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Abstract
[bookmark: _Hlk107342300]STEM education teaches students substantially more than science, technology, engineering and mathematics. It is an experiential learning pedagogy engaged students in hands-on learning and real-world applications to develop their life-long skills of creativity, critical thinking, communication, collaboration and problem solving. Hong Kong is falling behind in STEM implementation with students’ disinterest, teachers’ incompetence and parents’ ignorance. Successful sustainability of STEM requires transformation of the original learning culture and belief. Through the content analyses of interview survey data from two focus group composed of principals, teachers, STEM educators, entrepreneurs, researcher and parents, their comments and opinions were coded and grouped into categories to form the analytical framework for the discussion of dilemmas encountered in STEM execution, and by adopting the 3H approach of heart, head and hands, principals will be able to develop holistic solutions to lead the schools through STEM transformation.  
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1. Introduction
STEM is an acronym referring to the academic disciplines of Science, Technology, Engineering and Mathematics, which is originally introduced by the U.S National Science Foundation in 2001, for the purpose to better-equip high school students with essential knowledge and competencies of STEM before they receive postsecondary education or enter the workforce (Hallinen, 2021). STEM education is vital for the preparation of “Future Jobs”, as the future workforce is to be dominated by smart technology, and STEM is considered to be a mean for supporting a country’s economic growth (Nugent et al., 2015). 

1.1 STEM Education Overview
STEM education is a global trend, its importance is signified in the quick actions tackled by developed countries to have it implemented at schools. Some countries even viewed STEM as a propellant to solve real-world problems, such as facilitating global communications for global economic integration, decreasing homelessness by building houses with 3D-printed prefabricated components, desalinating seawater to provide fresh drinking water, and creating renewable energy sources to achieve carbon neutrality. All the above tasks can be accomplished by leaders and individuals with STEM holistic views and trainings.
Science education was used to be carried out in conventional ways – instillation of theoretical knowledge, replication of existing technologies, and learning by assessments; whereas the STEM model emphasizes problem-solving skills, real-life applications, creativities, hands-on experimentation and co-operational team spirit. STEM education also encourages parental involvement in parent-child learning, trainings for principals and teachers, and integrating STEM into other subjects to become STEAM and STREAM[footnoteRef:1]. [1:  The “A” in STEAM represents Arts, and the “R” in STREAM stands for Reading and the R in Writing. ] 


1.2 STEM Education of Hong Kong 
The Hong Kong’s Curriculum Development Council (2015) released the ‘Promotion of STEM Education – Unleashing Potential in Innovation’, aimed to develop students’ interests in fostering innovation of technology for the purpose to enhance Hong Kong’s economic competitiveness, allowing students to adapt early in a technology-led society. However, Geng, Jong and Chai ‘s 2018 research on “Hong Kong teachers’ self-efficacy and concerns about STEM education” indicated that only 5.53% of 235 surveyed teachers regarded themselves as well-prepared for STEM teaching. Ng (2017) further stated that “Hong Kong is lagging behind in STEM education, and successful implementation cannot be relied on schools alone”. A report from South China Morning Post about “the findings of 2019 Trends in International Mathematics and Science Study[footnoteRef:2]” significantly showed that Hong Kong students are degrading in performance of science and mathematics, falling behind Singapore, Japan, South Korea and Taiwan. [2:  The study is conducted globally every four years, targeted to Primary Four and Form Two students. Comparing to the result of 2015, Primary Four and Form Two students had dropped ten to eleven places respectively in the ranking of science.] 

There are many reasons leading to the battering drop. Hong Kong STEM education is facing with three orders of barriers: first-order barrier of time, resources and support; second-order barrier of educators’ beliefs in their readiness for change; and the third-order barrier involves redesign of curriculum (Gene, Jong & Chai, 2018). 

1.3 SWOT Analysis of Hong Kong STEM Education
A SWOT analysis was constructed, so the strengths, weaknesses, threats and opportunities of Hong Kong STEM education could be evaluated by a realistic picture of the privileges and disadvantages of the system as a whole. The information for the SWOT was collected from anecdotal evidences obtained on web through newspapers, magazine articles, and story-telling blogs. 

Strengths:
· Promotes students’ critical thinking and innovation skills.
· Helps to improve students’ self-efficacy, self-motivation and self-determination.
· Promotes students’ ability in interest-based learning, self-directed learning, project-based learning, problem-based learning, and interactive learning.
· SWOT education is supported by Hong Kong Government.

Weaknesses:
· Progressing slowly, most stakeholders are lacking of STEM knowledge.
· Teachers showed little confidence in teaching STEM, since they were not trained for it.
· Lack of clear implementation guidelines from government.
· No uniform curriculum, schools use their own ways to execute STEM.
· Only one-off grants were provided, subsidies were inadequate for aided schools.
· Many students show disinterest and dislike in learning STEM.
· Does not start early enough at kindergartens.

Opportunities:
· STEM prepares students for future workforce and widen their career choices.
· Provides gender equality, helps bridging the gap between male and female students.
· STEM is not designed for the gifted and elites, whereas every student is given a chance to learn science.

Threats: 
· Hong Kong is an exam-oriented city, emphasis will only be placed on examinations and university admissions.
· [bookmark: _Hlk109813093]There are three-orders of barriers in STEM.
· Hong Kong will be falling behind in global competitiveness, if STEM is not well-addressed to.
· STEM will eventually be aborted if not supported by stakeholders.

1.4 3H Framework and STEM
The holistic 3H approach can effectively help with managing organizational and people issues within an organization. By implanting the 3H mindset into leaders, and if all 3H domains were deployed, they would be able to plan instinctively and execute the strategies effectively for sustaining long-term competitiveness (Yu, 2021). 
In order to execute STEM successfully in Hong Kong, the education system has to go through stages of transformation, from top to bottom, involving innumerable stakeholders. Transformation of STEM in the new era requires a holistic and human-centered approach constituted by the 3 domains of Heart, Head and Hands. School leaders, particularly principals at schools, they play the vital roles in inspiring and empowering all levels of stakeholders in the STEM education system, from management board to teachers, to students and to parents. 
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Figure 1 The 3H conceptual framework for leading changes in STEM implementation. The diagram was constructed by the researcher.

At time of change and transformation, the power of “heart, head and hands” comes into force. School leaders should not just call for simple application of executing means, but should also call for innovation during execution, to create a vision for the future. Teachers and students have to be inspired, empowered and motivated by hearts to become more engaged to go beyond one’s limits, and the heads should envision the aspirational future of STEM. Minds should not be set to focus solely on solving dilemmas in the process of implementation, but should be directed to co-operate with hands to draw on the fundamentals of STEM in creation and innovation, to well-equip students for a digital-oriented future. 
2.  Research Framework
The research framework serves as a fundamental structure for the researcher to follow in building up the research. The framework helps to identify research objectives, and to formulate research questions for closing knowledge gaps. 

2.1 Purpose of the Study and Research Aim
The future of jobs is tended to be highly dominated by artificial intelligence, engineering science and smart technology, thence education plays an important role in students’ future choices of career. In view of fast-development in technology, Hong Kong’s academic regression in Mathematics and Science induces an urgent need and obligation for educators to act fast in preparing students to catch-up with the global endeavor of STEM education. In the context of change management, principals’ leadership become crucial. The purpose of this research is to explore the dilemmas that principals are confronting in STEM implementation within the context of Hong Kong education system, aiming to find out how principals could tackle the problems and difficulties by using transformational leadership skills and “hearts” to lead and motivate, using “heads” to strategically plan, and to encourage the “hands” of teachers and students to actively participate and involve in STEM.

2.2 Problem Statement
Many Hong Kong schools are obviously in short of competent STEM teachers, resources and facilities for carrying out STEM activities successfully. STEM education in Hong Kong is mandatory, it is a must-go-on project that has to be carried out by teams of enthusiastic teachers under the leadership of transformational principals, supported by management boards and parents, catered to the ultimate benefits of students. Past researches of STEM mainly focused on the aspects of teachers and students, seldom on principals’ leadership and management skills, particularly in the context of Hong Kong. By means of focus group discussions, more real-life problems would be revealed, impacts would be identified; and eventually, with the aim to come up with solutions for problem solving. 




2.3 Research Questions
Two exploratory research questions were established:
a) [bookmark: _Hlk110323011]What dilemmas are Hong Kong principals confronting when implementing STEM education?
b) With aid of the holistic view of 3H approach, what could principals do to overcome barriers in STEM implementation and to facilitate change?

2.4 Significance of Study
In this research, the researcher is going to look for thematic patterns of data generated from focus group discussions, and then create categories according to the objectives of research questions. Throughout the transcribing, coding and categorizing processes, the researcher would be able to identify the emergence of “heart, head and hands domains of 3H framework” in the data.  By using the 3H domains as attractors, the researcher will be able to recognize the emerging phenomena of how principals’ leadership styles will bring effect to different strategies adopted for empowering STEM at their educational institutions. The current research is significant in a way that, conducting focus group discussions with STEM stakeholders from different aspects had never been employed by other researchers, as they concentrated only on one particular type of interviewees, either teachers, students or principals; whereas parents, entrepreneurs of STEM-related industries, educators of STEM learning centres, and school managers were being overlooked. 








3.  Research Methodology
The current research used the qualitative research approach of focus group interviews for collecting primary data, and then adopted the theming, coding and categorizing approaches to undertake the process of data analyses.

3.1 Research Design 
Once the topic was determined and the research scope was defined, the researcher scheduled two dates for conducting two focus groups. The purpose for holding two focus groups was aimed to obtain best possible answers and to eliminate the ones resulted from dominance effect, halo effect and groupthink effect[footnoteRef:3] that might affect the truthfulness of results (Nyumba et al., 2018). The answers obtained from two groups can be counter-checked on each other to look for similarities and to reduce biases.  [3:  Dominance effect occurs when the discussion was shaped by a dominant participant. Halo effect occurs when the discussion was influenced by the perception of a participant, and groupthink occurs when participants tend to have stereotyped thinking to maintain cohesion of the group. ] 


3.1.1 Semi-structured Focus Group 
The interviews were designed as semi-structured focus group discussions (FGD). The researcher prepared in advance a series of predetermined questions opened for discussions and for guiding conversations. Interviewees were allowed to go off-script with flexibilities, and with doors opened for more in-depth and individualized personal experiences. Interviewees’ perceptions and opinions about STEM in the Hong Kong school context will unfold insights about the dilemmas encountered which might not have been disclosed in literature reviews, and interviewees might provide suggestions for eliminating barriers, whilst facilitating drivers for future success. 

3.1.2 Focus Group Sampling and Sample Size 
The participants of focus groups were purposefully selected to be focused on the thematic topic; although they are not representative, they are the purposive samplings of a particular population (Rabiee, 2004). 
The participants were chosen according to their predefined demographical traits of being stakeholders in the Hong Kong education system. The composition of both groups was having over 85% of similarities. Inside the groups, there were secondary school principals, science lecturers of post-secondary education institutions, educators of science-learning centers, entrepreneurs of STEM-related businesses, parents of students studying science with experiences joining science competitions; furthermore, the first group had a school manager of primary school board, while the second group had a primary school principal. There was also a principal of private college in the first group, and an international education researcher in the second group. The researcher was the moderator for both groups. The participants did not know each other, except the moderator. Their names and positions at work were also not disclosed. In order to get more reliable results, each group consisted of seven members – a sample size which was good enough to invite quality discussions for the multi-faceted topic of Hong Kong STEM education and valuable insights would be able to yield within essential time allowance. 

3.2 Predefined Questions for Discussions
Before setting-up the predefined questions for discussions, the researcher had undergone candid conversations with fourteen interviewees while inviting them to join focus groups. Through the preliminary talks about Hong Kong STEM, the researcher had already recognized what information was critical for the study. Ten major open-ended questions were established with sub-questions entailed, they were asked at the beginning as general, but later getting specific. The questions had been refined for many times, with the project goal bearing in mind and vague wordings being taken away. The questions were texted in dual languages of English and Chinese, and were sent to all interviewees for pilot previews. Some questions were viewed by participants as political-sensitive, then they were taken away. 

3.3 Qualitative Content Analysis of Data
The amount of qualitative data obtained from two focus group discussions was tremendously large. The transcribing and coding processes were long and time-consuming, requiring a lot of effort and focus. The Qualitative Content Analysis approach was utilized for analyzing the verbal data obtained from interviews, this is a method of ‘systematically describing the meaning of qualitative data by assigning successive parts of transcribed materials into categories of a coding frame’ (Schreier, 2012).
3.3.1 Data Recording and Transcribing

The discussions of both days were recorded. The first focus groups’ audio-recording lasted three hours, and was transcribed by the researcher into 29 pages of text-record to be used as future reference for use in analyses of findings. The second focus groups’ recording lasted two hours, and was transcribed into 18 pages of text-record. Both transcripts were posted in Appendixes 2 and 3. The original sound-bites were in Cantonese, and they were translated into English by the researcher. Collective group responses of interviewees, such as laughter or sounds of commotion, were also transcribed, as these motions were signals of resonance aroused in the discussed questions. The researcher employed the “edited transcription” method by eliminating unnecessary repetitions and mutters, to concentrate in transcribing the clear core messages. 

3.3.2 Theming, Coding and Categorization

The researcher adopted the Deductive Coding method by reading through the transcribed data and applying color codes to the excerpts. After various rounds of coding, the codes were grouped into themes, each with an identical highlighting color. A codebook was developed with initial sets of codes derived from Open Coding – a process that the researcher broke the data down into distinct excerpts, and then the codes were sub-categorized again by Descriptive and Values Coding, in which the codes were summarized into descriptions according to interviewees’ values, attitudes and beliefs. Finally, the sub-categorized codes were organized into categories by Categorization from Thematic Analysis Coding, recurring patterns and themes were discovered. Each category consisted of codes which were similar to each other in concepts or discussion topics, and they were repeated frequently throughout discussions. The following flow chart in Figure 2 illustrates the research process of the current study. 











                                 	

   




 

Figure 2 The flow chart of current research process. The chart was constructed by the researcher.
 

3.4 Literature Review
There were arguments about the appropriate timing for conducting literature reviews. Some researchers claimed that “reviewing literatures should be done before extracting data which is the initial step of research” (Templier and Guy, 2015), so the underlying rationales of research problems and research gaps would be identified. This kind of review is commonly found in quantitative research methodology. On contrary, some researchers argued that “literature review for qualitative research should be done after analyses of findings, so the researcher has the chance to learn more from the participants, about their perspectives related to the phenomena of interest. Reviewing past literatures at an early stage would obstruct the researcher’s true listening, observation and open-mindedness to new concepts and ideas” (Frankel and Devers, 2000). For the present research, the researcher had gone through an information previewing process to collect anecdotal evidences about STEM from channels of newspapers, magazines and online texts, and digital evidences from YouTube’s video files were also collected. Moreover, a preliminary literature review with regards to key aspects of STEM and 3H framework was done at the beginning for identifying research gaps and for building up research questions. A thorough literature review was done after analyses of findings to look for alternative or supportive views from previous researchers to refine the conclusion. 









4. Analyses of Data and Discussion of Research Findings
The research procedures started off from focus group discussions, and then to text transcribing, initial coding, sub-categorized coding, and finally arrived at categorization. Through the analyses of discussion data, the opinions and comments would be categorized correspondingly with the “heart, head and hands” domains when they emerged. 
The codebook of theming, coding and categorization was exhibited in Appendix 4. 

4.1 Theming, Coding and Categorization
Ten themes with frequent recurrencies were identified after initial coding:
· Meaning and purpose of STEM
· Teachers’ capability in teaching STEM
· Insufficient resources for implementing STEM
· Sufficient resources for implementing STEM
· STEM of Hong Kong is a failure
· Sustainability of STEM
· Girls’ stereotyping in STEM learning
· Principals’ transformational leadership in managing change
· STEM at primary schools
· Government’s role in STEM’s sustainable development

Each theme was highlighted in the transcripts with a unique colour code, so their occurrences could be easily noticed. In the following sub-sections, the findings of themes, sub-categorized coding and categorization from thematic analysis coding would be discussed accordingly, along with the integrated discussions of 3H domains when they emerged. 

 4.1.1 Meaning and Purpose of STEM
Most interviewees were from the disciplines of education, but no one could really explain what STEM is and interpret the main purpose of why STEM should be executed. 5 out of 14 interviewees viewed STEM as a concept, but no one was able to provide a conceptual explanation. 
Sub-categorization:
· STEM is a philosophical concept of creativity and inspiration.
·   STEM is the preparational training for the future.
·   STEM is creative thinking. 
·   STEM is a knowledge-based and applicable system.
·   STEM is a cogitation to bridge up all science subjects.
Category:
· STEM is for building up students’ capabilities and visions for the future.
Emergence of 3H Domains:
Visions for future education involves the growing of “whole students” in the domains of heart, head and hands. STEM is all about mindsets, attitudes and beliefs. 

4.1.2 Teachers’ capabilities in teaching STEM
Among 14 interviewees, eight agreed that teachers are not well-trained for teaching STEM, two of them even continuously giving same comments throughout the discussions. Amid these eight respondents, there were four principals from aided primary school, aided secondary school, DSS[footnoteRef:4] secondary school, and private college.  [4:  DSS stands for Direct Subsidy Scheme.] 

They commented that more science teachers with competence should be recruited; however, the methods for teaching technology and engineering are not taught at The Education University of Hong Kong, and even instructional methods of mathematics were not taught in-depth. Hong Kong government had provided 12-hour trainings to all STEM teachers which was criticized by interviewees as absolutely insufficient. “Training the trainers” should be the first priority. A majority of Hong Kong teachers showed little confidence in teaching STEM, especially Art teachers felt helpless when asked to teach STEM in cross-curriculum courses of STEAM or STREAM. The secondary school manager shared that a vice-principal of an aided school had been sent overseas by the principal to receive an one-week STEM training for three consecutive years, the school had the “heart” to carry out STEM at their best. 
Sub-categorization: 
· The scope of STEM is too broad.
· Teachers found hard to manage all four subjects of STEM.
· Lacking of resources to provide adequate trainings for teachers.

Category:
· Strategic plans had been developed to provide principals and teachers competent trainings.

[bookmark: _Hlk109847327]Emergence of 3H Domains:
The “heart and head” domains emerged during the discussion about teachers’ capabilities in teaching STEM. South China Morning Post (2017) reported that over 80% of teachers were lacked of confidence in STEM-teaching. The survey was done by the Federation of Education Workers on 426 schools, the head STEM teachers were asked to fill out the questionnaires. Interviewees made multiple comments about the importance of teachers’ capabilities to impart science knowledge to students; and they suggested that principals should also receive STEM trainings. Ms. A mentioned in the first focus group, from line #123 to line#130:
[bookmark: _Hlk109823410]        “A:  Every time I attended school management meetings, I repeatedly received the message that the school must implement STEM, for the reasons of not falling behind and getting out-dated; however, the school is seemingly out of competent teachers, resources and fundings. There was an instance that one of our vice-principals was sent to the U.S. for a one-week STEM training for three consecutive years. This vice-principal needs not to teach science anymore, but must take part in STEM management.”
The principal of this aided school could be considered as a “thoughtful” leader - the rationale is that, if he or she was lacking of self-efficacy in STEM to lead curricular change, he or she was wise and responsible to send someone of science background to receive trainings. The act reflected the principal’s wisdom of heart and intellectual capacity of head.


4.13 Inadequate Resources for Implementing STEM
In 2017, Hong Kong Government had provided one-off grants to schools for supporting school-based STEM education. HK$100,000 to each primary school and HK$200,000 to each secondary school (The Legislative Council, 2017). Six interviewees, including five principals, all exclaimed that these small amounts of fundings were far from enough. An interviewee even complained that resources were not evenly distributed within school. Similar comment was given by the primary school principal in focus group two that resources should be evenly distributed among different subjects. Silo effects existed when resources were not evenly dispersed, causing faculties to compete for limited resources; however, teachers dared not to voice out of their resentment and chose to suppress their negative emotions. But ironically, the secondary DSS school principal of focus group two had made an interesting denotation between line #449 to #450: 
           “L: If teachers of different faculties compete for limited resources, I would be happy and perceived it as a good sign, meaning that teachers have the heart to do more for benefiting students.”

As she explained, teachers were very busy with heavy workloads, they would not choose to teach beyond curriculum, but they would obey to the orders of principals. When there were fundings coming in, Ms. L would invite proposals from all faculties to best utilize the resources. 
Sub-categorization:
· Insufficient resources causing uneven distributions at schools.
· Silo effect occurs when resources are inadequate.
[bookmark: _Hlk109836167]
Category:
· Resources insufficiency is one of the major hindrances for STEM success.
· Principals have obligations to evenly disperse resources and to motivate teachers for taking up extra responsibilities. 
[bookmark: _Hlk109836417]Emergence of 3H Domains:
The dialogue of Ms. L exposed a phenomenal fact that “teachers obey the orders of principals”, that means when principals use “hands” to execute ideas that are originated from “hearts”, then they would be approved by the “heads” of teachers. Symmetrically, if teachers perceived fairness at schools and all faculties were treated equally, they would be motivated to implement as they were requested to, for the purpose to maintain harmony at their workplace. 

4.1.4 Sufficient resources for Implementing STEM
It is controversial to include this theme into the discussion of findings. While most principals complained of having insufficient resources for STEM, the DSS school principal and international education researcher conversely declared that fundings from government were adequate for carrying out STEM projects in aided schools. Besides government fundings, there are also sponsorships from NGOs, parents, in-school educational trust and alumnae. These kinds of schools seem to have strong relationships with both internal and external stakeholders, so they are capable to raise fund easily. Private schools, international schools and DSS schools have privileges of easier fund-raising, they were even allowed to sublet their school premises to other educational bodies for holding evening classes. Mr. M, the primary aided school principal of the second focus group, exclaimed between line#181 to line #185: 
“M: Hong Kong Government wants to implement STEM, but must treat all schools fairly. Renowned schools, traditional elite schools, and schools with well-off alumnae have more channels to raise fund for the programme. I had once visited a school’s STEM lab, it was so well-equipped with 3-D printers and laser cutting machines. Why parents wish to send their kids to DSS schools, they have advantageous resources.”
It is obvious that different types of schools have different means to acquire resources for STEM implementation.

Sub-categorization:
· Some schools are better-off to have more resources. 
· There are numerous channels for acquiring resources. 

Category:
· Different types of schools have dissimilar access to resources.
[bookmark: _Hlk109846072]
Emergence of 3H Domains:
The attitudes and “hearts” of government, principals, teachers, parents, alumnae and external NGOs are all counted for the successes or failures of STEM.

4.1.5 STEM of Hong Kong is a failure
Seven interviewees commented that STEM failed to shape a common theme with core value. Negative criticisms include:
a) it brings confusion to add “A” and “R” into STEM;
b) STEM shows no theme, it is made up of “a bit of everything”;
c) STEM cannot arouse students’ interest in learning science;
d) legislators would not agree to pay subsidies for something without core value;
e) policy makers did not provide holistic guidelines for the execution of cross-disciplinary STEM;
f) STEM is not recognized by general public;
g) STEM is not easy to be executed as cross-curriculum subject;
h) teachers were not taught to teach engineering and technology at secondary schools; 
i) successful implementation of STEM requires holistic efforts from all stakeholders, the goal is unachievable;
j) STEM shows no inspirations on students;
k) work-overload and tight time-schedules impede the development of STEM at schools. 
After reviewing all the negative comments, the researcher felt miraculous to discover that the aided primary school principal and the DSS secondary school principal did not participate in the discussions of this specific topic, they might have dissimilar perspectives.
[bookmark: _Hlk109855375]
Sub-categorization:
· Hong Kong STEM fails to have common theme and core value, and lacking of holistic government guidelines. 
· STEM was not understood by general public.

[bookmark: _Hlk109855509]Category:
· Even for those who were having vested interest in Hong Kong education system, they still considered STEM as a failure and hard to be executed.

[bookmark: _Hlk109855822] Emergence of 3H Domains:
As stated by Mr. P in the first focus group discussion from line #811 to #812:
        “P: Successful implementation of STEM needs the “hearts” of all stakeholders to push it forward. Generally speaking, I feel dim about the future of Hong Kong STEM.”
Mr. P’s emphasis was placed in the “heart” domain to encourage transformational changing. The “hearts of stakeholders” become the locomotive to pull the “head and hands” for moving STEM forward. 

4.1.6 Sustainability of STEM
Regarding the sustainability of STEM, stakeholders of different backgrounds gave contrasting opinions, obvious divergences were found. Five interviewees responded to the question. The primary school manager suggested that STEM should be assessed by tests or examinations, only gradings could reveal the efficiency of the program and make it sustainable. Three others showed that STEM needs adequate resources and competent teachers to sustain. STEM was highly favourable to the principal of DSS secondary school. Her experience as being past principal of a renowned aided school and current principal of a reputable DSS school had brought her exceptional views towards STEM education. Teachers and students of both schools enjoyed the experiential process and assessment was never a problem. 


Sub-categorization:
· Insufficient fundings lead to uncertainty of STEM’s sustainability.
· Student assessment is required for making STEM sustainable.
Category:
· Stakeholders hold indifferent points of view towards the sustainability of STEM

Emergence of 3H Domains:
Sustaining STEM is equivalent to maintaining its ability to survive when funding is short or funding has ended. Line #329 to #332 are the perspectives of Mr. M, the aided primary school principal:

“M: With or without money, there are still ways for STEM to survive, principals could use their leadership skills to guide teachers in teaching STEM. Lacking of confidence is never problematic, considering teachers are having the “hearts” to learn and teach, even flying paper planes could form educational lessons. “

It is the “hearts” of principals and teachers to desire on the sustainability of STEM. For pursuing success, it is the “head” to design experiments adjustable with limited resources, and the “hands” to put them into reality. 

4.1.7 Girls’ Stereotyping in STEM Learning
Both primary school manager and secondary school principal held same opinions that girls are having same levels of competence and capability as boys in learning STEM. The reason for the researcher to ask this question is for clarifying the saying that “STEAM or STREAM are designed for girls who show less interest and capability in learning STEM”. The secondary school principal further elaborated that, girls always outnumbered boys in awards-winning at science competition, since they are more cautious and meticulous in characters.
Sub-categorization:
· Traditional mindset has gender disparity in science-learning capabilities.
· In reality, girls are brilliant in science performance.
Category:
· Girls are identically as good as boys in STEM-learning abilities.

4.1.8 Principals’ Transformational Leadership in Managing Change
Among fourteen interviewees, eight of them including all principals and school manager, they shared their opinions and experiences with great relish to dwell upon the topic. They frequently mentioned the word - “heart”, they considered “hearts of principals” as the major determinant for making STEM a success. In face of insufficient financial resources, lacking of competent teachers and inadequate facilities, principals have to “squeeze” resources hither and thither for inputting into STEM and undergo lobbying to seek stakeholders’ support.  STEM would not be able to sustain without virtuous and transformational leadership from principals. This phenomenon explicitly appeared in the primary school manager’s sharing: “At the school that I work as school manager, its principal had successfully aroused students’ interest in science-learning. They were inspired to explore with curiosity and were stimulated to think critically and creatively, and had developed self-driven impulse to motivate their own learning”. Another sharing from the entrepreneur of second focus group stated that “principals are not necessary to be of science background, the deputy could fill up the deficiency of knowledge, principals only need to manage well the ones who know”. The aided primary school principal further interpreted: “silo effect should never exist if principals are fair and just to treat faculty proposals equally. Qualified leaders should never allow their subordinates to worry about money affairs, those are the principals’ responsibilities”. The DSS secondary school principal further explicated the importance of good principalship: “A good leader should be able to motivate teachers to establish their ambitions in STEM teaching. Supportive principals would re-schedule their timetables to fit with those of STEM teachers, so they could attend every STEM meeting to discuss about progress. Professional leaders would always be ready to provide advices for problem-solving; even if they were not knowledgeable about science, they would prepare themselves at their best”. 
The international education researcher also shared his recent experience associated with a principal who also viewed STEM as an achievable task. The principal and his teaching colleagues were unskilful in STEM teaching, but they were driven by strong senses of mission to teach STEM well. The principal should be credited for bringing out teachers’ instinctive affirmation and commitment in education, his school had been leaped from a band-three labelling school to a band-one school[footnoteRef:5] in three years’ time. [5:  After Secondary School Places Allocation, Hong Kong’s Primary 6 students would be placed into schools of 3 different bandings, based on their academic performance. Band 1 secondary schools are for better-performing students.] 

[bookmark: _Hlk109901393]
Sub-categorization:
· Insufficient resources are bringing principles challenges.
· Money-saving tactics were employed for STEM.
· If schools performed outstandingly, more fundings would be subsidized by government in the following year.
· Aided school principals have to carry out STEM with limited resources.
· Principals of different types of schools have to implement STEM with dissimilar approaches and practices.
· Successful implementation of STEM requires outstanding leadership to lead and requires “heart, head and hands” to excel.
· It’s principals’ exceptional lobbying skills to line up all stakeholders for pursuing one common goal of STEM.

Category:
· Dilemmas existed in STEM implementation, but could be overcome by principals’ engagement of “heart, head and hands” and transformational leadership skills.

Emergence of 3H Domains:
School principals’ thoughtful and transformational leadership skills activated them to pay close attention to subordinates’ emotions, envisions and hardship while carrying out STEM. Sense of commitment motivated by “heart” would encourage teachers to work with “head and hands” in teams for developing the mission and vision of future STEM. 

4.1.9 STEM at Primary Schools
STEM was suggested by interviewees to be started as early as possible. Primary students enjoyed the learning process more than secondary students, since the topics are less specialized and were taught in a more relaxed manner. Primary STEM is not promoted as KLA[footnoteRef:6] subject, so parents are less likely to compress their children in learning. Primary students are free to sign up for joining science competitions as long as their proposals have perceived values and workable. On contrary, only high achievers of secondary schools are chosen by teachers to join science competitions.  [6:  KLA stands for Key Learning Area. ] 

Sub-categorization:
· Primary school students enjoy learning STEM more than secondary students.
· STEM at primary schools is evaluated by students as “funny”.

Category:
· STEM education should be started as early as possible at young age.

Emergence of 3H Domains:
STEM education should engage students’ hearts, heads and hands at young age to bring out their cognition and science-inquiry attitudes about real-life issues occurred in their surrounding environments.

4.1.10 Government’s Role in STEM’s Sustainable Development
For any education models to be executed successfully, government’s role is crucial. All interviewees agreed that STEM had been promoted in Hong Kong for more than seven years, but the result is not prominent. Policy makers are deliberate to increase Hong Kong’s competitiveness in science, and there are no long-range plans for STEM. Schools execute STEM in their own ways in pursuant to the resources that they had on hands.

Sub-categorization:
· Hong Kong Government plays a vital role in promoting STEM.
· There are no guidelines and central policies provided by policy makers.
Category:
· STEM is a definite need in Hong Kong, but Hong Kong government is not playing a proactive role in promoting it.

Emergence of 3H Domains:
On top of ordinary 3H domains, the Hong Kong Government should act as the mastermind or “super-head” to effectively hype the publicity of Hong Kong STEM with responsive hands and heart.


4.2 Literature Review

In order not to be influenced by the findings of past literatures, the researcher shared same perspectives as Frankel and Devers (2000) to conduct an intact literature review after the findings of the current research were analyzed, for the purpose to avoid any preconceptions created by literature knowledge that might interfere with the observation of collected data. Valuable insights from previous researchers would be linked up with existing findings of collected data for more explicit interpretations of the emerging phenomena occurred under study. A tabular summary with key findings was constructed for developing a scoping review for contributing to the research’s conclusion writing. See Table 1 for Summary of Literature Review. 
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Table 1 Summary of Literature Review. The table was constructed by the researcher. 


5. Conclusion

The categories obtained from focus group discussions and key findings acquired from literature review are all directed to investigate answers for the following research questions:

a) What dilemmas are Hong Kong principals confronting when implementing STEM education?
b) [bookmark: _Hlk110523657]With aid of the holistic view of 3H approach, what could principals do to overcome barriers in STEM implementation and to facilitate change?

5.1 Conclusion of Findings

STEM was increasingly being recognized as fundamental for global competitiveness and economic growth (Lee, Chai & Hong, 2018). From focus group discussions, no interviewee was able to provide a holistic explanation for STEM, what its benefits are, and why it should be implemented. Their ideas only circled around creativity, inspiration, knowledge-based preparational training, and considered STEM as a bridge for linking up all science subjects. Kulakoglu and Kongdakci (2022) had also discovered from their qualitative study of STEM at Turkish schools that, no school administrators at organizational level had ideas of what STEM was, and it was not found in the schools’ strategic plans. Challenges of STEM involve pedagogical redesign from the microscopic view of students’ interests and capabilities, and substantial transformation of subject-based curriculum (Lee, Chai and Hong, 2019). 

5.1.1 Answer to Research Question 1
The study of Gene, Jong and Chai (2019) showed that teachers were concerned of not having sufficient channels to communicate with other colleagues to share experiences of STEM-teaching, to learn more about new pedagogical approaches and assessing methods. These findings co-existed with the interviewees’ opinions in current research, the scope of STEM is too broad for teachers to manage all four disciplines effectively, they found hard to manipulate and felt scare of the unknowns. Hong Kong government had only provided 12-hour’s training to all STEM teachers, which was regarded as heavily deficient; moreover, resources and fundings from government were not ample to procure qualitied STEM trainings. Nevertheless, teachers’ self-efficacies showed distinguishable influences to students’ persistence in STEM learning and professional development of future career (Kelly & Knowles, 2020); and teachers’ job tenures and experiences showed no correlation with their confidence in teaching STEM (Tao, 2019). Trainings are necessarily in need and are not catering only to teachers, but also to principals. Owens et al. (2015) suggested that principals should also have self-assessments for professional development in STEM.
Deficient trainings arose from inadequate subsidies and ambiguous guidelines from EDB[footnoteRef:7] for how STEM should be executed. Inadequate fundings is one of the major impediments hindering the success of STEM. Silo effects occur when faculties compete for limited resources, especially in the context of aided schools. The effect would encircle larger employee problem of silo mentality, prompting blockades for effective information-communicating among faculties, hence would reduce the schools’ organizational efficiency and brought damage to school culture (Kenton, 2020). This phenomenon created explorative views with potential worth for further studies of STEM. At focus group discussions, the aided school principal perceived silo effect as a low-morale creator with ultimate adverse effects on students, whereas the DSS school principal ironically considered it as an encouraging sign to induce teachers’ interest in executing STEM. Teachers are usually reluctant to embrace with unknowns and resist to do extra work if STEM was not on school curriculum. Extra efforts from principals are needed for addressing to the needs of teachers in order to elevate their professionalism in teaching. Furthermore, principals are responsible to disperse resources evenly among faculties, if not able to do so, sincere communication is required to reveal actual reasons.  [7:  EDB stands for Hong Kong Government Education Bureau.] 

The Trends in International Mathematics and Science Study of 2019 indicated that Hong Kong’s Primary Four and Secondary 2 students showed significant declinations in global rankings of mathematics and science, EDB’s immediate attention are required. However, STEM is a non-traditional model of education for training students with multi-disciplinary, inter-disciplinary and trans-disciplinary skills in science before they enter future workforce (Popa & Ciascai, 2017). Most interviewees of current research perceived STEM as a failure. Hong Kong is an exam-oriented city dominated by spoon-fed education, students are trained to achieve high in public exams for the sole purpose of gaining access into universities, this ingrained belief is strongly supported by parents. Students were not having sufficient knowledge to make decisive plannings for their future studies and careers (Mohtar et al., 2019), so teachers’ competence and ability in mastering science were essential elements to attract students into STEM learning (Popa & Ciascai, 2017). Fortunately, there was no significant gender disparity in learning abilities of STEM (Makhmasi et al.,2012; Popa & Ciascai, 2017; Tam, Chan & Lai, 2020). It was informational to learn from Kutnick et al. (2020) that school-based STEM education was not able to inspire students’ engineering learning ambitions, whereas many students develop their interest from out-of-school extra-curricular activities. This discovery conformed with interviewee’s comments that ‘STEM shows no aspiration to students and is not easy to be executed as cross-curriculum activity’. They also replenished that ‘STEM cannot arouse students’ interest in learning science’. Chan (2019) suggested that, ‘in order to increase students’ learning interest of STEM, they should be made aware that STEM is applicable to real-world workforce’. Their established task-handling abilities are salient elements for anticipating their envisioned future (Mohtar, 2019). 

Doubtful attitudes of teachers, disinterested behavior of students, inadequacy of fundings and ambiguity of government guidelines were all barriers and dilemmas of STEM implementation. The above findings aimed to answer Research Question 1. 

5.1.2 Answer to Research Question 2
Regarding the sustainability of STEM, principals of different types of schools expressed unalike opinions. DSS schools and renowned aided schools were having sufficient and continuous fundings from stakeholders to maintain an efficient and sustainable STEM program; whereas most aided school principals have to use their leadership mentalities to facilitate STEM by constantly redesigning curricula and revising fund-raising strategies. Principals should not only be instructional leaders, but should also be supportive transformational leaders in STEM implementation, always be ready to motivate subordinates to transcend their self-interest to pick up more responsibilities in teaching for the sake of students. When instigating changes in STEM education, effective school leadership allows teachers and students time and room for growth, the “heart” in 3H framework becomes the most important pillar for effective transformation and change management. From focus group discussions about leadership of STEM, “heart” occurred most frequently. Leadership is important to subordinate empowerment and emotional healing (Ibrahim, 2014), especially at time of change among uncertainties. Change unreadiness existed at the initial transformational stage, and principals should act as facilitators, supporters and motivators to bring in collaboration and inspiration (Kulakoglu and Kongdakci, 2022). High level of trust established between principals and teachers would foster teachers to commit assigned responsibilities with enthusiasm, thus to enhance students’ learning effectiveness (Kwan, 2016). This motivational process engaged the “heart, head and hands” to form a holistic approach for sustaining STEM. Mahmud (2017) had also conducted focus groups and discovered through interviews and discussions that ‘the 3H framework engaged to develop whole persons with relation to issues of the real world’. Problem-based and self-directed learnings of STEM are guided by the head domain to gain understanding of the world and form rational judgements, and through the hands domain to coordinate and manipulate functions for practical learning; and by heart, learning would be influenced by emotional feelings related to confidence, attitudes and perceived values (Gazibara, 2013; Gruhler et al., 2018). As interviewees revealed in current focus group discussions, Hong Kong principals are facing with multiple challenges when implementing STEM. Students’ disinterested learning behaviours, teachers and parents’ ignorance and government’s negligence in providing more directional guidelines are all challenges. Actualization of successful STEM requires outstanding leadership to lead, guide and motivate, together with “heart, head and hands” to excel. Principals must show genuine commitment to cultivate teachers and students’ competence and self-efficacies through trainings of self-motivation and team-collaboration. Principals have various ways to embrace STEM challenges - encouraging students with recognitions, awarding them at competitions, organizing learning workshops for teachers, sending teachers overseas to trainings, building up communication channels for teachers to share experiences and uncertainties, holding seminars to educate parents, and lobbying among management board to acquire support for fund raisings. These strategic plans need the heart-on passion, head-on vision, and hands-on actions of principals to effectuate. By applying the 3H approach to STEM education, it signifies a proactive and progressive start for principals to enlighten teachers in recognizing the importance of their roles in teaching and influencing students to well-prepare for their future.  
The above concluding analyses provided the answer for Research Question 2. Supplemented by  the 3H holistic views, principals would be able to overcome barriers in STEM implementation and to facilitate changes which are supported by all stakeholders. 
 


5.2 Recommendations
STEM education is recommended to be started as early as possible when students have no assignment and examination burdens, so they have time and mental liberty to freely explore the extensive world of STEM. Fundamental STEM education should be started early at kindergarten, the Chinese saying of “three years old fixes eighty” is a metaphor to indicate the importance of early education.  
It was also recommended that Hong Kong Government should play a more proactive role in promoting STEM with a set of complete guidelines. The government should actively line up technology companies to provide students opportunities for summer internship and develop funding partnership with these companies. 
The researcher recommended to put an extra H of “harmony” into the 3H framework to form a 4H holistic approach.  When hands implement STEM with ambitious hearts, and was consented by the heads, then ‘harmony’ would emerge at schools to achieve the missionary goal of STEM.

5.3 Limitations and Further Research
Conducting focus group interviews is not an easy task, it is common that participants would be reluctant to give honest opinions for sensitive questions. The researcher had provided interviewees a pilot questionnaire to invite comments, and some of them offered honest feedbacks that they did not feel comfortable in answering political-sensitive questions. The final questionnaire had been adjusted to suit their requirements. From a research perspective, the researcher felt regretful that certain types of questions were forbidden to be asked if they were in conflict with interviewees’ political standpoints, but the answers to these questions might bring new insights to the research. Since time is limited for the current study, the researcher was not able to send invitations to recruit more stakeholders to participate in focus group discussions; and furthermore, if the present qualitative research could be backed up by quantitative research, the study would be able to extend to a larger population for obtaining more reliable results.   

For further research, the researcher would like to focus on the influential impacts of silo effect on STEM implementation. As mentioned by interviewees, partisanship is common in the educational institutions of Hong Kong and the atmosphere will bring bafflement to the sustainable growth of STEM education. 
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Appendix 2

Interview Transcript of 7th July, 2022 - 1st Focus Group Discussion for the study of:  
Visions for the Future of Hong Kong STEM Education: Through the Heart, Head and Hands Transformation by School Leaders

Date: 
7th July, 2022

Time:
6:00 p.m. – 9:00 p.m.

Venue:
Office conference room at Wan Chai, Hong Kong


Participants:
1. Moderator (Mod) – researcher of the study
2. Mr. P - school manager of 2 Hong Kong primary aided schools
3. Mr. C - principal of a Hong Kong private post-secondary institution
4. Ms. J - vice principal of a Hong Kong secondary aided school
5. Mr. D - engineering lecturer of a post-secondary vocational school 
6. Mr. H - principal and lecturer of a science and mathematics tutorial school
7. Mr. L - entrepreneur and owner of a technological company major in robotic engineering
8. Ms. A – parent of a science student, an award winner of the Hong Kong Science Fair. School manager of a renowned aided secondary school.  

(Remarks: The 1st focus group’s moderator introduction was broadcasted to the 2nd group)
Thematic Discussion Topic: 
Hong Kong is lagging behind in STEM development, what were the reasons leading to this phenomenon? Would principals be able to make changes in STEM implementation and lead the transformation with their leadership skills?
In order to encourage honest answers, participants would remain anonymous without exposing their actual names, titles and job positions, they were only denoted by alphabets. The original discussions were conducted in Cantonese, the moderator transcribed the conversations into English texts for the purpose to keep as records for the research. 

[bookmark: _Hlk108628117]Mod: I will first turn on two recorders for recording your valuable opinions. Welcome to the focus group. The purpose of the focus group is to gather information for the research assignment of “Vision for the Future of Hong Kong STEM Education”, a course module of the Doctoral studies of Business Administration. 
I chose the topic of STEM as I am interested in the future development of this concept in Hong Kong and wish to gain more insight of how it can be managed and implemented in the school context. STEM is an acronym made up by science, technology, engineering and mathematics.
The reason that I invited all of you to participate in this focus group is due to your common backgrounds in Hong Kong education. We have principal of secondary school, school manager of primary school, principal of private college, principal of learning centre, parent of science student who was award winner of science fair, and lecturer of engineering at post-secondary institution. 
STEM was first promoted in U.S.A. 20 years ago, but Hong Kong was having hindsight – STEM was publicly promoted in 2015 and officially introduced to schools in 2016. STEM was proposed by government as interdisciplinary and to be integrated into other subjects. The Hong Kong Educational Bureau (EDB) has no clear guideline of how schools should implement STEM, school management can decide to have STEM designed as an individual subject, or it can be executed as extra-curricular activities. 
Teachers respond to STEM with uncertainties. According to research result posted on South China Morning Post, only 5.53% of surveyed teachers who had experience in teaching science subjects showed that they were well-prepared to teach STEM, whereas over 80% of teachers indicated that they were lack of self-efficacy and competence in teaching STEM. These teachers brought their concerns to principals. For EDB to promote STEM, they subsidize each primary school with a one-time subsidy of HK$100,000 and each secondary school with HK$200,000. No principals know how STEM can be carried on if these subsidies were spent. According to a piece of news from broadcasting, the Hong Kong Government is going to subsidize each school one million Hong Kong dollars for implementing STEM in the areas of cloud computing and information technology. The Hong Kong Government decided to execute this plan is due to the reasons that most Hong Kong’s technology companies specialize in these areas. However, this plan neglected other science subjects such as biology and chemistry. 
When looking at the student aspect, no matter its USA students or Hong Kong students, researches indicated that they showed resistance and disinterest to science subjects and complained that they are difficult, and rather took Art subjects instead. 
Since EDB has no direct guidelines to schools, some principals make STEM a stand-alone subject with test and examination assessments. These kinds of schools have common backgrounds that they encouraged students to participate in Science Fairs and they had won titles of “The Son of the Star” by winning in the Intel International Science and Engineering Awards. These schools might have competent teachers who are capable to carry out STEM effectively. On the other hand, some schools took STEM as extra-curricular activities and they spent the whole hundred thousand dollars in buying 5 robot assembly kits of twenty thousand each; however, these 5 sets were far from enough. 
Some schools use the subsidies to hire teachers with higher science teaching skills, since EDB only offers 12 hours of training to school teachers. STEM is promoted as cross-disciplinary and to be integrated into other subjects. “A” was added into STEM and becomes STEAM. “A” stands for Art, and it was developed for catering to the needs of girls as females are perceived as less interested in STEM by researches. Another alphabet was added to STEAM and make it STREAM. “R” stands for Reading and the R in wRiting. Hong Kong news had also reported that STEM is going to be integrated into physical education and later into music. An educator had also proposed that “H” of humanities should also be added into STEM and then reshuffle the alphabets to become THAMES. Will there be sufficient resources for carrying out all these variations of STEMs? Are teachers prepared and be ready to teach STEMs? 
STEM is an enormous and long-lasting project, for instance, the Americans had just declared that they will have another five-year plan with the objective to become the world number one in STEM. India proclaimed that they will use 10 years to pursue the success of STEM. Japan told their junior students that they better well-equipped themselves in science, since Japan is going to be surrounded by robotic science sooner or later, in learning or in industry.
There will be big transformations in the job market. Traditional jobs, especially those which are labour-intensive, are vanishing. I give an example of Foxconn. Terry Gou (郭台銘) was asked by President Donald Trump, like TSMC (台積電), to move Foxconn (富士康) to the U.S. to create jobs for the Americans. Terry Gou did not provide immediate response, but when he was back to Taiwan, he informally replied that he is going to build his first factory operating 24 hours in darkness. No human labour is required, all products will be manufactured by automated robots. Only three engineers are required to sit at the backroom, responsible for programming, mechanical engineering and maintenance of the machines. Same scenarios appear in Hong Kong, human cashiers are replaced by automated cashiers at supermarkets, allowing customers to self-checking out; but futurists declared that when old jobs vanished, new types of jobs will appear.  
Back to Hong Kong, in view of the prospects of future jobs, is it necessary for all stakeholders to seriously consider if Hong Kong education is ready to prepare students to cope with the upcoming changes of future jobs? This is the reason why I would like to study on this subject. 
Let’s start our first discussion question;
“What do you think is the main purpose for promoting STEM education in Hong Kong?”
Mod: Mr. P, what is your point of view? 
P: STEM is for promoting science, so all students can have hands-on experience while learning it.  STEM to me is a concept rather than an educational curriculum. 
Mod: What about Ms. J, what’s your point of view?
J: I think STEM is a preparation for students to get ready for the future global workforce. Some traditional jobs, such as secretarial work, will be takeover by technology. STEM is not a subject, but it is a training for students’ technological working skills. The global trend is tending towards this technological transformation, so we have to act in concert with this change.
What about Mr. D, what is your opinion? 
D:  I also consider STEM as a concept, but Hong Kong is having an “other people have it, I must have it” mindset. 
Mod: Ms. A, what are your views?
[bookmark: _Hlk109822846]A:  Every time I attended school management meetings, I repeatedly received the message that the school must carry out STEM, otherwise it will be falling behind and the school will be out-dated. However, the school is seemingly out of competent teachers, resources and fundings. There was an instance that the same vice-principal was sent to the U.S. for a one-week STEM workshop training for three consecutive years. This vice-principal does not need to teach science subjects anymore, but involve only in STEM management. To my opinion, why STEM resources and training opportunities are not evenly distributed at school, young teachers are less capable to teach STEM, trainings are needed. 
Mod: What about Mr. C, what are your views?
C: STEM to me is a failure, especially in secondary school, but rather STEM should be implemented as a vocational training. Hong Kong STEM has no core value, the core value of Hong Kong education is examination, no examination means no learning motives for students to participate. Furthermore, Hong Kong Government only provided minimal subsidies to schools. Seven to eight years ago, I had already considered STEM as a concept, but I suggest to add a “C” to STEM, C for culture. I studied civil engineering myself, STEM to me involves all engineering subjects. How many students study engineering in Hong Kong? No more than half. To implement STEM successfully, at least should have more than 80% of students studying STEM-related subjects. For the success of STEM implementation, Hong Kong Government should produce a core value for STEM by adding it into DSE (Hong Kong Diploma of Secondary Education Examination) curriculum. If STEM is to be assessed through examination, school management bodies will start to put resources into it. I suggested STEM to be executed in post-secondary institutions rather than in secondary schools. Why China’s STEM is doing so well? The country has invested a lot of supportive resources into the development of scientific technology. Da-Jiang Innovations (大疆創新) is an example. Hong Kong’s examination-orientated education system is a failure, students work hard only for the goal to get high grades in public examinations. STEM’s failure is similar to Liberal Studies’ failure. Why Hong Kong has to borrow the experience from U.S.A., a nation which is not as cultural as us? I presume that STEM will not be successfully carried out in France as well, as it is a country of culture and art.  I think it’s a total confusion to add “A” and “R” into STEM for the benefits of girls. 
J: STEM has no common themes, just like adding “all kinds of ingredients into one dish”. 
C: (continued with the previous conversation) Hong Kong’s educational leaders are very straightforward, they will copy the ideas of others whom they perceive as workable. Make STEM as extra-curricular activities is practicable, as Hong Kong parents are willing to pay for these extra reinforcements. Let me introduce some background of myself. Upon graduating from a college of technology, I started to apply for teaching posts. At one school, the principal asked if I know how to teach “new mathematics”. By that time, old math teachers didn’t know how to teach new maths. 
P: Nowadays, we don’t use the term “new maths” anymore. 
(All participants are excited about the mention of new maths and all giggled with laughter)
C: During the first two years of secondary school, two classes per week would be for new maths, while the rest of the math classes were for teaching old maths. By that time, new maths was the teaching and learning trend, just like STEM of today. For a new model of education to be implemented successfully, the Government must play a vital role in promotion. How can the current Government be successful in promoting STEM with such an attitude?
J: By paying money to schools. 
C: Subsidies are insufficient. Most teachers are incapable to teach STEM subjects, more competent science teachers should be recruited. But what will happen to existing teachers, the school cannot fire all of them? STEM cannot be run in ordinary class-rooms, extra spaces are needed for building STEM classrooms to accommodate needed facilities. Therefore, I don’t think Hong Kong’s educational institutions can carry out STEM successfully with limited resources, unless there are strong management leaders, adequate fundings and enough school spaces for establishing STEM labs. 
Mod: Some Hong Kong secondary school principals are having forward-vision, they collaborate with universities to have their STEM students doing experiments at university labs. 
C: There are also attitude problems of today’s students, they cannot be criticized and refused to cooperate if outcomes do not match with their expectations. I taught for 40 years…
J: Same here.
C: Experiences told me that STEM should be placed in post-secondary field, such as at Vocational Training Council (VTC). Since students have already finished their DSE[footnoteRef:8], they have freedom of mind to study whatever science subjects they wish to, and VTC has the resources to provide STEM trainings. I would like to quote what the economist Adam Smith had cited, there are three elements needed for the growth of economy – capital, land and labour force. For the sustainability of an economy, these elements are needed. Same for STEM – no resources, lack of space, incompetent teachers, how could STEM sustain?.  [8:  DSE stands for Diploma of Secondary Education Examination.] 

J: Yes, I agree, sustainable development is very important. 
C: Students are interested in activities which they perceive as enjoyable, such as music-playing for girls and ball games for boys. STEM or STEAM cannot arouse students’ interest in learning science, I think STEM is a failure. 
Mod: I would also like to hear about Mr. H’s opinion as you have years of experience tutoring science students. 
H: I have two sides of perception about Hong Kong STEM. To answer your first question about the purpose of implementing stem in Hong Kong, I think the Innovation and Technology Bureau (ITB) had only promoted STEM for a short period of time since…
M: 2016.
H: Yes, 2016. Hong Kong is a tiny place, to promote STEM is not as easy as the Government thinks. Hong Kong people is money-oriented and only interest in making money. No one will be interested in whether the government will carry out STEM successfully. If EDB is going to promote subsidizing each school one million dollars per year, do you think the legislators at the Legislative Council would adopt the motion?
C: Agree, Hong Kong STEM shows no core value, why would the legislators agree to pay for the school subsidies? Unless STEM is to be tested at DSE. If students are only permitted to enter universities with a passing STEM grade, then STEM could be implemented successfully. For the time being, I told my students to study well in three core subjects – science, mathematics and languages. 
Mod: This is the reason why “R” is added into STEM. Students join the competition and they needed to introduce their inventions at the Science Fair; however, many students were not able to interpret fluently in English.  I watched on YouTube about a talented student who joined the Science Fair, he was having difficulties in reading scientific journal articles during his research process, he had to put double effort in the understanding of difficult words. Mr. H, please continue with your previous conversation. 
H: If secondary schools were to be subsidized one million dollars per year, I think this is next to impossible. Hong Kong is strongly affected by the central policy of Mainland China, you can see the speed of China’s scientific development in recent years. In the past, Hong Kong used to give a down-graded name to Mainland Chinese people by calling them “阿燦”[footnoteRef:9]. Decades ago, Hong Kong was perceived by Mainland Chinese as a fast-growing city in many aspects, but nowadays, Hong Kong people are called “阿燦” in reverse, as we are lagging far much behind in science development as compared to China. The other side of my perception is that, Hong Kong has no vision for the future, no setting of long-term policies, but only pursuing a “piecemeal approach” in STEM. [9:  “阿燦” was a little nobody from China, moved to live in Hong Kong and had created a lot of jokes due to his ignorance of the modernized city. “阿燦” is a derogatory term Hong Kong people used for discriminating the new immigrants from China. ] 

J: The China Government always emphasized the Guangdong-Hong Kong-Macao Greater Bay Area development, so Hong Kong has to cooperate. Hong Kong is lacking of monetary resources in promoting STEM, no matter it’s in the amount of hundred thousand or million, there is a possibility that China government will offer a hand. According to my past experience, HK$100,000 was spent rapidly on purchasing materials, and 12-hour trainings was indeed insufficient. The trainings for teachers are on campus, 3 hours per Saturday afternoon for 4 consecutive weeks. These trainings are seriously inadequate for carrying out STEM teaching. The teachers would use these limited skills to teach students experiment-design and the finished products would be presented on School Opening Days. Not all parents are interested in these exhibits, but at least these scientific exhibits were presented in public. Hong Kong Government provided grant funds for subsidizing science activities, but the funding was so insufficient, so we have to borrow from other in-house resources. The 2016 HK$200,000 subsidies really burnt fast.
C: Even one million dollars is not enough for one single school. How many secondary schools are there in Hong Kong?
J: There are 483 secondary schools[footnoteRef:10].  [10:  According to EDB, as of 30th December 2021, there are 508 secondary schools in Hong Kong. ] 

C: How can the Hong Kong Government get this amount of money for injecting into STEM education?
Mod: Mr. L, what is your point of view about Hong Kong STEM? 
L: I consider Hong Kong as a political follower, just do what other people are doing. But the STEM positioning is wrong, just like Liberal Studies, one cannot expect teachers knowing everything and then imparting science knowledge to students. To me, STEM is a kind of thinking. You can integrate it into history, domestic science or physical science to explain the scientific phenomena. I agree with other interviewees that the execution of Hong Kong STEM is a failure, there isn’t a holistic approach to provide guidelines for the cross-disciplinary teaching of STEM, there is no improvement in thinking. Examples can be found in history; for instance, Zhuge Liang[footnoteRef:11] “borrowed the east wind” and win the battle. “Borrowing the east wind” could already be used to explain the astronomical phenomenon scientifically. Hong Kong is only a follower to do what others are doing internationally, but “training the trainers” should be the first priority, the government should provide strategic plans for training. Currently, teachers are only teaching STEM as they were ordered to. To be honest, Hong Kong’s popular science falls very much behind as compare to other areas, and Hong Kong lacks of professional educators to push the concept, most educators are lacking of critical thinking and teaching skills to guide the students. Hong Kong STEM should be centred around the concept of “creativity”. Creativity could also be extended to biochemical subjects and health-concerning issues, not solely applying to computer programming or robotic automation as what Hong Kong is doing.  [11:  Zhuge Liang was an ancient Chinese politician. ] 

Mod: Thank you for all your opinions. From your feedbacks, we have already obtained answers for the first two discussing questions. Most of you commented that the implementation of Hong Kong is a failure without core value.
C: If Hong Kong STEM is placed in junior or secondary schools, there is no value; but if it is placed in vocational training schools, that makes differences. 
J: Most importantly, there is no sustainable development. When STEM was first promoted in Hong Kong, we were silent in all discussion meetings. By that time, there were two grants offered, but implementation of STEM is very costly, principals have to use different methods to “squeeze money out” for subsidizing in STEM, and these methods were approved by higher authorities. 
A: I frequently heard about these cases as well, principals used many different ways to save money for STEM, this is common.
M: Is it common that schools do not have specialized STEM teachers, but STEM is taught by a mix of science and art teachers?
C: Not all teachers can teach science. I graduated with a civil engineering degree, I can manage to teach maths and engineering, but I don’t know how to teach technology. But even engineering has many categories, such as mechanical.
Mod: Mr. D, do you have similar experiences? You were asked to teach science subjects that you were not good at? 
D: I taught at VTC many years ago, and I also had experience of being substitute teacher and night school teacher. Today, Hong Kong is not an industrialized city, but Hong Kong government is trying to shoehorning STEM knowledge to students by force. I am a chartered engineer, but to me, learning and application are two different issues.
C: Yes, I agree, two different issues. 
D: Traditionally, we define science as physics, chemistry, biology and mathematics in Hong Kong. What is technology? There’s no clear definition. I don’t know how to teach technology. There is also no definition for engineering, how are we going to add engineering subjects to secondary and primary schools?
C: I assume that technology is referred to computing. STEM is supposed to be taught by four different teachers specializing in each field. 
D: If engineering is needed to be taught in-depth, it’s impossible to be implemented in secondary school. I was an engineer and taught in night school, I have no clue of what I should teach secondary students. 
Mod: I once heard that the idea of teaching engineering is to teach the fundamentals…
D: Should be teaching “engineering thinking” – to think how to apply engineering into daily lives. 
Mod: What about hands-on activities?
D: No, not at the secondary school stage. Before I come to this discussion group, I visited the Hong Kong STEM webpage, it mentioned 3-D printing, and there is a plan to provide 20-hour training courses. I had experience helping a friend to set up a 3-D printing factory. The 3-D printing technology is proprietary, stakeholders of the industry would not release in-depth information, learners can only acquire knowledge on the surface.
C: That’s why I said STEM can only be taught at interest classes. There is no purpose for learning STEM without seeing any intrinsic values. STEM is unlike engineering, either civil or electronic, the student can actually get a job in the future after studying it in post-secondary institutions. 
Mod: Mr. H, what about the students who come to your tutorial school? Maths is a core subject, it is understandable that they come to you for improving their grades. But for physics, are there any motives driving them to you because they are interested in STEM? 
H: They came to me not because of STEM, they came for the reason of not knowing or understanding what teachers taught in class. 
Mod: Oh, my goodness! They don’t know what teachers are teaching? Does that mean the teachers are not qualified in teaching science, or the curriculum design is inappropriate? 
C: I can even say the principal who hired them is not experienced enough to know what are to be taught in STEM, both principals and teachers need trainings. 
Mod: You mean the principal?
C: Yes, exactly. 
H: There is a possibility of occurrence on what you had just mentioned. Curriculum is designed by EDB, everything is set.  Textbooks to be used are fixed.  For example, chemistry has two text books, year after year the ones from the same publishers will be used. The class size is perhaps a main problem, teachers cannot handle all students. Is it one to thirty in a class?
J: About one to twenty or twenty-one. 
H: Furthermore, there are differentiation in learning progress, some students are stronger in absorption capacity, whereas other aren’t. Teachers have to use a moderate in-between way to teach. Moreover, there is a possibility that some teachers do not have adequate abilities and knowledge to teach STEM subjects. Teachers themselves who are good learners at school doesn’t mean they can teach well.
J: Yes, this is true. 
H: Teachers must have methods to guide students step-by-step, instead of pushing all materials at one time. Students like coming to me since I understand them individually of where they are lagging behind in physics learning, but they had lost their interest and learning momentum in at school.
J: Teachers have sufficient scientific knowledge but they might not have good problem-solving skills to effectively guide students in learning, but some teachers have the ability to induce the interest of students. 
Mod: As a principal, when you know that your teachers are having difficulties and lacking of confidence in teaching science subjects. As a leader, if firing a teaching staff is impossible, what approaches will you adopt for motivating your teachers to guide them through the hardship? How do you assess teachers and will you send them for further training if they are incompetent?
J: Every school has peer assessment and lesson observation to obtain data, and we also count on the feedbacks from students, parents and other stakeholders. If a teacher is indeed incapable, we will reselect an appropriate one from the pool of teachers. The school’s manoeuvre is very limited, there isn’t enough fundings to hire extra teachers with higher capabilities, we can only transfer teachers between posts. 
Mod: STEM has been around for over 6 years, had you ever come across teachers who showed you concern that they were having difficulties in teaching STEM? Would the school offer trainings to those teachers? In response to an earlier question from Ms. A, I hope my other question for group discussion will help to answer. “If principals are not of science and mathematics background, would their decision-makings be affected, and not be able to provide effective feedbacks to STEM teachers’ questions, doubts and requests. And would they have development trainings as well? “ . Is yes, is this the reason that a vice principal was sent to U.S. to receive trainings for three consecutive years? 
J: If a principal is of arts background, the vice principals must be of science background to assist the principal in decision-making, the principal will skilfully assign jobs to the specialists around him. No teachers will tell the principal that they are incapable to teach certain subjects, but rather they will attend courses to strengthen their knowledge privately. 
Mod: But in reality, when teachers were away from school and participate in questionnaire survey, over 84% of teachers did not hesitate to answer that they have no confidence in teaching STEM. From a principal’s standpoint, can he/she realize that the teachers are having fear in teaching certain subjects and it’s time to reposition those teachers?
J: There are many methods that a principal can use, but I cannot speak clearly here in public. 
Mod: Yes, understand. Mr. L, when students come to your learning centre to attend robotic courses, what do you feel about the qualities of your students? Do you think they were forced by parents to attend the class, or they really showed interest in robot assembling and programming?
L: By listening to other participants’ opinions, I feel that many teachers are incapable to teach STEM but they are pushed by principals to accomplish their jobs. In my opinion, only engineering is the most difficult module to be taught in STEM, as science and mathematics are already in the curriculum. In my working field of mechanical engineering, there are fewer and fewer students interested in learning robotics. For senior high students, physics, biology and chemistry are not compulsory studying subjects and the element of D.I.Y. (do-it-yourself) is also lifted. Students come to learn hands-on assembling mainly is for the need to compete in Science Fair, general students show no interest. Hong Kong is not an industrialized city, so students show no interest in STEM learning, but everything can be restarted if we have trained scientific talents. Hong Kong Government could help if there are rent-free manufacturing plants, manufacturers who had moved to China will consider returning to Hong Kong. We need to have scientific manpower to rebuild the industries, therefore students should make a long view and start to build up a solid foundation in STEM. For the time being, STEM is very difficult to be implemented, even less students come to my robotic class. There are no engineering teachers in secondary schools to encourage students to participate in engineering projects.  Students are still having difficulties in learning computer-programming, they have no motivation to touch on hardware. Decades ago, computer programming is an individual learning course, but now computers are used in every subject. STEM should not be interpreted as a learning subject, but it should be considered as a cogitation to bridge up all courses. If STEM is to be implemented as an interest course, teachers will be less motivated to teach well in it. For the robotic classes at my centre, we emphasize “team cooperation”. But for students in the school context, their assemblance ability is very low. For instance, kids are interested in playing remote-controlled cars, after playing for a while, they will just put it aside and idle it. They would not think of dissembling it and refit it to another piece of toy, or make the original car more powerful. Disinfection robots are good examples of refitting mechanics. I always talked to teachers that science and mathematics in STEM are having no problems in execution, but engineering is a serious problem since little people learn how to teach. Technology is cheap to acquire in the market, and there is no technological development for training students. We had approached a lot of schools, both teachers and students can write apps and programmes, but they have no experience and knowledge in handling hardware, and not to mention creativity, which is the fundamental foundation for STEM. I was brought up under the “spoon-feeding education’ [footnoteRef:12](填鴨式教育). Hong Kong has a narrow view of STEM without clear directions. Schools come to me for STEM advice always asked for artificial intelligence training, even governmental departments asked for the same. I advised schools to provide students with intellectual trainings first before they ask for artificial intelligence training. Educators seem not to have ideas of what artificial intelligence are, is it a programme or a machine?  [12:  Spoon-feeding education is common in Eastern education, where students are more passive in learning, teachers hold students in hands and spoon-fed knowledge along the way. Students focus more on memorizing rather than understanding, lacking of creativity.] 

Mod: STEM is a must-go-on project with no turning back, insufficient funding is a problem, lack of space is a problem. In my research, I wish to find out from a principal that, if he/she really wants to be succeeded in implementing STEM, what can he do to pursue the goal? As you had mentioned a while ago, principals have ways to find out if STEM is carrying out properly, are there any encouraging strategies for motivating teachers and students?
J: To my experience, there aren’t much a principal can do, he/she can only reposition the teachers to other subjects, unless they had committed offensive crimes. 
Mod: That means even a principal has the “heart” to transform, there’s not much he/she can do. Would Hong Kong Direct Subsidy Scheme Schools be better?
J: Yes, these schools are more well-off, they can self-finance themselves to implementing plans.  
Mod: Let me share with you the Singapore experience in implementing STEM. Singapore taught STEM in an applied learning manner, emphasizing practice-oriented learning. Singapore promoted ‘industry partnership programme” to line up secondary schools with industries, so students can experience real-life practises. 
C: STEM needs a system to be built on. 
Mod: Many foreign countries promoted that STEM should start as early as possible in kindergartens, should be part of the pre-school learning. I remembered when my kids were at kindergarten, they were asked to make an instrument at home which can produce sound, this was already a STEM learning involving science and technology. I consider my children’s primary school science-learning a failure, by that time STEM was not yet mentioned in school curriculum. Science was taught only in General Studies, consuming only one-sixth of the subject’s teaching time, highly insufficient for science learning. With such a weak science foundation, most students entered secondary schools with difficulties to build up interest and understanding in integrated science. 
I would like to ask about selection of subjects at Secondary 3. Are science students with good grades have the priorities to select subjects? 
A & J:  Yes, of course. 
Mod: I am quite a naïve person in believing that education should be for everyone without distinction, every child should have the right to receive equal education.  Children who do not perform well in integrated science does not mean they don’t like science, but only because of the grades, they are forbidden to continue their science education in Secondary 4. Would the appearance of STEM take away this inequality of receiving science education? If STEM is to be taught after class, art students would have the opportunity to continue science learning without pressure. I personally do not like being assessed by tests and examinations. I received my senior high and post-secondary education in Canada, I enjoyed the free-learning atmosphere without public exams. When I studied in Hong Kong, I am good in memorizing. I could have the whole Chinese History text book spelled out in exams without errors, including punctuation marks, so I always got a perfect score. But did I really learn the lessons from history? Definitely not.  If STEM is not to be tested, and students can learn according to interest, at least they can pick up something from science. 
When I was at secondary school, I had a friend one year senior than me, studying at a renowned boy school. He loved science, but his ambition did not reflect in marks, so he did not have the chance to study physics, biology and chemistry in Secondary 4. Fortunately, his parents can afford to send him overseas to study in the U.S. He carved out a niche in a place which is not exam-oriented. He joined science competition and his project had won himself and his teammates entries into M.I.T[footnoteRef:13]. His experience inspired many juniors, including me. STEM to me, is an opportunity provided to students who like science, but do not have the chance to study science in Secondary 4. The Hong Kong education examining system strangle students’ interest in learning science. I don’t know if I am right or wrong to have such mindset, as all of you are actual educators. [13:  M.I.T. stands for Massachusetts Institute of Technology. ] 

P: Let me share with you my experience as a primary school manager. There was once a female teacher coming into the select-for-appointment committee, to be interviewed for the promotion of vice-principalship. The interview venue was exactly the STEM room. I asked the candidate a question in a relaxed manner. I told her first that I had used the boys’ toilet earlier. Above the washing basins, there is a notice saying – “please don’t play with the hand-washing detergents”. Why the school had to post such a notice? I asked the candidate. She replied vividly, “this is exactly what STEM is applied into, the boys used the detergent as learning material”. I asked again, “for science in STEM, is social science included?”. The teacher was well-prepared and had very high confidence in replying questions about STEM, she shared a lot with us of how teachers enjoy teaching STEM and how happy students are in the learning process, and how the school can achieve it. I feel that STEM at primary schools is taught in a more relaxed environment and is less specialized than that of secondary schools; as a result, both teachers and students enjoy the process. I continue asking about course development. The lady is very excited and proudly proclaimed of her school’s success in implementing STEM and the principal shared the same positive feeling with excitement. I think STEM education should be easier to implement in primary schools than in secondary schools. 
Mod: Mr. C, you seem to have something to share with us. 
C: I would like to respond first to what you just said about “teaching without distinction” (有教無類), this concept was proposed by Confucius two thousand years ago, but this idealistic philosophy cannot be applied to Hong Kong education of today.
Mod: (giggled in laughter) Yes, I realize that, teaching has distinction in Hong Kong. 
C: (continued with previous conversation) Do you know why? Principals must accomplish something distinguishable to get more fundings for the following year; therefore, they have to drive students to attain high marks, principals’ achievements are reflected in students’ DSE results. Their goals are to teach well in mathematics, Chinese, English and liberal sciences; and more idealistic is to push students into medical schools. Teaching without distinction can only be executed in ancient China when the social environment is totally different from today. A student cannot study well in Hong Kong but achieve high in the West, mainly because of the differences in education.
A: Perception of values and cultures are as well not the same. 
C: Education systems make a lot of differences. I have been an education agent for American and Canadian educational institutes, there are a lot of dissimilarities in education systems of the East and West, Hong Kong is hard to transform. 
Mod: Could a reformation of Hong Kong education system help?
C: No one dares to change the whole system. As I mentioned earlier about the three conditions proposed by Adam Smith, where are the spaces, financial resources and capable manpower? For a principal to implement STEM successfully, he must meet the criteria of having sufficient space, adequate financial resources and competent teachers. Principals must have “hearts” to do so.
C: Having a heart, but no power in the system. Objective factors make principals powerless in the education system of Hong Kong.  There are only two results generated from reformation, either success or failure. If a principal failed to transform, he/she has a very high chance losing his/her job. As I explained earlier, if STEM is to be positioned as a core course. If students failed in STEM, they will not be admitted by universities, then STEM will have the hope to be successfully implemented. 
P: Some secondary schools have “TEAM Teaching”, a group of teachers are involved in setting goals and plans for a course, designing the syllabus, and teaching students. They work together purposefully, regularly and cooperatively to teach the same group of students. 
The STEM definition is not straight-forward, adding a bit of this and that into the existing subjects. 
C: Even the one who designed STEM curriculum at EDB had no idea of how STEM should be taught. 
P: STEM must have a clear definition. I personally dislike the concept of “general education”, I teach business and you teach sociology, two faculties combined then make up general education. 
J: To my experience, Team Teaching is difficult to carry out at my school. We had once tried, teaching languages in teams worked. One teacher taught reading, three others taught writing, listening and speaking. This approach is fine with languages, but not for other subjects.
P: But what are the core values of STEM teaching? We must first find out. 
Mod: If even EDB was not able to find the right person to design the curriculum …
C: Those EDB existing curriculum designers do not know how to design STEM. There are many talents in the market, but EDB only used existing incapable ones to design the STEM curriculum. They are just like copycats, copied the format of foreign countries. 
P: Yes, you are right. 
C: Because of the cultural differentiation, we cannot borrow the STEM experiences from Western countries.
Mod: According to all your experiences, is it possible that we created a Hong Kong style STEM educating system?
C: There are objective criteria that we must match. For instance, mathematics for P. 1 to S. 6, there are curricula designed and teachers are trained to teach. I remembered when I taught secondary school at the 70s, I was asked to teach new mathematics. By that time, most existing teachers had no experience teaching modern maths. I was asked by the principal to teach all math classes, 2 sessions each for eight classes, a total of 16 classes. I was happy that my job was secured. Why I keep on saying that the implementation of STEM is a failure in Hong Kong? Its perceived value is not recognized by general public. After learning STEM, can students make money from it.
J: As I said, students are encouraged by Government to develop their career in the Greater Bay Area of Mainland China, their cloud computing is mature-developed. 
C: Is cloud computing part of mathematics and technology? If yes, two segments are enough, no need to have STEM. 
Mod: Could we say that STEM should be split up into four individual course, taught according to students’ interests and ability?
C: To be fair, times change, STEM should be taught like liberal studies, students should know some of each. I don’t quite agree that artificial intelligence will take over jobs, at least not all the jobs. Do you still remember when we were young, how many people served us on a bus? One driver, one exit keeper, and three ticket sellers. What about now? One driver does all the jobs. The globe is still spinning as usual. What happen to the other four workers? Receive trainings to do other jobs. Train them to be drivers. 
J: But in the future, do we need so many drivers? 
C: Yes, true, unmanned vehicles will be the future trend. I feel that…hmmm…humans can easily adapt to changes. Our next generation must learn to adapt. 
Mod: I wish to ask an idealistic question, since I still have fantasies in education. If principals jointly propose STEM reformation to EDB, would education bureau accept the proposal and carry out curriculum reformation?
C: I don’t think there are opportunities, there is no Confucius in our education system. 
P: The Hong Kong education system is set up with guidelines, and educators must follow. 
J: If you followed all the guidelines, then you are a good principal. If your school get high marks in DSE and the school is reported in newspaper, then you did a perfect job. 
C: No principal wants to be a pioneer in education reformation, they only wish to do their job right. 
Mod: Is there anyone who can be the pioneer of STEM education reformation?
C and P: Only private school or direct subsidy scheme (DSS) school principals can be the pioneers of STEM education reformation. 
P: The principal must have great aspiration and noble ambition to do so, and he is financially supported by school management to carry out reformation.
C: Recently, I learnt that the Hong Kong Sports Institute is doing pretty well. They use scientific technology to complement teaching, and they have the basic requirements of capital, land and labour force. 
P: STEM cannot sustain without good leadership. 
C: Sustainability and persistence are from adequate resources and talented management. 
Mod: Mr. P, you mentioned leaders, what kinds of leader are you talking about? 
P: Leaders from different aspects play a role – Chief Executive of Hong Kong, Secretary for Education and school principals. The actions of superiors are followed by inferiors. The mission of implementing STEM must be carried downstream from level to level. 
C: Go to Nansha of Guangzhou, Hong Kong can build a dream city of STEM over there. Labour is cheap, land is cheap, talents are easy to acquire, just go and find someone to support. 
Mod: Who will support?
J: Yes, I want to ask the same question.
C: Find a patriot who is willing to support without compensation. 
H: (burst out in laughter) You are talking about pursuing a dream in Utopia. 
C: That’s why I don’t believe in “teach without distinction”, even Confucius could not pursue his dreams two thousand years ago. Today’s competition is severe, students will not come out evenly. With variations in intelligence quotients, students cannot be taught equally. 
D: Apprenticeship will work. 
C: Yes, yes, one-on-one will work. If the master does not care about the apprentice’s low standard in absorbing knowledge, apprenticeship will work.   In reality, even among Confucius’ 3,000 students, only 72 were considered as teachable, and just a few are regarded as brilliant.
Mod: Mr. D’s wife would like to share with us some opinions about STEM education. Please proceed, Mr. D. 
D: My wife is working on STEM teacher re-training at university. She discovered that those who designed STEM curriculum at EDB had all sent their children to study overseas; therefore, they have no idea of how schools are operated in Hong Kong. My wife commented that since STEM education is cross-disciplinary in nature, so it is not easy to be carried out in Hong Kong. The Education University of Hong Kong only instructs future teachers on their own curriculum, but STEM is not involved. For example, engineering, technology and intercollegiate teaching methodologies were not taught. You educators all know that in order to teach in Hong Kong, you need a Postgraduate Diploma in Education. For teaching specific subjects or new curriculum, teachers have to return school to receive retraining. On the other hand, the Education University has to recruit new instructors to teach students the novel teaching methodologies of the newly developed courses, such as Liberal Science and STEM. When teachers are prepared for training, EDB will then invite school principals to bid as tenders for the teaching of these new courses at their schools. If the schools meet the criteria of financial requirement and have appropriate teachers with relative experiences, they would win the bid and EDB would subcontract these new courses to those schools. STEM has the feature of being interdisciplinary, but The Education University of Hong Kong does not equip future teachers with engineering and technology teaching-skills. Even for mathematics, the university only teaches extensively, not in-depth.
Mod: If teachers are not qualified in teaching STEM, what could primary and secondary principals do?
C: The principals comply with EDB in surface but oppose in heart. They have to secure their jobs so they must obey EDB’s orders. 
J: There are guidelines provided by EDB every year. The guidelines are vague in meaning, allowing beholders flexibilities to execute. Principals will first identify appropriate STEM teachers at schools, and will also seek advices from other principals for training of teachers. Hong Kong principals have associations with peers for experience-sharing. 
Mod: The emergence of STEM is for the ultimate benefit of students, but in view of its “difficult” nature, students show disinterest and rejection to STEM. How could principals overcome these barriers to provoke students’ learning interests of STEM?
C: Does EDB know that STEM is a failure? EDB must have known that, but it shifted the responsibilities to schools. 
J: Mr. D is right. Many officials of Hong Kong Government had already sent their children overseas to receive education, they have no ideas of how Hong Kong education should be like. 
Mod: Some STEM schools appeared to have the “silo effect” in competing for resources between art and science faculties. As I had explained about the meaning of silo effect in my questionnaire, I will not repeat here. Are silo effects common in Hong Kong? And how could principals use their leadership skills to break the silo effect to encourage cooperation between faculties, since STEM is promoted as cross-disciplinary? 
J: Yes, silo effect does exist, but everyone dares not to speak of their resentment, they chose to withhold their anger. 
C: When different faculties compete for limited resources, silo effect would occur; unless STEM becomes an individual subject, then it will have its own fundings.
Mod: When principals learn about their subordinates’ feelings of animosity, could he do something to solve the problem? 
J: There aren’t much a principal could do, everyone just work with the unpleasant feeling.
P: That’s why “Art” and “Reading” are added into STEM. 
C: When excessive resources are input into STEM, many stakeholders would be unpleasant. However, principals and teachers would choose to bear with it without exposing their feelings, for the sake to keep their jobs. Silo effect does occur and will cause ill effect of rejection and resistance, these ill feelings will eventually bring harm to students. Down to the earth, silo effect derives from insufficiency of resources. 
Mod: Do you think girls will be less interested in STEM than boys?
P: We cannot have gender discrimination in education. Some girls are very outstanding in science subjects.
Mod: Yes, yes, I agree. I asked this question mainly due to various researches in the past shown that there is a gender gap between boys and girls. 
P: Nowadays, there are more girls enrolled for engineering. 
(Participants were very excited in responding to this question, they rushed to express opinions, and all talked at the same time)
C: Yes, only 1% of girls in the past, now 5%. 
Mod: Regarding STEM, do girls need extra help from school? What principals could do?
P:  Under the premise, girls do not need extra help in STEM. One cannot make assumption that girls show less competence in science learning.
Mod: There is no hypothetical assumption for this question, I just referred to the past collecting data that boys outnumbered girls in engineering and computer science studies. 
From STEM to STEAM and then to STREAM, do you agree with the approach to add extra elements to STEM for the purpose to cater to the needs of different stakeholders, such as to girls who show less interest in STEM, and to boys who show less competence in language? 
P: STEM is a philosophical concept. It is erroneous to add extra letters to STEM and defeated its original purpose. 
A: Only Hong Kong made up STEAM and STREAM, right?
Mod: No, Hong Kong is a copycat of STEAM and STREAM, it is a follower without own character. 
P: Hong Kong is used to have no character. 
C: To my concern, Hong Kong should add “culture” to STEM.
P: “C” is already existed in STEM. We are walking farther and farther away from STEM.
C: By adding different elements, it’s a compromising type of implementation, trying to please all stakeholders. 
Mod: STEM of the West encourages parents’ participation to join their kids in learning. Like Ms. A and me, we had put a lot of effort into the scientific trainings of our girls. To me, STEM is a piece of commodity, bringing unlimited business opportunities. There are so many STEM learning centres blooming in the market right now.
C:  These STEM learning centres can be considered as private schools, with the freedom to design their own curriculum. I have a dream to open STEM private schools in Nansha, Guangzhou. 
J: To create “Son of the Star”. 
C: EDB has regulated legislations to guide the schools, STEM was regulated. 
Mod: Do you mean making STEM a business is better than implementing by force to aided schools?
C: If STEM is to be promoted by EDB, the plan would be doomed to fail. STEM could be carried out as interest course, if parents accept the idea, they will send their kids for learning.
Mod: What about private and direct subsidy scheme schools, the principals have greater power in decision making, would that be better for promoting STEM? 
C: To me, STEM should be introduced as extra-curricula activities, make it commercial and collect school fees for its sustainability. 
Mod: Years ago, when I was the president of my alma mater’s alumnae association, I had organized a robotic class for the purpose to arouse the interest of alumnae’s children in robotic science. Surprisingly, I received enquiries from alumnae asking if they could join the class together with their kids, and some asked if they could come alone without kids. I started to realize that there is a science-learning market for mature students. If the programme is designed right with attractiveness, even adults do not mind to pay for fulfilling their curiosity. Same mindset can be applied to school kids. If they like the programme and perceived it as fun, they will join the class. STEM in some countries encouraged parents to join their children in learning.   
C: I agree that parent-child education could help to promote STEM. 
P: Under Hong Kong’s education system, STEM is needed to be assessed in order to evaluate its successfulness, only scores would reveal the efficiency of the program and make it sustainable. Students participate in Science Fair doesn’t mean STEM is successful in manipulating. 
Mod: Can STEM be assessed by self-reporting?
P: Self-reporting would have problems, it’s difficult to assess quantitatively.  A marking scheme is required to identify students’ levels of capability and to motivate them to focus in the learning process. They will input more effort if they want to get high marks. 
Mod: That means STEM has become a subject on syllabus. 
C: I view STEM as a business, the program needs financial resources to keep it sustain. But how to make it successful to attract students, deeper thoughts are needed to decide how it should be delivered. School-based or extra-curricular? 
Mod: Do others agree that STEM could be carried out as a business?
J: When you promote the robotic class at alumnae association, what were the responses.
Mod: I was sad that the class had to be cancelled eventually because of the outbreak of COVID-19. But before the closing of school, I had a week to do promotion. I was thrilled to receive surprising feedbacks. Alumnae called in to ask if they could join as adults. They mention the word “play”. To their perspectives, it’s fun to learn how to assemble robots and then program it to move. They use the term “play” to describe the whole process. 
May I ask Ms. A, your daughter had joined the Science Fair before and won an award, how did she join?
A: When my daughter was in primary school, we received a message posted in the e-class group, the school asked if any students interested in joining science competition. The students only needed to sign up according to interest. The applicants were grouped into teams and they would propose a plan. After reviewing, if teachers felt that they had the “heart” to join and the proposal was good, then the school would apply on their behalf to join science competition. 
P: That means the students were not selected to join, they only needed to show their interest. Teach without distinction. 
A: Primary students have no pressure for DSE. 
Mod: Primary school principals can push STEM education at this stage, since primary students can relaxingly learn what they are interested in. 
P: Yes, seems that STEM is hard to be implemented in secondary schools, but rather it’s easier to be carried out in primary schools. Secondary students and subjects are more specialized. 
Mod: For tomorrow evening’s focus group, I had invited a parent who also had the same experience to send her daughter to Science Fair. She shared with me that the candidate-selection process is totally different. Teachers teach with distinction. They selected the high-achievers in science and then ask if they would like to join. If the selected students win the competition, then in the coming school year, the Government will subsidize this winning school more.
J: Back to the question about your organization of robot class for alumnae. If not of COVID, did you have the confidence to organize successfully? 
Mod: Yes, I did. I asked the instructor about the maximum number of participants he can take in, he said 8 were the most. If one parent joined, 16 were alright, since parent and child will share one assembling set. Why did I have the confidence? I was not interested in studying science myself, except biology; therefore, I chose art subjects plus one biology to study in Form 4. For my post-secondary education, I studied commerce. But to my perspective, I knew that science is important, so I started nurturing my kids when they were young. I sent them to different science interest groups during summer, and they started to develop interest in science learning. My boy is now an engineer and my daughter is a vet student. However, all these learnings have to rely on money.  For families which could afford, they would send their children to learning centres; but for those who were unable to support, they must depend on schools to provide STEM education. 
C: Can STEM and its organizing institutions be accredited and recognized globally? I think yes, but a lot of effort is required and to be pushed by some organizers with “heart”. 
Mod: Are there principals with “hearts” that they would use the schools’ limited STEM resources to send teachers or vice principals to trainings? They would do as much as they could to implement STEM.  As I read from journal articles, principals who are not science-trained, they might have difficulties in making decisions about STEM, so they would send their subordinates to training. 
P: STEM to most schools is not their priorities. Before I came to this focus group, I had done some reviews on the minutes of one of my managed primary schools. When STEM was promoted in 2016, around those years, the word “STEM” appeared several times in each minute, but not more than 5 times. Recently, the word only appeared once in each minute, so it is noticeable that schools do not place too much attention on STEM. 
The school with signages above water basins reminding the boys not to play with detergents, its principal really has the “heart” to implement STEM well. The principal used over HK$600,000 to renovate a room to become STEM room, and the whole sum of money was not totally subsidized by government, but the principal tried to squeeze money out from here and there to establish a room for teaching STEM. The principal successfully aroused students’ interest in learning science, inspired their curiosity to explore, stimulated their creativeness and critical thinking, then created an atmosphere for students to pursue knowledge on their own. They had developed self-driven impulse to motivate learning. This principal is very successful in creating a STEM environment that students are happy to learn and teachers are content to teach. 
Mod: It seems that primary school students are having minds like “a white sheet of paper”, they do not resist STEM learning if they perceive it as funny and enjoyable. 
J: Secondary school students have more complicated thoughts. They have to plan for their future career, so they need to choose subjects carefully to align with their expectation. Most importantly, they have to get good grades for university entrance. Most students cannot afford to spare time for STEM. 
P: When you ask primary school students about STEM, they will just simply tell you that, “STEM is so amusing, I like it”. STEM should be started as early as possible. 
Mod: We can draw a conclusion here that matches with international researches, STEM is better to be started at kindergartens or primary schools. 
I have a complaint about Hong Kong’s mathematics. Why students have to choose either Module One or Module Two to study in senior high?  When I studied in Canada, it was compulsory that I had to study all courses related to maths - calculus, functions and relations, algebra, and statistics. I even studied financial maths. 
A: Exactly! Without Module Two maths, students cannot study certain science subjects at universities. Hong Kong’s education system and curriculum design is a failure. North America and UK still have vocational training schools or technical schools, why can’t Hong Kong have the same. Not all students like to study at universities. 
(Everyone started to murmur about their opinions, this issue aroused participants’ interest)
P: When I visited Singapore, I chatted with some students of polytechnical schools, they were very proud of the education they were receiving. To Singaporean, study at universities is not a must. 
J: Hong Kong VTC is actually a very good post-secondary school, but its students will leave after Year One to enter universities to continue with studying top-up degree.
Mod: Can this inherent concept be changed?
J: Very difficult to be changed.
Mod: If my children stay in the West for good, I would not comment on their choice of studying at technical schools; but if they are going to develop their career in the East, I rather they study at universities. 
Back to our STEM discussion, what can a principal do to promote STEM at school? We’d just learnt that it is feasible to run STEM at primary schools.
P: Principals have to do lobbying job wholeheartedly, to persuade teachers and school board to cooperate with him/her to carry out STEM. That’s feasible. 
Mod: That means principals play very important roles in pushing STEM education. 
P: The principal uses the 3H approach to push STEM education by heart, head and hands. Some principals really have the “heart” to promote STEM, either in innovation or in reinforcement, their hard works are noticeable.
Mod: Do you think STEM should be assessed by tests and exams?
P: STEM is not a subject under syllabus.
Mod: But some schools had made it an individual course.
P: How can STEM be fitted into the schools’ tight schedule?
J: Principal must squeeze STEM into the tight schedule, it cannot replace any subjects. For instance, if one subject occupies 8 classes in one cycle, then have it break-even with STEM, each occupies 4 classes. STEM had been running like this since it launched.
Mod: What were students’ reaction to add an extra subject of STEM into the tight schedule, if it was to be tested, would like show objection?
J: Students have no choice. 
Mod: One more last question. STEM of the West emphasizes co-operation in both learning and teaching. Would Hong Kong’s educational culture allow students to jointly design teaching materials with teachers and point out any insufficiencies of the authorities? 
J and A: No, that’s impossible.
J: Hong Kong is exam-oriented, teachers have absolute authority.
[bookmark: _Hlk109846281]P: Today’s teachers are very young, looking like new graduates. Teaching to them is only a job. Successful implementation of STEM needs the “hearts” of all stakeholders to push it forward. Generally speaking, I feel dim about the future of Hong Kong STEM. 
Mod: Thank you for the opinions. Does anyone have more to share? If not, we will end the focus group here. Thank you so much for your precious time and I had obtained valuable opinions and insights to proceed with my study. 
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Interview Transcript of 8th July, 2022 - 2nd Focus Group Discussion for the study of: 
Visions for the Future of Hong Kong STEM Education: Through the Heart, Head and Hands Transformation by School Leaders

Date: 
8th July, 2022

Time:
6:00 p.m. – 8:20 p.m.

Venue:
Office conference room at Wan Chai, Hong Kong


Participants:
1. Moderator (Mod) – researcher of the study
2. Ms. L – vice-principal of a direct subsidy scheme secondary (DSS) school
3. Mr. M – retired principal of a renowned aided primary school
4. Mr. Li – entrepreneur and owner of an electronic company
5. Ms. C – parent of science students who were Hong Kong Science Fair’s participants
6. Mr. H – engineering lecturer of a post-secondary educational institution
7. Mr. K – owner of a learning center, major in physics, chemistry and mathematics
8. Mr. B – researcher of international education



Thematic Discussion Topic: 
Hong Kong is lagging behind in STEM development, what were the reasons leading to this phenomenon? Would principals be able to make changes in STEM implementation and lead the transformation with their leadership skills?
In order to encourage honest answers, participants would remain anonymous without exposing their actual names, titles and job positions, they were only denoted by alphabets. The original discussions were conducted in Cantonese, the moderator transcribed the conversations into English texts for the purpose to keep as records for the research. 
(This focus group is the second discussion group conducted by the researcher; therefore, the first focus group’s recorded “moderator introduction” will be broadcasted to the second group)

Mod: I will first turn on two recorders for recording your valuable opinions. Welcome to the focus group. The purpose of the focus group is to gather information for the research assignment of “Vision for the Future of Hong Kong STEM Education”, a course module of the Doctoral studies of Business Administration. 
I chose the topic of STEM as I am interested in the future development of this concept in Hong Kong and wish to gain more insight of how it can be managed and implemented in the school context. STEM is an acronym made up by science, technology, engineering and mathematics.
The reason that I invited all of you to participate in this focus group is due to your common backgrounds in Hong Kong education. We have principal of secondary school, school manager of primary school, principal of private college, principal of learning centre, parent of science student who was award winner of science fair, and lecturer of engineering at post-secondary institution. 
STEM was first promoted in U.S.A. 20 years ago, but Hong Kong was having hindsight – STEM was publicly promoted in 2015 and officially introduced to schools in 2016. STEM was proposed by government as interdisciplinary and to be integrated into other subjects. The Hong Kong Educational Bureau (EDB) has no clear guideline of how schools should implement STEM, school management can decide to have STEM designed as an individual subject, or it can be executed as extra-curricular activities. 
Teachers respond to STEM with uncertainties. According to research result posted on South China Morning Post, only 5.53% of surveyed teachers who had experience in teaching science subjects showed that they were well-prepared to teach STEM, whereas over 80% of teachers indicated that they were lack of self-efficacy and competence in teaching STEM. These teachers brought their concerns to principals. For EDB to promote STEM, they subsidize each primary school with a one-time subsidy of HK$100,000 and each secondary school with HK$200,000. No principals know how STEM can be carried on if these subsidies were spent. According to a piece of news from broadcasting, the Hong Kong Government is going to subsidize each school one million Hong Kong dollars for implementing STEM in the areas of cloud computing and information technology. The Hong Kong Government decided to execute this plan is due to the reasons that most Hong Kong’s technology companies specialize in these areas. However, this plan neglected other science subjects such as biology and chemistry. 
When looking at the student aspect, no matter its USA students or Hong Kong students, researches indicated that they showed resistance and disinterest to science subjects and complained that they are difficult, and rather took Art subjects instead. 
Since EDB has no direct guidelines to schools, some principals make STEM a stand-alone subject with test and examination assessments. These kinds of schools have common backgrounds that they encouraged students to participate in Science Fairs and they had won titles of “The Son of the Star” by winning in the Intel International Science and Engineering Awards. These schools might have competent teachers who are capable to carry out STEM effectively. On the other hand, some schools took STEM as extra-curricular activities and they spent the whole hundred thousand dollars in buying 5 robot assembly kits of twenty thousand each; however, these 5 sets were far from enough. 
Some schools use the subsidies to hire teachers with higher science teaching skills, since EDB only offers 12 hours of training to school teachers. STEM is promoted as cross-disciplinary and to be integrated into other subjects. “A” was added into STEM and becomes STEAM. “A” stands for Art, and it was developed for catering to the needs of girls as females are perceived as less interested in STEM by researches. Another alphabet was added to STEAM and make it STREAM. “R” stands for Reading and the R in wRiting. Hong Kong news had also reported that STEM is going to be integrated into physical education and later into music. An educator had also proposed that “H” of humanities should also be added into STEM and then reshuffle the alphabets to become THAMES. Will there be sufficient resources for carrying out all these variations of STEMs? Are teachers prepared and be ready to teach STEMs? 
STEM is an enormous and long-lasting project, for instance, the Americans had just declared that they will have another five-year plan with the objective to become the world number one in STEM. India proclaimed that they will use 10 years to pursue the success of STEM. Japan told their junior students that they better well-equipped themselves in science, since Japan is going to be surrounded by robotic science sooner or later, in learning or in industry.
There will be big transformation in the job market. Traditional jobs, especially those which are labour-intensive, are vanishing. I give an example of Foxconn. Terry Gou (郭台銘) was asked by President Donald Trump, like TSMC (台積電), to move Foxconn (富士康) to the U.S. to create jobs for the Americans. Terry Gou did not provide immediate response, but when he was back to Taiwan, he informally replied that he is going to build his first factory operating 24 hours in darkness. No human labour is required, all products will be manufactured by automated robots. Only three engineers are required to sit at the backroom, responsible for programming, mechanical engineering and maintenance of the machines. Same scenarios appear in Hong Kong, human cashiers are replaced by automated cashiers at supermarkets, allowing customers to self-checking out; but futurists declared that when old jobs vanished, new types of jobs will appear.  
Back to Hong Kong, in view of the prospects of future jobs, is it necessary for all stakeholders to seriously consider if Hong Kong education is ready to prepare students to cope with the upcoming changes of future jobs? This is the reason why I would like to study on this subject. 
Let’s start with our first question;
Mod: What do you think is the main purpose for promoting STEM education in Hong Kong?
M: I think the promotion of STEM is for training students to complement with future scientific development. Artificial intelligence will become a global trend, Hong Kong Government also realized the importance. However, our government always exclaim beautiful slogans, but hasn’t got any ideas of how to implement. Would the promotion be too fast, or the execution is only on surface? By referring to government’s past performance in education reformation, we cannot give comments too early. Why STEM is not welcomed by teachers? It’s because teachers were not trained to teach STEM, especially for teachers of older age.  Furthermore, for art subject teachers, they have no clue of how to teach science. Even for science teachers, they might not have the experience to teach technology and engineering. I worry that STEM would eventually become “jack of all trades, master of none”. Hong Kong needs talented teachers to inspire students. 
Mod: Have a touch on everything.
M: Yes, like a dragonfly gliding on the surface of water, without going deep.  Before I come to the focus group, I had asked some friends about the nature of STEM in Hong Kong. Is it a subject, or is it an extra-curricular activity? There is no common answer, everyone replied differently. If STEM is to be ssed, would parents accept? Are there parents here?
C: I have two daughters. My younger daughter has a boyish character. When girls played with dolls, she played cars, Lego and puzzles. There are different kinds of parents, some parents will force their left-handed child to write with right hand. My younger daughter was lucky that her father liked what she liked, so they were playmates. STEM didn’t inspire my daughter, although she received Montessori education in kindergarten. Later when she was in primary school, she didn’t receive any extra STEM trainings from school; but instead, I sent her to learning centres such as, The Hong Kong Federation of Youth Groups, to join extra-curricular activities of science. On Sundays, I always brought her to Hong Kong Science and Technology Parks (HKSTP), to let her explore in the Experience Centre, for the aim to cultivate her innovative mind. The HKSTP activities are really outstanding. As Mr. M said earlier, Hong Kong needs talented science teachers to educate students.  
Ms. L, what are your opinions? 
L: To my perspective, STEM is a concept about creative thinking. I agree with others that not all teachers were trained to teach STEM. I had been working at two girl-schools during past five years, both principals are successful in implementing STEM. Start-ups were not easy, but both girl-schools’ principals have been working hard to make STEM a success. When STEM launched the schools, we have I.T. teachers, maths teachers and science teachers as frontliners, then followed by teachers of languages and art subjects. Both principals supported the scheme, they thought out of the box to look for solutions STEM encourages creativity which I think is very important for secondary school students. We also promote STEM as a cross-curriculum program. Students of both schools are having pleasant learning experiences, assessment was never a big problem. We don’t care much about students’ scores, but rather emphasizing the exploratory and investigative nature of STEM. At the first school, students will enact science research, do experiments with Lego, and they will tell scientific stories basing on different scenarios we provided.  The school also showed a lot of empathy in STEM, teachers of languages and religious studies also teach STEM. The second school is a DSS school. STEM is in the curriculum, not only catered to the gifted. It is carried out as extra-curricular activities, or in the form of competitions. STEM sustains very well in both schools. 
Mod: What kind of competition, interschool competition? 
L: Inter-school competition. The girls performed brilliantly at Science Competition, the awards they received even out-numbered those of boys.  I don’t quite agree that girls are less capable in studying science, they are very careful and detailed in character that makes them learn well.  My second school joined Science Fair with 10 exhibits, the school had put in a lot of resources. Principals and teachers are all very enthusiastic in promoting STEM. Most importantly, both schools have sufficient resources. 
Mod: So far, I noticed that aided schools and direct subsidy scheme (DSS) schools have totally different approaches to implement STEM, is it because of the amount of fundings or sponsorship that they get? 
L: I don’t agree that aided schools had insufficient fundings, we received adequate resources from government as well. Successful STEM implementation depends mainly on the decisions of principals and school management boards, whether they want to use the resources on STEM. and how they would motivate teachers to participate. There are sponsorships from everywhere, besides government, also from NGOs, educational trust and alumna. 
M: There are also grant allowances from government. 
Mod: I would like to share some additional information. Back to 2016, the Hong Kong Government had subsidized each primary school with HK$100,000 and each secondary school with HK$200,000. For promoting a new plan, these small sums of money could not last long, some schools could only afford to buy a few sets of robots. 
L: That’s why the schools had to be very careful with the spending of fundings and sponsorships, the money had to be used wisely for STEM’s sustainability. Usually grant allowances have guidelines for where they should be put, must be on something sustainable. 
Mod: There is a school which had spent over HK$600,000 in renovating a STEM room, not very big, but equipped with facilities. I wonder what the school had put inside the STEM room.
M: The Hong Kong government wants to implement STEM, but it has to be fair to all schools. Reputable schools, traditional elite schools, and schools with well-off alumnae, they have more channels to raise fund for STEM. I had once visited a school with STEM lab, so well-equipped with 3-D printers and laser cutting machines. Why parents wish to send their kids to DSS schools, they have advantageous resources. Unlike aided schools, principals have to squeeze resources out from here and there to put into STEM. What about other courses on curriculum? Principals are supposed to distribute resources evenly among subjects. 
Mod: Mr. B, please kindly share with us your perception about STEM. 
B: Thanks for your invitation to the focus group. Although I am doing international research on education, I learnt very little about STEM. Before I came here for the focus group, I had to do some research to understand what’s going on. After reading some articles, I still have no idea of what the government is expecting schools to do with STEM. I only came across a guideline stating that “schools are not necessary to make STEM a subject”.  I had 26 years of experiences in education and I was very familiar with the establishment of DSS schools. The first DSS school was New Method College, it was a profit-making institution, so not too many parents would like to send their children to study in this school. Hong Kong used to have a school banding system from Band 1 to Band 5[footnoteRef:14]. I knew of a principal who worked at an aided school at Tuen Mun, he had the vision and ability to transform the school from Band 5 to Band 1 in shortly three years’ time.   Large amounts of resources and sponsorship came in from all directions - government, NGOs, parents and alumnae. The amounts were big enough to have left-overs, so could be distributed to all students at the yearend. You can see what a principal with “heart” could achieve. I never perceive school resources as a major problem, all depends on how the principal is going to handle them. Resources is not the determining factor for STEM’s success or failure, it’s the heart of the principal that determines. The achievement of this Tuen Mun school is very encouraging, so we further investigated and discovered that not only the principal, but the teachers were all very sincere and genuine in teaching. Under such atmosphere, students were simple in character, but have strong sense of mission to study well. I asked the Tuen Mun school teachers about their perceptions of STEM. They didn’t say STEM was easy or they were totally qualified, but they were driven by strong senses of mission to learn how to teach STEM well. The principal should be credited for motivating.  [14:  Band 1 is the highest band and is on top of the ranking, whereas Band 5 is the lowest. ] 

There was once a very famous science experiment conducted in Hong Kong by the name “雞蛋撞地球” (Egg Falling Competition or Egg hits the Earth Competition). The competition had aroused academia’s attention towards science, so later leads to the nurturing of “Child of the Star”. 
The moderator and I both studied in Canada, but later I emigrated to Australia with my family. My boys studied respectively in Australia and U.S.A. for post-secondary studies; therefore, I am quite familiar with the Western education system. I don’t want to criticize about the Hong Kong education system. When my family was in Australia, I couldn’t afford to support my boys to study at private schools. Do you know how costly the private schools’ tuition fees were? Therefore, I sent my boys to study at public schools. Under the Hong Kong education system, there are over 80 government grants that schools could freely apply to use. Years ago, Hong Kong schools’ air-conditioning of school halls were not subsidized by the government, but now are. As compared to Australia, public schools even had classes held in containers. Comparatively, Hong Kong’s school resources are well-supported by Government. Do you know that Hong Kong teachers’ compensation is the highest in the world? Yes, ranked number one. But regarding STEM, I don’t have adequate information to share with.
Mod: Mr. B, please don’t worry about giving correct answers to the discussing questions, there’s no right or wrong. I had made very careful decision to invite everyone of you to attend the focus group. For instance, the first question, not too many people knew about the purpose of implementing STEM in Hong Kong. The Hong Kong Government had put in a lot of resources into STEM, but not too many people knew about it, it’s the government’s insufficiency of not to promote it strongly. 
C: Yes, I agree. I had joined a parent group of my daughter’s primary school, I asked the parents questions relating to STEM, but they simply did not know. But for a parent like me, who is very attentive to science education, of course I know what STEM is. I wished to invite my daughter’s school mates to join our trip to HKSTP, they refused by saying that science park is too far away in the New Territories. 
B: STEM implementation had been promoted for 7 years, who would care what it is? Parents rather focus in earning money. 
Mod: What is your perspective about STEM, Mr. Li?
Li: Thanks, moderator, for inviting me to join this focus group. When the moderator called me to attend the focus group, I am so puzzled of why we have to talk about “stamp”? 
(participants all burst into laughter when hear of the word “stamp”)
Li: (continued) I feel so embarrassed to ask, so I told the moderator to send me more information and as well the discussion title. When I received the information, I said “ah, I see”. I instantly print out the discussing questions, read through it, and still very confused. Heard of STEM, but have no idea of what it actually is. Only knew that it’s some kind of activities played by students. I instantly write all the answers down on the questionnaire, but they are only my opinion and recognition. I then visited the journals, trying to download some useful information for passing to moderator, but I knew that the moderator must have already collected a lot as I know her well; as a result, I’d just browsed them through on web without printing out. And then I realized that I had only one day to prepare for the meeting. Within such a short time span, I would not be able to prepare the best out of my knowledge, so I invited my eight employees to a conference and share with me what they knew about STEM. Out of nine participants, including me, only two middle-aged mothers around 40s understand what STEM is, and they knew how their children were involved in STEM. According to ladies, they agree that Hong Kong is lagging behind in science innovation. School teachers have insufficient trainings, especially for Art teachers, 12 hours are not enough, more strategic trainings are needed.  Even if they had the chance to receive trainings, once they got use to teaching a certain part of STEM, they might be transferred to teaching other subjects. Due to teachers’ transferences, it is difficult to sustain cross-curriculum STEM activities.  Most teachers disregard STEM, since they felt that students were already overloaded with school work, STEM should only be treated as extra-curricular activities. School teachers of Hong Kong have to put a lot of time into administration work, it’s hard for them to spare time teaching STEM.  Hong Kong Government should develop specialized STEM school with trained science teachers. If the principal was not of science background, vice principals could fill up the deficiencies, it’s the principal’s management skill that matters.
From an entrepreneur’s point of view, the implementation of STEM is good for Hong Kong. It’s difficult to start at the beginning, but if the principal set mind on STEM with heart, problems would have ways to be solved. 
[bookmark: _Hlk108841331]I was graduated from technical schools at the 70’s, by that time there were about five to six technical schools. We were trained for metalworking, woodworking and technical drawing. Hong Kong’s industry started to bloom in the 70’s, there was a need for training students to fit into the demand of these industries, directions were very clear.  I failed in the Hong Kong Certificate of Education Examination, but I was easily accepted by the technical schools for further education. By that time, the job market was in need of large amounts of technicians, even a worker was not well-trained, employers were willing to provide on-job trainings. I started my first job in an electronic factory as trainee technician, after three years I was promoted to quality assurance manager. The factory operated 24-hours per day in three shifts, problems always occurred during night-shift, I was always stand-by to fix the problems. 
Industries were so developed during those years, let me tell you how the past was related to STEM. Young people, by that time, was very hardworking and dedicated to their jobs, they had the momentum to improve their living, to move from wood cabins to high-rise buildings. The society clearly told young people that, worked hard and positioned yourself in industry, then you would earn a good living. One could go visiting those industrialized areas at two o’clock in the morning, 80% of lights were still on, the whole city was so prosperous. I opened my first printed circuit board (PCB) factory at 31 years of age, workers came for job interviews, most of them had no idea of what “PCB”, the circuit board was equivalent to the “E” of today’s STEM, representing technology. Why STEM of today was not known by general public? Is it an interest course? Or, is it something in need by the society? I went to China, you couldn’t imagine how fast technology was developing in there, they don’t take anymore paper money, you must learn how to use technological payment systems. Comparatively, Hong Kong is far behind in technology development. 
Mod: I would like to share with you an article about how Japanese persuade their children in learning STEM. They said: “Our future world will be surrounded by robotic technology, and you have to co-operate with them. You better well-prepared yourselves for it by learning STEM well”. Would this be the general future trend? 
L: Referring to your second question of how the school feel about STEM when it was first heard in 2015. Our responses are: “Hong Kong Government was so slow to respond to STEM education. We already had a program like this for a few years, by the name LEAD, which had already been built into our curriculum, running in regular classes”. 
Li: According to those two middle-aged female colleagues of mine, they commented that Hong Kong schools cannot rely on government for promoting STEM. Hong Kong Government is reactive without anticipating the future. No matter how much they subsidized the schools, hundred-thousand or two hundred-thousand, for certain the sponsorship would only be for one time. How can STEM sustain with so little support? From alumnae? 
L: Our school is very blessed with a lot of donors supporting STEM. We had staff being sent to M.I.T. to receive hands-on and minds-on trainings. You are right that Hong Kong students are used to study mechanically and be called “bookworms”, but there were changes recently. Nowadays, STEM is problem-based and students have to apply the knowledge in reality. 
Li: Yes, today Hong Kong students are encouraged to put time into STEM learning, but the fact is that if students have to take time out from their busy schedule for STEM, and eventually not getting admission into universities, these trade-offs are huge. Furthermore, parents only care about whether their kids would get “university admission tickets”, they don’t care what STEM is.  Moderator, you have a question here: “if the principal is not of science background, what can he do?” Don’t rely on government to provide sponsorship, go to alumnae, parents and companies of the industry, ask them to support. Moderator, you have a question here: “if the principal is not of science background, what can he do?” To me, principals do not have to know science, he only needs to manage those who know and leads them to the goal. 
Mod: From last evening’s focus group, a band-one secondary school parent said that her daughter’s principal sent a vice-principal to training for three consecutive years, so he/she can assist in managing STEM. On contrary, a band-three secondary school vice-principal said: “where does the money come from? We have no alumnae to support staff trainings”. Back to principalship of the STEM issue. A well-off school with sufficient sponsorship can even hire a specific team with experts to manage STEM, what about those aided schools with low-income families? 
[bookmark: _Hlk109892321]M: Even for aided schools with low-income families, if the principals have the hearts to achieve goals, they could still be successful. For a new policy promoted, some principals are smart to tackle with problems, they use their “hearts” to solve problems. With or without money, there are still ways, principals could use their leadership skills to guide teachers in STEM upgrading. Lacking of confidence is not a problem, as long as teachers are willing to learn and with the hearts to teach, even flying paper planes could form educational lessons. 
Li: I once watched a documentary on television, there were three girls who had developed a safety tray which is non-slip and could be used in Fairwood and Café Coral fast food restaurant. Up until now, this tray is not in use. I agree with Mr. M, if a school has insufficient resources, there are still many alternatives to implement STEM, all depends on the hearts of principals and teachers.
L: I agree with both Mr. M and Mr. Li that lacking of monetary resources is not a serious problem, principals’ leadership skills are the major determinants for sustaining STEM. Principals would not know everything about science, but of course having some knowledge is better than having none. As a part of the management team, I feel that a principal should basically show interest in STEM and have the investigation spirit to start with. Moderator, you have a question asking about the responses of teachers. Hong Kong teachers are always very busy; besides teaching, they have a lot of paperwork to do. Teachers do not like changes that lead to the addition of workload. How do principals motivate teachers with “heart” to reduce their negative feelings towards STEM? Good principals would attend every STEM meeting to discuss with teachers about the progress, not only showing support and interest, but have to facilitate. Principals would reschedule time-tables to accommodate with those of STEM teachers.  Normally there are at least two to three teachers involve with STEM, the principal had to give solutions for solving their problems in teaching, but principals do not need to be very knowledgeable about science. By the year end, I will give students the chance to exhibit their projects by inviting other schools to join. Do you remember the typhoon “Mangkhut” attacked Hong Kong in 2018?  Later in the year, we asked students to imagine that there’s another typhoon approaching, what kind of gadgets can be used to reduce the damages brought by the typhoon. We created them a scenario, provided them with resources, and then they were very excited to carry out the activity after school. We only asked students to write reflections about the process, they were not to be assessed by tests or exams. Teachers would only give evaluation scores on the reflections, these scores will be shown on report cards, but the marks were given generously. 
M: May I know how much time was given to students for implementing this project?
L: This project was executed year-rounded. Students were assigned into groups, we rescheduled the class-cycles, so they had a specific class per cycle to work on this project. We didn’t encourage them to bring the project home, as they had sufficient time to finish the project at school. We emphasized team-spirit, so they would do all the plannings and executions at school in groups. They tried our best to eliminate their problems.
M: Did parents complain about consuming their children’s time?
L: Never, as the project was done at school. For every class-cycle, they will have 160 minutes to work on the project. Students showed great interest in doing these kinds of projects without pressure, their creativities and imaginations were facilitated. After “Mangkhut”, teachers thought of another project regarding wild boars. By that time, there was a piece of news reported that a boar entered school to search for food, so the students were asked to create some prevention measures to bar the boars from entrance, but must show empathy in the creation. 
Mod: School-based projects would use this approach. What about out-of-school learning centres, what had you done to promote STEM activities, Mr. k?
K: I adopted two approaches - either the students come to the centre, or we go to the schools. However, we had also confronted with difficulties in STEM implementation. Students of the same level provided different feedbacks, some said that the projects were too simple, so they felt boring; whereas the contrary felt they were having difficulties in understanding. It was interesting to discover that students of the same school and in the same grade, their science knowledge level variates, and I could hardly control these variations. There were even more severe cases existed between primary school students and secondary school students. It was surprising that for the same set of experiments given, primary students felt easy, but secondary students were having problems to implement. 
Mod: The primary school and secondary school that you’d just mentioned, of course you know their background, what kinds of schools are they?
K: Both are renowned schools with reputation. My learning centre is located in the Central and Western District.
Mod: Yes, yes, there are a lot of renowned schools in the district. 
Li: I think it’s a matter of the students’ interest shown in STEM. Those who are interested in science will for sure feel easy. I mentioned earlier about my colleagues’ two children, one is a boy and the other is a girl. The girl complained to her parents that she was rejected by school to participate in science competition. Her parents considered this as gender discrimination, so they asked the school for explanation, and was told that the girl was disqualified in grades.  
Mod: This is exactly the question I asked in the questionnaire – is there gender discrimination in STEM learning?
Li: The girl told her parents that: “Science is the subject that I like most, I really want to learn more”. With the parents’ great effort, this girl was finally taken in to join competition. Mr. K, you’d just mentioned about the STEM program design “either too easy or too hard”; but for this girl, she might have the ability to build a model car at home all by herself, but her self-efficacy was not reflected in marks. As well as you said, Ms. C, your daughter has been playing with toys of boys for years; perhaps my colleague’s daughter is not good in maths, but she’s good in critical thinking and creativity. 
Mod: That’s why I said if students are not to be formally assessed for STEM, please let them join the learning at their free will, they would be more productive. 
I would like to share with you an experience of mine. I had a friend who’s a year senior than me, studying at a renowned boy school when we were young. He was so much fond of science, but he was not allowed by school to choose science subjects for his Secondary 4 study. He was lucky to have parents who could afford sending him to study overseas. Western education is totally different from that of Hong Kong, his dreams finally came true to have the chance of studying science in his senior high school years. He joined science competitions continuously.  One day, a professor of M.I.T.[footnoteRef:15].approached his team and discussed on their inventions. After the fair, M.I.T. sent them offers, the whole team was taken in by M.I.T. for post-secondary studies.  [15:  M.I.T. stands for Massachusetts Institute of Technology. ] 

Mr. H, I would like to know from you that, after seven-years’ of Hong Kong STEM implementation, were there differences in students’ competence in learning engineering, since you had been teaching engineering for years in post-secondary institutions and university?
H: Yes, although not much, students’ competence in studying engineering was noticeable. Recently, you can see that the development of science technology is really rapid, such as information technology, cloud-computing, artificial intelligence, drones, 3-D printing, payment gateways, Bitcoin and NFT. I agree that Hong Kong should have STEM education and better be started as early as possible in early school years.
In reality, Hong Kong Government had offered a lot of fundings for promoting STEM and scientific technology, not only to schools but also to small enterprises. 
Mod: But very upset that, as general public, we knew nothing about what the government had done for us in science education. My current research is about the Future Vision of STEM education. The focus group of last evening had mentioned that parents are very realistic, their ultimate goals are to put their children into universities successfully. The government should at least let us all know, what the purpose is for implementing STEM in Hong Kong?
Let’s continue with our discussion about the “silo effect”. I think not too many of you had heard of this term. As I had explained in the questionnaire, I will not repeat here. Will there be uneven distribution of resources at Hong Kong schools, and silo effect occurred between art and science faculties? It’s interesting to let you know in advance that in last evening’s focus group, there was a vice-principal commented that silo effect did occur, but what could teachers do? Even if there were uneven distribution of resources, they still have to tolerate with it by obeying high authorities.
M: There will not be “silo effect” under my leadership. I welcomed all opinions from teachers, no matter which faculty they are in. For instance, if we want to implement a three-year’s plan, all teachers are free to submit proposals. They don’t have to worry about resources and facilities, those are my responsibilities, I will handle them. The principal alone should not make all decisions, there must be a committee to make joint decisions for approving the plan. If silo effect did occur in other schools, there must be problems with the principals, they have partialities towards certain teachers. Schools have factions. At my first meeting being the principal, I told the attendees that I didn’t like backbiting and gossiping. Those who are keen to talk behind people are the ones who stir-up strives. I did my best to dismantle the partialities. I don’t mind if teachers dislike me because of this, as long as they have their jobs done well, I can tolerate with their prejudice. Principals can eliminate silo effect with their leadership skills. If a principle was having selfish motives, it could endanger the school. 
Mod: What is your perspective, Ms. L?
[bookmark: _Hlk109828950]L: If teachers of different faculties compete for limited resources, I perceived it as a good sign, that means teachers have the heart to do more for benefiting students. Teachers would obey to the orders of principals. When fundings come in, not necessary for STEM, I would ask both science and art teachers, were there any projects that they wish to carry out, they could submit a proposal to apply for the funding. If competition exists, I will be very happy. Teachers are already very busy, they will not “compete” to do extra work. If they compete for resources, that means they have the “heart” to do more for benefitting students.  If I know that there would be a fund coming in, I would invite teachers of cross-curriculum to join in the project.
Mod: Mr. H, you had experience teaching students engineering at university and post-secondary institutions, what are their attitudes? Does STEM increase their curiosity and they have more questions to ask?
H: I had taught before both Bachelor and Master students in engineering. Hong Kong students seldom asked questions, they just sat there and listened, most likely because of the Hong Kong culture. But foreign students had a lot of questions to ask. Foreign students include Mainland Chinese, other Asians and Western students. Mainland Chinese students were very fond of learning, they asked a lot of questions to grab the lecturer’s attention. Master students were difficult to teach, as they were already in the middle-management level, they had a lot of challenging questions related to engineering and they expected you to provide practical solutions. 
Mod: Why I ask Mr. H the above question about students’ learning attitude? According to research from the West, STEM education promotes ‘teachers and students learning together”. Teachers might not know everything about all sciences, so they were encouraged to design experiments together with students, and learned from each other. Would teachers of Hong Kong be able to co-operate with students to learn STEM together?
Li: I think it all depends on the attitude of students. If they were in a humble manner and not challenging the teachers as Mr. H said, co-operative learning and researching would be possible. 
M: Not all teachers can co-operate with students in an open manner, teachers have individualized characters, some teachers would be able to do so. Whether students and teachers could learn together, all depends on school culture. 
Li: I feel that is impossible, I used to have negative feelings towards some Hong Kong people’s attitudes. 
Mod: Hong Kong is an exam-oriented city, parents and students only aim at gaining high scores, moral education had been taken away. That’s why some educators urged to add culture and humanity to STREAM. 
Ms. C, you are successful in raising your two daughters in an atmosphere of science education, may I ask what roles should parents pay in STEM learning and would extra-curricular educators help?
C: I noticed that you have a question about parent-child education in STEM learning, I can say that the golden time for developing students’ interest in learning science is before Primary 3. Parents should co-operate with schools to implement STEM education. 
Mod: I had once introduced a robot assembling and programming class to my alma mater’s alumnae association. There was a mother calling in to ask if she could accompany her daughter in learning; and to my surprise, another alumna called to ask if she could come alone without kids. It was unfortunate that due to the outbreak of COVID, we had to cancel the event; otherwise, we would have more enquiries coming in. 
C: In the past, I brought my daughters to the Hong Kong Science and Technology Park every summer, let them participated in hands-on science activities. At the Park, there were instructors teaching participants on one-on-two mode. Comparing to one teacher on twenty to thirty students at school, children at HKSTP had more opportunities to ask questions and they became more involved in learning. 
Li: I had a client from Belgium, I was in business with the company for over 25 years. They distribute electronic educational toys and I produced the circuit boards for them. Our relationship has never stop, so you will know there’s a market for these kinds of toys. We only produced the simplest circuit boards for making the most uncomplicated electronic toys, these items sold the best. 
Mod: You sold the best mechanisms for inspirational toys. STEM is a kind of inspiration. 
 Let’s have a wrap up for what we had discussed today.
M: I had a student who is now a school supervisor. He thought STEM is too dazzled. Why couldn't EDB break apart STEM, and divide it into four different courses? The most organized STEM activities are science competitions.
K: Yes, some schools had regarded STEM as competitions, not a learning approach. Why I didn’t organize robotic classes at my centre, because I concerned those as gimmicks. These classes are only used for acquiring fundings, but will these classes really benefit students? Students would only think of assembling robots as amusing, just a kind of entertainment.
M: Parents thought the same way, unless the students really showed interest in learning STEM. Most parents only care of getting their kids into universities. There are only 24 hours a day, too much time putting into competitions would affect examination results of overall subjects. Unless some schools have very competent science teachers, highly interested in implementing STEM; otherwise, most schools are only having the attitude of “you have it, then I have it”. 
Mod: I have another perspective about STEM. I am an entrepreneur and as well a parent, I agree with Mr. H that STEM is needed. During our last industrial revolution, mankind was involved in the operation of innovative machines; but for this current industrial revolution that we are now in, involvements of human beings tend to be minimizing. Some scientists said, “when some old jobs fade away, there will be new jobs created for the future”. 
M: Honestly speaking, STEM is necessarily needed; but seven years had passed already, what had the Hong Kong Government done to promote STEM? The implementation only relied heavily on the schools themselves to execute in their own ways, the government still has no central policies to serve as guidelines. 
Mod: Thank you very much for your valuable information shared in this focus group, helping me a lot to get further insight about the future of Hong Kong STEM. Anyone has questions to ask? If no, I will end the focus group discussion here. Thanks again!
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STEM Education A conceptual framework for Kelly, T.R. and Knowles,  The initial preparation for 

integrated STEM education J. G. (2016) STEM educators is to teach 

them key learning theories

and pedagogical approaches,

and be aware of research re-

sults. Build teachers con-

fidence from integrated STEM

approach.

An international view of  Freeman, B., Marginson, S.  Country comparisons showed

STEM education and Tytler, R. (2019) a) the need for broadening 

and deepening STEM, es-

especially for students from

under-represented groups;

b) the importance of inquiry, 

reasoning and creativity 

 in science and mathematics

curriculum; c) the need to

increase primary school tea-

chers' confidence and com-

ptence; d)that girls are under-

represented,  gender dispari-

ties persist in STEM education,

even in developed countries.

STEM Education in Asia  Lee, M-H, Chai, C.S. and  Challenges of STEM involve 

Pacific: Challenges and  Hong, H-Y (2019) pedagogical redesign from 

Development microscopic level of students'

interests and capabilities, 

transformation of subject-

based curriculum, contextua-

lizing STEM topics, cultivating

design-oriented problem 

solving and innovating skills; 

to macroscopic level of 

policy making to align with

educational aims.
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3H Framework and  The Quest for 3H: Towards a

Basome, S. et al. (2017) Kenya emphasized too much 

Education  Holistic Secondary Education  on passing  examinations, not 

in Kenya on cognitive skills and holistic

developments of students.

The research called for both

internal and external stake-

holders to share the financial 

costs for holistic education. 

Head, Heart and Hands Learn- Gazibara, S. (2013) The holistic, experiential and 

ing - a Challenge for Contem- integrated  approaches are

porary Education supportive to promote learn-

ing among students. By re-

structuring, schools will be-

come learning organizations

and teachers will become 

professionals.
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3H Framework and 

Learning electronics through Gruhler, G. et al. (2018) Problem-based learning and 

Education  head, heart and hands: An   self-directed learning are

unconventional and holistic guided by the 3H approach of

approach in engineering ed- heart, head and hands, for 

cation motivating students'"inter-

nal engineer instincts". 

Engaging head, heart and  Mahmud, S. N. D. (2017) For sustainability of learning,

hands: Holistic learning  integrations of various teach-

approach for education for ing and learning approaches

sustainable development are required. Through semi-

structured inteviews, focus

group discussions and obser-

vations, the unifying frame-

work of 3Hs was shown to 

engage and develop the 

whole person in relation to

issues of the real world.
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STEM Teachers Hong Kong Teachers' Self- Geng, J., Jong, M.S.Y. and The research showed that  

efficacy and Concerns about Chai, C.S. (2019) only 5.53% of surveyed tea-

STEM education chers are readily-prepared 

for STEM teaching. Teachers

have three main concerns:

a) information of other tea-

chers' experiences, so they

can share with each other; 

information of students' 

assessment methods and 

pedagogical approaches; 

b) management of time - 

sufficiency of time for extra

workload and class time; 

c) consequences - influence

 on students, optimization of

pedagogical approaches on 

students' learning experience,

EDB's support and availability

of instructional resources to 

follow.

Increasing high school  Kelly, T.R. and Knowles,  Teachers' self-efficacies show

teachers' self-efficacy for  J.G. (2020) influences to affect students'

integrated STEM instruction persistence in STEM and their

through a collaborative  own professional develop-

community of practice ment. 
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STEM Teachers  Designing STEM Education in  Liang, W. and Fung, D. (2021) Six principles for small class

Small Class Teaching Environ- STEM teaching: a) not only 

ments: The Hong Kong EX- describing the activity, also

perience clarifying the purpose; b)ex-

tended questioning to be

used in discussion; c) must 

consider the meaning, rele-

vance and motivation of the

learning task; d) enhance co-

operation among students;

e) use informing feedback, 

not corrective feedback; f)use

formative assessment for

evaluation and cater to stu-

dents' diversified needs. 

Kindergarten Teachers' Atti- Tao, Y. (2019) Kindergaren teachers in

tudes toward and Confidence  China were not familiar with

for Integrated STEM Education STEM education and showed

no confidence in teaching 

STEM. Teachers' education 

level and years of teaching 

experience showed no corre-

lation with their attitudes 

towards STEM and confidenc

in teaching. 

STEM Students Students' engineering ex- Kutnick P. et al. (2020)  School-based STEM education

perience and aspirations was not able to inspire 

within STEM education in  students' engineering aspi-

Hong Kong secondary schools rations, many students built 

up their interest from out-of-

school extra-currilar activities.

Students' Interest in STEM Makhmasi, S. et al. (2012) Capability of STEM teacher,

Education - A survey from   the language in which STEM

the UAE subjects are taught, and 

learning STEM results in

achieving a rewarding career

are all viewed as important

by both male and female 

students. Parents' attitudes

towards STEM affect their 

children's choices in choosing

STEM-related majors. 

A Model of Interest in STEM Mohtar, L. E. et al. (2019) Environmental factors related

Careers among Secondary learning experiences, social

School Students and media influences are im-

portant to trigger students'

self-efficacy and acuity of 

STEM learning and affect 

their choices of STEM career. 
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STEM Students Students' Attitude Towards Popa,R-A. and Ciascai, L.(2017)  Capability of teachers is the 

STEM Education most important factor to 

attract students into learning 

STEM, teahcers should be

trained across curricula. No

gender indifference in STEM 

education of Romania. 

Gender stereotyping and Tam, H-l, Chan, A. Y-f and Lai, Inquiry-based ICT short-term 

STEM education: Girls' em- O. L-h (2020)   training for girls showed

powerment through effective immediate effectiveness 

ICT training in Hong Kong of  major improvement in

analytical abilities and 

 problem-solving skills. STEM

education is proved to have

an effective mean to em-

power the self-efficacies of 

girls; however, the effective-

ness might be influenced by

lacking of long-term training

in school-based curriculum. 

Principals'  Leadership Servant Leadership and  Ibrahim, I. B. and Don,  Leadership is important in 

and Transformational  Effective Changes Manage- Y.B. (2014) the successful implementa-

Change Management ment in Schools tion of organizational change.

Leadership contributed 

greatly to the commitment 

of change by influencing com-

munity development, sub-

ordinates' empowerment and 

prioritization, ethical con-

ciousness, and emotional

healing. 

STEM Education as a Concept  Kulakoglu, B. and Kongdakci, Principals interviewed con-

Borrowing Issue: Perspectives Y. (2022) sidered themselves as faci-

of School Administrators in  litators, supporters, and 

Turkey motivators instead of chief

implementers of STEM edu-

cation. A STEM  implementa- 

tion readiness gap was iden-

tified at individual and organi-

zational levels. Unreadiness 

started with principals' lead-

ing of change, and then to 

school administrators' lacking

of STEM knowledge. There 

are needs to invest in schools'

physical infrasture and pro-

fessional development of 

teachers, to create an organi-

zational culture to nurture 

STEM education at schools. 
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Principals'  Leadership The Effect of Trust on the Re- Kwan, P. (2015) When teachers had trust in 

and Transformational  lationship Between  Instruc- their principals, they would

Change Management tional Leadership and Student  be committed to follow 

Outcomes in Hong Kong Secon- school policies and proce-

dary Schools dures and were more willing

to take up assisgned respon-

sibilities. Teachers in low-

trust schools are less moti-

vated and reluctant to under-

take more responsibilities.

The Construction and Sustain- Lian, Y., Tsang, K-K and Zhang,  Teachers' positive emotions 

ability of Teachers' Positive  Y. (2021) toward STEM education de-

Emotions toward STEM Edu- rived from a) teachers' posi-

cational Work tive interpretation of STEM, 

facilitated by students' overall

development; b) STEM was

sustanined through power-

sharing, administrative sup-

port and values obtained from

whole-person education.

School leaders' dilemmas and  Poon-McBrayer, K. F. (2017) Two context-specific dilem-

measures to instigate changes mas were revealed regarding

for inclusive education in leaders' decision making in

Hong Kong the  project of change: a) 

leaders struggle between im-

plementation and perceived

benefits; b) autocratic deci-

sion making versus staff-

involved decision making.

The findings arouse the need

to reconsider the cultural and 

social contexts in shaping 

leadership decisions in Hong

Kong.

Principals' Transformational  Yang, Y.  Improvement under trans-

Leadership in School Improve- formational leadership in-

ment cluded: a) forming the ideas;

b) building viable shared-

visions; c) gaining credence 

and co-operation from all 

school members; d) sharing

power;  e) experiencing 

success of improvement.
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        Focus Group  Thematic   Topic  Discussion                               焦點小組專題討論     Thematic   Discussion   Topic :   D iscussion of d i fficulties   emerged   in the  Hong Kong  STEM Education   implementation process ,   and  to  explore  how   school leaders   could  overcom e   the  barriers   in order  to pursue   STEM’s  future success .     專 題 探討 題目 :   討 論 香港 在 推 行 STEM  教 育 過程中 遇到 的困難 ， 並 探討 學校領導人 如何克服困難 ， 以 促進 STEM 在 未 來發展 成功 。     STEM  is an acronym standing for Science, Technology, Engineering and Mathematics.    STEM 為首 字母縮 略詞 ,   當中包 括英文詞語 的科學、 技術、 工程和數學 。     Questions for Discussion :   問題 討論 ：     1) What do you think is the main purpose for promot ing   STEM  e ducation   in Hong Kong ?   1)   你覺得 香港 推行 STEM 教育 的目的是甚麼 ？     2)  Back  to   2015, when you  first  heard  of   Hong Kong Government ’s intention   to promote  ST EM education in Hong Kong,          a)  what was your response?        b)  is   the plan feasible , a nd why?    
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2)     回想 2015 年，當你知悉香港政 府 正 計劃推行 STEM 教育   時，        a)  你有何反應？        b)  你覺得計劃 是否 可行？原因何在？     3)  According to a report posted on South China Morning Post, over 80% of  surveyed  Hong  Kong teachers showed little confidence in teaching STEM subjects.           a)  w hat do you think are the reasons for these  psychological    barriers?           b) what  are teachers’  comments   to STEM?         c )  t he Education Bureau of Hong Kong  offers  12 hours of STEM trainings to teachers  for  developing   their “design thinking’   of   experiment s , and  for improving   their STEM  teaching skills .   D o you think 12 hours are enough and why?           d) w hat strategies can principals use for motivating teachers to increase their confidence in  learning and  teaching of STEM?          e )    would   principals have other  solutions   to   solve   the   confidence problem ?          3)  根據一篇刊登於南華早報的報導顯示，超過八成參加調查的 香港老師認為他們對 教導 STEM 缺乏信心 ，   a)  你認為是甚麼原因導致此種心理障礙？   b)  老師對 STEM 有何評語 ？   c )  香港教育局提供 12 小時的培訓 予 全港 老師，以 訓練 他們     對 STEM 的 「 設計 思維 」 ， 並且 提升老師的 STEM 教 導技巧。你認為 12 小時的培訓是否足夠， 何解？   d)  校長有何策略可激勵老師，從而提高他們對學習及教導 STEM 的信心？     e )  對老師的信心不足，校長還有沒有其它對策 ？  
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4)   According to survey, many students show disinterest or dislike  to   STEM subjects,          a) what are the reasons?          b )   what  can be done to improve   students’   learning interest   in STEM   through  the   aspects   of  principals and teachers ?       4)   根據調查結果顯示，很多學生對 STEM 科目不感興趣或甚 至 不 喜歡，        a)  原因何在？        b)  透過校長及老師的不同層面， 有甚 麼方法可提升學生對     STEM 的學習興趣 ？     5)  Traditionally,  Hong Kong is an exam - oriented city .   T here is a  concept   that only   high   - achievers in academics  are capable to   study science ,          a)    could   STEM alter th e   concept   of   “only students with good grades can study               science ”,  but rather   make science an education - for - everyone ?          b)  could   STEM not to be assessed by traditional  scoring  s ystem s ,  but   rather b e  appraised  by   other  methods ?   Please suggest.       5)    在傳統觀念上，香港是一個以考試為本的城市。 固有 概 念認為祇有成績出眾的學生 才有能力 修 讀理科，因此 ，           a) STEM  的出現 會 否改變「祇有 學業成績優異 的學生才能 學習 理科 」 的 觀 念 ，變成 有教無類 ？           b)   STEM 能 否 放棄 用傳統 的評分制度來評核， 轉 而採用其它 評估 方 法 ？ 請提議。       6)  STEM is promoted as interdisciplinary and to be integrated   into all subjects,            a) are  non - science   teachers ready to take up th e   challenge s   to add STEM into  different   subjects ,  such as  into  art  to make STEAM ,   and  into  languages to make  STREAM ?  
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          (A in STEAM stands for Art, and R in STREAM stands for Reading   and wRiting )         b )  when   STEM, STEAM or STREAM are all  to be implemented at schools ,  would   there be  competi tions   and incongruities   between the Art and Science faculties  for  the  distribution  of fundings   and   staffing ,   and  design of  curriculum ?         c )   s ome  STEM school s  appear ed   to have “Silo Effect” problems  in competition  for limited  resources .  W hen  a   faculty head feel s   that  his/her   facult y   is the one that truly   matter s   to  STEM education,  his/her faculty should get most fundings.    As STEM is disciplinary  in  nature, collaborative synergy is required for carrying out   STEAM or STREAM   harmoniously .  Silo Effect will hinder the development of STEAM and STREAM   education.             Principals as  instructional  leaders of the schools, how could they use their leadership   skills to break the aforementioned Silo Effect?              6)   STEM 是一個 被提倡為跨學科 的， 並 及 可融入其它學 科來施 教 的 教育 模 式，                 a)  但 非理科老師是否已預備好接受 挑戰，將 STEM 元素注入 藝術 和其它學科 來 進 行 施教，以 響 應政府繼 STEM 之後推出的 STEAM 及 STREAM 教育？              (STEAM  內的 A  代表 藝 術 ， STREAM  內的 R  代表讀與寫 )        b ) STEM 、 STEAM  及   STREAM  教學一併實施 時 ， 文科和理科 學系 之間，會 否       對資助撥款、人力資源分配 及課程設計等，產生競爭 及不協調 ？        c )   有些 STEM  學校 ，校 內 人士 為爭奪 有限 資源， 文理兩系 之間 會 產 生「穀倉效 應」 。 意思是指 某 學 系之 系 領導 人 ，會 覺得他 / 她所屬的學系才是 STEM  的核 心推動 科 系 ， 於是 未能 與 其他 學 系 和 諧 合 作。祇有校長的垂直指揮， 而 欠缺 部門之間 的 橫向 協 作會 阻礙 STEAM  和   STREAM  的 發展 。                   校長 身為學校之教學領導人，有何方法可解決上述 STEM 學校 之 「穀倉效應」？      
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7)  There are r esearches show ing   that  not all school  leader s are capable to manage STEM   education  effectively .   P rincipals were  the instructional and transformational leaders of  STEM, if they were not of  science and mathematics background,          a) would  their decision - making s   be affected,  and  also  not be able   to provide  effective  feedback s   to STEM teachers ’  question s , doubts   and  requests ?          b )   would   Hong Kong  principals need   to have  development training s   in order to carry   out  STEM successfully?          c )   what  other  strategies can principals  use   to overcome th ese   problem s ?     7)   有 研究顯示並非所有學校 的 領導人都能有效地掌控 STEM   教育。 校長作為 教學及 STEM 的變革領導，假若校長 求學時 並非修讀理科 ，                 a)  會否導致 校長 欠缺背景知識去 作推動及改革的決定，以及 有效地 回應老師的疑 問 及要求 ？           b)  校長是否也需要接受發展培訓，好 讓 STEM 能 成功 地推行 ？           c)   還有甚麼策略可被校長採用來克服此問題？     8)   STEM, STEAM and STREAM education s   all  emphasize  “ teamwork ”   to inspire   students’  cooperation  for   achiev ing   same goal s . Relatively,  teachers and students  are also  encouraged   to  “learn from each other” ,            a) would   Hong Kong’s educational culture  allow students to jointly design  teaching  materials   with teachers and point out  any  insufficiencies   of  the  authorities ？          b)   could   Hong Kong  teachers calmly confront with students’  questionings during the co - operative process ？          c) how  could   principals  take parts   in   th is   approach of “learning from each other”   in   the  aspects of management ?    
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8)  STEM, STEAM and STREAM  教育全都提倡 「 團隊合作 」 ， 旨在 啟發 學生 以 合作 來 達到 共 同 目標。相對地，老師及學生也被 鼓勵 「互相向對方學習」，          a)  以 香港的教育文化，學生可 否與老師一起合作設計教材，並指出老師的 不足之 處？          b)  在合作過程中， 香港老師能否坦然面對學生的 質疑性提問 ？          c)  從管理角度來看， 校長可 如何參與「互相向對方學習」的   STEM 教育模式？     9)   Besides principals, teachers and students , there are   other stakeholders   within STEM  education   system , such as parents ,  extra - curricular educators   and employers ,         a)   how  could  the se stakeholders   participate in the  implementation   of STEM in Hong Kong?         b)   since STEM  education  encourage s   parents to learn together with  children   to improve  their learning interest s and motives   in science , can extra - curricular educators design  courses to  enforce parent - child education   and  would   this   help with the implementation  of STEM ?         c)     for   employers of technology firms, would STEM education help with the training s   of  future  techn ical   employees , and why ?     9)    除 了校長、老師和學 生， STEM  課程內還有其他持份者如家長、課外活動教育者及 STEM 僱主等 ，         a)  其他持份者可如何協助推行 STEM 教育？         b)  STEM  教 育鼓勵家長及孩子一起學習 科學 ，坊間的課外活動教育機 構能否設計親 子課程，讓父母和孩子一起學習，以提高孩子 對科學 的興趣及學習動機。 親子課 程 會 否對推動 STEM 有幫助 ？          c)  對僱主而言， STEM 對訓練 未來 技 術 僱 員是否有幫助 及 何解？    
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10)   F emale students are  always being unfairly judged   as less capable to learn  STEM   than male  students ; furthermore,  researches  also  show that  it is still a male’s world in STEM  working  field,           a)  does   gender inequality exist in STEM learning at school?             b)   are there any STEM programs catering to the needs of  general  girls who show less  interest  and capabilities  in science subjects ?     10)  一直以來女生的 STEM 學習能力都被 不公平地 視為遜於男生 ； 而研究顯示， STEM 職場仍是以男性為主導，          a)    校內 的 STEM  學習是否仍存在着男女生學習能力 的 不平等？          b)    有沒有 STEM  課程是專為 一般 女生而設計，以提升她們對理科的學習興趣及應付 能力？         
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Meaning and 113 STEM to me is a P  112-113 STEM is for training M A philosophical  Build up students'

purpose of  concept. students to comple- concept of creativity visions and cap-

STEM ment with future  and inspiration. abilities for the

115 STEM is a prepara- J scientific develop- future. 

tion for students to  ment. Preparational train-

get ready for the  ing for the future.

future global work- 140 STEM is a concept L

force. about creative  Creative thinking.

thinking. 

120 I also consider  D Knowledge-based

STEM as a concept. 310 STEM is problem- B and applicable.

based and students

136 I consideered STEM C have to apply the A congitation to 

as a concept. knowledge in reality. bridge up all science

subjects.

244-245 STEM is a kind of  L 504 STEM is a kind of L

thinking.  inspiration. 

256 Hong Kong STEM 

should be centred 

around the concept

of "creativity".

382-383 STEM should be 

considered as a

congitation to bridge

up all courses.

509 What are the core P

values of STEM 

teaching? We must

first find out. 

649-650 STEM is a philoso- P

phical concept. It is

erroneous to add 

extra letters to 

STEM and defeated 

its original purpose.

Teachers'  129-130 Young teachers  A 117-120 Why STEM is not  M  The scope of 

Establish strategic

capabilities are less capable welcomed by  STEM is too broad. 

plans to provide

in teaching to teach STEM,  teachers? They were

principals and 

STEM trainings are needed. not trained to teach Teachers find hard

teachers with

STEM, especially  to manage all four

competent

169-170 Most teachers are  C teachers of older  subjects of STEM

trainings. 

incapable to teach age.  For art subject

STEM subjects, more teachers, they have  Lack of resources

competent teachers  no clue of how to  to provide adequate

should be recruited. teach science. Even  trainings for teachers.

for science teachers, 

227, 229 12-hour trainings J  they might not have Strategic training 

are seriously inade- the experience to  plans are needed for

quate for carry out teach technology both principals and

STEM teaching and engineering.  teachers. 
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243-244 One cannot expect  L  140-141 I agree with others L

teachers knowing  that not all teachers

everything and then were trained to 

imparting science  teach STEM.

knowledge to stu-

dents.  257-258 School teachers  Li

251-252 "Training the trainers" have insufficient 

should be the first  trainings, especially 

priority, the govern- for Art teachers, 12

ment should provide hours are not

strategic plans for  enough. Strategic

training.  trainings are needed.

273-274 I graduated with a  C

civil engineering de-

gree, I can manage 

to teach maths and 

engineering, but I

don't know how to

teach tecnnology. 

312-313 The principal who  C

hired them is not ex-

perienced enough to

know what are to be

taught in STEM. Both

principals and teachers

need trainngs.

323-324 Some teachers do  H

not have adequate 

abilities and know-

ledge to teach STEM

subjects

365-366 Many teachers are  L

incapable to teach 

STEM, but they are

pushed by principals

to accomplish their

jobs.

377-378 There are no en-

gineering teachers in

secondary schools to

encourage students 

to participate in en-

gineering projects. 

Insufficient  128-129 STEM resources  A 187 Principals are sup- M Insufficient resour- Insufficiency of

resources  and training oppor- posed to distribute ces causing uneven  resources is one 

for implemen- tunities are not  resources evenly  distribution at  of the major 

ting STEM evenly distributed  among subjects.  schools.  hindrances for

at school. STEM success.

449-450 If teachers of diffe- L Silo effect occurs

169 Subsidies are insuffi- C rent faculties compete when resources  Principals have 

cient. for limited resources, are inadequate.  the obligation to

I perceive it as a good evenly distribute

232-235 Hong Kong Govern- J sign, that means resources with 

ment provided grant teachers have the heart and hands 

funds for subsidizing "heart" to do more for among subjects,

STEM activities, but  benefiting students. and to motivate 

the funding was so  teachers with 

insufficient, so we  heart to contri-

have to borrow from  bute more.

other in-house re-

sources. The 2016

HK$200,000 subsi-

dies really burnt fast.
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619-620 Silo effect does exist,  J

but everyone dares

not to speak of their

resentment, they 

chose to withold their

anger.

621 When different facul- C

ties compete for

limited resources, 

silo effect would 

exist. 

630-631 Silo effect derives  C

from insufficiency of

resources.

Sufficient  166-167 I don't agree that  L Some schools are  Different types of

resources for  169-170 aided shcools had  better-off to have schools have 

implementing insufficient fundings,  more resources for dissimilar access

STEM we received ade- STEM implemen- to resources.

quate sources from tation. 

government. There 

are sponsorships  There are numerous

from everywhere,  resource channels. 

besides government,

also from NGOs, 

educational trust and

alumna. 

199-200 Large amounts of  B

resources and spon-

sorship came in from

all directions -

government, NGOs,

parents and alumnae.

Hong Kong  132 STEM to me is a  C 131-132 STEM didn't in- C STEM is a failure. Even for those 

STEM is a failure.  spire my daughter, who were having 

failure 151-152 It's a total confusion although she receiv- Confusing with  vested interest in 

to add "A" and "R" ed Montessori  "A" and ":R" added. the Hong Kong

into STEM for the  education in kinder- Education system,

benefits of girls.  garten.  No common theme. they still perceiv-

ed STEM as a 

153 STEM has no  J 261-263 Most teachers disre- Li No core value. failure and hard 

common theme, just gard STEM, since  to be implement-

 like adding "all kinds they felt that students No holistic guideline ed.

of ingredients into were already over- for cross-disciplinary

one dish". loaded with school  teaching. 

work, STEM should

190-191 STEM or STEAM  C only be treated as  Not accepted by the

cannot arouse  extra-curricular  general public. 

students' interest in  activities. 

learning science, I 

think STEM is a 

failure. 
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203-204 Hong Kong STEM C

shows no core value,

why would the legis- 

lators agree to pay 

for the school sub-

sidies?

246-248 The execution of  L 

Hong Kong STEM is

a failure, there isn't a

holistic approach to

provide guidelines for

the cross-disciplinary 

STEM. 

524-525 Why I keep on say- C

ing that the imple-

mentation of STEM

is a failure in Hong

Kong? Its perceived

value is not recog-

nized by general 

public. 

580 My wife is working   D

582-583 on STEM-teacher 

retraining at univer-

sity. She commented

that since STEM 

education is cross-

curriculum in nature, 

so it is not easy to be 

carried out in Hong 

Kong.

594-597 STEM has the feature

of being interdiscipli-

nary, but The Educa-

tion University of 

Hong Kong does not

equip future teachers

with engineering and 

technology teaching-

skills. Even for mathe-

matics, the university

only teaches exten-

sively, not in-depth.

811-812 Successful implemen- P

tation of STEM needs

the "heart" of all

stakeholders to push

it forward. Generally 

speaking, I feel dim 

about the future of 

Hong Kong STEM.
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Sustainability  186-187 No resources, lack C 148-150 Students of both  L Insufficient resources Different stake-

of STEM  of space, incompe- 152-155 schools are having  lead to the uncer- holders hold dis- 

tent teachers, how  pleasant learning  tainty of STEM's similar points of 

could STEM sus- experiences, assess- sustainability.  view about the 

tain?  ment was never a  sustainability of 

big problem. We  Assessment is  STEM.

188 Sustainable develop- J don't care much  needed for making

ment is important.  about students'  STEM sustainable.

scores, but rather 

560 Sustainability and  C emphasizing the ex-

persistence are from ploratory and investi-

adequate resources  gative nature of 

and talented manage- STEM. The aided 

ment.  school showed a lot

of empathy in STEM, 

684-686 Under Hong Kong's P teachers of languages

education system, and relious studies

STEM is needed to  also teach STEM. 

be assessed in order The second school is 

to evaluate its  a DSS school. STEM

successfulness, only is in the curriculum, 

grading scores would  but not only catered to 

reveal the efficiency  the gifted. It is carried

of STEM and make it out as extra-curricular

sustainable.  activities, or in the 

form of competitions.

STEM sustains very 

well in both schools.

260-261 Due to teachers'  Li 

transferences, it is 

difficult to sustain 

cross-curriculum 

STEM activities. 

306 How can STEM  Li 

sustain with so little 

support? 

Girls' stereo- 641-642 Under the premise, P 156-158 The girls performed L Traditional mindset  Girls are identical

typing in  girls do not need  brilliantly at science has gender discrimi- with boys in 

STEM learning extra help in STEM. competition, the  nation in science- STEM-learning 

One cannot make  awards they received  learning capabilities. abilities.

assumption that  even out-numbered

girls show less  those of boys. I don't  In reality, girls are

competence in  quite agree that girls brilliant in science 

science learning.  are less capable in  performance. 

studying science,

they are very cautious

and attentive in 

character that makes 

them learn well. 

389-391 A girl complained  Li 

to her parents that 

she was rejected by 

school to participate 

in science competi-

tion. Her parents 

considered this as 

gender discrimination.


image39.png
Codebook

Colour
Codes

Themes

Line #
of Ist
Trans-
ctipt

Initial Coding of
Qualitative Data
Exerpts

Parti-
cipant

Line#
of 2nd
Trans-
cript

Initial Coding of
Qualitative Data
Exerpts

Parti-

Sub-categorized
Coding from Initial
Coding

Categorization
from Thematic
Analysis Coding





image40.png
Codebook

Cobur
Codes

Themes

Line#
of Ist
Trans-
cript

Initial Coding of
Qualitative Data
Exerpts

Parti-
cipant

Line#
of 2nd
Trans-

cript

Intial Coding of
Qualitative Data
Exerpts

cipant

Sub-categorized
Coding from Intial
Coding

Categorzation
from Thematic
Analysk Coding





image41.emf
 

Principals'  266-267 Implementation of  J 143 The girl-schools' L Insufficient resources Dilemmas of 

leadership in  STEM is very costly, principals have been are bringing princi- STEM implemen-

managing  principals have to use working hard to make pals challenges. tation could be 

change  different methods to STEM a success.  overcome by the

"squeeze money out" Money-saving tactics contributions of

for subsidizing in  161-162 Principals and tea- L were employed. principals' "heart,

STEM. chers are all very head and hands"

enthusiastic in pro- More fundings would and transforma-

269-270 Principals used many A moting STEM. Most be subsidized if  tional leadership 

different ways to save importantly, both  schools performed skills. 

money for STEM. schools have suffi- outstandingly. 

cient resources. 

472-475 Principals must  C Aided school prin-

accomplish some- 167-169 Successful STEM  L cipals have to carry

thing distinguishable  implementation de- out STEM with 

to get more fundings pends mainly on the limited resources. 

for the following year; decisions of princi-

therefore, they have  pals and school  Principals of diffe-

to drive students to  management boards, rent types of schools

attain high marks, whether they want to have to implement

principals' achieve- use resources on  STEM with dissimi-

ments are reflected in STEM, and how they lar approaches and 

students' DSE results. would motivate tea- practices.

chers to participate.

487-489 For a principal to C Successful imple-

implement STEM  185-186 Aided school princi- M mentation of STEM

successfully, he must  pals have to squeeze requires outstanding

meet the criteria of  resources out from leadership to lead and

having sufficient  here and there to put requires "heart, head 

space, adequate fi- into STEM.  and hands" to excel. 

nancial resources and

competent teachers. 202-204 I never perceive  B It's the principals'

Principals must have school resources as  exceptional lobbying

"hearts" to do so. a major problem, all  skill for lining up all

depends on how the stakeholders to pur-

552-553 Only private school C & P principal handle the  sue one common 

or DSS school prin- issues. Resources is  goal to sustaining 

cipals can be the  not the determining STEM.

pioneers of STEM  factor for STEM's 

education reformation. success or failure, it's

the heart of the prin-

559 STEM cannot sus- P cipal that determines. 

tain without good  208-210 I asked the Tuen Mun

leadership.  school teachers about

their perceptions of

562-563 Leaders from differ- P STEM. They didn't 

ent aspects play a  say STEM was easy

role - Chief Executive or they were totally 

of Hong Kong, Secre- qualified, but they 

tary for Education  were driven by strong

and school principals. senses of mission to 

The actions of  learn how to teach 

superiors are follow- STEM well. The prin-

ed by inferiors. cipal should be credit-

ed for the motivation.
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748-749 The school with sign- P

ages above water 265-267 If the principal was  Li 

basins reminding the not of science back-

boys not to play with  ground, vice princi-

detergents, its princi- pals could fill up the

pal really has the deficiencies, it's the 

heart to implement  principal's manage-

STEM well. ment skill that matters.

752-755 The principal success- 269-270 If the principal set

fully aroused students' mind on STEM with

interest in learning  heart, problems 

science, inspired their would have ways to

curiosity to explore, be solved. 

stimulated their crea-

tiveness and critical  318-319 Principals do not have Li 

thinking, then created to know science, he 

an atmosphere for  only needs to manage

students to pursue those who know and

knowledge on their leads them to the goal.

own. They had de-

veloped self-driven 327-332 If the principals have M

impulse to motivate the hearts to achieve

learning.  goals, they could still

be successful. For 

789-790 Principals have to  P new policies to be

do lobbying job promoted, some prin- 

wholeheartedly, to cipals are smart to

persuade teahcers  tackle problems, they

and school board to use their "hearts" to

cooperate with them solve problems. With

to carry out STEM. or without money, 

That's feasible.  there are still ways, 

principals could use 

793-794 Some principals really P their leadership skills  

have the "heart" to  to guide teachers in 

promote STEM, either STEM upgrading. 

in innovation or in re- Lacking of confidence

inforcement, their hard is not a problem, as

works are noticeable. long as teachers are

wiling to learn and 

with the hearts to 

teach, even flying 

paper planes could 

form educational 

lessons. 

335-337 I agree with Mr. M,  Li

if a school has insuffi-

cient resources, there

are still many alterna-

tives to implement 

STEM, all depends

on the hearts of prin-

cipals and teachers. 


image43.png
Codebook

Cobur
Codes

Themes

Line#
of Ist
Trans-
cript

Initial Coding of
Qualitative Data
Exerpts

cipant

Line #
of 2nd
Trans-
cript

Intial Coding of
Qualitative Data
Exerpts

cipant

Sub-categorized
Coding from Inial
Coding

Categorization
from Thematic
Analysi Coding





image44.emf
338-339 I agree that lacking of L

monetary resources

is not a serious pro-

blem, principals' lead-

ership skills are the 

major determinants 

for sustaining STEM. 

341-342 a principal should at  L

best show interest in

STEM and have the 

investigation spirit to

start with.

345-350 How do principals 

motivate teachers to

build up ambition for

STEM teaching and

to avoid negative 

emotions? Good 

principals would 

attend every STEM 

meeting to discuss

with teachers about 

the progress; not only

showing support and

interest, but also faci-

litation. rincipals 

would reschedule 

school time-tables to

fit with STEM teach-

ers; and they would

always be ready to

provide guidelines for

problem-solving, even 

if they are not too 

knowledgeable about

science. 

436-439 There would not be M

"silo effect" under my

leadership, I welcom-

ed all opinions from

teachers, no matter 

which faculty they are

in. All teachers are 

free to submit propo-

sals. They don't have 

to worry about re-

sources and facilities, 

those are my respon-

sibilities. 
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STEM at pri- 461-463 STEM at primary  P 420-421 I agreed that Hong  C Primary students STEM education 

mary schools schools is taught in a Kong should have enjoy learning  should be started

more relaxed manner developed students' STEM more than as early as possi-

and is less specialized learning interest in secondary students.  ble at young ages. 

than that of secondary science before Pri-

schools; as a result,  mary 3. Parents are STEM learining is 

both teachers and  encouraged to co- funny and enjoyable.

students enjoy more  operate with schools

of the process.  to implement STEM.

705-709 When my daughter A

was in primary school,

the school asked if 

any students interest-

ed in joining science 

competition. They 

only needed to sign up

according to interest. 

If teachers felt that

they had the heart to 

join and the proposal

was good, then the

school would apply 

on their behalf to join

science competition. 

715-716 STEM is hard to be P

implemented in 

secondary schools, 

but rather it's easier

to be carried out in 

primary schools.

764-765 When you ask pri-

mary students how

they feel about STEM,

they will just simply

tell you that, "STEM

is funny, I love it". C

STEM should be 

started as early as 

possible. 

Government's  165-166 For a new model of  C 299-300 Hong Kong Govern- L Government plays a STEM is definite-

role in STEM education to be im- ment was deliberate  crucial role in pro- ly needed in Hong 

implementation plemented success- to respond to STEM moting STEM.  Kong, but the 

fully, the government education.  government is not

must play a vital role No guidelines, no  playing a proac-

in promotion.  302-304 Schools cannot rely  Li central policies.  tive role in pro-

on Hong Kong  moting it. 

Government to pro-

mote STEM, it is

reactive in setting

guidelines for a long-

range plan. 
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523-526 Honestly speaking, M

STEM is necessarily 

needed. Seven years 

had passed already, 

what had Hong Kong

Government done to 

promote STEM? 

The implementation 

only relied heavily on

the schools them-

selves to execute in

their own ways, the 

government has no 

central policies to 

serve as guidelines. 
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