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Abstract This article begins with a historical overview of
the STEM education policy and related classroom practices
in Hong Kong. Against the backdrop that the Hong Kong
education authority has been promoting STEM education
over the past few years, there has been a pressing need for
effective strategies of implementing STEM education in
the context of reduced class size classrooms (i.e. small
class teaching). With a view to addressing this need, this
article strives to exemplify the incorporation of STEM
education into small class teaching settings. Intended as a
conceptual paper drawing on design approaches for STEM
lessons and a small class teaching framework, the article
demonstrates the relevance of STEM education to small
class teaching. Two illustrative lesson design examples are
provided to showcase how the design approaches and
framework can be operationalised. In addition, the article
also offers a thoughtful discussion concerning the potential
challenges of delivering the two sample lessons as well as
the coping strategies. It contributes to understanding of
STEM education theories and provides a valuable refer-
ence for educational practitioners.
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Introduction

STEM (an acronym for Science, Technology, Engineering,
and Mathematics) education has been gaining increasing
popularity and become a buzzword in many education
systems across the globe. Starting from 2015, Hong Kong,
an international metropolis, has strived to promote STEM
education with a view to fostering innovation and
enhancing competitiveness. At the curriculum level, the
Hong Kong education authority has updated and enriched
the curricula of the Science, Technology and Mathematics
Education Key Learning Areas (KLAs) (Curriculum
Development Council [CDC], 2015). Integrated learning
activities (e.g. Innovation Competitions and STEM
Learning Day) for the highlighted KLAs have also been
heavily promoted. At the teacher training level, the Hong
Kong Government has offered substantial funding (i.e.
more than HK$20 million) to strengthen the professional
development of teachers and schools through STEM
training workshops. School leaders, including school
supervisors and heads, have also been invited to join a
variety of training seminars to obtain a better understand-
ing of the STEM education initiative. In general, STEM
education has been envisaged as an innovative teaching
and learning strategy that places a high value on interdis-
ciplinary knowledge and constructivist learning (Hong
et al., 2019; Lin et al., 2019). It often goes hand in hand
with other educational reform initiatives such as small class
teaching to promote quality teaching and learning.
Indeed, Hong Kong has been promoting small class
teaching in public sector primary schools for over a decade.
Whilst Hong Kong primary classrooms have long been
portrayed as teacher-centred, curriculum reforms have
endeavoured to shift that dominant pedagogy to a pupil-
oriented approach (Mok & Morris, 2001; Yan & Brown,
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2021). Against this backdrop, there has been a call for class
size reduction to further promote pupil-centred learning. In
Hong Kong, however, small class teaching was not offi-
cially launched until 2009, lagging behind many of Hong
Kong’s neighbouring countries and regions. Advocates of
small class teaching suggest that its potential benefits
include more time to cater for learner diversity, a greater
variety of teaching and learning strategies, a closer tea-
cher—student relationship (Hui et al.,, 2019), increased
student participation and teacher—pupil interaction, more
space for classroom activities, and fewer classroom man-
agement problems (Lai et al., 2016). However, little is
known about how STEM education can be promoted in a
way that maximises such benefits.

To address this knowledge gap, the article begins with a
comprehensive review of the STEM education policy and
Small Class Teaching initiative, followed by two examples
of lesson design showcasing the incorporation of STEM
education into small class teaching settings. Drawing on
the framework of the six principles of small class teaching
and two design approaches for STEM activities, this article
analyses and discusses the design of two lessons in great
depth whilst suggesting ways of capitalising on small
classes to promote STEM education.

Review of the STEM Education Policy and Related
Classroom Practices in Hong Kong

According to Bybee (2010), STEM is used as an acronym
for Science, Technology, Engineering, and Mathematics
and is originated by the National Science Foundation in the
1990s. Some scholars argue that only when the four dis-
ciplines of STEM are taught in an integrated manner, the
education a student receives can be called STEM education
(Brown et al., 2011). On the other hand, the term STEM
has been employed “as a generic label for any event,
policy, program, or practice that involves one or several of
the STEM disciplines” (Bybee, 2010, p. 30).

In the Hong Kong context, STEM education mainly
focuses on Science, Technology and Mathematics Educa-
tion (CDC, 2015), with Engineering Education playing a
peripheral role (Kutnick et al., 2018). In other words,
STEM education encompasses three KLAs, namely the
KLAs of Science, Technology and Mathematics Education,
whereas Engineering Education is being promoted within
the traditional STM curriculum areas. This suggests that
Engineering Education does not enjoy the same status as
other subject areas, and students’ exposure to actual engi-
neering topics is rather limited (Education Bureau [EDB],
2014). Since engineering-related subjects are mostly taught
to senior secondary students, secondary students take more
STM courses than STEM courses (Kutnick et al., 2018),
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and a similar situation characterises the Western school
curriculum (Gunckel & Tolbert, 2018; Nugent et al., 2010).

Although STEM education has been implemented in the
United States for decades, STEM education was not offi-
cially introduced to the Hong Kong education system until
2015 and is still in its infancy. The introduction of STEM
education stems from the economic consideration of
maintaining the international competitiveness of Hong
Kong by cultivating talents that can keep abreast of the
latest scientific and technological advancements (CDC,
2015). Accordingly, in the Chief Executive’s 2015 Policy
Address, it was proposed that STEM education would be
launched at both curriculum and teacher training levels
(“The, 2015 Policy Address”, n.d.). It is noteworthy that
the goal of STEM education in Hong Kong is not to
develop all students into scientists and technicians, but to
give full play to primary and secondary students’ innova-
tion potential and to foster their collaboration, creativity
and problem-solving skills (CDC, 2015; EDB, 2016). To
accomplish this goal, the CDC issued an official curriculum
document entitled “Promotion of STEM Education—Un-
leashing Potential in Innovation” which put forward six
strategies for the promotion of STEM education (CDC,
2015).

At the classroom level, the STEM education policy can
be translated into a promising teaching and learning strat-
egy. First, as a teaching strategy, STEM education is
characterised by its interdisciplinarity (English, 2016; Fan
et al., 2020), meaning that teachers not only need to inte-
grate cross-disciplinary knowledge of STEM subjects but
also integrate such instructional factors as motivation,
attitudes, and higher-order thinking skills into the creative
use of extensive subject knowledge (Hong et al., 2019).
Through STEM education, teachers can improve learners’
problem-solving capacity and twenty-first century skills
because integrated STEM instruction can engage learners
in using interdisciplinary knowledge to undertake system-
atic scientific investigation (Mustafa et al., 2016). Teachers
can also use STEM education as a pedagogical strategy to
teach students how to apply STEM knowledge to solve
real-life problems in an authentic context (Baharin et al.,
2018).

Second, as a learning strategy, STEM education entails a
student-centred learning environment in which students
have ample opportunities to co-construct interdisciplinary
knowledge (Walter et al., 2016). To that end, students
should be enabled to acquire skills and knowledge for deep
learning through hands-on learning experiences (Barak &
Assal, 2018; Evans et al., 2014). They should also engage
in project-based or design-oriented activities to obtain
more collaborative learning experiences (Hong et al,
2019). Moreover, STEM education can be used as a
strategy for promoting inquiry- and problem-based learning
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through which students’ STEM capabilities can be devel-
oped (Fan et al., 2020; Murphy et al., 2019). Overall,
students’ engagement and interest in STEM subjects can be
enhanced through such learning experiences (Baharin
et al., 2018).

Regarding the learning and teaching effectiveness of
STEM education in catering for learner diversity, the
existing scholarship suggests that to make STEM education
effective and inclusive for students with diverse needs, it is
important to adopt instructional strategies and practices
(e.g. project-based learning) that promote active learning of
STEM content, processes, and skills (Peters-Burton et al.,
2014). Of equal importance is to support underrepresented
students’ transitions to a STEM career by offering them
bridging and tutoring programmes as well as extended
school days or school years (Peters-Burton et al., 2014). In
addition, personalisation of learning, problem-based
learning, and rigorous learning are also believed to be
critical components of inclusive STEM education (LaForce
et al., 2016). Featuring these essential elements, inclusive
STEM high schools may benefit students with diversified
needs, particularly those from underrepresented groups
(Means et al., 2017). For these groups, STEM research
experiences and project-based instructional practices may
help enhance their interests in STEM subjects. More
recently, Wilson (2021) explored the effective STEM
practices that could cater for learner diversity in a sec-
ondary school situated in a diverse community in Australia.
The findings revealed the importance of engaging students
in active learning, using multi-dimensional assessment that
could allow students to display their STEM learning
through non-traditional ways, and establishing a school
culture that encourages innovative pedagogy (Wilson,
2021).

Small Class Teaching Initiative in Hong Kong

Notwithstanding the prevalence of small classes in many
parts of the world such as the Greater China region, the
United States and the United Kingdom (Galton et al.,
2018), the Hong Kong Government has long opposed the
reduction of class sizes on economic grounds (Ip & Lai,
2004) and by drawing on research results that cast doubt on
the efficacy of small classes (Harfitt & Tsui, 2015). It was
not until 2009 that the Small Class Teaching initiative was
launched in Hong Kong by the EDB in response to the
declining birth rate and primary student enrolments which
slumped considerably by over 30% between the years 2000
and 2010 (Galton et al., 2015). To avoid school closure and
teacher redundancy as a result of the decrease in student
enrolments, starting from primary one (grade one) in the
academic year of 2009-2010, the Government reduced the

regular class size from 32-37 to 25 in public sector primary
schools by phases. As of the academic year of 2013-2014,
this initiative had been extended to primary five (grade
five), and more than 70% of primary schools (i.e. around
334) had adopted small class teaching (Zhang & Tang,
2014).

Small class teaching does not simply involve the
shrinkage of class size but requires a fundamental shift in
teaching and learning approaches from traditional large
class/whole class teaching. Whilst in large class teaching
the teacher often maintains control by resorting to didactic
teaching, with students engaging in rote learning and
content memorisation in an examination-oriented, com-
petitive, and independent environment (Fung, 2014; Fung
et al., 2017; Lynch & Pappas, 2017), small class teaching
has the potential to enable collaborative, interdependent
learning and the provision of more teacher attention and
caring to individual students (Blatchford, 2003). Another
major difference between large classes and small classes
lies in the classroom seating arrangement. Students in large
classes tend to be seated at individual, teacher-focused
desks (Fung et al., 2018), whereas when the class size is
reduced, they can sit at movable tables and quickly form
groups to engage in collaborative learning (Fung & Lui,
2016). In addition, more classroom space is also one
noticeable feature distinguishing small class teaching from
large class teaching. When class size is reduced, classroom
space relatively increases, thereby allowing a wide range of
classroom activities to take place (Ip & Lai, 2004).

Given the marked contrast between small classes and
large classes, it is argued that the former provides
favourable hardware for the pedagogical shift from didactic
teaching to student-centred learning. However, to run this
hardware, the use of new pedagogical strategies and prin-
ciples as the software is pivotal. To capitalise on the small
class environment, six pedagogical principles have been
proposed as part of the key findings from Galton and Pell’s
(2009) large-scale study on small class teaching. The six
principles are as follows: (1) clearly communicate learning
objectives to students; (2) use extended questioning in
whole class discussion; (3) encourage more pupil partici-
pation; (4) engage students in collaboration in pairs and
groups; (5) use more informing feedback; and (6) promote
assessment for learning.

The Linkage Between STEM Education and Small
Class Teaching

In terms of the relevance of small class teaching to STEM
education, the scholarship suggests that amongst the fore-
going six principles, the principles of encouraging greater
student participation and engaging students in collaborative
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group work dovetail nicely with the central tenets of Maker
Education, which is closely associated with STEM learn-
ing. Specifically, Maker Education aims at providing stu-
dents with opportunities for design and engineering
practices (Martin, 2015), highlights learning through
making (Halverson & Sheridan, 2014), and helps arouse
students’ interest in STEM subjects (Hsu et al., 2017). One
of the underlying theories of Maker Education lies in active
learning and constructivism in which high- and low-per-
forming learners make joint efforts to achieve a shared goal
(Martin, 2015; Vygotsky, 1978). Maker Education also
emphasises collaborative learning and sharing by engaging
students in helping one another to create artefacts and
sharing their products with peers (Harvard Educational
Review Editorial Board, 2014; Martin, 2015). In particular,
in makerspaces which are considered a community of
practice (Halverson & Sheridan, 2014), students are
encouraged to support one another by engaging in collab-
orative learning (Oliver, 2016; Schrock, 2014).

Perhaps more importantly, small class teaching is con-
sidered conducive to STEM education, particularly with
respect to the achievement of certain learning objectives.
For example, whilst STEM education attaches great
importance to problem-solving and critical-thinking skills
and scientific inquiry, which promote higher-order thinking
(Baharin et al., 2018), small class teaching environments
provide favourable conditions for achieving such educa-
tional goals as the development of students’ creative and
innovation potential. A large body of research has
demonstrated that collaborative learning facilitated by
small class teaching can contribute to the cultivation of
such higher-order thinking skills as critical thinking (e.g.
Liang & Fung, 2021; Loes & Pascarella, 2017).

Regarding the significance of and rationale for linking
STEM education with small class teaching, as the forego-
ing literature review demonstrates, small class teaching
necessitates a fundamental paradigm shift from traditional
large class/whole class teaching to more student-centred
and constructivist learning approaches. Such a shift has
been consistently promoted in Hong Kong, particularly
since the launch of the small class teaching policy in 2009.
At the same time, to promote STEM education as an
innovative teaching and learning strategy, teachers in Hong
Kong are encouraged to employ student-centred and con-
structivist learning approaches to teach interdisciplinary
knowledge and higher-order thinking skills in an integrated
manner, which is in alignment with the pedagogical shift
underscored by small class teaching. Therefore, it seems
meaningful to link STEM education with small class
teaching. It is also meaningful to link inclusive STEM
education with small class teaching. The reason is that
whilst the literature (e.g. LaForce et al., 2016; Peters-
Burton et al., 2014) suggests that the former emphasises the
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use of active learning, personalised learning as well as
problem-based learning to cater for students’ diverse needs,
the latter provides favourable conditions for effective
implementation of these teaching and learning approaches.
Specifically, when the class size is reduced, teachers can
direct more attention to individual students and engage
them with diversified student-centred activities. Teachers
can also take advantage of a small class environment by
adopting multi-dimensional assessment which could
empower students to demonstrate their STEM knowledge
in their preferred modes (Wilson, 2021). As little scholar-
ship to date has investigated the link between small class
teaching and STEM education at the classroom level or
documented the design of hands-on STEM learning activ-
ities (e.g. project-based or design-oriented activities)
underpinned by student-centred and constructivist learning
approaches, this article constitutes a worthwhile endeavour
that sheds useful light on the design of STEM education in
small class settings.

Using the Integration Approach to Design
the “Floating-sinking Fish” Activity

In what follows, the article discusses two illustrative les-
sons showcasing how two design approaches can be used
as a heuristic framework to design STEM activities in
small classes. The two lessons were designed and delivered
in two pilot primary schools in Hong Kong. In each school,
each class consisted of around 25 students with prior
experience of STEM courses. The students had mixed
learning abilities and were generally from a middle
socioeconomic background. Most of the participating
teachers had undergone continuous professional develop-
ment in STEM education, although they did not all hold a
degree in a STEM-related subject. Because one of the two
schools is located in a central district with some traffic
lights in the vicinity, the teachers designed a STEM project
based on such features of the surrounding neighbourhood
to make it relevant to students’ daily life.

The first approach to STEM lesson design is the Inte-
gration approach, namely selecting one KLA topic as the
lesson base and incorporating relevant knowledge and
skills from other KLAs (CDC, 2015). The lesson illus-
trating this approach is a STEM experiment called “float-
ing-sinking fish” (see Fig. 1 for a sample of students’
work). The topic “Amazing Water” from the “Water and
Air” unit of the KLA Science Education is used as the base
of the STEM activity, with relevant learning elements from
the KLAs Technology Education and Mathematics Edu-
cation playing a minor supporting role. Specifically, as the
worksheet of the activity demonstrates (see Appendix I),
Science Education involves the development of a skill set
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for scientific inquiry (e.g. observing, making hypotheses/
predictions, measuring, recording, making inferences,
analysing and synthesising data) and the explanation of the
relationship between an object’s density and its sinking and
floating. The “floating-sinking fish” activity comprises
seven key stages which embody a standard scientific
inquiry process. More specifically, the first stage encom-
passes two stimulating questions for students to brainstorm
and explore: (1) What is the cause of an object’s sinking
and floating in the water? and (2) What are the factors that
can change the floating and sinking of an object? At the
second stage, based on the two foregoing questions, stu-
dents then make hypotheses about the relationship between
an object’s density and its sinking and floating. For
instance, they can hypothesise that objects with lower
density than water will float on the surface whilst those
with higher density will sink to the bottom. To test the
hypotheses, proceeding to the third stage, students are then
required to design an experiment by identifying experiment
materials and drawing design diagrams. Indeed, this stage
involves the learning elements of Engineering Education in
the sense that it draws on the maker/making model which
requires selecting materials to design and create “floating-
sinking fish”. The materials may include a plastic fish, a
screw cap, two oily pens with different colours, a bucket, a
plastic bottle, and a measuring cup. With these materials
and design diagrams, in the ensuing stage, students start to
conduct the experiment and collect data. The experimental
steps should include the following: (1) use a measuring cup
to obtain 800 ml of water, then pour the water into a plastic
bottle and tighten the cap; (2) put a screw cap on the mouth
of the plastic fish; (3) colour the plastic fish with an oily
pen; and (4) place the fish in a bucket of water and care-
fully observe what proportion of the fish floats on the water
surface. Students can adjust the amount of water in the fish
by squeezing the fish until only a small proportion of the
fish floats on the water surface. Subsequently, in the fifth
stage, students test the hypotheses and observe the results.
They can observe (1) whether the fish will float on the
surface or sink to the bottom when it is placed inside the
plastic bottle; (2) whether the fish will sink when they use
their hands to press the bottle; (3) whether the fish will float
when they relax their hands; and (4) in general, whether the
fish can float and sink easily and smoothly. In the second
last stage, students analyse the experimental results. In the
final stage, students should be able to draw the following
conclusion from the experiment: When the density of an
object is higher than that of water, the object will sink, and
when the density of the object is lower than that of water,
the object will float.

With regard to Mathematics Education, this STEM
experiment incorporates the knowledge and concept of
volume and fraction. First, it prompts students to use a

Fig. 1 A sample of students’ work called “floating-sinking fish”

measuring cup to obtain the required volume of water.
Second, it encourages students to think about how to
equally divide a bottle of water into several proportions and
gain a desired amount. To this end, the following chal-
lenging question can be posed to students: How can they
fill three quarters of the bottle without using a measuring
cup? They can then apply their knowledge of fraction to
address this challenge. First, they pour the water from a big
bottle into four empty bottles of the same size whilst
ensuring that the water in the four bottles has the same
height. If the height is inconsistent, they should adjust the
height of water in each bottle until it is the same across four
bottles. Then they pour the water of three of the bottles into
the big bottle to get the desired volume of water, namely
three quarters of the water previously stored in the big
bottle. As for Technology Education, the relevant learning
element is that teachers can use the online mathematics
teaching resources (GeoGebra, https://www.geogebra.org)
to show students measuring cups of different capacities and
ways of reading different scales so as to help students
measure a specified volume of water during the STEM
activity.

In this STEM activity, the connection of the four dis-
ciplines of STEM lies in the relevance of other subject
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areas to the selected Science Education topic. Specifically,
Engineering Education manifests itself in the design and
making of the “floating-sinking fish”, which provides the
key experimental instrument for the Science Education
topic regarding the relationship between an object’s density
and its sinking and floating. Mathematics Education focu-
ses on the knowledge and concept of volume and fraction,
both of which are required and highly relevant for students
to fill the plastic bottle with an optimal volume of water
(i.e. three quarters of the bottle) so as to achieve the most
ideal experimental results during the STEM activity.
Similarly, Technology Education is also relevant and
connected to the selected Science Education topic because
it uses the online mathematics teaching resources to show
students measuring cups of different capacities and ways of
reading different scales.

Lastly, the final section of the STEM activity provides
students with a self-assessment opportunity through which
they use a scale to evaluate their own performance before and
after the activity. The evaluation encompasses three
dimensions including knowledge, skills, and attitude. Whilst
knowledge concerns the scientific principle of “floating-
sinking fish” and the factors influencing objects’ sinking and
floating, skills include the ability to carefully observe things,
to make hypotheses or predictions about scientific issues and
to draw conclusions from experiments. In terms of attitude, it
refers to interest in scientific inquiry and the capacity to
collaborate well with peers to conduct group experiments.
The self-assessment allows students to reflect on and share
the difficulties and challenges their groups encounter during
the entire scientific inquiry process and how they attempt to
develop the solutions. To ensure the quality and reflective-
ness of students’ self-assessment experience, the following
mechanism is proposed. After self-assessment and reflec-
tion, students need to share their learning gains and thoughts
in groups of four. Each group should have a leader guiding
the discussion on the quality of self-assessment. The groups
should also engage in a process of peer evaluation in which
teachers play the role of facilitator by providing contingent
scaffolding to ensure that such evaluation cultivates a sense
of reflective learning in students. It is believed that self-
assessment followed by peer evaluation can lead students to
collective improvement and a thorough understanding of
their strengths and weaknesses in terms of knowledge, skills
and attitude.

Using the Project Approach to Design
the “Intelligent Traffic Lights” Project

Whilst the first example generally follows the Integration

approach, the second example, namely, the “intelligent
traffic lights” project (see Fig. 2 for a sample of students’
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work), follows the Project approach by initiating a project
that involves learning elements from the KLAs of Science
Education, Technology Education and Mathematics Edu-
cation, with Engineering Education being promoted within
the STM curriculum (CDC, 2015). The project is con-
cerned with the making of intelligent traffic lights (see
Appendix II for the worksheet for the project). To start
with, students are presented with an everyday situation
which has great relevance to them. Specifically, the situa-
tion or problem is that due to the lack of traffic lights in an
intersection near the school, students inevitably cross the
road with great danger. If students can design intelligent
traffic lights to solve this problem, their safety can be
ensured. This STEM project encompasses two tasks. The
first task involves programming the traffic lights to make
them perform a series of tasks, which constitutes the
learning elements of Technology Education. In this task,
teachers first briefly introduce BBC micro:bit which is a
mini computer and requires programming in order to per-
form desired functions. To scaffold students’ program-
ming, teachers can offer a description of what the BBC
micro:bit needs to do. For instance, it should make the
traffic lights turn and keep red so that vehicles can drive
past the junction. Subsequently, if the A button of the
traffic lights (i.e. the A button in the BBC micro:bit) is
pressed, the lights should turn green within three seconds,
which will allow time for vehicles to stop and let pedes-
trians cross the road. Lastly, the BBC micro:bit should
make the green light turn red in another three seconds so
that vehicles can drive past the intersection after pedestri-
ans cross the road. Step-by-step instruction can be provided
to help students conduct programming using the online tool
(http://makecode.microbit.org/#editor) to control the traffic
lights. After students learn about the basics of program-
ming, they can be challenged to a more advanced level
which requires them to increase the duration of the red
light.

Fig. 2 A sample of students’ work called “intelligent traffic lights”
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The second task requires students to make traffic lights,
which reflects the learning elements of Engineering Edu-
cation. Students can make use of the following materials
including the BBC micro:bit along with a battery case, red
and green LED lights, traffic light holders, wire, metal
stickers, and cardboards. Then students should be required
to draw a design diagram for the intelligent traffic lights to
ensure that the red and green LED lights have a closed
circuit. Indeed, the concept of closed circuit constitutes the
learning elements of Science Education. Apart from Sci-
ence Education, this STEM activity can also involve
Mathematics Education if students are required to measure
the width of the road and calculate pedestrians’ pace so that
they can suggest reasonable crossing time. This is indeed
necessary because the crossing time for pedestrians is only
three seconds in the project, which seems too short.

In this STEM project, the four disciplines of STEM are
connected in the sense that each stage of the project
requires an integrated use of knowledge of different dis-
ciplines. In the first stage, students need to use the BBC
micro:bit to conduct programming for the traffic lights,
which forms part of Technology Education. Subsequently,
they need to apply their mathematical knowledge in mea-
suring the width of the road and calculate pedestrians’ pace
so as to work out reasonable crossing time, which is
indicative of Mathematics Education. In the next stage,
they should assemble the traffic lights, which is what
Engineering Education concerns. Lastly, they need to
understand the concept of a closed circuit in order to suc-
cessfully connect the circuit components of the traffic
lights, and this involves the learning elements of Science
Education. As a brief summary, Table 1 below compares
and contrasts the design of the two STEM lessons in terms
of their goals, design approaches, STEM elements,
advantages, and disadvantages.

Table 1 STEM lessons using the two design approaches

STEM Education in a Small Class Teaching
Environment

Central to this article is its illustration of how STEM les-
sons can be designed in small classes. If the two above-
mentioned STEM lessons were to make the best of a small
class teaching environment, theoretically they should be
implemented with reference to Galton’s (2010) framework
of the six principles of small class teaching. According to
the framework, when teaching small classes, teachers
should consider three important dimensions including
curriculum, pedagogy, and assessment. They should ensure
that the curriculum sets clear and achievable learning goals
and can employ such pedagogical strategies as using
extended questioning, promoting active pupil participation,
organising pair/group work, and providing informing
feedback. In terms of assessment, they ought to use more
assessment for learning than assessment of learning. This
framework provides a holistic understanding of the inter-
relationships amongst curriculum, pedagogy, and assess-
ment. In the following paragraphs, the article elaborates
how the six principles of small class teaching can be
operationalised in the two STEM lessons presented above.

First, in articulating the learning objectives, teachers
need to not only describe the activities but also clarify their
purposes (Galton, 2010). For instance, the learning objec-
tive of the “floating-sinking fish” activity can be to design
and make a model to display how fish sink and float and to
understand what makes fish sink and float through scientific
inquiry. The learning goal of the “intelligent traffic lights”
project can be to make traffic lights and to solve the safety
problem for pedestrians.

Second, teachers should use extended questioning in
class discussion. In other words, they should encourage and
elicit more and detailed responses from students by using

STEM lesson Floating-sinking fish

Intelligent traffic lights

Solve everyday life problems

The Integration Approach: select one topic of KLLAs as the base and The Project Approach: use a project that integrates

pertinent learning elements from different KLAs

The concept of closed circuit

The use of BBC micro:bit for programming education
The making of traffic lights
Measure the width of the road and calculate pedestrians’

pace so as to work out reasonable crossing time

Hands-on and minds-on

Goal Make inventions
Design
Approach incorporate relevant knowledge and skills from other KLAs
Science Cultivation of skills for scientific inquiry
Education  Relationship between an object’s density and its sinking and floating
Technology  Online mathematics teaching resources (GeoGebra)
Education
Engineering Design and make “floating-sinking fish”
Education
Mathematics The knowledge and concept of volume and fraction
Education
Advantage Low cost of experiment materials

Emphasis on enhancing students’ scientific inquiry skills

Disadvantage Relatively less cognitively demanding

Relevant to students’ everyday lives
High cost of experiment materials
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such encouraging remarks as “Excellent. Can you say
more?” and “Would anyone like to add more?” (Galton,
2010). Meanwhile, teachers should provide more wait time
for students’ extended responses (Galton, 2010). In the
“intelligent traffic lights” project, at the beginning of the
class, teachers can raise the question about how students
can design traffic lights to address the safety issue in the
crossroad and activate their thinking by inviting elaborated
responses.

Third, to promote pupil participation, teachers ought to
consider whether the context of a task is meaningful, rel-
evant and motivating to students. Prior to the commence-
ment of a task, they should allow students to brainstorm
ideas of a relevant topic (Galton, 2010). For instance, in the
case of “floating-sinking fish”, two stimulating questions
are available for students’ brainstorming and exploration:
(1) What is the cause of an object’s sinking and floating in
the water? and (2) What are the factors that can change the
floating and sinking of an object? In the “intelligent traffic
lights” project, students are supposed to be very familiar
with the context of the task and find it meaningful and
motivating to address a safety problem closely related to
them.

Fourth, it is indispensable to enhance cooperation
among pupils. To this end, teachers should make sure that
the pair and group work assigned to students is academi-
cally challenging (Galton, 2010) and that students receive
sufficient training in using ground rules to govern their
cooperation (Fung & Howe, 2014). An often neglected but
indispensable element is a debriefing session in which
students discuss and reflect on how well they work as a
pair/group and how they can improve next time (Galton,
2010). Take the “intelligent traffic lights” project for
example: the task of conducting programming for micro:bit
is novel and challenging to pupils who need to work in
groups and follow some classroom rules to achieve a
shared goal. At the end of the project, they need to conduct
self-assessment which functions in a way similar to a
debriefing session.

Fifth, it is recommended that teachers should use more
informing feedback instead of corrective feedback (Galton,
2010). This means that teachers’ feedback should help
pupils to identify and self-correct their own mistakes rather
than simply pointing out their mistakes and offering the
right responses. For instance, in carrying out the “floating-
sinking fish” activity, when students record the observa-
tional results of the experiment, they may find that the fish
cannot sink and float easily and smoothly. Under this cir-
cumstance, teachers can provide the following informing
feedback: “That’s a good try, but what problems do you
think the fish may have?” and “How did you make the
fish?”
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Sixth, it is significant for teachers to promote assessment
for learning which uses formative assessment to evaluate
students’ learning progress and to provide individualised
instruction to cater for students’ diverse needs. In addition,
the classroom organisation should have enough flexibility
in letting students with similar needs to learn together.
More significantly, formative assessment should take the
forms of both oral and written assessments (Galton, 2010).
In the example of “intelligent traffic lights”, it is very
likely that when pupils are challenged to increase the
duration of the red light, they may encounter great diffi-
culties and make mistakes. Under this circumstance,
teachers can use formative assessment by asking individual
pupils questions to check their understanding of the con-
cept of programming, thereby adjusting their instructional
techniques and scaffolding provided. In addition, at this
point, teachers can insert a self-assessment section for
students to think about what they perform well or struggle
with. Based on students’ in-process evaluations of learning
progress, teachers can then enhance their instruction and
student learning.

Discussion and Implications

Whilst the potential of the two STEM lessons can be
maximised by upholding the six principles of small class
teaching, both practical and pedagogical challenges may
affect lesson delivery. For instance, the practical challenges
of the “floating-sinking fish” lesson may include a lack of
laboratory technicians to buy the requisite experiment
materials in Hong Kong primary schools, which could
reduce teachers’ willingness to conduct the experiment
with students. It is thus strongly recommended that Hong
Kong primary schools follow their secondary school
counterparts in employing technicians to support teachers
in their preparation of STEM experiments and activities,
thereby easing the latter’s workload. For the “intelligent
traffic lights” lesson, because it involves Maker Education,
which is not part of the formal curriculum, schools need to
allocate a proportion of lesson time to it within an already
tight school schedule, which can cause timetabling issues.
Moreover, in order to prepare this kind of lesson well,
teachers need to invest additional time in learning about
programming (or coding) and updating their professional
knowledge. Special attention should therefore be paid to
both curriculum time and teachers’ availability for pro-
fessional development in designing this type of STEM
lesson.

Pedagogically speaking, it is noteworthy that in Hong
Kong, engineering-related subjects are taught primarily to
senior secondary students. Therefore, secondary students in
general take more STM courses than STEM courses
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(Kutnick et al., 2018). Exacerbating the problem is that
even when engineering is taught within the STEM cur-
riculum, teachers may not be equipped with sufficient
expertise and resources or effective pedagogical strategies
(Cavlazoglu & Stuessy, 2017; Lee et al., 2019; Nathan
et al., 2010). The majority of teachers in Hong Kong are
generally not well prepared for STEM education, meaning
they have a wide range of concerns (Geng et al., 2019).
Therefore, both teacher and student knowledge of engi-
neering and readiness for STEM education and Maker
Education are in urgent need of enhancement, which may
pose formidable challenges to delivery of the two STEM
lessons discussed herein. To address these challenges, it is
suggested that more professional training programmes in
STEM education in general and engineering education in
particular should be provided to school leaders and teach-
ers. If sufficient training in these areas is provided, then
school leaders and teachers can be expected to enhance
their expertise and self-efficacy in the planning and deliv-
ery of STEM programmes. As a result, the potential of
STEM education as a teaching and learning strategy is
likely to be fully realised, leading to truly integrated STEM
instruction and a student-centric learning paradigm.

Another potential pedagogical challenge is that whilst
small class teaching calls for a paradigm shift from teacher-
centred to student-oriented teaching, STEM education
requires the teaching of basic knowledge of science, which
is often delivered through traditional or whole class
didactic teaching. When delivering the two STEM lessons
in small classes, teachers may therefore feel confused about
how to strike a healthy balance between using whole class
teaching to present the fundamentals of science and pro-
moting collaborative group work to enhance students’
hands-on skills.

Finally, because both STEM lessons emphasise the
connections amongst the four STEM disciplines, without
sufficient interdisciplinary understanding, teachers may be
easily misled by the STEM acronym to feel that an inte-
grated STEM lesson is a lesson that simply involves ele-
ments of each STEM-related subject (Kelley & Knowles,
2016; Ryu et al., 2019). They may fail to recognise the
interrelationships amongst the STEM subjects, and thus
deliver the two lessons in an ineffective manner. As Lin
et al. (2019) suggest, interdisciplinary STEM learning
occurs only when the four STEM disciplines are taught in
an integrated manner. Therefore, it is crucial for teachers to
develop an interdisciplinary understanding of STEM.

This article has broad implications for scholars, educa-
tional practitioners, policymakers and other stakeholders in
the STEM education community. First, the article enriches
the design approaches for STEM activities recommended
by the Hong Kong education authority by adding learning
elements of Engineering Education and infusing

engineering into the STM curriculum, which suggests that
the two approaches discussed are rather flexible and that
variants may be plausible. For instance, it is possible within
the Integration approach to select two topics and learning
elements from two KLAs as the lesson base and then
integrate learning elements from another KLA and Engi-
neering Education. Scholars in the field of STEM education
may thus find some food for thought from this article
regarding the theoretical frameworks for planning STEM
activities. Second, each of the two STEM lessons embodies
a different design approach. Learning from the two lesson
designs, educational practitioners may garner a more con-
crete understanding of the two design approaches and make
effective use of them in their future planning and designing
of STEM-related tasks. Third, since there has been a lack
of scholarship discussing ways of capitalising on small
classes to implement STEM education, this article consti-
tutes a pioneering attempt to provide educational practi-
tioners with insights into integrating the framework of the
six principles into the STEM activity process. It is hoped
that with the abovementioned examples of applying the
principles in the STEM activities, STEM instructors are
inspired to be creative in finding alternative ways of inte-
grating STEM education into small class teaching. In other
words, the examples provided are not meant to be exclu-
sive, but to serve as a starting point for figuring out varying
ways of following the six principles in STEM education.
Fourth, for policy makers, they may find this article a
useful reference for enhancing the linkage between small
class teaching and STEM education at the policy level. It is
suggested that they should offer more guidelines and
blueprints in relation to effective strategies for promoting
STEM education in the context of small class teaching.
Last but not least, the article may have great relevance to
other countries and regions which also have a dual focus of
STEM education and small class teaching. For instance, the
Hong Kong experience is likely to be useful to mainland
China, Taiwan, Japan, and South Korea.

Conclusion

This article begins with a review of the STEM education
policy and the Small Class Teaching initiative in Hong
Kong, followed by two examples of lesson design illus-
trating how STEM education can be designed in a reduced
class size setting. Both the potential practical and peda-
gogical challenges of delivering the two STEM lessons are
discussed, and coping strategies proposed. One of the
article’s significant contributions lies in its strong theoret-
ical foundation in drawing upon two design approaches to
STEM education and the six-principle framework for small
class teaching. The article also helps fill the knowledge gap
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concerning the connection between STEM education and
small class teaching by discussing both the theoretical
underpinnings and design of two exemplary STEM lessons
in the context of small classes. Lastly, it is argued that the
article has important implications for scholars, educational
practitioners, policymakers and other stakeholders putting

concerted efforts into promoting STEM education.
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Background Information

There is an intersection near the school gate. Unfortunately, due to the lack of traffic lights in
the intersection, students cross the road with great danger. If students can design intelligent
traffic lights to solve this problem, their safety can be ensured.

The Tasks
You need to complete two tasks in order to make the intelligent traffic lights. The first task

involves programming the traffic lights to make them perform a series of tasks. The second
task is to connect all circuit components properly to make the traffic lights work.

@ Springer



206 W. Liang, D. Fung

Appendix II

The Worksheet of the “Intelligent Traffic Lights” Project

Introduction of BBC Micro:bit

battery socket

(radio & Bluetooth ontennok

i g
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(Source: https://microbit.org/hk/guide/features/)

BBC micro:bit is a mini computer and requires programming in order to perform desired
functions.

Programming

Before conducting programming for the traffic lights, you can think about and write down
what BBC micro:bit needs to do. For instance, it should make the traffic lights turn and keep
red so that vehicles can drive past the intersection. Then if the A button of the traffic lights
(i.e. the A button in the BBC micro:bit) is pressed, they should turn green in three seconds,
which will allow time for vehicles to stop and let pedestrians cross the road. Lastly, BBC
micro:bit should make the green light turn red in another three seconds so that after
pedestrians cross the road, vehicles can drive past the intersection.

You can use the online tool (http://makecode.microbit.org/#editor) for programming.

Challenge Yourself!

Could you adjust the traffic lights to deal with the following situation?
Some impatient people keep pressing the green light button in order to go across the
road as soon as possible. But this would keep the green light on for a long time and

cause traffic jam. Could you revise the programme to increase the duration of the red
light so that vehicles have enough time to pass?
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Making the Traffic Lights

Some materials required:

BBC micro:bit along with a battery case, red and green LED lights, traffic light holders, wire,

metal stickers, cardboards.

Before you connect the circuit components, you need to draw a design diagram for the

intelligent traffic lights to ensure that the red and green LED lights have a closed circuit.

After completing the diagram, you should start assembling the traffic lights and test whether

they function properly.

References

Baharin, N., Kamarudin, N., & Manaf, U. K. A. (2018). Integrating
STEM education approach in enhancing higher order thinking
skills. International Journal of Academic Research in Business
and Social Sciences, 8(7), 810-821.

Barak, M., & Assal, M. (2018). Robotics and STEM learning:
Students’ achievements in assignments according to the P3 Task
Taxonomy—Practice, problem solving, and projects. Interna-
tional Journal of Technology and Design Education, 28(1),
121-144.

Blatchford, P. (2003). A systematic observational study of teachers’
and pupils’ behaviour in large and small classes. Learning and
Instruction, 13(6), 569-595.

Brown, R., Brown, J., Reardon, K., & Merrill, C. (2011). Under-
standing STEM: Current perceptions. Technology and Engineer-
ing Teacher, 70(6), 5.

Bybee, R. W. (2010). Advancing STEM education: A 2020 vision.
Technology and Engineering Teacher, 70(1), 30-35.

Cavlazoglu, B., & Stuessy, C. (2017). Changes in science teachers’
conceptions and connections of STEM concepts and earthquake
engineering. The Journal of Educational Research, 110(3),
239-254.

CDC. (2015). Promotion of STEM education — Unleashing potential
in innovation [PDF document]. Retrieved from
https://www.edb.gov.hk/attachment/en/curriculum-development/
renewal/Brief%200n%20STEM%20(Overview)_eng_20151105.
pdf

EDB (Education Bureau, Hong Kong SAR Government). (2014).
Secondary  Education. http://www.edb.gov.hk/en/about-edb/
publications-stat/figures/sec.html.

EDB. (2016). Report on “Promotion of STEM education — Unleash-
ing potential in innovation” [PDF document]. Retrieved from
https://www.edb.gov.hk/attachment/en/curriculum-development/
renewal/STEM%20Education%20Report_Eng.pdf

English, L. (2016). STEM education K-12: Perspectives on integra-
tion. International Journal of STEM Education, 3(3), 1-8.

Evans, M. A., Lopez, M., Maddox, D., Drape, T., & Duke, R. (2014).
Interest-driven learning among middle school youth in an out-of-
school STEM studio. Journal of Science Education and Tech-
nology, 23(5), 624-640.

Fan, S. C.,, Yu, K. C., & Lin, K. Y. (2020). A framework for
implementing an engineering-focused STEM curriculum. Inter-
national Journal of Science and Mathematics Education, 19, 53.

Fung, D. (2014). Promoting critical thinking through effective group
work: A teaching intervention for Hong Kong primary school
students. International Journal of Educational Research, 66,
45-62.

Fung, D., & Howe, C. (2014). Group work and the learning of critical
thinking in the Hong Kong secondary liberal studies curriculum.
Cambridge Journal of Education, 44(2), 245-270.

Fung, D., & Lui, W. M. (2016). Individual to collaborative: guided
group work and the role of teachers in junior secondary science
classrooms. International Journal of Science Education, 38(7),

1057-1076.
Fung, D., Kutnick, P., Mok, I., Leung, F., Lee, B. P. Y., Mai, Y. Y., &
Tyler, M. T. (2017). Relationships between teachers’

@ Springer


https://www.edb.gov.hk/attachment/en/curriculum-development/renewal/Brief%20on%20STEM%20(Overview)_eng_20151105.pdf
https://www.edb.gov.hk/attachment/en/curriculum-development/renewal/Brief%20on%20STEM%20(Overview)_eng_20151105.pdf
https://www.edb.gov.hk/attachment/en/curriculum-development/renewal/Brief%20on%20STEM%20(Overview)_eng_20151105.pdf
http://www.edb.gov.hk/en/about-edb/publications-stat/figures/sec.html
http://www.edb.gov.hk/en/about-edb/publications-stat/figures/sec.html
https://www.edb.gov.hk/attachment/en/curriculum-development/renewal/STEM%20Education%20Report_Eng.pdf
https://www.edb.gov.hk/attachment/en/curriculum-development/renewal/STEM%20Education%20Report_Eng.pdf

208

W. Liang, D. Fung

background, their subject knowledge and pedagogic efficacy,
and pupil achievement in primary school mathematics in Hong
Kong: An indicative study. International Journal of Educational
Research, 81, 119-130.

Fung, D., Hung, V., & Lui, W. M. (2018). Enhancing science learning
through the introduction of effective group work in Hong Kong
secondary classrooms. International Journal of Science and
Mathematics Education, 16(7), 1291-1314.

Galton, M. (2010). Using a framework of 6 key principles to increase
the effectiveness of smaller classes [PowerPoint slides].
Retrieved from https://www.edb.gov.hk/.../small-class.../
6_principles_(14_jul_2010)v2_patrick.ppt

Galton, M., & Pell, T. (2009). Study on small class teaching in
primary schools in Hong Kong: Final report. Hong Kong
Education Bureau and University of Cambridge.

Galton, M., Lai, K. C., & Chan, K. (2015). Learning to teach small
classes: Lessons from East Asia. Routledge.

Galton, M., Lai, K. C., & Chan, K. W. (2018). Implementing small
class teaching in East Asia: Problems and possibilities. Interna-
tional Journal of Educational Research., 96, 164.

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

Gunckel, K. L., & Tolbert, S. (2018). The imperative to move toward
a dimension of care in engineering education. Journal of
Research in Science Teaching, 55(7), 938-961.

Halverson, E. R., & Sheridan, K. (2014). The maker movement in
education. Harvard Educational Review, 84(4), 495-504.

Harfitt, G. J., & Tsui, A. B. (2015). An examination of class size
reduction on teaching and learning processes: A theoretical
perspective. British Educational Research Journal, 41(5),
845-865.

Harvard Educational Review Editorial Board. (2014). The maker
movement in education: Designing, creating, and learning across
contexts. Harvard Educational Review, 84(4), 492-494.

Hong, H. Y., Lin, P. Y., Chen, B., & Chen, N. (2019). Integrated
STEM learning in an idea-centered knowledge-building envi-
ronment. The Asia-Pacific Education Researcher, 28(1), 63-76.

Hsu, Y. C., Baldwin, S., & Ching, Y. H. (2017). Learning through
making and maker education. TechTrends, 61(6), 589-594.

Hui, S. K. F., Tsui, K. T., & Lee, J. C. K. (2019). Adaptation and co-
construction: An investigation of Macau’s small class teaching
policy. Journal of Education and Human Development, 8(2),
181-192.

Ip, K. Y., & Lai, K. C. (2004). Policy and effectiveness of small class
teaching: Hong Kong’s practical experience (in Chinese). Paper
presented at The Policy and Practice of Small Class Teaching in
East Asia Conference.

Kelley, T. R., & Knowles, J. G. (2016). A conceptual framework for
integrated STEM education. International Journal of STEM
Education, 3(1), 1-11.

Kutnick, P., Chan, R. Y. Y., Chan, C. K. Y., Good, D., Lee, B.P. Y.,
& Lai, V. K. W. (2018). Aspiring to become an engineer in Hong
Kong: Effects of engineering education and demographic
background on secondary students’ expectation to become an
engineer. European Journal of Engineering Education, 43(6),
824-841.

LaForce, M., Noble, E., King, H., Century, J., Blackwell, C., Holt, S.,
& Loo, S. (2016). The eight essential elements of inclusive
STEM high schools. International Journal of STEM Education,
3(1), 1-11.

Lai, K. C, Yen, K. L., & Lee, J. C. K. (2016). Teachers’ professional
development for small class teaching in Hong Kong and Taiwan.
In P. Blatchford, K. W. Chan, M. Galton, K. C. Lai, & J. C. K.
Lee (Eds.), Class size: Eastern and Western perspectives (pp.
193-207). Routledge.

@ Springer

Lee, M. H., Hsu, C. Y., & Chang, C. Y. (2019). Identifying Taiwanese
teachers’ perceived self-efficacy for science, technology, engi-
neering, and mathematics (STEM) knowledge. The Asia-Pacific
Education Researcher, 28(1), 15-23.

Liang, W., & Fung, D. (2021). Fostering critical thinking in English-
as-a-second-language classrooms: Challenges and opportunities.
Thinking Skills and Creativity, 39, 100769.

Lin, Y. T., Wang, M. T., & Wu, C. C. (2019). Design and
implementation of interdisciplinary STEM instruction: Teaching
programming by computational physics. The Asia-Pacific Edu-
cation Researcher, 28(1), 77-91.

Loes, C. N., & Pascarella, E. T. (2017). Collaborative learning and
critical thinking: Testing the link. The Journal of Higher
Education, 88(5), 726-753.

Lynch, R. P., & Pappas, E. (2017). A model for teaching large classes:
Facilitating a “small class feel.” International Journal of Higher
Education, 6(2), 199-212.

Martin, L. (2015). The promise of the maker movement for education.
Journal of Pre-College Engineering Education Research, 5(1),
4.

Means, B., Wang, H., Wei, X., Lynch, S., Peters, V., Young, V., &
Allen, C. (2017). Expanding STEM opportunities through
inclusive STEM-focused high schools. Science Education,
101(5), 681-715.

Mok, I. A. C., & Morris, P. (2001). The metamorphosis of the
‘Virtuoso’: Pedagogic patterns in Hong Kong primary mathe-
matics classrooms. Teaching and Teacher Education, 17(4),
455-468.

Murphy, S., MacDonald, A., Danaia, L., & Wang, C. (2019). An
analysis of Australian STEM education strategies. Policy
Futures in Education, 17(2), 122-139.

Mustafa, N., Ismail, Z., Tasir, Z., & Mohamad Said, M. N. H. (2016).
A meta-analysis on effective strategies for integrated STEM
education. Advanced Science Letters, 22(12), 4225-4228.

Nathan, M. J,, Tran, N. A., Atwood, A., Prevost, A., & Phelps, L. A.
(2010). Beliefs and expectations about engineering preparation
exhibited by high school STEM teachers. Journal of Engineering
Education, 99(4), 409-426.

Nugent, G., Kunz, G., Rilett, L., & Jones, E. (2010). Extending
engineering education to K-12: Teachers significantly increased
their knowledge of engineering, developed more positive
attitudes towards technology, increased their self-efficacy in
using and developing technology-based lessons, and increased
their confidence in teaching math and science. The Technology
Teacher, 69(7), 14-20.

Oliver, K. M. (2016). Professional development considerations for
makerspace leaders, part one: Addressing “what?” and “why?”
TechTrends, 60, 160-166. https://doi.org/10.1007/s11528-016-0028-5

Peters-Burton, E. E., Lynch, S. J., Behrend, T. S., & Means, B. B.
(2014). Inclusive STEM high school design: 10 critical compo-
nents. Theory into Practice, 53(1), 64-T1.

Ryu, M., Mentzer, N., & Knobloch, N. (2019). Preservice teachers’
experiences of STEM integration: Challenges and implications
for integrated STEM teacher preparation. International Journal
of Technology and Design Education, 29(3), 493-512.

Schrock, A. R. (2014). Education in disguise: Culture of a hacker and
maker space. InterActions: UCLA Journal of Education and
Information Studies, 10(1), 1-25.

The 2015 Policy Address. (n.d.). Retrieved from https://www.
policyaddress.gov.hk/2015/eng/pdf/PA2015.pdf

Vygotsky, L. S. (1978). Mind in society. Harvard University Press.

Walter, E. M., Henderson, C. R., Beach, A. L., & Williams, C. T.
(2016). Introducing the Postsecondary Instructional Practices
Survey (PIPS): A concise, interdisciplinary, and easy-to-score
survey. CBE-Life Sciences Education, 15(4), 53.


https://www.edb.gov.hk/.../small-class.../6_principles_(14_jul_2010)v2_patrick.ppt
https://www.edb.gov.hk/.../small-class.../6_principles_(14_jul_2010)v2_patrick.ppt
https://doi.org/10.1007/s11528-016-0028-5
https://www.policyaddress.gov.hk/2015/eng/pdf/PA2015.pdf
https://www.policyaddress.gov.hk/2015/eng/pdf/PA2015.pdf

Designing STEM Education in Small Class Teaching Environments: The Hong Kong Experience 209

Wilson, K. (2021). Exploring the challenges and enablers of
implementing a STEM project-based learning programme in a
diverse junior secondary context. International Journal of
Science and Mathematics Education, 19(5), 881-897.

Yan, Z., & Brown, G. T. (2021). Assessment for learning in the Hong
Kong assessment reform: A case of policy borrowing. Studies in
Educational Evaluation, 68, 100985.

Zhang, Y. F., & Tang, Y. N. (2014). The implementation of Small
Class Teaching in Hong Kong secondary schools and its

implications. Journal of Hong Kong Teachers’ Centre, 13,
49-64. (in Chinese).

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Designing STEM Education in Small Class Teaching Environments: The Hong Kong Experience
	Abstract
	Introduction
	Review of the STEM Education Policy and Related Classroom Practices in Hong Kong
	Small Class Teaching Initiative in Hong Kong
	The Linkage Between STEM Education and Small Class Teaching
	Using the Integration Approach to Design the ‘‘Floating-sinking Fish’’ Activity
	Using the Project Approach to Design the ‘‘Intelligent Traffic Lights’’ Project
	STEM Education in a Small Class Teaching Environment
	Discussion and Implications
	Conclusion
	Appendix I
	Appendix II
	References




