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Abstract: Over the last ten years, mobile-assisted science learning in informal context has been
discussed widely in educational research community. However, the trend of applying mobile
technology in informal science learning still lacks systematic analysis. In this study, a meta
review of the studies published in academic journals, indexed by Scopus, from 2010 to 2019
was conducted to analyze year of publication, kind of informal learning context, and learning
strategies. The results revealed that the use of mobile technologies in informal science learning
have been increased in the past decade. It was also found that mostly mobile technologies have
been applied in informal science learning as a learning tool. In addition, mobile learning
strategies have seldom been adopted in collaborative learning, inquiry learning, and non-
specified. In contrast, it was found that the number of studies using a system development has
increased in recent years. Moreover, most studies reported the process of using mobile devices
in context of informal science education.
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1. Introduction

Understanding children’s interest both in the short and long-term in science is fundamentally important
in educational research because interest can increase children’s motivation for learning in science (Deci,
1992). Moreover, interest can also support their willingness to participate in science related activities
and jobs in the future (Ainley & Ainley, 2011). As such, supporting short-term interest (i.., situational
interest) is critical because it is the first step toward further developed, long-term interest (i.e., individual
interest) in science (HiDi & Renninger, 2006). Meanwhile, informal learning settings (e.g., museums,
nature centers, and zoos) are powerful venues to trigger situational interest in science (Lemke, Lecusay,
Cole, & Michalchik, 2015). Learning experiences in informal settings can provide unique opportunities
for the development of situational interest because informal settings offer novel and diverse resources
(e.g., exhibits, specimens, and games). Relatedly, interactive resources in informal settings can create
opportunities to support learner-centered interactions where people can focus on activities related to
their own agenda and goals (Barron, 2006). Moreover, informal learning setting have the flexibility to
adopt new kind of technologies (e.g., mobile devices, virtual reality, and augmented reality) to further
facilitate the learner-centered interactions. As mobile devices, i.e. smartphones and tablets, are
becoming increasingly affordable and ubiquitous in everyday life, mobile devices are used to augment
learners’ interactions in informal learning spaces by enhancing novel experiences, customizing learning
content, and expanding available perspectives (Charitonos, Blake, Scanlon, & Jones, 2012). The rapid
development of mobile technologies offered more chances to design and develop innovative learning
approach with mobile devices in preparing schools and students for a future (Panjaburee & Srisawasdi,
2018). Combining the benefit of informal settings and mobile devices, their team posits that mobile
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technologies offer supplemental resources that can be leveraged to generate and develop situational
interest during informal learning activities.

To date, pedagogy of mobile and ubiquitous learning has become more important in context
of science education (Srisawasdi, Pondee, & Bunterm, 2018). Although there have been numerous
valuable syntheses of previous studies on mobile learning in informal science education, there are
areas that need further examination. For example, the study findings demonstrate that in both formal
and informal learning environments, mobile gadgets, particularly smartphones and tablets, along with
open source applications are efficient alternatives to mono functional at devices. There is possible for
using mobile learning in the area of informal science education due to the aspects that make it unique
and well fitted to features and functions of mobile technology. Nonetheless, there have been no
studies of the informal learning work in school science conducted to date. In this research, literature
on mobile devices informal science learning from 2010 to 2019 was reviewed for understanding the
use and patterns of informal science education and mobile learning in science.

2. Literature Review

2.1 Informal Learning and Mobile Technology

Informal learning is the name given to unstructured learning that takes place, like a classroom, away
from the traditional, formal learning settings. It has no clear goals or goals set, as the learner is often
unplanned and self-directed. Informal training features a few hallmarks that differentiate it from more
formal learning styles. The biggest is that it's not a scheduled way to learn. This usually occurs naturally
and inadvertently with the learner stumbling into a learning situation. In addition, situated mobile games
allow teachers or informal educators to focus their students’ or visitors’ attention on specific aspects of
the informal learning space and its exhibits or displays. Concurrently, settings on informal learning
(e.g., museums, nature centers, and zoos) are important places to stimulate interest in science in
circumstances (Bell, Lewenstein, Shouse, & Feder (2009). Learning in informal settings can offer
unique opportunities to develop situational interest, as informal settings offer new and diverse tools
(e.g., exhibits, specimens, and games). Respectively, interactive tools can create opportunities to
promote learner-centered experiences in informal settings (Barron, 2006) where people can focus on
their own goals and target related activities. Furthermore, informal environments often have the
versatility of adopting new technologies (e.g., mobile devices, virtual reality, and augmented reality
[AR]) to promote more learner-centric experiences. As mobile phones and tablets are become ever more
accessible and ubiquitous in everyday life, mobile devices are used to increase interactions between
learners in informal spaces by enhancing novel experiences, customizing learning content, and
broadening the viewpoints available (Lyons, 2009). Informal environments and mobile devices
combine advantages, their team argues that mobile technologies offer additional resources that can be
leveraged during informal learning activities to create and grow situational interest. In the previous
studied researcher reported that summer camp children engaged in learning on-the-move adds to the
understanding of how to integrate context-sensitive technologies into informal science learning
experiences. When the video data were coded to understand the types of sense-making conversations
children had while using the mobile learning materials, we found the children engaged in describing,
identifying, and interpreting/analysis talk related to science (Zimmerman, 2019). In addition, from the
results of learning performance, stay-time, behavioral pattern analysis, and interviews, it was found that
the mobile label assisted system can effectively guide visitors to interact with exhibits, conduct
thoughtful learning, and prolong the visiting stay-time. Visitors are willing to visit the science museum
with it (Chen, Xin, & Chen, 2017).

2.2 Mobile Learning in Science and Previous Studies

As the mobile learning area has grown and apps have developed, a range of ephemeral interpretations
of mobile learning have arisen and mobile learning is a relatively new field of study, there is a lack of
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studies that systematically evaluate and analyze work on mobile learning. Mobile devices were mainly
for communication purposes, they found few ties to communication or cooperation study, and most
studies assisted inexperienced learners. Mobile learning has a great potential to promote learning
success for students in specific subjects such as science , inquiry-based learning, collaboration, ,
communication, critical thinking, and motivation (Chang & Hwang, 2019). The ubiquity, flexibility,
facility of access and diverse mobile technology capabilities make them valuable and necessary in the
current times. Nevertheless, these are underused weapons in education in the science schools and, in
parallel, students’ interest and engagement in science domain follow a descendant trend (Bano, Zowghi,
Kearney, Schuck, & Aubusson, 2018). Mobile technology and internet-access devices can help students
investigate simulations online, video and virtual labs, exercises monitor and personal importance of
learners (e.g., personal inquiry learning) and enhance engagement/participation in the learning process.
For example, mobile devices have been successfully used in inquiry-based science learning to facilitate
students into their inquiries, support formative or self-assessments and promote problem solving
(Nikou, Economides, 2018). The smartphone can be a powerful device to collect data, especially with
the various sensors that the modern smartphone carries; among the common built-in sensors are the
accelerometer, gyroscope, magnetometer, GPS receiver, microphone and camera. In this studied found
that intrinsic and career motivation significant correlated with flow and enjoyment of learning
experience with the AR. As such, this implied that chemistry learning activity with the use of mobile
AR should consider ways to promote students’ motivation before implementing the activity (Nachairit
& Srisawasdi, 2015). Furthermore, mobile technology-supported science learning is a topic under
investigation. Studies on mobile learning in science education indicated that different tools/applications
can be used to support science learning and that mobile devices with internet access can facilitate
students’ online investigations such as simulations, video and virtual labs (Nikolopouloul &
Kousloglou, 2019). The ubiquitous Geography learning system, which uses smartphone equipped with
cameras and wireless communication facilities to support ubiquitous learning for Geography, is
proposed. They adopt ADDIE Model in entire study, from materials analyzing, learning contents design
and development, system implementation to evaluation. The use of these low-cost and popular
technologies makes ubiquitous Geography learning system more available than other previously
developed u-learning systems (Yang & Chang, 2017). In addition, Prasongsap & Srisawasdi (2018)
reported an impact of smartphone-based inquiry laboratory on middle school students’ scientific
understanding and their scientific explanation performance. The finding showed that the significant
different in students’ scientific understanding was detected between pretest and posttest after their
participating with smartphone-based laboratory. They expressed positive scientific explanation
performance to the technology-enhanced physical science learning with smartphone-based laboratory.

Search for articles from the Scopus database with keyword:
Mobile AND Science AND Informal AND Learning

\ 4

Select years of published 2010-2019
(N =138)

\ 4

Select the items that are “article”

(N=61) Remove
P nonrelated
) - article
Analyze the content of the target items =2z

(N =32)

Figure 1. Scopus database searching steps
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3. Research Methodology

This meta-review study examined papers from Scopus database, published from 2010 to 2019, by
searching for the publications whose titles, abstracts, or keywords met the prescribe logical condition.
The keywords used were Mobile AND Science AND Informal AND Learning, and the selective items
was article only discovered on 14" November 2019. A total of 138 papers published were released from
the database and it was an appropriate number for this study. By removing 77 non-article papers, 61
papers were comprised in the present study. By deleting 29 which were not related to mobile-based
informal science learning, that is not related to student learning, papers focused on mobile-assisted
informal science learning, mobile use for learning activities in science, only has been extracted in a final
number of 32 articles, as show in Figure 1.

4. Research Result
4.1 Year of Publication

There were 32 papers as unit of analysis in this study. The papers were classified and reviewed by two
researchers based on the coding scheme. If there were inconsistent coding results, both researchers
would discuss until agreement was reached. Figure 2 demonstrates the papers on the application of
mobile-assisted informal science learning from 2010 to 2019. There were no literature reviews focusing
mobile-assisted informal science learning in 2010; after 2010, three papers started publishing in 2011,
then decreased in 2012 with one paper which is equal to 2013. Since 2014 to 2017, academics have
increased attention to this field and then continuously decreased in 2018 to 2019.

Documents
O R N WHBWUO N XY

2008 2010 2012 2014 2016 2018 2020

year

Figure 2. Published papers using mobile-assisted informal science learning from 2010 to 2019
4.2 Kind of Informal Science Learning

In this study, the researchers investigated kind of informal learning in science for each article. From the
review analysis, there was a total of seven informal learning setting in science, including (i) museum,
(i1) exhibition, (iii) nature center, (iv) after school, (v) community, (vi) botanical garden and (vii) non-
specified. As illustrated in Figure 3, among all 32 papers, there were 20 non-specified, without
specifying exact location of student’s learning activity. For more details, those studies focused on
development of learning system and mobile application to promote informal science learning with
mobile devices. The second place is museum which is equal to exhibition is equal to four locations; one
paper adopted nature center, after school, community, and botanical garden.
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Figure 3. Kind of informal science learning setting
4.3 Learning Strategies

The distribution of learning strategies applied in mobile-assisted informal science learning from 2010
to 2019 is indicated in Figure 4. The greatest proportion is collaborative learning, with a total of 11
papers, while the second rank is inquiry learning, with a total of 8 papers. The third rank is non-
specified, with a total of three papers and the forth learning strategy are STEM and SE, and they are
equal to two paper. In addition, there are seven of each one paper such as creative skill, open learning
environment, experimental learning, socio-technical system, learning-on-the move strategies, and
science project.
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Figure 4. Learning strategies applied in mobile-assisted informal science education

5. Conclusion and Discussion

A meta-review analysis of using mobile-assisted informal science learning from 2010 to 2019 was
performed in this study. This result indicated that the quantity of studies increased over many years and
decreased in the last few years. Moreover, it was found that the number of publications which integrated
mobile technology into informal science learning are greatly increased over the decades. It was also
found that most of studies used learning system and mobile application development in the
methodology. This implied that numerous researchers have considered to develop the application of
mobile devices in science which focuses on informal learning setting. Although informal learning has
become more popular due to the use of mobile technologies and devices, this reveals that more studies
are required to develop learners’ scientific learning process during informal science settings. This
implies that investigating effects or impacts of mobile learning appraoches in context of informal
science education remains an important and critical challenging question to educators and researchers.
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On the other hand, it can be found that many learning strategies, for example, direct instruction, peer
review, thematic debate, project-based learning, and contextual mobile learning, have hardly been
implemented in mobilized science education. In the years ahead, the effectiveness of using these
learning strategies with mobile technology in context of informal learning settings has been recorded
in several studies; therefor, it is attempting to investigate the feasibility of applying them to science
education. Exclusively, inquiry-based learning, contextual mobile learning, project-based learning,
problem-based learning, peer assessment quality of critical thinking, and problem-solving could be
helpful to the learners in terms of their higher-order thinking.

Acknowledgements

This work was financially supported by Faculty of Education, Khon Kaen University, Thailand. I would
like to thank all members of Technology-enhanced Learning in Leveraging of Science, Technology.
Engineer, and Mathematics (TELL-STEM) under the faculty and Frontiers of Educational Science and
Technology (FEST) Research Network, Thailand for their academic supports and inspiration about
technology-enhanced science education.

References

Ainley, M. & Ainley, J. (2011). A cultural perspective on the structure of student interest in science. International
Journal of Science Education, 33, 51-71.

Bano, M., Zowghi, D., Kearney, M., Schuck, S., & Aubusson, P. (2018). Mobile Learningfor Science and
Mathematics School Education. A Systematic Review of Empirical Evidence. Computers & Education, 121,
30-58.

Barron, B. (2006). Interest and self-sustained learning as catalysts of development: A learning ecology
perspective. Human Development, 49(4), 193-224.

Bell, P., Lewenstein, B., Shouse, A. W., & M. A. Feder, M. A. (2009). Learning Science in Informal
Environments. People, Places, and Pursuits. National Academies Press: Washington.

Chang, C.-Y,. & Hwang, G.-J. (2019). Trends in digital game-based learning in the mobile era: A systematic
review of journal publications from 2007 to 2016. International Journal of Mobile Learning and
Organisation, 13, 68-90.

Charitonos, K., Blake, C., Scanlon, E., & Jones, A. (2012). Museum learning via social and mobile technologies.
(How) can online interactions enhance the visitor experience?. British Journal of Educational Technology,
43(5), 802-819.

Chen, G., Xin, Y., & Chen, N.-S. (2017). Informal learning in science museum. development and evaluation of a
mobile exhibit label systemwith iBeacon technology. Educational Technology Research and Development
65, 719-741.

Deci, E. L. (1992). The relation of interest to the motivation of behavior: A self-determination theory perspective.
In K. A. Renninger, S. Hidi, & A. Krapp (Eds.), The role of interest in learning and development (pp. 43-
70). Lawrence Erlbaum Associates, Inc.

HiDi, S. & Renninger, K. A. (2006). The four-phase model of interest development. Educational Psychologist,
41(2),111-127.

Hwang, G.-J. & Wu, P.-H. (2014). Applications, impacts and trends of mobile technology-enhanced learning: A
review of 2008-2012 publications in selected SSCI journals. International Journal Mobile Learning and
Organisation, 2(8), 83-95.

Lemke, J., Lecusay, R., Cole, M., & Michalchik, V. (2015). Documenting and assessing learning in informal and
media-rich environments. Boston.

Lyons, L. (2009). Designing opportunistic user interfaces to support a collaborative museum exhibit. In
Proceedings of the 9" International Conference on Computer Supported Collaborative Learning-Volume 1
(pp. 375-384). International Society of the Learning Sciences.

Panjaburee, P., & Srisawasdi, N. (2018). The opportunities and challenges of mobile and ubiquitous learning for
future schools: A context of Thailand. Knowledge Management & E-Learning, 10(4), 485-506.

430



Prasongsap, B., & Srisawasdi, N. (2018). Investigating the impact of smartphone-based guided inquiry laboratory
on middle school students’ science learning performance. In Proceedings of 26th International Conference
on Computers in Education (ICCE2018), Asia-Pacific Society for Computers in Education, Philippines.

Premthaisong, S. & Srisawasdi, S. (2016). A comparative study of students’ perceptions and engagementstoward
smartphone-based inquiry laboratory on solution concentration. In Proceedings of the 24th International
Conference on Computers in Education (ICCE2016), Asia-Pacific Society for Computers in Education,
Mumbai.

Nachairit, A. & Srisawasdi, N. (2015). Using mobile augmented reality for chemistry learning of acid-base
titration. Correlation between motivation and perception. In Proceedings of the 23rd International
Conference on Computers in Education (ICCE2015), Asia-Pacific Society for Computers in Education,
China.

Nikolopouloul, K. & Kousloglou, M. (2019). Mobile learning in science: A study in secondary education in
Greece. Creative Education, 10, 1271-1284.

Nikou, S. A., & Economides, A. A. (2018a). Motivation Related Predictors of Engagement in Mobile-Assisted
Inquiry-Based Science Learning. In IEEE Global Engineering Education Conference (pp. 1222-1229).
Piscataway, NJ: Institute of Electrical and Electronics Engineers.

Srisawasdi, N., Pondee, P., & Bunterm, T. (2018). Preparing pre-service teachers to integrate mobile technology
into science laboratory learning: an evaluation of technology-integrated pedagogy module. International
Journal of Mobile Learning and Organisation, 12(1), 1-17.

Williams, A. J. & Pence, H. E. (2011). Smart phones, a powerful tool in the chemistry classroom. Journal of
Chemical Education, 88, 683-686.

Yang, H.-C. & Chang, W.-C. (2017). Ubiquitous smartphone platform for K-7 students learning geography in
Taiwan. Multimed Tools Appl, 76, 11651-11668.

Zimmerman, H. T., Land, S.M., Maggiore, C., & Millet, C. (2019). Supporting children’s outdoor science learning
with mobile computers. integrating learning on-the-move strategies with context-sensitive computing.
Learning, Media, and Technology, 44(4), 457-472.

431



