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Abstract

The purposes of this study were to investigate what factors affect Hong Kong
pre-service General Studies teachers' self-efficacy in STEM teaching and how to
increase Hong Kong pre-service General Studies teachers' self-efficacy in STEM
teaching.

This study included 24 voluntary senior pre-service General Studies teachers.
All of them completed a self-evaluation questionnaire about self-efficacy in STEM
teaching. After that, 3 extremes were selected to be interviewed further.

Results showed that there was no obvious correlation between pre-service
General Studies teachers' STEM teaching self-efficacy and their academic experiences.
While there was positive correlation between their STEM teaching self-efficacy and
teaching experiences. Moreover, suggestions that aids increasing pre-service General

Studies teachers' STEM teaching self-efficacy were also discussed.
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1. Introduction

STEM (science, technology, engineering, and mathematics) education has been
internationally discussed for decades (Kennedy & Odell, 2014). It is believed that it
could enhance students’ knowledge integration, higher-order thinking skills and 21st
century skills such as critical thinking, creativity, communication competency, digital
literacy, flexibility and initiative (Rifandi & Rahmi, 2019).

For future profession preparation, Hong Kong government also followed
foreign countries' footsteps and first proposed STEM education in the 2015 Policy
Address (Education Bureau, 2016). In General Studies Curriculum Guide for Primary
Schools (Primary 1 — Primary 6) (Education Bureau, 2017), STEM education was listed
as one of the directions of curriculum development for Hong Kong next generation to
maintain competitiveness and face current various global changes.

To face this education reform, Education Bureau keeps promoting and helping
teachers to prepare themselves for STEM teaching. The Education University of Hong
Kong also provides related resources and training to equip pre-service teachers.
However, the promotion of STEM education was described as an urgent reform and
most in-service teachers felt not well-prepared (Geng, Jong & Chai, 2018).

As a pre-service General Studies teacher, | understand there will be lots of
opportunities and challenges of handling STEM-related teaching activities in the future
workplace. Therefore, I would like to investigate General Studies major students’ self-
efficacy in STEM teaching, especially after receiving related training, and see whether
they are ready to teach STEM-related topics. Also, | would like to investigate whether

enough support is given to pre-service General Studies teachers through interviews.



2. Literature Review

2.1 STEM

The concept of STEM was first proposed by the National Science Foundation
(NSF) in the United States in the early 2000s. Due to avoid the wave of scientific and
technical industry retirement and maintain future prosperity, the promotion of STEM
education was started in the United States at that time (White, 2014).

STEM integrates four types of disciplinary knowledge (Science, Technology,
Engineering, and Mathematics), which stimulates students’ all-rounded academic
knowledge application and thinking. Students would also be able to solve daily
problems with creativity by applying engineering design skills (English & King, 2015;
Morrison, 2006). It is believed that learning STEM could fulfill the demands of 21st-
century workplaces and cultivate creative problem solvers and marketable workforces
(Hooker, 2017; White, 2014). Then, STEM reform has become a hit trend across global
education systems (Liang & Fung, 2022). Thus, to maintain Hong Kong next
generation’s competitiveness, the concept of STEM education was introduced in 2015

(Education Bureau, 2016).

2.2 Teachers’ self-efficacy (SE)

“Teacher self-efficacy” means a teacher's belief in his or her ability to
accomplish a particular teaching task (Tschannen-Moran, Woolfolk Hoy, & Hoy, 1998,
as citied in Jamil, Downer & Pianta, 2012). It is an expansion of the concept “self-
efficacy”, suggested by Bandura (1977). Teacher SE can affect students’ learning and

achievement, attitude and it is believed that encouraging the development of teacher



efficacy becomes important (Cantrell, Young & Moore, 2003; Kelley, Knowles,

Holland, & Han, 2020).

Cantrell, Young & Moore (2003) organized that there are also four aspects

affecting pre-service teachers’ SE, they are “mastery experiences”, “physiological and

emotional arousal”, “vicarious experiences” and “verbal persuasion”.

First, “mastery experiences” means successful teaching performances, it was
considered as an indicator of teaching capability, and it was the most powerful
influencing factor of teachers’ SE as successful teaching experiences helps increasing
it, while experiences of failure lower it (Pendergast, Garvis & Keogh, 2011; Pfitzner-

Eden, 2016).

Second, “physiological and emotional arousal” means people’s somatic and
emotional states can affect judging their capabilities. Positive mood and no physical
debility help people perceiving SE and capability. While stress and pain can diminish

the awareness of SE (Bandura, 1994).

Third, “vicarious experience” means the act of imagining oneself teaching or
watching someone model teaching. Clark & Newberry (2019) mentioned that various

studies have shown that vicarious experiences correlate with higher teaching SE.

Forth, “verbal persuasion” means encouragement, mentoring, and feedback
from others. In Mulholland and Wallace (2001)’s research, they found that feedback

from classmates or other teachers can boost beginning teachers’ SE.
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2.3 Hong Kong teachers’ STEM teaching self-efficacy

The implementation of STEM education in Hong Kong is less than a decade
and related local research is in its infancy. Although the Hong Kong Government has
kept offering substantial funding and training seminars for frontline educators (Liang
& Fung, 2022), most in-service teachers felt not well-prepared to teach STEM, such as
their attitude towards STEM, content knowledge, pedagogies, and the ability to design
STEM curricula (Geng, Jong & Chai, 2018; Lin, Chai & Jong 2021; Cheng & Yeh,
2022).

Because of the nascent STEM reform, studies of pre-service teachers’” STEM
teaching SE are still in emerging state. This study will contribute to the existing

literature on this aspect.
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3. Research questions and hypotheses

RQ1: What factors affect Hong Kong pre-service General Studies teachers' self-
efficacy in STEM teaching?
RQ2: How to increase Hong Kong pre-service General Studies teachers' self-efficacy

in STEM teaching?

Hypotheses for RQ1.:

There are three predictions. First, pre-service General Studies teachers who
studied STEM-related electives in senior high school have higher SE in STEM teaching
than their peer who have not studied STEM-related electives. Second, pre-service
General Studies teachers who are minoring in STEM have higher SE in STEM teaching
than their peer who are not minoring in STEM. Third, pre-service General Studies
teachers with STEM-related teaching experiences have higher SE in STEM teaching
than their peer who are without related experiences.

For the first point, teachers’ conceptions about STEM are undoubtedly affected
by their major (Yip & Chan, 2019). Also, mentioned in Lin, Chai & Jong (2021)’s
research, teachers need to prepare STEM content knowledge and skills. Holding STEM
activities would involve designing and conducting fair tests, doing experiments, and
explaining natural phenomena and scientific principles which out of the ordinary
General Studies curriculum. It is believed that pre-service General Studies teachers
who studied STEM-related electives in senior high school have the advantages, for
example, they have more consolidated fundamental scientific knowledge than others
and some of them had experiences on designing and conducting fair tests with

completing Biology SBA project.
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For the second point, STEM minor students gain both theoretical STEM
pedagogies and practical mock teaching experience in the courses. Meanwhile, many
schools utilized government fundings and purchased STEM tools as Littlebits, mBot
and Micro:bit to facilitate students’ STEM learning. Pre-service General Studies
teachers in STEM minor have more chances to get familiar with them. Even, they must
use these tools to design a learning activity as the course assignment requirement. As
mentioned by Geng, Jong & Chai (2018), teachers would feel more prepared when they
know STEM teaching pedagogies and own the ability to design STEM curricula.
Therefore, pre-service General Studies teachers who are studying in STEM minor have
had more experiences of unitizing STEM pedagogies and knowledge than the normal
which would boost their SE in future STEM teaching.

For the third point, pre-service General Studies teachers who have relevant
teaching experience would have higher SE to face future STEM teaching because they
have practiced for it. No matter the previous teaching experiences were satisfying or
not, they had started to build a resilient sense of efficacy to deal with STEM lessons
(Bandura, 1994). 1t would lead to their high SE in STEM teaching.

In general, it is predicted that pre-service General Studies teachers’ academic
knowledge, interest to STEM and working experience would affect their self-efficacy

in future STEM teaching.

Hypotheses for RQ2:

There are no hypotheses for RQ2 as it is a qualitative research question, and the

researcher should not have too much bias, assumptions, or correct answers in mind.
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4. Research design

4.1 Research orientation

As SE is a broad topic with four aspects affecting it, to narrow down the
research orientation, pre-service teachers’ mastery experiences and verbal persuasion
experiences are selected to be the research focuses because these experiences are solid
and easier to be recalled, especially Bandura (1994) mentioned that mastery
experiences are the most effective way of creating a strong sense of SE.

While inviting participants to recall their physiological emotional state and
vicarious experiences are too reliable on their feelings, not much solid objective

evidence can be collected for data analyze.

4.2 Sampling Method

Mixed methods (quantitative and qualitative) were applied in the research. The
data of RQ1 was collected in self-evaluation questionnaires firstly, then interviews
were conducted to collect the data of RQ2.

For the self-evaluation questionnaire, Year 4 to 5 General Studies major
students were invited to complete the research. The rest of year of study was not invited
as they have not gone to Block Practice or finish their STEM minor. This part of
research used volunteer sampling, participants can reject to complete the research. It
was affordable and easy to approach senior General Studies major students as peer. The
questions are about participants’ year of study, academic background including
electives studied in secondary level, major, minor (s), free electives, other STEM-
related learning or working experiences. Also, few more self-evaluated statements are
given for them to vote.

14



For the interview part, judgement sampling is used. Extreme case sampling is a
part of judgement sampling, it focuses on unusual individuals (Etikan, Musa &
Alkassim, 2016). Pre-service General Studies teachers with extreme low or extreme
high self-efficacy in STEM teaching are invited to conduct a one-on-one interview for
deeper investigation. Their experience and sharing may answer RQ2 “How to increase

Hong Kong pre-service General Studies teachers' self-efficacy in STEM teaching?”.

4.3 Instruments
4.3.1 Self-evaluation questionnaire

There were 17 questions. The first 3 questions were about participants’
academic background and teaching experiences. Then, the following 14 questions were
asking for participants’ SE in are “mastery experiences” and “verbal persuasion”
aspects in form of a 5-point Likert scale. The results would show the correlation
between pre-service teachers’ SE and their background.

Table 1: Self-evaluation questionnaire

Background information

1 | Did you study any STEM-related elective subjects in senior high school?

Yes

No

2 | Did you study any Creativity and STEM/STEAM minor courses in EAUHK?

Yes

No

3 | Did you have any STEM teaching or working experiences?

Yes

No
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Self-evaluation

Strongly Disagree Uncertain Agree Strongly
disagree agree
1) () ©) (4) ()
4 | I understand what STEM education is.
5 | I know STEM-related pedagogies.
6 | | designed STEM activities/lessons.
7 | I believe | can design STEM activities/lessons in future teaching.
8 | I conducted STEM activities/lessons.
9 | I believe I can conduct STEM activities/lessons in future teaching.
10 | I answered students” STEM-related questions.
11 | I believe I can answer students’ STEM-related questions in future teaching.
12 | I solved technical problems happened in STEM activities/lessons.
13 | I believe I can solve technical problems happened in STEM activities/lessons
in future teaching.
14 | I tried to inspire students’ interests in STEM.
15 | I believe I can inspire students’ interests in STEM in future teaching.
16 | I received specific feedbacks, encouragement, and advice for my STEM
teaching experiences.
17 | I believe | will find better ways to teach STEM.
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4.3.2 Interview

Participants with extreme questionnaire results were invited to be interviewed.

There were 10 key questions to lead out in-depth understanding of pre-service teachers’

thoughts with different academic and working backgrounds. Interviewees were

welcome to use their first language to express their thoughts and they were noticed to

be audio recorded.

Table 2: Interview questions

1 | Do you think “studied STEM electives for HKDSE” help your future STEM
teaching?

2 | Do you think “studied STEM minor” help your future STEM teaching?

3 | Do you think “with certain STEM teaching exp.” help your future STEM
teaching?

4 | How do you notice these job opportunities?

5 | For the above three aspects, which one is the most important?

6 | Review your survey answers, what did you consider at that time?

7 | How to increase Hong Kong pre-service GS teacher’s self-efficacy in STEM
teaching?

8 | Did you feel confused to STEM teaching? Do you have any positive changes?
Why?

9 | Did you have chance to view peers or experienced educators’ STEM teaching?

10 | If you can view others’ teaching, will it be helpful for your future STEM
teaching?

17



5. Findings

5.1 RQ1: What factors affect Hong Kong pre-service General Studies teachers' self-

efficacy in STEM teaching?

Figure 1: Self-evaluation questionnaire result summary

Participant Question Score

112 |3 718 (910 |11 |12 |13 |14 |15 | 16 | 17 /70
2 Y |[Y|Y 5(15|5]|5 5 5 5 5 5 5 5 68
20 Y |N|Y 415|444 |5 |4 |5 |5 ]|5]5 63
5 N [NJ[Y 3lalalaalala]la]la]a]s 56
22 N |Y |Y 3144 4 5 3 4 4 4 4 5 55
14 N |N|Y 4 |5 (4| 4 4 3 4 4 4 3 4 53
16 N |N|Y 4 14 4|5 4 4 3 4 3 4 3 53
13 N |Y |Y 3143 4 3 4 3 4 4 4 4 52
1 N Y |Y 4 14 (4| 4 3 3 |3 4 3 3 4 51
10 Y |[Y|Y 31413 ]| 4 4 2 3 4 4 4 4 51
11 Y |[Y|Y 4 |4 |4 | 4 4 2 4 4 4 2 4 51
4 N |N|Y 31413 ]| 4 3 4 3 4 3 4 3 49
6 Y |[Y|Y 31414 4 3 4 3 3 3 2 4 48
9 Y |[Y|Y 31413 2 3 2 3 4 4 4 3 46
19 Y | Y [N 312|132 3 4 3 4 3 3 4 46
7 N Y |Y 31513 2 1 2 1 5 4 2 5 45
24 N |Y |N 312|133 3 3 2 4 4 3 4 45
17 N Y |Y 2141413 2 2 2 4 4 4 4 44
18 Y |Y|Y 31414 4 4 2 3 2 2 2 3 42
15 N Y |Y 214123 2 3 2 4 2 3 3 41
23 N [Y |Y 2 1413]3 3 2 2 3 3 4 2 41
8 Y |N|N 2323 |3 |3 |3 |3 |3 ]2]3 40
3 Y [N |Y 21212 2 2 2 2 4 3 4 3 37
12 N |Y |N 31212 2 2 2 3 2 3 2 3 34
21 N |N|N 21212 2 2 2 2 2 2 2 2 29
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In this study, 24 voluntary senior pre-service General Studies teachers
completed the self-evaluation questionnaire about their SE in STEM teaching. After
answering their academic background and STEM working experiences, they voted for
the self-evaluated SE session. In this self-evaluated SE session, 14 statements about
their STEM teaching mastery experiences and verbal persuasion experiences were
asked. If they strongly agreed with the statements, they tended to get a higher score.
The total score of this self-evaluated SE session was 70 and the median of the scores
was 47. In Figure 1, all participants’ score were shown and arranged in order, according

to their scores from higher to lower.

Figure 2: Relationship between studied STEM-related electives and SE score
Did you study any STEM-related elective subjects in senior high school?

68
63

56 55

33 53 52 51 51 51
- - Q
P48 46 46 45 45 44,
41 41 49 Yes
34 No

It was predicted that pre-service General Studies teachers who studied STEM-
related electives in senior high school would have higher SE in STEM teaching.
However, it may not be true although the first two highest SE participants did study
STEM-related electives in senior high school. From the 3™ highest to the 8" highest,
even they did not study STEM-related electives in senior high school, they still felt
higher SE. Therefore, it was claimed that no obvious correlation between studied

STEM-related electives and SE score.
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Figure 3: Relationship between studied STEM minor and SE score

Did you study any Creativity and STEM/STEAM minor courses in EQUHK?

68
63
56
Y 53535251 59 51
49 48
42 41 41 40 37 ®Yes
34 = No
| | 29

It was predicted that pre-service General Studies teachers who studied STEM
minor would have higher SE in STEM teaching. However, it also may not be true.
Using median=47 as an indicator, in the first 12" highest SE data, 5 out of 12
participants did not study any STEM minor courses. Meanwhile, most of the

participants whose SE score lower that 47 had taken STEM minor courses. Therefore,

there was no obvious correlation between studied STEM minor and SE score.

Figure 4: Relationship between had STEM teaching experiences and SE score

Did you have any STEM teaching or working experiences?
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It was predicted that pre-service General Studies teachers who had STEM-
related teaching experiences would have higher SE in STEM teaching. According to
Figure 4, SE score of participants without STEM teaching experiences majorly lower
than median=47. It showed that without STEM teaching experiences can negatively
affect pre-service teachers’ SE. Therefore, correlation was believed existing between
studied STEM minor and SE score.

Moreover, according to the interviewed participants, they claimed that having
STEM teaching experiences did help boosting their SE.

“Iwould feel unconfident if I only studied a STEM minor course before teaching.
However, after mentoring, listening to others’ experience sharing, and accumulating
substantial teaching experience, | now have the confidence to face STEM teaching —
Participant 2~

“General Studies is now linked to STEM, so now | want to find more part-time

jobs in STEM teaching area. — Participant 21~

5.2 RQ2: How to increase Hong Kong pre-service General Studies teachers' self-
efficacy in STEM teaching?

At present, STEM knowledge has been tried to include in the General Studies
major courses, and the EAUHK continues to promote various STEM workshops and
introduce related job opportunities. Moreover, participants suggested more.

First, more lesson plan writings and mock teaching opportunities. Instead
of only teaching pre-service General Studies teachers to code, they should know how

to combine STEM into their daily lessons.
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“Giving students chances to incorporate STEM elements into General Studies
lessons, with teacher and peer’s commentary on lesson plans and implementation
issues — Participant 9~

“Coding is now a large part of STEM, but in addition to teaching basic
programming, | also hope that emphasizing how STEM can be integrated into General
Studies. For example, the lecturer demonstrated how to teach "Four Seasons” with
STEM elements, and then asked the students to also design a General Studies-based
STEM teaching plan — Participant 21"~

Second, inviting frontline teachers as guest speaker to share real teaching
cases.

“It would be helpful if the frontline teachers could share the lesson plans that
they designed and describe the design concepts, implementation difficulties and
students' reactions at the time — Participant 21"

Third, holding STEM field trips for students to understand real teaching cases.

“I think visits can be arranged for students to know the current STEM activities,
and they can even become staff members to assist in activities — Participant 2~

Forth, holding STEM activities for students to boost interests in STEM.

“In order to enhance the interest of pre-service teachers in STEM, the EQUHK
can run a Fun Day, so that they can experience the fun of STEM, and gradually be

active to explore STEM teaching.— Participant 2

The Education University
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6. Discussion

Combined the findings from self-evaluation questionnaires and interviews, they
were partly similar to the original predictions.

For the first two predictions, even the questionnaire result showed that studied
STEM-related electives or STEM minor would not obviously boost pre-service
teachers’ SE), interviewees did not deny the benefits of studied STEM knowledge. It
showed that studied STEM-related electives or STEM minor were not the key elements
to affect ones’ SE in STEM teaching.

While for the third prediction, either the self-evaluation questionnaire results or
the interviews, participants’ responses proved there was a positive correlation between
having STEM teaching experiences and SE score. Having various STEM teaching
means having higher SE. This correlation was reasonable and fit the SE theory
suggested by Bandura (1994) as mentioned, which mastery teaching experiences were
the most effective way of creating a strong sense of SE.

Except from accumulating teaching experiences, interviewees also suggested
several practical ways to increase Hong Kong pre-service General Studies teachers' SE
in STEM teaching based on their experiences. Their suggestions were also
referenceable and feasible. For example, arranging more lesson plan writings and mock
teaching with teacher and peer’s commentary promotes verbal persuasion which can
boost beginning teachers’ SE (Mulholland and Wallace, 2001). Also, interviewees
agreed that observing peers and expertise’ lessons would help them learn more from

others and boost their SE, which involves “vicarious experience”, another key factor

of affecting SE (Clark & Newberry, 2019).
Therefore, more practical STEM teaching and teacher-student interaction are

indispensable for boosting pre-service General Studies teachers’ SE in STEM teaching.
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7. Conclusion

In this study, limited research participants (N=24) only represented a part of
Hong Kong pre-service General Studies teachers, Nonetheless, the findings showed the
positive correlation between having STEM teaching experiences and SE score while
academic background was not a key factor. Also, to boost their SE, it is highly
recommended to provide more practical experiences within the teaching training
program. For further research, it would be informative to study which teacher training
methods can effectively increase pre-service General Studies teachers’ SE and their
actual STEM teaching efficacy. The study might be a reference for pre-service STEM

teachers’ training program.
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Appendix 1: Transcript of Participant 2
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Appendix 2: Transcript of Participant 9
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Appendix 3: Transcript of Participant 21
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