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Abstract: With a mobile device in hands, mobile learning serves to provide new learning
opportunities to individuals and it fits with many learning environments, both in classroom
setting and in informal learning environments. Recently, researchers have an interest in using
mobile technologies and simulations to deliver more effective learning experience to students.
This paper presents an exploration of elementary school students’ perceptions toward
simulation-based mobile learning based on predict-observe-explain (POE) instructional
sequence in a physical science lesson of light refraction. A total of ten 4t grade students was
recruited to participate in this study. They were administered with 21 items of 5-points Likert
scale perception questionnaire regarding six perceptual constructs, i.e. perceived learning
(PL), perceived ease of use (PEU), flow (FL), perceived usefulness (PU), enjoyment (E), and
perceived satisfaction (PS), after interacting with the approach. The result indicated that there
was some high degree of positive perceptions toward the approach, and the highest percentage
of their perceptions were PU, E, PS, FL, PL, and PEU, respectively. Based on the finding, the
simulation-based mobile learning based on POE approach will be redesigned for enhancing
students’ learning performance in the next study.
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1. Introduction

Recently, there has been wide interest in applications of mobile technology for teaching and learning.
Mobile learning has been defined as learning facilitated by mobile devices such as mobile phones,
tablet PCs, and personal media players (Herrington and Herrington, 2007; Valk, Rashid and Elder,
2010). In addition, mobile learning has become widespread as the development of mobile devices
with advanced wireless communication technology has encouraged learning “on the move,” using
mobile devices in educational settings. Following this feature, it allows students to access learning
content from various locations and times (Garcia-Cabot, de-Marcos and Garcia-Lopez, 2015; Hyman,
Moser and Segala, 2014; Jones, Scanlon and Clough, 2013), and share learning contents with others
(Woodill, 2011). As such, the learning with mobile devices could be used to deliver several contents
in a manner of anywhere, anytime, and anyone learning.

According to the development of science education in 21% century, computers simulations
have been recognized worldwide by educators and researchers as pedagogic tool for science teaching
and learning. Computer simulations can make unobservable phenomena being visible representation
and they could support students’ conceptual development and their learning motivation (Srisawasdi et
al, 2016). Several researchers indicated that computer animation and simulation can help student in
reducing alternative- or misconceptions, and revising and improving conceptual understanding of
scientific concepts (Srisawasdi and Kroothkeaw, 2014; Suits and Srisawasdi, 2013). Moreover, Suits
and Srisawasdi (2013) mentioned that instructional computer simulation could support students’
development of mental model through visualizing scientific phenomena both macroscopic,
microscopic, and symbolic levels of chemistry representation. To extend the benefits of simulation for
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learning, the utilizing of mobile devices for delivering simulation could be an alternative way for
engaging students in interacting with real-world modelling on screen. For science learning, mobile
learning activities should support the active cognitive engagement of individuals by visualizing
dynamic models of real-world components, phenomena, or processes at an unobservable level
(Srisawasdi et al., 2016). Moreover, effective teaching strategy should be considered for successful
learning and inquiry-oriented predict—observe—explain (POE) procedure is one strategy that could
foster and enhance students’ cognitive evolution by themselves.

POE learning approach has been recognized by educators and researchers for promoting
students’ science learning in classroom. The POE procedure was developed at the University of
Pittsburgh, and it was used to induce students’ conceptual change in science learning for many past
decades (Champagne, Klopfer and Anderson, 1980). White and Gunstone (1992) have promoted the
predict-observe—explain (POE) procedure as an efficient strategy for eliciting students’ ideas and also
promoting student discussion about their ideas. The POE procedure is based on the classic model of
research where a hypothesis is stated and reasons are given for why this may be true, relevant data is
gathered and results are discussed (White, 1988). It involves students predicting the result of a
demonstration and discussing the reasons for their predictions; observing the demonstration and
finally explaining any discrepancies between their predictions and observations. However, this view is
challenge by recent data showing mobile and POE had not address in the use of simulation for mobile
learning yet.

Consequently, in this paper, the researchers attempt to design and development simulation-based
mobile learning approach with regarding POE sequence. This is a pilot study, which aims to
investigate students’ perceptions toward the simulation-based mobile learning approach with
regarding POE in students learning of light refraction.

2. Literature Review
Computer Simulation

Computer simulations represent the real world by using a computer program, and rely heavily on
visual representations of the phenomena they model. The simulations can be a valuable tool in today
science classroom by exemplifying scientific concepts and situations to students, and allowing
students to explore the nature of things. Currently, computer simulations are powerful tools which can
make unobservable phenomena being visible representation and they could support students’
conceptual learning performance in science. Regarding the use of computer simulations, learners can
formulate hypotheses about the simulated environment and test these hypotheses by changing
parameters in the simulation and observing the way in which the simulation responds to these changes
(Lee, Plass and Homer, 2006). Concurrent with the progressive development in science education
community, contemporary technology-based approaches to science learning offers computer
simulations with ample opportunities for students’ inquiry-related learning environments in science
(Srisawasdi and Panjaburee, 2015). Researches indicated that computer simulations can facilitate
student reducing alternative conceptions, and improving conceptual understanding of science concepts
(Srisawasdi and Kroothkeaw, 2014; Srisawasdi and Sornkhatha, 2014).

Inquiry-based Learning with Predict-Observe-Explain (POE) Strategy

Inquiry-based learning is an important form of learning process in science-based education, as seen
from the goals of the national science curriculum in many countries around the world. Currently,
inquiry-based learning is one of fundamental pedagogy in science education focused on encouraging
students to explore the world through investigative activity. Moreover, the inquiry pedagogy served as
the benchmark in Thailand science education for the past decades (Srisawasdi, 2016). By the process
of investigation and collection of scientific data, inquiry activities provide a valuable context for
learners to acquire, clarify, and apply an understanding of science concepts (Edelson, Gordin and Pea,
1999). Regarding the inquiry-based instructional sequence, Predict-Observe-Explain (POE) strategy is
a constructivist-oriented pedagogy that provides an important way to structure students’ engagement

294



in learning task, elicit and enhance their understanding of important scientific ideas, and promote
discussion of students’ science conceptions (Hong et al., 2014). Following the POE strategy, students
were assigned to predict the outcome of a demonstration, committing themselves to a possible reason
for their prediction, observing the demonstration, and finally explaining any discrepancies between
their prediction and observation (Kearney and Treagust, 2001; Kearney, 2004). In the past decades,
the POE strategy has been used for eliciting students’ understanding (Kearney, 2004), determining
students’ alternative conceptions (Champagne, Klopher and Anderson, 1980), and promoting
conceptual understanding (Tao and Gunstone, 1999). Due to the advancement of learning
technologies, researchers reported that the incorporation of POE strategy into digital learning
environment affected students' self-efficacy and perceived ease of use in biology learning activity
(Nasaro and Srisawasdi, 2014). In addition, Srisawasdi et al. (2016) mentioned that students in the
special designed ubiquitous learning outperformed others in development of scientific understanding
about sound, and they have better inquiry learning performance. With the support of
computer-simulated visualization, Chen et al. (2013) incorporates the POE strategy into a computer
simulation learning environment to facilitate the change of alternative conceptions in science and they
found that students could correct misconceptions effectively by constructing scenarios that conflict
with existing knowledge structures, after interacting with the intervention. Moreover, Monaghan and
Clement (1999) implemented collaborative POE activity using computer simulation to foster students’
problem solving skills in physics and the results suggested that students used dynamic imagery in
mental simulations during the intervention, and the POE strategy can facilitate student's appropriate
mental simulations off-line in related physics problems.

3. Method

Study Participants

To conduct this pilot study, ten of 4" grade students, aged ranging 9-11 years old, in an elementary
school at northeastern region of Thailand were recruited in this study. The participants never have
formal science class on the topic of light refraction and any learning experience with computer
simulation in science classroom before. This implied that their backgrounds had been heterogeneous
before interacting with the simulation-based learning in this study.

Learning Materials and Activity

To implement the simulation-based mobile learning regarding POE approach in this study, a bending
light simulation obtained from the Physics Education Technology (PhET) research group was used as
an inquiry-supported tool for students. Figure 1 illustrates an example of the PhET bending light
simulation used in this study.

Figure 1. Illustrative screens of bending light simulation from Physics Education Technology (PhET):
the light travels through the same medium (left) and different mediums (right)

For the learning activity in this study, students were assigned to interact with simulation-based mobile

learning regarding POE approach. In the lesson, the students used mobile phone for investigating the
refraction of light, as display in Figure 2.
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Figure 2. An illustration of the simulation-based inquiry learning activity in classroom: teacher
introduced students how to use computer simulation (left) and allowed them to interact individually
with computer simulation via mobile phone (right).

The Learning Experience of Simulation-based Inquiry Learning regarding POE approach

In this study, the researchers used mobile devices as a learning tool for simulation-based inquiry
learning regarding POE approach. Figure 3 displays a conceptual framework for the simulation-based
mobile learning experience.

Predict Observe Explain

POE

e

Learning Strategy

Simulation-base
Mobile Learning
regarding POE

G unobservable m——) Computer Simulation

Figure 3. Feature of mobile learning with computer simulation through POE instructional sequence

To promote students’ learning with interactive simulation on mobile device, the
elementary students took a 2-hours lesson for interacting with the simulation through POE
sequence. In this lesson, the teacher began with an introduction of the bending light
simulation visualized via a projector. Then, they followed the learning activity as illustrated
in Table 1.
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Table 1 : An example of simulation-based mobile learning process regarded POE sequence

Sequence

Description of learning process

Prediction

Teacher provided relevant demonstrations
about the phenomena of light refraction. The
students were required to give some examples
of the light refraction phenomena that happen
in daily lives and then to discuss them with the
whole class. After, teacher induced students to
predict the result of a situation, based on their
prior knowledge.

Teacher induced students to predict the result
of a series of scientific situation, based on their
prior knowledge: what would happen when
light travel from air to air, air to water, and
water to air. Then, they wrote their prediction
on a worksheet individually with red ink pen.

Example of le_a

i o

rning activity

-

Observation

Teacher instructed students how to use mobile
phone for accessing the PhET simulation and
also engaged students to interact with the
simulation via mobile device by themselves.

Teacher allowed students to conduct the light
refraction experiments with PhET simulation,
and they were assigned to write down evidence
obtained from the simulation on their
worksheet with blue ink pen.

Explanation

Teacher engaged student to compare a
similarity and/or difference on the prediction
and observation. Teacher also engaged them to
discuss on the similarity/difference. After,
teacher encouraged students to explain another
physical phenomenon based on the light
refraction concept.

Research Instrument and Data Analysis

In this study, 21-item Likert-scale perception questionnaire (Pinatuwong and Srisawasdi, 2014) has
been used for examining students. The questionnaire was used to collect data of perceived learning
(4 items), flow (5 items), enjoyment (3 items), perceive ease of use (3 items), perceive of usefulness
(3 items), and perceive of satisfaction (3 items). The respondents were assigned to complete the
questionnaire after interacting with the simulation-based inquiry learning. In this study, the
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researchers have analyzed and interpreted the respondents’ answers into on each item, respondents
were assigned to rate how much the respondent agree with into five scale form 1-strongly disagree to
5-stongly agree. In addition, after the learning activity in classroom, the researcher had interviewed
students in order to explore their perceptual aspects of the simulation-based learning. To probe how
much students can learn from the learning activity, a POE worksheet was used to measure their
conceptual progression along the intervention and their learning performance base on the worksheet
were evaluated with the maximum score of 10 points each activity. Figure 4 is an example of
students’ worksheet illustrated their learning performance.

R T T y— N N e Question
BT T ——ES A T ———

dunadaotheminiidu aslunmédmdi

il

ome

5 ’ Student’s prediction ‘
Student’s observation } &\‘

Figure 4. An example of POE worksheet used in this study and student’s response

4. Result and Discussion

The results of this study is presented in Figure 5. There is the percentage of students’ perceptions
towards simulation-based mobile learning in science. Figure 5 shows the percentage of their
perceptions on perceived learning (PL), flow (FL), enjoyment (E), perceived ease of use (PEU),
perceive of usefulness (PU), and perceive of satisfaction (PS).

Perception Science Through Computer Simulation

PEU

Figure 5. An illustration of elementary school students’ perception scores

As seen in Figure 5, the highest score of students’ perceptions were perceived usefulness (PU)
(88.67%), enjoyment (E) (85.33%), perceived satisfaction (PS) (82.00%), flow (FL) (81.60%),
perceived learning (PL) (81.50%), and perceived ease of use (PEU) (76.00%), respectively. The
results implied that elementary school students relatively have positive perceptions toward the
simulation-based mobile learning on refraction of light. This result is consistent with the research
findings that students positively perceived benefits of simulation-based learning and they performed
better achievements with learning from computer simulation (Buyai and Srisawasdi, 2014;
Kaeosueptrakul and Srisawasdi, 2015; Pinatuwong and Srisawasdi, 2014; Udomrat and Srisawasdi,
2015).
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5. Further Study

According to the result of this study, the researchers have a plan to conduct a further study for
investigating elementary school students’ conceptual understanding, scientific explanation
performance, and their science motivation. In the next study, the POE sequence was implemented in a
series for probing and fostering students’ conceptual understanding about light refraction and for
increasing the students’ motivations to learn science by participating in the simulation-based mobile
learning process. Particularly, the reconciling of any conflict between their predictions and
observations was focused as the key for probing the students’ scientific understanding of light
refraction through the POE learning activities. The design of the simulation-based mobile learning
activities through POE strategy consisted of four learning targets and a weekly learning target,
including reflection of light, refraction of light, spectrum of light, and the visible light. A brief
explanation of a series of POE-based mobile inquiry learning activities is displayed in Figure 6.

Week 1 | Week 2 | Week 3 | Week 4 Week 5
POE learning Task 1:| | POE learning Task 2:| |POE learning Task 3:| |POE learning Task 4:
Elementary Introduction Learning Target # 1 | | Learning Target # 2 | |Learning Target# 3 | |Learning Target # 4
school (reflection of light) | | (refraction of light) | | (spectrum of light) (visible light)
students

Figure 6. A series of POE-based mobile learning with computer simulation for the next study
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