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Abstract: Educational problem-based gaming, which is one of emerging pedagogies, could
promote students’ perception. In this study, the educational digital game was specially designed
for learning physics based on problem situation. To investigate the effect of perception toward
physics lesson and to evaluate the developed problem-based gaming, 82 eleventh grade student
were recruited to participate in the developed problem-based gaming. A Likert-scale perception
questionnaire was administered to the students before starting learning activity as pre-test. After
completing the learning activity, the students were asked to response the perception
questionnaire as post-test. The repeated-measures MANOV A results indicated that there was no
significant main effect on gender and interaction effect between gender and time
(pre-test/post-test), but there were significant main effect on time. That is, there was no effect of
gender difference on students’ perception towards physics learning through the developed
problem-based gaming

Keywords: Problem-based gaming, digital game-based learning, physics learning, interactive
experience

1. Introduction

Nowadays, innovative technologies in learning and science teaching are growing continuously. Game is
one of technologies that are important to promote science learning. In recent years, several researchers
have paid attention to a new research trend that focused on using digital game for teaching physics
concepts and other science concepts. There were several studies revealed that the use of game-based
learning technology in the instruction could promote motivation and perception of students. For
example, Farrokhnia and Esmailpour (2010) showed that the game have significant effect in fostering
the students’ perceptions. Meesuk and Srisawasdi (2014), Natthida & Srisawasdi (2014), Lokayuth &
Srisawasdi (2014) implemented the student-associated game-based open inquiry in chemistry education
and found that the students’ perceptions and motivations were triggered. Generally, to study about the
impact of real, virtual and comprehensive experimenting on students’ conceptual understanding of DC
electric circuits and their skill in undergraduate electricity laboratory, it has used computer simulations
in learning. It was found that the computer simulations could promote students’ learning. With
technological features, the development of interactive computer-based learning materials for science
teaching and learning provides opportunities to help students understand the concepts better by
visualizing abstract science concepts into concrete experience to change students’ alternative
conceptions to scientific conceptual understanding (Srisawasdi, Kerdcharooen, and Suits, 2008; Suits
and Srisawasdi, 2013). Moreover, teaching-learning process by integrating computer technologies such
as digital game, simulation and others could be a novel pedagogy to promote meaningful learning and
students’ motivation better than traditional teaching-learning process. Physics, which is the one of most
important discipline, explains daily life natural phenomena. Physics concept related to other concepts in
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science such as the biology, chemistry and materials science. However, it is difficult to understanding
and learning when teaching by textbook led to low motivation in learning. Because the nature of
Physics is abstract content which need to use imagination for connecting to real life situation (Turgut,
2011).

Therefore, with the abovementioned reasons, the digital game attributes may be help students
increase learning interest in physics, motivation and attitude towards physics learning. Therefore, this
study aims to create educational computer game as an inquiry tool to learn physics in concepts of
electric current. Consequently, the goals of this study were to investigate students’ perceptions towards
Problem-based gaming in physics after interacting with the Problem-based gaming in physics.
Specifically, the following questions were answered:

1) Do the student engaged in the developed problem-based gaming in physics perform
significantly better by perceive learning, perceive ease of use, flow, perceived playfulness,
enjoyment, and satisfaction?

2) Do genders effect on students’ perceptions through the developed game?

2. Literature Review
2.1 Digital game-based Learning

Currently, digital technology and digital gaming are all around. Digital games consist of dazzling and
sophisticated images and sounds, alongside textual communication. Players get engagement, which is
both pleasurable and challenging. The educational digital games keep players immersed in digital
worlds, knowledge, information, and skill development become increasingly accessible outside
confines of formal education (Castell, Jenson and Taylor, 2007). In recent years, educators employed
digital game combined with content of subject matter or information for educational purpose. Several
researches presented empirical evidences that the educational digital games have positive effect on
student learning (Farrokhnia & Esmailpour, 2010; Meesuk & Srisawasdi, 2014; Dorji, Panjaburee, &
Srisawasdi, 2014).

In the past, game was produced only for entertainment but recently educational researchers
have attempted to adapt games for learning which call educational games or serious game and use to
study in classroom (Sorensen and Meyer 2007; Stone 2009). The game that composed of challenge,
control, curiosity and fantasy can motivate persistence and enjoyment (Toro-Troconis and Partridge,
2010). The educators have developed games for three goals including : (i) student can learn from
playing the game; (ii) the component of game can support learning; (ii) the component of game can
support learning; and (iii) students have motivation to learn when they learning by playing the game
(McNamara, Jackson, & Graesser, 2010). Game-based learning is a king of constructivist-based active
learning. Based on the learning research, Watson, Mong and Harris (2011) found that using game in
classroom made a shift of teaching from teacher-centered learning environment to student-centered
learning environment.

2.2 Problem-based Gaming (PBG)

Problem-based gaming focuses on the meaning of authentic learning tasks, experiential learning and
collaboration. Because games usually allow players to creatively test their hypotheses and reflect on
outcomes in the game world, experiential learning theory provides an appropriate basis for PBG. In fact,
a game includes a major problem, which is caused minor problem (Kiili, 2005). On the other hand, the
authenticity of learning situations and tasks is assumed to be a very important factor in facilitating
higher order learning (Brown, Collins & Duguid, 1989), at least in higher education. The basic idea is to
anchor the learning of knowledge and skills into meaningful problem-solving situations encountered in
everyday life. The situated learning theory supports this view by stressing that learning is a
context-dependent activity (Brown et al, 1989). Such approach supports the transferability of learned
knowledge and skills into the practice (Savery & Duffy, 1995). In games, the storyline and the game
world can be used to contextualize the provided problems. Furthermore, the collaborative nature of
problem solving is emphasized.
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2.3 Problem solving

Problem-solving is a 21% century skill that is essential for learning, work, and daily life (Anneta, 2008).
Problem solving can be defined as the ability to find causes, find solutions, and avoid problem (Chan &
Wu, 2007). In evaluating problem solving ability, both flexibility and effectiveness should be
considered. Whereas flexibility results in a variety of unique responses to a problem, effectiveness
ensures that the solutions are practical and thoroughly considered.

3. Method
3.1 Participants

A total of 82 eleventh-grade student (female = 58, male =24), age ranging from 16-17 years, in a local
public school at the northeastern region of Thailand participated in this study. They were attending a
physics course for basic education level. Regarding to prior learning experience, they have no
experience yet using problem-based gaming learning in physics.

3.2 Instructional materials

This section describes the design of problem-based gaming in conceptual physics of electric current.
The researcher designed the game as a model problem situation in order to improve problem-solving
skill in physics about electric current solution. When the player starts the game, they will assume
themselves as characters in the game in order to perform various missions as shown in Figure 1. Figure
1 shows problem-situation about electricity shortages in kingdom: The leader of kingdom say that
“How will kingdom have electricity?”.

Electric Fun

Figure 1. An example of screen interface of the digital game

Moreover, Figure 3 and 4 show problem-based gaming about electricity how to electrons move to
the positive pole. Player can use left and right arrow to control electrons through possible obstacles in
order to move on to positive pole.
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Figure3. An illustration of components in the game

3.3 Research instrument

A 18-item Likert-scale questionnaire was adapted to employ in this study for examining students’
perceptions towards the developed game-based learning in physics on six subscales: perceived learning,
Perceive ease of use, Flow, Perceived playfulness, Enjoyment, Perceived Satisfaction as shown in Table
1. All of these 5-point Likert-scale item obtained from (Cheng, 2014). From the English version, an
identical version in Thai was constructed, and one expert was recruited to identify communication
validity of the items.

3.4 Data Collection and Analysis

The participants were asked to complete the perception questionnaire, to measure their pre-perceptions
towards the problem-based gaming on electric current for 15 minutes. After completing the instrument,
they were exposed to interact dependently with the experiment for 25 minutes. After completing the
experiment, the students’ post-perceptions were examined by the same questionnaire for 10 minutes.
The statistical data techniques selected for analyzing students’ science motivation was
repeated-measures MANOVA in SPSS to compare effect of intervention considering gender
(female/male) and time(pre-test/post-test).
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Tablel: Example items of perception questionnaire for each construct.

Dimension

Sample items

Perceive learning

The game will help me understand the things | learned.
The games increase my learning efficiency.
The games allow me to complete my studies faster.

Perceived ease of use

The games are easy to use.
Using the games to complete course related tasks are easy.

I was very involved in the game.

Flow I lost track of time when | played.
When | played | did not think of anything else.
. It is interesting to use games.
Perceived X ; . .
| feel like exploring more information when | use games.
playfulness X .
I was totally immersed in the game.
. I had fun playing the game for learning science.
Enjoyment - .
| feel relaxed to use games for learning science.
The use of the system makes this learning activity more interesting
I like to learn new skills by using business simulation games.
Perceived I would like to learn with the system in the future.

Satisfaction

I would like to know if the innovative approach could be applied to

other courses to improve my learning performance.
I would recommend this learning system to others.

Table 2: The students' subscale means of perceptions by time and univariate MANOVA

Dimension | Gender Time F Sig. 172

Pre-test Post-test (Total) | (Total) (Total)
Mean (SD) Mean (SD)

Perceive Male 9.92 (2.977) 11.79 (2.654) 20.856 | .000™ 0.995
learning | Female 10.91 (2.452) 12.71 (2.209)
(PL) Total 10.62 (2.637) 12.44 (2.368)

Perceive Male 7.50 (1.719) 8.00 (1.615) 10.743 | .002™ 0.899
eased of use | Female 7.57 (1.798) 8.76 (1.329)
(PE) Total 7.55 (1.765) 8.54 (1.450)

Flow Male 9.88 (2.542) 11.54 (2.604) 19.009 | .000™ 0.991
(FI) Female 10.67 (2.612) 12.52 (2.234)
Total 10.44 (2.602) 12.23 (2.374)

Perceive of | Male 10.33 (2.408) 11.79 (2.322) 14.098 | .000™ 0.960
playfulness | Female 11.21 (2.419) 12.64 (2.330)
(PP) Total 10.95 (2.434) 12.39 (2.345)

Enjoyment | Male 7.54 (1.587) 7.96 (1.706) 6.622 012" 0.720
(Ej) Female 7.98 (1.681) 8.79 (1.448)
Total 7.85 (1.656) 8.55 (1.565)

Perceive Male 18.04 (4.123) 20.08 (3.623) 16.336 | .000™ 0.979
satisfaction | Female 18.90 (4.012) 21.66 (3.343)
(PS) Total 18.65 (4.038) 21.20 (3.480)

Note. "p <.05; "p <.01; ""p <.001
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4. Results

The results for the repeated-measures MANOVA was conducted to determine students’ perceptions
scores. The assumption of homogeneity of variance-covariance was tested with Box’s M Test which
was not significant and indicated that homogeneity of variance-covariance was fulfilled (p = .110).
The results for the repeated-measures MANOVA indicated significant main effect for gender (Wilks’
lambda =0.933, Fs, 75 = .903, p = .497, n?=0.067) and time (Wilks’ lambda = .708, F, 75y = 5.160, p =
.000, 1?=0.292). Also, there was significant interaction effect between time and genders (Wilks’
lambda = .942, F, 75 = .774, p = .593, n?=0.058). Univariate analyses of variances (ANOVA) on each
subscale were conducted as follow-up tests to the one-way MANOVA. The results of the univariate
test for groups are summarized in Table 2.

Moreover, Figure 5 shows that pre-test and post-test of six perception dimension consist of (1)
perceived learning, (2) Perceive ease of use, (3) Flow, (4) Perceived playfulness, (5) Enjoyment, (6)
Perceived Satisfaction.

Perception Test

20

Perception score
—
(=]

0 1 2 3 4 5 6 7
Dimension

Pre-Test Post-Test Linear (Pre-Test) Linear (Post-Test)

Figure 4. display about perception test score and trend pre-test and post-test of six perception
dimension

The trend of this graph indicated that student have positive perception in physics learning by
playing the game more than usual after pre-test. As shown in Table 2, the univariate MANOVA on the
six dimension scores of perceived towards learning science through the developed problem-based
gaming were significant differences across time, from pre-test to post-test. The univariate results
revealed a significant effect on PL(F(1,80) =20.856, p <.05, partial n2 = .995), PE(F(1,80) = 10.743, p
<.05, partial n2 = .899), FI(F(1,80) = 19.009, p < .05, partial n2 = .991), PP(F(1,80) = 14.098, p < .05,
partial n2 = .960), Ej(F(1,80) = 6.622, p < .05, partial n2 = .720) and PS(F(1,80) = 16.336, p < .05,
partial n2 =.979). According to aforementioned results, the overall result suggested that the increase of
perceived towards learning science through the developed problem-based gaming regarding perceive
learning, perceive ease of use, flow, perceive of playfulness, enjoyment and perceive satisfaction from
the pre-test to post-test was homogeneous both females and males after participating with the developed
problem-based gaming. That is, there was no effect of gender difference on perceived towards learning
physics, through the developed problem-based gaming.
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5. A Proposed Instructional Strategy of Open-Inquiry with problem-based gaming for
Promoting problem-based Learning

In pilot study, the researcher aim to explore the effect of gender difference with problem-based
gaming and the next study researcher will be using the game to improve problem-solving skill
with 11" graders’ conceptual understanding, learning attitude, and problem-solving skill, The
table 3 shows the example of learning process with Open-inquiry by using the problem-based
gaming.

Table 3. An example of open-inquiry learning process using in the next study

Open-Inquiry Process Description of learning process

1. Open-ended inquiry question | At the beginning of the lesson, teacher will give a question
about electric current, such as “How does the electric current
travel?”

2. Scientific background Teacher induces collaborative discussion toward the
definitions and pictorial diagram of electric flow; positive
charge; negative charge or electron and potential difference.

3. Procedure Student play the problem-based gaming about electric current
to explore the travel of electric flow in the wire; positive
charge; negative charge or electron.

4. Data and Result analysis Student saved the score when they finished the game and bring
to analysis “Why they get the score?” and shared with other
students.

5. Result Communication Student have to select the way to present, communicate and

discuss the meaning of problem in the game and how to solve
the problem to get high score in the game.

6. Conclusion Teacher using the question to summarized conception about
electric current such as “How does the electron move?”; “How
does the positive charge move?”

6. Conclusion and implementation

The result of this study provided a more understand on students’ perceptions about the problem-based
gaming. The finding revealed successful of improving students’ perceptions in context of digital
game-based learning experience. In addition, gender difference has no effect on students’ perceptions
towards learning of physics through the developed problem-based gaming. As such, it is obviously
found that both females and males increased their perceptions on perceive learning, perceive ease of
use, flow, perceived playfulness, enjoyment, and satisfaction.
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