as following: (1) to examine and analyze the principles and theories, (2) to 
synthesize theoretical framework, (3) to synthesize designing framework. The result revealed 
that: 1) to synthesize theoretical framework comprise of 6 components as following that. 
Contextual base, Psychological base, Technologies base, Creative Thinking base and 
Pedagogies base Model learning environments. 2) To synthesize theoretical design framework 
of constructivist augmented reality web-based learning environments to enhance creative of 6 
components i.e., (1) Problem base, (2) Resource, (3) Creative Thinking Center, (4) 
Collaboration, (5) Coaching, (6) Scaffolding. The efficiency of this learning environment was 
evaluated by expert review. It was found that the learning environment is appropriate on 3 
aspects: content, web-based learning design and learning environment design. 

Keywords: Creative Thinking, Augmented Reality, Web-based Learning Environment, 
Constructivist 

1. 1. Introduction 

Thailand society stepped into the digital world. Economic social activities are carried out quickly, 
Competition was    increasing. Data access of information through the online world more. Human 
Development to prepare to face the change is important. Education is an important tool in improving 
the quality of human resources in the country. The important mechanism for economic development, 
in the economic arena national and international through education. Creativity is a required skill in the 
global society in 2020.   Enhancement of creative thinking on learner based on the web-based learning 
environment was achieved using the principles and theories for synthesizing the theoretical 
framework and the environmental design which promote creative thinking (Samat Charuni and 
Chaijaroen Sumalee, 2009). The theories and web-based characteristics were brought into the design 
of instruction that utilized the learning environment media and methods with important components of 
the Constructivist Theory. Augmented reality technology can be used for promoting learner's creative 
thinking in order to have meaning verbal learning. This accordingly happen from interaction with 
learning environment. That can create virtual images that appear in a 3D animation, sound, and 
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hypertext hypermedia. In this paper, are presenting the principles related to the basis of creative 
thinking and innovation skills for producing students in Thailand 4.0 and the basic context of students 
training in Thailand that would lead to development of innovation the enhance creative thinking for 
students in the world economic 2020. 

Thus, this research was aimed at designing framework of constructivist augment reality web-
based learning environment to enhance creative thinking, from synthesize of theoretical framework 
and learning environment. In order to obtain the basis for constructing the appropriate and efficient 
learning environment models for the learners. 

2. 2.  Methodology 

This  study  was  aimed  to  synthesize  theoretical  framework  and  design  of  Constructivist 
augment reality web-based learning environment to enhance creative thinking. Research methodology 
is developmental research consisted of 2 process; (1) Designing process and (2) Developing process 
research methods are document analysis, (3) Evaluate the efficiency of the design framework The 
procedures were as following: (1) To examine and analyze the principles and theories. (2) To 
synthesize theoretical framework. (3) To synthesize designing framework. (4) To evaluate the 
efficiency of the learning environments. 

2.1. Target Groups 

Target Group in the design and development process consisted of 3 expert reviewers. (1) Experts in 
content validity. (2) Experts in web-based learning design. (3) Experts in learning environment 
design. 

2.2. Research Instruments 

The instruments in this study as following details: (1) The document examination and analysis 
recoding form to synthesize a theoretical framework, (2) The recoding form for synthesis of the 
design framework to learning environment to enhance creative thinking, and (3) The evaluation form 
for synthesize theoretical framework and designing of constructivist augmented reality web-based 
learning environments to enhance creative thinking. 

2.3. Data collecting and analysis 

The researchers collected the data as follows: (1) Synthesis of theoretical framework and Components 
of the learning environment. The data were collected by analyzing principles, theories, related 
research of the constructivism theory, cognitive theory, media and technology theory, pedagogy and 
contextual study, (2) Synthesis of Designing framework of the learning environment: The above 
synthesized theoretical framework was taken into this process. The underlined theories base such, 
Contextual base, Psychological base, Technologies and media base (AR: technology and media 
symbol system), Creative thinking base, and Pedagogies base. (3) Designing and develop of the 
learning environment based on foundation of creating designing framework was adopted. (4) Evaluate 
of the learning environment by experts. The analytical description, summarization and interpretation 
were used to analyze data. 

3. 3. Research results 

The designing and development of the learning environment that promote student’s creative thinking 
are follows:  
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3.1. Synthesis of theoretical framework 

The results show that the theoretical framework of constructivist augmented reality web-based 
learning environments comprised of 5 theoretical base.  (1) Contextual base are follows:  basic 
education curriculum in Thailand, Course content. (2) Psychological base are follows: Constructivist 
theory; cognitive constructivist (Samat Charuni and Chaijaroen Sumalee, 2009). and social 
constructivist (Piaget, J, 1992). and Cognitive Theory; information processing theory. (3) 
Technologies and media base are follows: Web-based learning (Vygotsky, L, 1962), Augmented 
Reality (Khan. B.H, 1998), the system of media (Donald, D.M., 2014), (4) Creative Thinking base are 
follows: creative thinking theory [6] consisted of 4 abilities of thinking as follows; Fluency, 
Flexibility, Originality and Elaboration. (5) Pedagogies base Model learning environments are 
follows: OLEs Model (Guilford, 1967), SOI Model (Hannafin M., 1999), Situated learning (Mayer, 
R.E., 1996), Cognitive apprenticeship (Mayer, R.E., 1996) Fig.1. Showed theoretical framework of 
constructivist augmented reality web-based learning environments to enhance creative thinking on 
topic design and create three dimensional grade 9 students. 

 
Figure.1 Theoretical framework of the learning environment for enhance creative thinking. 

3.2. Synthesis of Design framework 

 Activating cognitive Structure, Creative Thinking. It was illustrated the relationship between 
the underlined theories. The underlined theories and components of the model were shown in 
Figure.2. 

 Supporting cognitive equilibrium. It was illustrated the relationship between the underlined 
theories. The underlined theories and components of the model were shown in Figure.3. 

 Enhancing knowledge construction and creative thinking.  It was illustrated the relationship 
between the underlined theories. The underlined theories and components of the model were 
shown in Figure.4. 

 Supporting enhancement for construction knowledge. It was illustrated the relationship 
between the underlined theories.  The  underlined  theories  and  components  of  the  model  
were  shown  in Figure.5. 
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Figure. 2 Theoretical framework designing problem base 

 
Figure. 3 Theoretical framework designing resources 

 
Figure. 4 Theoretical framework designing creative thinking center and collaboration 

 
Figure.5 Theoretical framework designing coaching and scaffolding   

4. Evaluate the efficiency of the design framework. 

The results of an expert on learning content, the expert assessment. Theoretical framework synthesis 
and designing framework, it is a method of verification by an expert reviewer, the design of the 
learning environment, the organizing discussion groups, the design of learning is based on theoretical 
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principles as the basis for design. This is appropriate and can to promote knowledge based on 
constructivist, creative thinking. The results of the expert synthesis design were show in table 1. 

Table 1. The results of an expert on learning content, the expert assessment, theoretical framework 
synthesis and design framework. 

No. Lists of preconception towards the Constructivist web-
based learning environments 

Results of the expert 
(Percentage) 

Learning Content 

1 Appropriate learning content 80 

Synthesis of theoretical framework 

2 Theoretical framework 80 

Web-based learning environments components 

3 Problem base 72 

4 Resource 75 

5 Creative Thinking Center, 80 

6 Collaboration 74 

7 Coaching 82 

8 Scaffolding 80 

Total 77.87 

 
According to Table 1, the results of the assessment of experts on the learning content, 

Synthesis of theoretical framework, and designing framework of the learning environment. Learning 
environment found that the learning content, Synthesis of theoretical framework, and designing 
framework of the learning environment. To evaluate from experts side learning content was 80 
percent, Synthesis of theoretical framework was 80 percent, and web-based learning environments 
was 77.16 percent. The synthesis consistent design principles along constructivist. Which augment 
reality to promote creative thinking was 77.87 percent. 

5. Discussion and Conclusion 

The  study  of  the  design  framework  of  constructivist  augmented  reality  Web -based  learning 
environment to enhance creative thinking on topic design and crate three dimensional grade 9 
students. The 6 important components i.e., (1) Problem Base, (2) Resource, (3) Creative Thinking 
center, (4) Collaboration, (5) Coach, (6) Scaffolding. Which is consistent with the research of (Samat 
Charuni and Chaijaroen Sumalee, 2009). The conceptual framework for designing and developing a 
learning environment on theoretical, constructivist, and web-based learning. 
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Abstract: Currently, mobile devices such as smartphones plays an important role in the field 
of science education. The advancement of mobile technology has changed the way of learning 
in and about science using mobile application on smartphones. This paper illustrates a 
development of hands-on inquiry laboratory lessons in chemistry with the support of 
smartphone, and presents also the results on middle school students’ perceptions and attitudes 
in chemistry learning with smartphone-based laboratory. 43 middle school students in a public 
secondary school located northeastern region of Thailand voluntarily participate in this study, 
and they were assigned to interact with a series of smartphone-based hands-on inquiry 
laboratory in chemistry of solution lesson for two weeks. After the participation, they were 
administered 21-items and 20-items perception and engagement questionnaire, respectively. 
The preliminary results showed that they expressed positive perceptions towards the learning 
experience of smartphone-based laboratory, and impressed with the laboratory lessons. In 
addition, they expressed positive attitudes to the technology-enhanced chemistry learning with 
smartphone-based laboratory. This revealed that it is a challenge to use smartphone-based 
hands-on inquiry laboratory learning in chemistry as a pedagogy for new generation learners 
who have digital skills to perform science learning in 21st century education era. The main 
implication of this study is the rethinking of pedagogy used for modern and up-to-date 
teaching of solution for promoting favorable motivation to learn chemistry. 

Keywords: Mobile learning, hands-on laboratory, inquiry-based learning, perception, attitude 

1. Background 

Chemistry is a fundamental science which is abstract and complex by its nature. Due with its nature, 
students lack of transfer what they learned, e.g. concepts, to real-world problems and everyday life, 
and they give no meaning to what they have learned (Gilbert et al., 2002; Gilbert, 2006). For the past 
decades, science educators and researchers have attempted to develop chemistry laboratory learning 
for promoting students’ understanding in the connection of the subject matter with how the world 
works. However, many researchers found that students still have numerous learning difficulties and 
they hold various misconceptions about chemistry (Nantakaew and Srisawasdi, 2014; Niroj and 
Srisawasdi, 2014). To eliminate this problematic issue, mobile digital technology has been recognized 
as effective teaching tools in inquiry-based learning in science (Srisawasdi, 2014). In context of 
Thailand, implementation of the mobile digital technology as a pedagogical tool to support inquiry-
based learning in science was still limited (Srisawasdi, 2015). With the advancement of mobile 
technology, one of an effective mobile digital technology, however, that researchers, developers, and 
educators in worldwide are paying attention to utilize it into traditional chemistry class for reforming 
the chemistry education is smartphone technology.  

 Recently, mobile devices, such as smartphone and tablet PC, are recognized as modern, 
powerful, and convenient laboratory tool which potentially encourages chemistry laboratory learning 
for students in school science level (Premthaisong and Srisawasdi, 2016). The use of smartphones in 
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chemistry laboratory makes the chemistry learning in context of laboratory more interesting and 
challenging, and this kind of learning setting may stimulate effective scientific learning for students. 
By the way, Hwang and Chang (2011) suggested that integration of mobile devices into learning 
environment can encourage students’ learning interest and motivation. Moreover, Hwang, Wu, and 
Ke (2011) reported that the use of an interactive concept map with mobile learning can promote 
learning attitude and achievement for students. To the best of our knowledge, there is no study 
involving a comparison of students’ perceptions and engagement toward smartphone-based inquiry 
laboratory in chemistry education. Moreover, Williams and Pence (2011) additional suggested 
alternative ways to use smartphone for science learning as follows: (a) giving access to the wealth of 
material on the World Wide Web (WWW); (b) employing inexpensive applications (commonly called 
apps) for specific purpose of instruction; and (c) creating smart objects by using two-dimensional 
barcode labels. According to the abovementioned, the purpose of this study was to explore middle 
school students’ perceptions and attitudes towards smartphone-based hands-on inquiry laboratory 
lessons in chemistry learning of solution. 

2. Mobile Learning in Science Education 

In science education, research on technological design, pedagogical development, and implementation 
and evaluation of mobile devices enabled learning has been accumulating evidence of student learning 
process in the context of mobile learning (Sun and Looi, 2016). Mobile technologies promise new and 
exciting opportunities for both teachers and learners in a climate of distributed, ubiquitous, informal 
learning supported by mobile devices and wireless communication. For informal science learning, 
mobile technologies have been successfully used for science learning process during field trips, 
science museums, and interactive science centeres, where they enable the learners to gather scientific 
data for later analysis in the classroom (Vavoula et al., 2005). In term of formal science learning, 
mobile technologies use in science laboratory is gaining in popularity in both cutting-edge scientific 
research and technology-enhanced science learning. Many examples of mobile technologies 
supporting formal science learning demonstrate mobile devices acting as data logging tools that allow 
learners to collect data from laboratory settings. In this context, students can collect textual, pictorial, 
or numerical data by using built-in software on most mobile devices as data logger. In addition, there 
are also various add-on sensors available that allow mobile devices to be used as probes to collect 
information from the environment. With mobile technology, the science learning environment can be 
mobile and moves with the students to the field site, to the laboratory and beyond (Martin and 
Ertzberger, 2013; Zydney and Warner, 2016). As such, the researchers and educators have recognized 
the importance of mobile learning in science for various instructional contexts, e.g. curriculum design 
and implementing, effective pedagogy, and assessment of learning supported by mobile technology.   

3. An Example of Smartphone-based Hands-on Inquiry Laboratory in Chemistry 

In this study, the researchers design our smartphone-based chemistry laboratory lesson to address 
student-centered science inquiry learning with guidance. With the use of the smartphone as an inquiry 
tool to conduct chemistry laboratory learning activity, each student controls their own learning by 
manipulate a smartphone and then investigate chemical substances, i.e. solutions, suspensions, and 
colloids, based on their own mobile devices. To create student-centered approach, inquiry-based 
laboratory learning with smartphone, the researchers employ a guided-inquiry learning process and 
foster students’ self-directed inquiry facilitated by teacher’s supports. Figure 1 illustrates the 
smartphone-based laboratory environments in chemistry learning of solutions, suspensions, and 
colloids used in this study. 
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Figure 1. An illustration of a smartphone-based laboratory environment for enhancing chemistry 
learning of solutions, suspensions, and colloids. 

 For the smartphone-based inquiry laboratory setting in chemistry learning of solutions, 
suspensions, and colloids, students installed and used a mobile application for measuring light 
intensity of any solutions. Then, the mobile app. reports the measured intensity of light, as seen in 
Figure 1. After, they were assigned to collect and record data using Google spreadsheet. The use of 
spreadsheet application is making chemistry laboratory experiments more feasible, especially for 
teachers with limited budgets. After completing the experiment with smartphone-based laboratory, 
students were assigned to interact with interactive spreadsheet, called Excelet, for visualizing the 
relationship between variables. To illustrate the relationship between target variables, a chart shows 
the relative graphs that the relationship between light intensity and type of chemical substance, i.e. 
solutions, suspensions, and colloids, will be presented on smartphone screen. Figure 2 shows 
illustrative smartphone screens of using a mobile application measured light intensity in various 
solutions. 

 

Figure 2. Illustrations of smartphone screen in measuring the intensity of light passing through 
solutions, suspensions, and colloids, a comparison graph 

CuSO4 Fresh milk Raw starch A comparison  
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4. Methods 

In this study, the researchers conducted a preliminary investigation to examine effect of smartphone-
based inquiry laboratory on middle school students’ perceptions and attitudes toward the laboratory. 
The findings of this investigation provided us as a basis to re-design and develop a blended 
smartphone-based inquiry laboratory by combining mobile hands-on physical and virtual simulation-
based laboratory into guided-inquiry learning process as a novel learning experience for chemistry 
teaching and learning. 

4.1. Participants 

The participant of this study included 43 of seventh-grade students, aged between 11 - 13 years old, in 
a local public middle school located at northeastern region of Thailand.  

4.2. Research Instruments 

This study used two instruments for evaluating the middle school students’ perceptions and attitudes 
toward smartphone-based inquiry laboratory lessons. The perception questionnaire consisted of 21 5-
points rating scale items (Peng et al., 2009) that focused on two perceptual constructs consisting; (i) 
learning experience (12 items) and (ii) overall impression (9 items), with a perfect score of 60 and 45 
points, respectively. Another, the attitude questionnaire consisted of 20 5-points rating scale items 
(Barkatsas, Kasimatis and Gialamas, 2009) that focused on five constructs consisting; scientific 
confidence (SC), attitude to learning science with technology (ST), confidence with technology (TC), 
affective engagement (AE), and behavioral engagement (BE), which each dimension has four items. 
To develop a Thai version of the questionnaires, the original English version was translated 
identically in Thai language, and then translated back into English again. For each item, respondents 
were assigned to rate how much the respondent agree with into five scales, ranging from 1-strongly 
disagree to 5-strongly agree. Validity and reliability had established the instrument. 

4.3. Data Collection and Analysis 

In this study, students were exposed to interact independently with the assigned laboratory 
environment for 30-40 minutes. Figure 3 illustrates students’ learning interaction with the 
smartphone-based inquiry laboratory on chemical solutions. After completing the experiment, they 
were asked to complete both perception and attitude questionnaires for 10-20 minutes. 

 

 
Figure 3. An illustration of students’ interaction with smartphone-based inquiry laboratory by 

conducting in small groups 

Figure 4 shows the procedure of the study. Before the interaction with the smartphone-based 
inquiry laboratory learning in chemistry, teacher provided an introduction of chemical solution 
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concepts and the procedure of the smartphone-based inquiry laboratory. After participating with the 
laboratory learning activity, all students were administered and took both questionnaires 

 

Figure 4. A diagram of the experimental procedure of this study 

5. The Preliminary Results 

5.1. Students’ Perceptions with Smartphone-based Inquiry Laboratory Lessons  
The result from the perception questionnaire covering two subscales, including learning experiences 
and overall impressions, shows that they perceived positively on the learning experiences (75.51%) 
and overall impressions (73%) of the smartphone-based inquiry laboratory lessons. Figure 5 
represents percentage of the middle school students’ perceptions toward the laboratory lessons. 
 

 
Figure 5.  Percentages of the middle school students’ perceptions 

 As seen in Figure 5, it shows that the middle school students perceived the learning 
experiences of smartphone-based inquiry laboratory in a high level, greater than 70%, and also 
expressed their impression in overall in a high level, greater than 70%, regarding the percentage of 
their perception scores.    

5.2. Students’ Attitudes toward Smartphone-based Inquiry Laboratory Lessons  

To explore middle school students’ attitudes toward the smartphone-based inquiry laboratory lessons, 
the attitudes questionnaire covering five subscales, i.e. scientific confidence (SC), attitude to learning 

Introduction to chemical solution (30 minutes) 

  

Smartphone-based inquiry laboratory (130 minutes)  

Perception and attitude questionnaires (20 minutes)   
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science with technology (ST), confidence with technology (TC), affective engagement (AE), and 
behavioral engagement (BE) has been administered to the students, and the result shows a different 
level of their attitudes on each subscale. The highest score was relied on AE (88.64%), ST (85.91%), 
BE (85.34%), SC (83.18%), and TC (78.86%), respectively, as illustrates in Figure 6. 

 

 
Figure 6.  Percentages of the middle school students’ attitudes 

As seen in Figure 6, it illustrates the symmetry of the middle school students’ attitudes toward 
the smartphone-based inquiry laboratory lessons. The graph indicated that their attitudes nearly fit to a 
high level, approximately 80%, regarding SC, ST, TC, AE, and BE percentage scores.  

5.3. Students’ Interviews for Evaluating Their Perceptions and Attitudes  

To qualitatively explore the middle school students’ perceptions and attitudes toward the smartphone-
based inquiry laboratory lessons, the researchers conducted individual interviews with seven 
volunteer students. The result reveals that they have favorable perceptions and attitudes toward the 
laboratory lessons. Some evidences could be illustrated as follows: 
 

Student A and F (Males):  

“Doing science experiment with the use of smartphone is very fun and easier than 
conventional laboratory work. This kind of laboratory activity made me feel enjoy and 
challenge. The most important thing is that it is very convenient to do science experiment 
because I and my friends can work together and every member of the group has assigned 
their roles, e.g. picturing, experimenting with both conventional lab and smartphone lab. 
In addition, we can conduct and repeat the experiment many times.” 

Student B (Female):  

“I love to use smartphone in chemistry experiment because it is not difficult to me. I use 
the smartphone every day in my living and I can use mobile app. very well. In the 
laboratory, I and my friends shared responsibility for our lab assignment.”   

Student C and D (Females):  
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“With the use of smartphone in science laboratory, we can precisely measure quantity of 
things in the laboratory. It is very interesting experiment in science. We can see and 
obtain the number of light intensity without any estimation or guess when we use the 
mobile app. scanning solutions, fresh milk, and raw starch.” 

Student E (Male):  

“Basically, I love to play digital game on smartphone for every day. When teacher 
assigned us to use smartphone in the science class, it is very cool, especially for doing 
science laboratory. It is very easy for me to do the laboratory with smartphone, and it 
made me more interesting on science lesson.”  

Student G (Female):  

“When we employed smartphone as a tool for doing science laboratory, it is very 
challenge that what we will get from the mobile application, and I really want to know 
how would my smartphone help me in science learning. Finally, I found that it is a quick 
way to do science, e.g. measuring light intensity and acid-based solutions. In this 
laboratory, we can clearly see the experimental results and can make sense what happen. 
I also tell this learning experience to my friends in other class and they said to me they 
would like to learn science by this way.”  

 According to the interview transcription above, both female and male middle school students 
trend to have positive perceptions and attitudes to the smartphone-based inquiry laboratory lessons.   

6. Discussion and Conclusion 

This study reported a preliminary investigation of smartphone-based inquiry laboratory lessons on 
middle school students’ perceptions and attitudes toward the laboratory learning. The findings show 
that they expressed positive perceptions towards the learning experience of smartphone-based 
laboratory, and impressed with the laboratory lessons. In addition, they expressed positive attitudes to 
the technology-enhanced chemistry learning with smartphone-based laboratory. This finding is 
consistent with Permthaisong and Srisawasdi (2016) and Chaipidech and Srisawasdi (2016) that 
students expressed favorable perceptions and engagements on science laboratory learning experiences 
with the support of mobile devices such as smartphones. This revealed that it is a challenge to use 
smartphone-based hands-on inquiry laboratory learning in chemistry as a pedagogy for new 
generation learners who have digital skills to perform science learning in 21st century education era. 
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