So, H. J. et al. (Eds.) (2020). Proceedings of the 28" International Conference on Computers in Education.
Asia-Pacific Society for Computers in Education

Investigating the effectiveness of composite
making instructions on secondary school
integrated STEM education

Xiaojing WENG*, Morris S. Y. JONG" & Thomas K. F. CHIU®
ab¢Department of Curriculum and Instruction,
The Chinese University of Hong Kong, Hong Kong
*xweng@link.cuhk.edu.hk

Abstract: Researchers are exploring efficient approaches to promote integrated STEM
education. Though some studies have adopted making as an instructional design to develop K-
12 students, few of them have purposely explored the effectiveness of different composite
making instructions in cultivating learners’ multiples capabilities. To fill the gap, this empirical
study proposes to evaluate the effectiveness of using making only, with mentoring, and with
authentic problem instructional strategies on secondary school integrated STEM education. It
aims to exam the changes of students’ creativity, critical thinking, STEM identity, and STEM
interest development after participating in the pre-designed STEM making interventions. In this
proposal, we will illustrate our research motivations, research questions, methodology, and the
expected implications of the study, hoping to gain some constructive suggestions to improve
this dissertation work-in-progress.
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1. Introduction

As maker movement becomes a cultural trend in the education field, people started to regard making as
an instructional strategy to foster students’ 21st century skills and psychological perceptions towards
STEM education (Godhe et al., 2019; Honey, et al., 2014). Although some scholars have assessed the
performance of making approach in promoting K-12 student development, few attentions have been
paid to search about the mechanisms of different composite making instructions, of which the elements
of mentoring and authentic problem-solving could be involved, in integrated STEM (Vongkulluksn et
al., 2018). Particularly, it is desirable for educators to acquire more experience of applying various
composite making instructions in the context K-12 integrated STEM education. To meet the research
need, we plan to implement an empirical study to investigate the effectiveness of diverse making
instructional strategies in developing secondary school students’ cognitive skills (e.g., creativity and
critical thinking) and non-cognitive skills (e.g., STEM identity and STEM interest). Three experimental
conditions, of which the instructional strategies of making only, with mentoring, and with authentic
problem, will be manipulated. Accordingly, there are a series of guiding questions for the current study:

e  Does a making with mentoring instructional design improve students’ creativity, critical thinking,
STEM identity, and STEM interest compared to a making instructional design?
e  Does a making with mentoring instructional design improve students’ creativity, critical thinking,
STEM identity, and STEM interest compared to a making with authentic problem instructional
design?
e  Does a making with authentic problem instructional design improve students’ creativity, critical
thinking, STEM identity, and STEM interest compared to a control condition?
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2. Literature review

The popularity of integrated STEM education activities in K-12 schools is attracting people’s attention
(Honey, et al., 2014). This phenomenon mainly due to the potentials of using STEM education to
prepare youth to face the uncertainties that we have never encountered before in the future world. For
example, problems of public health, education equity, and environmental protection in the modern
industrial society (Chiu & Lim, 2020; Jong, 2020). While, developing students’ skills through STEM
education reform is a challenging task (Chai et al., 2020; Geng et al., 2019). In the practice, one of the
strategies adopted by educators to realize this cross-disciplinary innovation is to introduce making
instruction to students. The hands-on experience of making activities can bring students opportunities
to cultivate their interest in learning STEM (Vongkulluksn et al., 2018), practice their creativity and
critical thinking skills (Jeng et al., 2020), and build their identities of being a member in the STEM
related areas (Schlegel et al., 2019). Besides the promising outcomes of using making approach, this
method is compatible with other instructional elements to facilitate integrated STEM education. It is
noticeable that some studies have involved mentors and authentic problem strategies while
implementing the making activity designs (Sheffield et al., 2017).

Though some scholars have investigated the feasibilities of adopting making activities,
mentorships, and authentic problems to enhance integrated STEM education (Yin et al., 2019), it is rare
for the existing research to compare the effectiveness of making instruction, making with mentoring
instructional method, and making with authentic problem design in promoting secondary students’
multiple capabilities (Jeng et al., 2020; Schlegel et al., 2019). However, from the perspective of
educational practice, it is crucial to investigate different instructional designs and identify their
effectiveness to maximize the learning outcomes for K-12 students. Thus, a careful mix of different
instructional elements to facilitate integrated STEM education is highly recommendable in the area.
The proposed study will implement three diverse making programmes in secondary schools. Students’
creativity, critical thinking, STEM identity, and STEM interest changes affected by the research
interventions will be detected. Educators can identify the efficiency of different making instructional
designs from this investigation and pinpoint the most effective strategy to implement making activities
to cultivate students’ competences in integrated STEM.

3. Methodology
3.1 Research samples

A convenient sample method will be adopted to approach the research sites. Researchers will try to get
access from the secondary school teachers to conduct the making programmes. Three classes of
secondary students will be invited to participate in the study. They will be asked to accomplish the
STEM making projects, named Smart Traffic Light Design, by using Arduino kits.

3.2 Experimental interventions

The researchers propose to use Design-Based Implementation Research (DBIR) method (Fishman et
al., 2013; Jong et al., 2017) as the investigation approach. One control group and two experimental
groups will conduct the research interventions respectively. The teacher in the control group will adopt
making instruction to implement the making programme. Teachers of the two experimental groups will
introduce other elements, including mentorships and authentic problems, to their integrated STEM
making activities. For instance, students in experimental group one will receive help from the mentors
while designing and making their artifacts, students in experimental group two will be assigned
authentic problems to solve. This study will last for seven weeks in the participating schools, of which
students will have the integrated STEM class every week. There will be four phases of the intervention,
including pre-test, programme implementation, post-test, and semi-structured interviews.
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3.3 Research scales

A 5-point Likert-type questionnaire, of which the scales solicited ordinal responses from 1 = strongly
disagree to 5 = strongly agree, will be distributed to all the student participants. The questionnaire is
designed to measure students’ creativity, critical thinking, STEM identity, and STEM interest. All the
items of the questionnaire should be adapted from the previously published academic works, and the
Cronbach Alpha value of each subscale will be checked.

3.4 Semi-structured interviews

Semi-structured group interviews will be conducted to probe into the effectiveness of adopting making
only, with mentoring, and with authentic problem approaches on students’ creativity, critical thinking,
STEM identity, and STEM interest development. Additionally, participants’ perceptions of using
different making instructional strategies to promote integrated STEM education will be explored by
semi-structured interviews.

3.5 Data analysis

This study will use mixed research method. ANCOVAs will be operated to analyze the differences
between the pre-test and post-test of the three groups, grounded theory (Taber, 2000) will be adopted
to process the interview data.

4. Expected implications

This research will contribute to the development of integrated STEM education both from the academic
and practical perspectives. It provides empirical evidence for the effectiveness of three instructional
strategies (including making only, with mentoring, and with authentic problem) in promoting secondary
school students’ multiple capabilities (Schlegelet al., 2019; Vongkulluksn et al., 2018). As the
corresponding effects of the three instructions will be identified, educators can learn from this
experience and design the most effective approach accordingly (Chiu & Churchill, 2016) to cultivate
students’ creativity, critical thinking, STEM identity, or STEM interest.

References

Chai, C. S., Jong, M. S. Y., & Yan, Z. (2020). Surveying Chinese teachers' technological pedagogical STEM
knowledge: a pilot validation of STEM-TPACK survey. International Journal of Mobile Learning and
Organisation, 14(2), 203-214.

Chiu, T. K., & Churchill, D. (2016). Design of learning objects for concept learning: Effects of multimedia
learning principles and an instructional approach. Interactive Learning Environments, 24(6), 1355—-1370.

Chiu, T. K., & Lim, C. P. (2020). Strategic use of technology for inclusive education in Hong Kong: A content-
level perspective. ECNU Review of Education, 2096531120930861.

Fishman, B. J., Penuel, W. R., Allen, A.-R., Cheng, B. H., & Sabelli, N. (2013). Design-based implementation
research: An emerging model for transforming the relationship of research and practice. National Society for
the Study of Education, 112(2), 136-156.

Geng, J., Jong, M. S. Y., & Chai, C. S. (2019). Hong Kong teachers’ self-efficacy and concerns about STEM
education. The Asia-Pacific Education Researcher, 28(1), 35-45.

Godhe, A. L., Lilja, P., & Selwyn, N. (2019). Making sense of making: critical issues in the integration of maker
education into schools. Technology, Pedagogy and Education, 28(3), 317-328.

Honey, M., Pearson, G., & Schweingruber, H. A. (Eds.). (2014). STEM integration in K-12 education: Status,
prospects, and an agenda for research. Washington, DC: National Academies Press.

Jeng, Y. L., Lai, C. F., Huang, S. B., Chiu, P. S., & Zhong, H. X. (2020). To cultivate creativity and a maker
mindset through an internet-of-things programming course. Frontiers in Psychology, 11, Article 1572.

772



Jong, M. S. Y. (2020). Promoting elementary pupils’ learning motivation in environmental education with mobile
inquiry-oriented ambience-aware fieldwork. International Journal of Environmental Research and Public
Health, 17(7), Article 2504.

Jong, M. S. Y., Dong, A., & Luk, E. (2017). Design-based research on teacher facilitation practices for serious
gaming in formal schooling. Research and Practice in Technology Enhanced Learning, 12(1), Article 19.

Schlegel, R. J., Chu, S. L., Chen, K., Deuermeyer, E., Christy, A. G., & Quek, F. (2019). Making in the classroom:
Longitudinal evidence of increases in self-efficacy and STEM possible selves over time. Computers &
Education, 142, Article 103637.

Sheffield, R., Koul, R., Blackley, S., & Maynard, N. (2017). Makerspace in STEM for girls: A physical space to
develop twenty-first-century skills. Educational Media International, 54(2), 148—164.

Taber, K. S. (2000). Case studies and generalizability: Grounded theory and research in science
education. International Journal of Science Education, 22(5), 469-487.

Vongkulluksn, V. W., Matewos, A. M., Sinatra, G. M., & Marsh, J. A. (2018). Motivational factors in
makerspaces: a mixed methods study of elementary school students’ situational interest, self-efficacy, and
achievement emotions. International Journal of STEM education, 5(1), Article 43.

Yin, Y., Hadad, R., Tang, X., & Lin, Q. (2019). Improving and assessing computational thinking in maker
activities: The integration with physics and engineering learning. Journal of Science Education and
Technology, 29(2), 189-214.

773



