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Complementing STEAM education and SHAPE

initiative in Hong Kong: A transformation of arts
education to humanities education

CHUN Wai-sun Derek
The Education University of Hong Kong

Abstract

The STEM to Science, technology, engineering, arts, and mathematics
(STEAM) movement has been taking root over the past few years because
of moving forward for achieving the sustainable development of educational
goals and meeting the needs of a 21st-century economy. STEM alone will
neglect some key components that will be significant for future generations
to thrive in the present and fast-approaching future. STEAM is thus deemed
a way to take the benefits of STEM and complete the package by integrating
these principles in and through the arts. Hong Kong STEM education was
first proposed in 2015, the coherent linkage has been come across recently
in the updated primary school curriculum guide to rename STEM education
as STEAM education as a concert with the newest policy initiative, but it
does not specify how the integration between arts and STEM should be
carried out. Because of this local context, the intrinsic case study method
will be adopted in this paper to argue that Hong Kong STEAM education
can be developed systematically through existing arts education curriculum
framework, yet more efforts should be done by shifting further to humanities
education with SHAPE (Social Sciences Humanities & the Arts for People
and the Economy) initiative to overcome the long-lasting problem of lower
attention on arts education.

Keywords
STEAM education, Hong Kong, SHAPE (Social Sciences Humanities & the
Arts for People and the Economy), Arts education, Humanities education
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1. Introduction

STEM (Science, technology, engineering, and mathematics) came along
from American Competitiveness Initiative in 2006 with the introduction of
education standards and a new curriculum, representing the center of the
United States’ focal education policy to produce experts and workers with
excellent science and technology knowledge, creative problem-solving
skills, and eventually increase the economic competitiveness of nations
(Hardiman & JohnBull, 2019). It aims to enhance students' performance in
mathematics and science, increase the number of highly-qualified STEM
teachers, encourage the number of educators participating in innovation, and
motivate schools to apply research-based STEM curricula and interventions.
This initiative did not only increase various STEM fields and employments,
improve the quality of STEM teachers and provide more capital for STEM,
but also invited business companies to have more involvement in STEM
education (Mohr-Schroeder et al., 2015). Hence, STEM education has
evolved rapidly and globally in the last two decades.

However, the STEM to Science, technology, engineering, arts, and
mathematics (STEAM) movement has been taking root over the past few
years because of moving forward for achieving the sustainable development
of educational goals and meeting the needs of a 21st-century economy.
STEM alone will neglect some key components that will be significant
for future generations to thrive in the present and fast-approaching future.
Thus, STEAM is not only deemed a way to take the benefits of STEM, but
complete the package by integrating these principles in and through the arts.
It facilitates STEM to a higher level because it allows students to connect
their learning in these critical areas with arts practices, elements, design
principles, and standards to provide the whole pallet of learning at their
disposal (Kobayashi, 2019). Remarkably, the emerging remote learning
during the COVID-19 pandemic has turned into dehumanizing education,
considering that human interaction has been shifted to technology inevitably
(Dervojeda, 2021a). Therefore, technological mindfulness and the value of
technology are especially highlighted in Education 5.0 (Dervojeda, 2021b).

Hong Kong STEM education was first proposed in 2015 as one of the
key education agendas and remained emphasized in the ongoing curriculum
renewal. In the meantime, the coherent linkage has been come across in the
updated primary school curriculum guide to rename STEM education as
STEAM education in concert with the newest policy initiative (Education
Bureau, 2022), but it does not specify how the integration between arts and
STEM should be carried out tentatively (Curriculum Development Council,
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2017; Education Bureau, 2020). This proposed alignment may restrict the
development of STEAM education in Hong Kong. Because of this local
context, the intrinsic case study method will be adopted in this paper to argue
that Hong Kong STEAM education can be developed systematically through
the existing arts education curriculum framework. Nevertheless, more efforts
should be made by shifting further to humanities education with the SHAPE
(Social Sciences Humanities & the Arts for People and the Economy)
initiative to overcome the long-lasting problem of lower attention on arts
education.

2. Literature Review
2.1 Why Choose Art to STEM Education?

STEAM has resulted from integrating the arts into STEM, derived from
STEM + Arts. It is a follow-up trend by STEM, identifying an educational
discipline for children to spark their love and interest in sciences and arts.
Children will have to cultivate creativity sense for enquiry and investigation
in every matter in STEM-related subject knowledge. If they need to adapt
to an ever-evolving world, in-demand skills will be the prerequisite for
innovation to prepare them for the STEM workplace. In STEAM education,
project-based learning across all five disciplines can empower teachers
to provide an inclusive climate for student engagement and contribution
(Dolgopolovas & Dagiené, 2021). Compared to the traditional teaching
mode, STEAM will leverage the synergy between the modeling process and
math and science content, and boundaries between modeling techniques and
scientific/mathematical thinking will be blurred. Students taught under a
STEAM framework could not learn solely on the subject matter; they also
need to be taught how to learn, ask questions, experiment, and create (Rolling,
2016).

STEM and the arts were often conflictingly observed by the public
(Sousa & Pilecki, 2013). However, combining these seemingly opposite
sides brings the variety and diversity necessary for innovative product
design. Sousa & Pilecki (2013) further figured out that the characteristics of
STEM are analytical, reproducible, and logical, whereas the characteristics
of the arts are subjective, sensual, and likely frivolous. Science and the arts
complement each other because "science provides a methodological tool in
the art, and art provides a creative model in the development of science" (Kim
et al., 2012, p.2). The transition from STEM to STEAM does not simply
attach art to STEM or use the arts as a tool to educate STEM, the nature of
arts is integrative. The birth of STEAM can be explained by the concept
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of arts integration that the arts can be utilized as an adhesive to link non-
arts subjects. In Miller & Bogatova's (2018) 's investigation of integrated
arts education implementation, the subject boundaries of non-art subjects
can be debilitated by integrating arts under the interdisciplinary approach,
which enables students to search for connections between subject knowledge
and skills. Moreover, in the perspective of artistic creation, the artistic
creation process starting from creative ideas, imagination, and thinking to
production, must involve various knowledge and abilities, which the creator
comprehensively uses to demonstrate the characteristics of interdisciplinary
integration (Smith, 2011). In other words, the arts can easily connect various
concepts, information, and STEM knowledge and inspire creative ideas
(Herro & Quigley, 2019).

Additionally, STEAM can enhance students’ learning performance,
reduce behaviour problems and improve their learning attitude. Land (2013)
discovered that students could gain a better understanding and combine
knowledge under the application of integrated arts. Likewise, Hardiman and
JohnBull (2019) indicated that students in STEAM groups remember content
better than in traditional STEM teaching. Moreover, Herro and Quigley
(2019) reported that students' behaviour problems sharply reduced since they
were involved more. In addition, Kong and Huo (2014) spotted that exerting
STEAM programmes in schools could charge students' attitudes positively
about science education, have greater levels of self-efficacy for STEAM
education, and gain more interest in scientific learning. Students might have
higher motivation and interest to learn and aspire to STEAM careers after
participating in art-integration programmes (Lim et al., 2015).

2.2 Essentials of creativity in Education

The art aspect of STEAM mainly refers to creativity in education,
(e.g., Kang et al., 2013; Madden et al., 2013), it includes divergent thinking
and results in a product in “producing something novel” (Sousa & Pilecki,
2013, p.50). Therefore, students might have to improve their creative
thinking skills in the educational environment because this is important
for their career development. Creativity has to be nurtured in the learning
environment because creative thinking will be needed in different activities
to result in positive outcomes. Students' competencies in self-reflection,
advanced thinking skills, and collaboration with others can be enhanced
(Crow, 2008). In order to improve students' creativity in formal and informal
learning opportunities, essential skills, innovation, and creative thinking will
be required.
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STEAM education allows students to develop and improve creative
thinking and problem-solving skills, and the arts integration encourages
innovation through the mix and match of STEM knowledge and creative
thinking. In STEAM lessons, when students encounter problems in diverse
settings, they must first define issues and suggest different ways to address
them with their creativity (Beghetto, 2017). In addition, Hardiman and
JohnBull (2019) found that the effect of art-integrated teaching might be
prolonged since students receive art-integrated instruction, they can apply
strategies and perform better in daily life. Sousa & Pilecki (2013) stated
STEAM education has several advantages, including a) development of
cognitive growth, b) improvement of long-term memory, ¢) enhancement of
social growth, d) reduction of stress, €) increasing the appeal of subject areas,
and f) promotion of creativity. Once all advantages can be integrated into
STEM education, students might get ready for today's challenges in STEM
problems and be more interested in STEM fields (Kang et al., 2013), STEM
fields could also be more attractive to students (Land, 2013).

Creativity is gradually becoming more important in STEM projects
and disciplines in the past decades. When creativity becomes highly
valued in modern education, the purpose of arts in STEM education is to
impart creativity and critical thinking to improve children's cognitive and
affective skills while internally motivating them to learn (Yakman, 2008).
It could also widen their horizons into thinking about the world, empathy,
communication, and the social sciences because arts are where things like
education, sociology, and linguistics fall, also connected to STEM fields.
In this respect, teaching the arts could include hands-on and emotional
learning experiences that would interest and internally motivate children in
their education, engage students in the content, and improve their success in
STEM subjects. When the arts are used as a pedagogical tool for teaching
non-arts subjects, known as arts integration, it shows promise for learning
and retaining academic content, transferring knowledge to other learning
domains, and developing creative thinking and problem-solving skills. The
arts serve as a springboard for traditionally teaching STEM subjects with the
types of creative thinking that encourage innovation. Furthermore, Yee-King
et al. (2017) found that computational education could be well linked with
the STEAM approach. The learning outcomes in the arts-integrated approach
can help students develop sophisticated programme skills, compared to
those who learn computing coding in regular classes. Another study shared a
similar view that middle and high school students who engaged in STEAM
project-based lessons can be more proficient in using their creativity within
the instructional activities and enhance their self-efficacy in STEAM (Oner
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et al., 2016). In sum, such studies suggest that arts-integrated learning within
STEM not only improves academic achievement, it also affects interests,
attitudes, self-efficacy, and performances toward STEM subjects, as well as
awareness of STEM-related career trajectories.

2.3 Implementation and Benefits of STEAM Education

STEAM education emphasizes that students learn and be knowledgeable
across a wide range of disciplines, which aligns with the current educational
trend to support transdisciplinary practices. In this perspective, STEAM
education will link up with other subjects enabling students to integrate
the knowledge in investigating the problems (Quigley & Hero, 2016). As
Nicolescu (2002) emphasized, STEAM is transdisciplinary and can help
solve complicated problems and offer innovative solutions. It could be
further considered a kind of transdisciplinary learning, allowing students to
experience self-directed and creative learning methods. Through problem-
based learning or project-based learning, students receive a sense of
accomplishment and self-efficacy and positive emotional reinforcement such
as success and satisfaction (Park et al., 2016). Through STEAM learning,
students can improve their life skills, such as communication, problem-
solving, and collaboration (Ng & Ng, 2021). Students would gain concrete
working abilities to write reports, collect information, and time management.
At the same time, they can develop the skills to evaluate their performance
as self-assessment skills (Chung & Li, 2021). Students understood the
assessment criteria from past projects and started to determine the level of
their work; public presentation and peer-evaluation also fostered their self-
assessment ability (Jeong et al., 2019).

Successful STEAM education is when students acquire targeted
knowledge through projects and connect with the natural world (Land, 2019).
The STEAM curriculum development requires lots of planning which is
the biggest challenge of educating STEAM. The center of STEAM is cross-
curricular collaboration since teachers have professional subject knowledge
but not all STEAM domains with concrete knowledge. In this connection,
teachers must cooperate with other teachers, experts, or professionals to
co-plan and even co-teach. In a STEAM lesson, teachers should highlight
at least three related disciplines, namely transdisciplinary teaching, the
arts and humanities, and technology integration (Herro & Quigley, 2019).
Cooperation with experts or other teachers is necessary for teaching across
disciplines, and the choices of subjects are important for natural discipline
integration. Different forms of arts can be added in STEAM for the arts and



4 A o

humanities, such as design process, digital media creation, and presentations
with images. Moreover, technology integration means that students use
technology in the process of STEAM lessons. For example, students applied
technology pieces like 3-D printing, design software, and video presentation
to build birdhouses (Herro & Quigley, 2019).

Land (2019) pointed out that Project-Based Learning (PBL) is significant
in STEAM education, which proposes challenging questions to students as
the starting point. Normally, students are required to complete the project
with components including a certain level of subject knowledge, artistic
design, and the application of a research-based approach. Also, students
would form a group of four to six, exchanging their ideas and thoughts.
Professionals and teachers may provide extra support as inspiration and
guidance to assist students in completing the objective-driven project.
Teachers can evaluate students’ performance by commenting on their
drafted designs, progress reviews, and assessment of the end product and
presentation of the item (Land, 2013). In the same way, Herro and Quigley
(2019) proposed scenario creation as the platform for STEAM education,
allowing students to bring out different solutions for addressing a problem
related to a topic. Combining the arts and STEM disciplines is beneficial in
crafting a problem scenario. The student's interest, the connection with real-
world and local issues, and the topic's meaning are important components in
creating a scenario regarding students' developmental status and educational
level. Besides, PBL or Challenge Based Learning (CBL) emphasizes the
active role of the students presenting with a project-based or a problem-based
study (Ubben, 2019). Students will be motivated by PBL because of their
self-efficacy in handling authentic problems and the chance to cooperate with
other students, which shows PBL is suitable for students from primary school
to university.

Jeong et al. (2019) proposed a framework of STEAM education with
three parts: the openmindedness nature of creative design, emotional touch,
and connections to real life. It illustrated that students would learn how to
enhance their communication and collaboration skills under the collaborative
project design. Students could experience the self-directed process of
seeking suitable solutions and absorbing enough new knowledge to come up
with their final work. Besides, emotional touch was an important part of a
victorious problem-solving skill. Park et al. (2016) defined emotional touch
as "experiences that enable a positive cycle of self-directed learning where
students feel interested, confidence, intellectual satisfaction and a sense of
achievement, as they find motivation, passion, flow and personal meaning in
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learning." Those positive emotional rewards foster students' learning interest,
motivation, and wishes, eventually upgrading to self-direction learning.

According to Yakman and Lee (2012), STEAM education can facilitate
students' ability to transfer knowledge with higher-order thinking among
disciplines. Wells (2013) also proved a similar view, who mentioned that with
the element of arts in STEAM education, students would be encouraged to
apply knowledge from different domains with personal creative pursuits on
focusing the designed-based problems. The design progress engages students
to access multiple disciplines and perspectives on a needed basis, which is
the core principle of transdisciplinary practices. As a matter of fact, students
are expected to learn STEAM expert knowledge in a specific discipline,
so boundaries can be removed to implement arts-infused education better.
Students also should have a better sense of connecting with a more profound
and unique understanding across the integration with STEAM disciplines so
that STEAM competencies can be developed through the transdisciplinary
approach. This is a crucial step to fostering students equipping problem-
solving, creativity, and innovation in students' learning.

To sum up, STEAM education is not mutually exclusive with STEM
education. It expands and enriches the scope of STEM education. It is a
curriculum philosophy that empowers STEM teachers to engage in school-
based curriculum development and develops a humanistic vision of 21st-
century education and their role as professionals. STEAM education
should be able to provide a creative design space for teachers in different
learning areas to collaborate in developing integrated curricula and learn
how to be individual innovative teachers (Taylor, 2015). Every STEAM
educator can draw inspiration from PBL programmes and engage students
in transformative learning based on five interconnected ways of knowing:
visionary and ethical knowing, relational knowing, cultural self-knowing,
critical knowing, and knowing in action (Taylor, 2016).

3. Promotion of STEAM Education and Development of Arts
Education in Hong Kong

3.1 Formal Launching of STEM Education and STEAM Education in
Hong Kong

Under the STEM movement worldwide, policymakers realized the
importance of arts which can facilitate STEM education and educate students
with innovation and creativity (West, 2013). Hence, this session will review
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the history and positioning of STEM education and arts education in Hong
Kong.

STEM has gained increasing attention from countries over the past
decade (Sanders, 2009). In Hong Kong, in response to the ever-changing
economic, scientific and technological development, STEM education was
proposed in the 2015 Policy Address and further supported in the 2016
Policy Address. It acts as a key emphasis in the ongoing renewal of the
school curriculum that is essential for students' life-long learning and whole-
person development. Apart from cultivating students' interest and developing
a solid knowledge base in Science, Technology, and Mathematics, it aims "to
strengthen students' ability to integrate and apply knowledge and skills across
different STEM disciplines and to nurture their creativity, collaboration and
problem-solving skills, as well as to foster their innovation and entrepreneurial
spirit as required in the 21st century” (EDB, 2016, p.1). A holistic and
integrated approach is adopted, including “1) Renewing the curricula of
the Science, Technology and Mathematics Education Key Learning Areas
(KLAs); 2) Enriching learning activities for students; 3) providing learning
and teaching resources; 4) Enhancing the professional development of
schools and teachers; 5) Strengthening partnerships with community key
stakeholders; 6) Conducting review and disseminating good practices"
(p-2). Ultimately, it hopes to equip students’ critical thinking ability across
different disciplines to apply and integrate their specific STEM knowledge in
tackling actual problems in their daily life. This learning process enables life-
long learning and facilitates the development of well-rounded individuals.
In 2022, the government officially announced to step up the promotion of
STEAM education "for all", "for fun" and "for diversity" in primary and
secondary schools, in order to supporting the STEAM literacy for our future
generations and sustainable innovation and technology development (Lee,
2022).

3.2 Arts Education Development in Hong Kong

Art education is set within the profound changes in education since
the handover of Hong Kong to China in 1997 (Ball, 1999; Hughes, 1999;
Mok, 2003). A reform of the academic structure, including curriculum,
assessment method, and medium of instruction, was carried out by the
Education Commission in 1999. The main direction of the education reform
was elaborated by the two major policy documents (Education Commission,
2000; CDC, 2001). The notion of whole-person development and life-
long learning is advocated through a quality education within the formal
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curriculum and nurturing students with generic skills, such as creativity.
Art education is delivered through integrated learning that "leads students
to acquire a holistic understanding and deeper insights into what is being
studied" (CDC, 2002a. p.61).

The education reform in Hong Kong aims to enable students to attain
overall development and life-long learning (CDC, 2000). Traditional subjects
are grouped into KLAs and taught in schools using new Key Learning
Area curricula. Visual arts and Music are grouped under the Arts Education
KLA. The purpose is to "enable students to broaden and diversify their arts
learning experiences through different channels" (CDC, 2002, p.52). The
curriculum design of the Arts Education KLLA emphasizes "Learning across
the arts" and "Learning across KLAs ."The "Learning across the arts" enables
students to "make associations with learning experiences in a variety of art
forms," and "the Learning across KLAs" also enables them to "develop a
broader understanding of historical, technological, cultural and social context
"With interdisciplinary learning across KLAs, students can "investigate and
critique culture through the arts, integrate their learning experiences and
gain deeper insights into the subjects they are studying" (CDC, 2002, p.54).
Arts integration should be able to provide students with unique learning
experiences that are “parallel and equal” to those gained in non-arts learning
(Wong, 2012). The aim of teaching interdisciplinary arts is reflected in the
Visual Arts Curriculum Guide (Primary 1 to Secondary 3) (CDC, 2003a) and
Music Curriculum Guide (Primary 1 to Secondary 3) (CDC, 2003b). Given
the principle of an integrative approach, "art appreciation, criticism and art
making should be integrated and combined rather than compartmentalized in
learning and teaching" (CDC, 2003a, p.4). A thematic approach is encouraged
to be adopted to link visual arts with other art subjects (CDC, 2003a). On
the other hand, the Music Curriculum Guide states that Music maintains
its subject integrity by linking it with other subjects using related concepts.
Connecting the Music contents with the other KLAs can later extend
students' learning experiences, deepen their understanding of knowledge,
and enhance their motivation to learn Music (CDC, 2003b, p.62). Both
curriculum guides suggest possibilities for implementing an interdisciplinary
arts curriculum. The curriculum implementation falls on individual schools
to work on their school-based integrated arts curricula. However, the idea of
curriculum integration is not well-received by teachers in Hong Kong as it is
perceived to generate inferior academic content (Morris, 1998). Teachers in
Hong Kong also possess a limited conceptual understanding of curriculum
integration, reflecting that subjects are structured in a distinct academic
division. These teachers may not have enough opportunities to practice
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curriculum integration (Yeung & Lam, 2007). It would pose challenges to
teachers to practice integrated arts education.

The implementation of the new senior secondary academic structure in
2009 has further enhanced the interface between primary, junior secondary,
and senior secondary education by offering diverse pathways for students to
continue their pursuit of the arts at the senior secondary level (CDC, 2017).
The position of arts education is set as:

"To enable every person to attain all-round development in the domains
of ethics, intellect, physique, social skills, and aesthetics according to his/
her attributes so that he/she is capable of life-long learning, critical and
exploratory thinking, innovating and adapting to change" (EDB, 2021)

As the entitlement of every student and to broaden and diversify their
arts learning experiences, Arts Education has the following aims to help
students:

* develop creativity, critical thinking, and communication skills, and
nurture aesthetic sensitivity and cultural awareness;

e develop art skills, construct knowledge, and cultivate positive values and
attitudes;

* gain delight, enjoyment, and satisfaction through participating in arts
activities; and

* pursue a lifelong interest in the arts (EDB, 2021).

In the Hong Kong curriculum context, STEM education is promoted
through the KLAs of Science Education, Technology Education, and
Mathematics Education. The Arts Education KLA can contribute to the
promotion of STEM education through incorporating elements of STEM into
arts learning activities that teachers can:

e guide students to discuss and appraise works of the arts from the
scientific, technological, and mathematical perspectives for widening
students' scope of understanding of the arts;

e assign project work (e.g., designing a video game) and engage students
in learning across the Arts Education, Science Education, Technology
Education, and Mathematics Education KLAs; and




* invite students to apply technology to explore alternative means for
creating and performing the arts (CDC, 2017, p.17).

Apart from classroom learning, Arts Education can be implemented
outside the classroom and school in Life-Wide Learning (LWL), which refers
to student learning in real contexts and authentic settings. Such experiential
learning enables students to achieve specific learning goals that are more
difficult to attain through classroom learning alone. The experiential learning
acquired through LWL helps students to achieve the aims of whole-person
development. It enables them to develop the life-long learning capabilities
needed in our ever-changing society. All students in Key stages 1-3 should be
provided with LWL opportunities to help them gain the five essential learning
experiences, including Intellectual Development, Moral and Civic Education,
Community Service, Physical and Aesthetic Development, and Career-
related Experiences (CDC, 2001). For physical and aesthetic development
experiences, opportunities for authentic experiences outside the school/
classroom to complement studies in Physical Education and Arts Education
should be explored and valued. Arts Education can also be promoted at the
senior secondary level through Other Learning Experiences (OLE). Aesthetic
development is part of the essential component of Key Stage 4 within the
Art Education KLA curriculum,; it plays a vital role in helping students
lead healthy lives and achieve whole-person development (CDC, 2017).
Without summative assessment, students can learn the arts in an A-C-P-R
circle, a relaxing learning circle through appreciating, creating, performing,
and reflecting. Specifically, aesthetic development experience differs from
the elective subjects of Music and Visual Arts. It aims to provide all senior
secondary students with rich and meaningful arts learning experiences,
foster students' life-long interest in the arts, and cultivate positive values
and attitudes. In contrast, Music and Visual Arts aim to help individual
students to develop their specialization in these two art areas (CDC, 2017,
p.24). Schools are encouraged to arrange structured arts learning sessions as
an important mode of implementation, and various co-curricular activities
should also be arranged to engage students in learning the arts in authentic
contexts (CDC, 2017, p.24).

The development review of Arts education and STEM education shows
that the infusion of arts in STEM is insufficient. The alignment is also
not attached effectively to boost the development of STEAM education
in Hong Kong. Therefore, the following section will suggest an evolution
of integrating humanities with other KLAs as an initiative to achieve a
comprehensive interdisciplinary curriculum to promote STEAM education.



4 A o

4. Discussion

4.1 From STEAM Education to SHAPE initiative: The Next Paradigm
Shift?

Humanities are understood as uniquely capable of promoting the
capacity to understand logically and analytically, the acceptance of different
perspectives or circumstances, and the effective usage of imaginative
problem-solving. However, it is questionable how science and humanities
can be linked to each other (Slingerland, 2008). Given that humanistic
knowledge is valuable because it must be practical, valued, and understood
contextually for dialectic meaning-making, Menand (2010) argued that re-
articulating the value of a liberal arts education is required when equipping
humanities sense and knowledge enables complex inquiry and innovation on
problem-solving, even though current rhetoric highlights the vulnerable or
impractical nature of liberal arts in the technological age. Therefore, Duncan
(2010) believed that integrating arts and humanities into STEM education is
a "well-rounded curriculum." It is a big step forward in connecting various
academic subjects and knowledge, considering that a rich core curriculum
empowers students to develop convictions and unleash their full potential in
many aspects (Lewis, 2015). On the one hand, humanities can complement
STEM through encouraging students’ self-expression to think critically about
abstract ideas and approach challenges from fresh perspectives, boosting
their ability to solve complex issues creatively and innovatively and letting
them feel connected to the broader world (Goldfine, 2024). On the other
hand, STEM can also strengthen humanities while students are allowed
to blend technical skills with critical and creative thinking. For instances,
data analysis and visualization can help students dive deeper into historical
trends, linguistic patterns, or cultural shifts. Students can further understand
ethical dilemmas in technology, such as artificial intelligence and climate
change, equipping them for interdisciplinary or multidisciplinary knowledge
where technical and ethical insights go hand in hand (Goldfine, 2024). When
humanities possess an enormous capacity for deluding ourselves, humanities
education should be considered as the development of humans instead of
"human capital" (Cassidy, 2015). Under this context, humanities and arts
graduates must be attached with an understanding of scientific and technical
knowledge to inform the development of the human condition for humanistic
STEM.

The liberal arts education approach emphasizes multidisciplinary nature
to foster creative thinking by combining studies in STEAM fields. The
STEAM curriculum is critical to provide innovations in modern science
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and technology. STEAM curriculum can address the complicated issues
that sophisticated problem-solving skills and innovative solutions can be
provided to tackle the problems of the more significant population, global
interconnection, and technological advancement (Madden et al., 2013). It can
also be seen that supplementing liberal arts education with STEAM elements
in the liberal arts curriculum can better prepare liberal arts graduates with the
skills required for the 21st-century innovative economy and teach them to
participate as full partners in making the world around them (Marmon, 2015).
The common public discourse regarding STEM and liberal arts education
is to frame the value of the humanities and arts as a way of "topping up"
or "rounding out" the perspectives of STEM graduates. It is argued that
STEM students can complement their technical and science skills in arts and
humanities education. They can understand and explore scientific discovery
and technological development from different aspects, demonstrating that
creativity can be cultivated in arts and humanities for STEM problem
solving (Oner et al., 2016). It is also expected that STEM can "top up" the
skills that students can gain in the traditional liberal arts through sharpening
their creativity, diagnostic skills, and design.

Against this backdrop, infusing STEM education into the SHAPE
initiative can be necessary for every student to develop their capacities
to become future global citizens in the 21st century. It is an idea not only
to celebrate the value of social sciences, humanities, and the arts and to
demonstrate their relevance and value to ourselves and society but also
to encourage people to study them, build meaningful lives and contribute
to society using the knowledge and skills they gain in doing so (Black
& Goldsworthy, 2021b). While STEAM does not capture "S" and "H, it
signifies STEAM focuses more on the value of integrating art and design
with STEM rather than the value of integrating STEM with social sciences
and humanities. SHAPE subjects have value, which is on par with STEM, but
SHAPE highlights more on the human world to accomplish rehumanization
(Black, 2021). SHAPE initiative is expected to use the knowledge and
insights to inform others to leverage art and design more hugely valuable
to the design of products developed by technology. It is believed that many
more benefits can be gained from integrating STEM disciplines across the
social sciences, humanities, and the arts with the human world's time and
space (Uysal, 2021). In light of critically understanding the interaction of
people and the natural and physical world, working in STEM and SHAPE
subjects need to engage closely with one another so different social issues
can be appropriately addressed, such as inequalities, war, injustice, etc.

(Black, 2020).
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4.2 Revitalizing Humanities Education in Hong Kong: Incorporating
the SHAPE initiative to facilitate STEAM Education Through Other
KLAs

4.2.1 Personal, Social, and Humanities Education as a new KLA to promote
STEAM Education and the SHAPE initiative

Hong Kong humanities education is presently promoted under the
Personal, Social, and Humanities Education (PSHE) KLAs curriculum.
PSHE will provide learning experiences through which students acquire
social literacy and the necessary social enquiry skills. It also calls for
understanding human beings as individuals and groups concerning time,
space, the environment, and their place in the cultural and material world.
The current approach connecting STEAM education and the PSHE KLA
curriculum is to share the same objective for promotion. PSHE KLA can
not only focus on strengthening students' ability to integrate and apply
knowledge and skills, developing students' creativity, collaboration, and
problem-solving skills but also contribute through cross-KLA learning
activities (CDC, 2017c). Teachers can collaborate and provide social and
meaningful contexts for students to apply knowledge and problem-solving
skills. Although the multidisciplinary approach requires every teacher to
expose students to relevant subject knowledge at different times and contexts
to make a connection eventually, it is always difficult to judge if the students
have correctly comprehended the concept and reflected in their assignments.
Nevertheless, Ng and Ng (2021) demonstrate a showcase as a trial about
integrating humanism into the traditional STEAM curriculum to stimulate
the students’ innovation in a people-oriented approach. To situate in Hong
Kong context, this paper recommends that integrating humanities education
in other KLLAs could let the SHAPE initiative be promoted and implemented
more effectively.

According to Chan et al. (2020, p.36), humanities education in Hong
Kong can be understood as a holistic personal education that enables students
to realize their potential and develop their value systems so that every
student can equip both practical and intangible knowledge emerged. Frankly,
a school-based curriculum has been encouraged for a long. However, it is
generally not easy for arts and humanities teachers to convince the school
management to place higher importance on the integrative arts curriculum in
developing children's holistic understanding. The major challenge is the lack
of holistic arts and humanities knowledge, skills, and confidence. Time and
resources are other barriers for arts and humanities teachers in exploring the
integrative SHAPE curriculum, and even the arts education curriculum guide
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asserts that arts education contributes significantly to children's aesthetic and
whole-person development, creative and critical thinking, cultural awareness,
and effective communication (CDC, 2002, p.3; CDC, 2014). Given that the
integrated arts curriculum is not a mandatory policy, the teaching profession
and school administrators are not widely interested in such initiatives,
causing the existing shortcomings of integrated arts curricula in Hong Kong.

In the updated ongoing curriculum renewal, humanistic qualities are
identified as one of the key focuses out of seven elements. 'PSHE KLA is
classified into five dimensions: Self, Others, History, aesthetic appreciation,
and environment and nature. Humanistic qualities are one of the critical
cornerstones of PSHE and are significant for promoting students' whole-
person development. With humanistic qualities developed, the value of
every human individual will be respected to pursue self-actualization.
Students will be more open to individual acceptance in valuing themselves
as unique, possess self-esteem and an open-minded mentality, seek meaning
in life, and strive for excellence. They should equip a caring attitude to
create an inclusive society by treating others as equals and each other with
mutual respect. Students should appreciate and inherit history and culture as
everyday human experiences to cultivate an enhanced capacity for aesthetic
appreciation. To make a better world, they will care much more about the
environment and nature to achieve sustainable development. In the local
curriculum context, the SHAPE initiative can be integrated across all KL As
to promote STEAM education (Table 1), while the SHAPE curriculum
should include a wide range of arts experiences and culturally contextual
specific humanistic forms so sustained and systematic learning in the skills
can be represented as a way of thinking and presentation of each of the
humanistic quality (Bamford, 2006). SHAPE initiative could also stimulate
students' critical awareness and sensitiveness, the role of a teacher is to
ensure students' humanistic abilities have been aligned with curricular
goals (Lindstrom, 2012). UNESCO's initiative echoes this integration that
arts education has to teach the arts and humanities or bring related subjects
into curricula through the catering development of humanities nurturing
(UNESCO, 2006, pp. 1-2).

1 Seven key focuses included humanistic qualities, entrepreneurial spirit, values of education, e-Learning,
generic skills and their integrative use, and promotion of national and global understanding and language
across the curriculum.
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Table 1 The revised KLLAs with STEAM education and SHAPE initiative

Key Learning Area
Level Personal, Social and
hinese I - nelish L ) sonal,
Chinese Lax English Lan " Science Education Technology iti Arts E i Physical E
E E E Education !
Education
< Chincse < English < Mathematics <+ Music < Physical
Pl_61 Language Language & General Studies <+ Visual Arts Education
% Putonghua
< Chinese < English < Mathematics | 4 Science 4 Technology % Chinese History * |< Music < Physical
Language Language Education Key | & Civizenship, & Visual Atts Education
< Putonghua Learning Area Economics and
Curriculum * Society *
S1-3 < Geography
< History
< Religious
Education
< Chinese <+ English © Mathematics | ¢ Biology % Business, < Chinese History | < Music % Physical
Language Language < Chemistry Accounting and | & Egonomics < Visual Arts Education
% Chinese % Literature in © Physics Financial Studics | o0 (General PE)
Literature English e % Design and Religious Studies < Physical
Applicd .G ) Education
' cography
Technology BT (PE Elective)
4 Health
Management and
S4-6° Social Care
<+ Information and
Communication
Technology
% Technology and
Living
< Citizenship and Social Development/STEAM/SHAPE

Additionally, in terms of the fundamental nature of Hong Kong's
education context, the possibility of implementing an interdisciplinary arts
curriculum is doubtful because usually, school administrators and teachers
will be resistant, causing one of the challenges in designing more integrated
arts curricula. Traditionally, teachers' perception of curriculum integration
means a loss of professional status. Thus teachers' professional identity
rooted as a specific subject teacher in their subject would come across as
a challenge for the adoption from a subject knowledge-based approach to
a whole-person curriculum approach and directly cause conflicts with the
profession's status quo (Cheung-Yung, 2006 & 2010). Yet, Hong Kong
teachers have not gained many experiences in conceptualizing cross-
discipline teaching and learning. The lack of exposure to integrated learning
and conventional training on a single subject may undermine the possibility
and effectiveness of grasping the concepts of interdisciplinary pedagogical
teaching and learning, particularly in STEAM education (Chen & Lo,
2014). It is hoped that the integration between arts education and humanities
education can allow students to gain insights into the richness of society,
experience cultural diversity, and care for the reality of human beings
through purposeful engagement with art, empowerment through inquiry, and
aesthetic meaning-making in LWL and OLE activities. It can be seen as the
transition from STEM education to STEAM education in Hong Kong (Lam,
2020).




4.4.2 Embedding design education and design thinking into STEAM
education -

According to design education history in Hong Kong, design-related
subjects are often associated with design, craft, and technical content and
are named "technical subjects" (Siu, 2008). Design education was provided
to learn manual work for the industry, in parallel with the industrial
development to produce craft work in solving a real-life problem (Siu,
2011). Nowadays, design education is provided in Visual Arts (VA) subject
and Design & Technology (D&T) subject in primary and junior secondary
level, while Design & Applied Technology (DAT) subject is provided in
the senior secondary level. However, it should be noted that D&T focuses
more on technology elements, and the subject's contents tend to emphasize
solving problems through technology instead of design concept (Wong
& Siu, 2018). Although DAT aims "to provide students with fundamental
knowledge and skills in technology and design and to cultivate them the
attributes of innovation and entrepreneurship necessary to face the rapid
social, economic and technological changes in a knowledge-based economy,"
the values and attitudes to be developed in both subjects are less related to
design (Curriculum Development Council & the Hong Kong Examinations
and Assessment Authority, 2007, p. 3). Meanwhile, the newest update on VA
subject in primary and junior secondary levels remained in 2003 (Curriculum
Development Council & the Hong Kong Examinations and Assessment
Authority, 2003), showing that the development of design education is
lagging STEAM education and the disarticulation between design education
and STEAM education advocacy recently (EDB, 2022).

Under such circumstance, it is necessary to embed design education to
make future connections between STEAM and real life. The supplement
of the design education to transit STEM to STEAM is important because
practices such as engaging in critique, modeling, evaluation, and
argumentation have usually been underemphasized in the context of STEM
education in Hong Kong. It should be asserted that the arts are about
discovering and creating ingenious ways of problem-solving, integrating
principles, or presenting information. Picturing an architect might require
engineering, math, technology, science, and arts to create stunning buildings
and structures (Makakli, 2019). The arts and engineering can apply different
techniques, strategies, and tools in the STEAM paradigm. The inclusion of
the arts in teaching STEM may become an extra exposure for students to
explore the world in different ways, especially when they are encouraged
to adopt an open mind and find new ways to solve problems through
experimentation and exploration from interdisciplinary mode of teaching and
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learning. Interdisciplinary integration is hence essential because it provides
a rich ground for the development of creativity to let students synthesize
knowledge and skills from different disciplines to create unique solutions
(Li, 2024). By applying to STEM disciplines, design thinking can also be
fostered because it is a cognitive process of design work and a thinking
skill to create new artifacts or ideas or solve real problems (Cross, 2011).
The interdisciplinary nature of design and creative problem-based approach
enables better facilitation of STEAM for students and teachers because it
engages the analytical and intuitive both jointly in artistic and scientific ways
(Henriksen, Mehta & Mehta, 2019). When students combine their STEAM
knowledge with real-world experience, integrating relevant disciplines can be
more apparent when designing new products and nurturing aesthetic literacy
(Culén & Gasparini, 2019). Eventually, realizing design thinking in STEAM
education can help students succeed in the interconnected and digital world
that hopes to enhance their problem-solving skills (Razzouk & Shute, 2012).

5. Concluding Remarks

Some debates emerged amongst STEM enthusiasts worldwide who
believed that studying "Arts" would remove the emphasis on what they
were trying to achieve with STEM. However, STEAM supporters explain
that STEAM education explores the same subjects but incorporates
creative and design thinking into the STEM teachings (Costantino, 2018).
Traditionally, the arts and sciences were viewed as two very different fields
of study, but STEAM education marries the two fields together to create a
multidisciplinary approach to technology development, robotics, industrial
design, engineering, and more (Gogus, 2015). Besides, STEAM and SHAPE
initiatives can be inter-complemented, given that one discipline may be
more in the lead than the other to ensure synergies. STEAM, in this sense,
is about more than converging the fine arts and design thinking into STEM
fields because arts are supposed to tie with expressiveness, evoke emotion,
generate empathic understanding, and stimulate the imagination. It disrupts
habits of mind, creates open-mindedness, and elicits emotional awareness
(Eisner, 2008). Arts also enable us to discover our humanity to sit well with
education for sustainability, meaning that humanities are woven into STEAM
just like everything else (Yakman, 2008). As a result, STEM and SHAPE
initiative can embrace greater in our existing knowledge and create new
knowledge (Oliver, 2022). Provided that arts are instrumental for economic
benefits rather than life-enriching qualities in Hong Kong (Whitbread &
Leung, 2019), this paper concluded that arts education should be embedded
with the SHAPE initiative and PSHE KLA to facilitate humanities education
development. The extension of humanities education to PSHE KLA and
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other KLAs may provide a more extensive ground to promote and implement
local STEAM education effectively because the student can achieve personal
meaning-making and real-world connections. They can also construct
their learning to become more resilient, goal-directed, critical, and creative
thinkers echoing design thinking (Cooper, 2017).
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Improvement Effect of Three Generic Skills
among Mainstream and Mild-Moderate
Students: A Practice-Oriented Exploration
at Ko Fook Iu Memorial School

SZE Ka-kei Patrick', FUNG Pui-yin Wylie, SO Yan
SAHK Ko Fook Iu Memorial School

Abstract

This paper employs the generic skills “Competency Chart” developed in
the early years by the SAHK for the schools serving students with physical
disabilities, which was later developed into a “Competency System” to
provide a comprehensive analysis of students of Ko Fook Tu Memorial
School. The research team and school colleagues identified three generic
skills to be studied in the school development plan (Communication and
collaboration skills, Information technology skills, and Critical thinking
skills) for assessment research. The research was undertaken in two stages.
The first phase consisted of a pre-test administered during mid-March,
followed by a post-test administered at the end of the school term (mid-
August). The research team took relevant questions from the “Competency
System” and utilized a google form questionnaire to have subject teachers
from various levels of classes fill out the questionnaire. The amount of
questions varies slightly between level groups, with the questionnaire
containing 12 to 16 questions. The research team used the data from the
two phases to make a before-and-after comparison, and thus calculated the
performance of the three abilities for each student, each class, and even the
entire school as a whole. Regarding the changes in the two sets of data at
the student and class levels, the research team employed the SPSS system's

' Dr SZE Ka-kei Patrick is the former Principal at SAHK Ko Fook Iu Memorial School.

y .



“Paired Sample T-Test” to determine whether there are significant differences
and the related reliability. In response to the “generic skills” performance
in the three-year school development plan, the research team combined the
results of the three generic skills of the schools 11 classes and discovered that
the performances of “Communication and collaboration skills,” “Information
technology skills,” and “Critical thinking skills” are all improved.

Keywords
Generic skills, Communication and collaboration skills, Critical thinking
skills, Information technology skills
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Positive Leadership Enhances the Atmosphere -
on Campus

CHEUNG Fung-mei
Po Leung Kuk Tin Ka Ping Siu Hong Kindergarten

Abstract

With the rapid changes in the social environment, the challenges faced
by leaders are becoming increasingly complex. As the highest leader in a
school, a principal's leadership style significantly influences the campus
atmosphere and educational outcomes, which deeply affect the educational
goals and school culture, as well as teachers' teaching and work efficiency
(Xie Chuanchong, 2011). The campus atmosphere is a critical factor which
directly impacts job satisfaction among the team members, makes positive
leadership an effective strategy for enhancing a positive school environment.
This article explores the theory of positive leadership and its application
in the school context, emphasizing the importance of fostering a positive
atmosphere, building positive relationships, and maintaining positive
communication among different stakeholders. It also provides specific
recommendations for educators to implement positive leadership and offer
educators insights to create a more supportive and inclusive positive school
environment.

Keywords
Kindergarten, Positive Leadership, Positive Psychology, Transformational
Leadership, Positive Education
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FELAr AR ERARMBORENE B2 g TRy REE - HHAL
mAREEL 2AEBBERBE - 7F -~ LR E RSB S P ey @LE
Mo MMEMEAEMEMLEENEE > ERFEE DL BEAER
Bih i By AL EE o BEL SR EEAE b E AR B ey 2%
FEFALT R A RERE > FIAH T HM P E by AT B 824 3
B4 o

3B UEMFE - UAUEA

MR —PI o PR — AR o T AR - | 24
HERE—RFE B FETARS BEBEABEER - N2 T #
RV% G0 E 6842 o B8 XAbe) B RAE R PilTsoeoiE K > ERR
HEROBRE -  BHELHABREIEANTEARE  mER P E
s TR P EDEY LA - BT R > RE&EHZERF 4
XERARMBYERE  BEELHBAEAREFAEAT B ASAEMmE
R PRHMRAREE B/
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Visionary Leadership to Inspire Excellence:
Promoting Core Chinese Values and
Perspectives —— Discussing how the vision and
leadership of school principals can strengthen
education in Chinese culture and values

CHEUNG Pui-shan
The Church of Christ in China Ming Kei College

Abstract

An outstanding principal plays a pivotal role in the realisation of the
educational vision of a school. A visionary leader with upright values not
only stays attuned to the pulse of the times but also formulates appropriate
strategies that align with the unique characteristics of the school. In doing
so, the principal guides the school towards continuous development and
progress, contributing to the cultivation of well-rounded individuals in
accordance with the objectives set out in China Education Modernisation
2035, particularly the emphasis on “moral development as a priority” and
“comprehensive development”. These efforts align with the national strategy
of strengthening the country through talent development.

Since its establishment, CCC Ming Kei College has benefited from the
foresight of the founding principal, who recognised emerging trends and
positioned the school as a pioneer in ceramic arts education in Hong Kong.
This initiative has nurtured students in developing creativity and problem-
solving skills, while also fostering essential virtues such as perseverance and
a sense of responsibility. Building upon this foundation, the current principal
has drawn on the existing strengths of the school to promote education in
Chinese culture. This ongoing commitment to preserving and enhancing
traditional cultural heritage has deepened the cultural literacy of students and
reinforced their national identity, achieving commendable outcomes.

The case clearly demonstrates that the vision and leadership of a principal
serve as fundamental drivers in advancing school-based characteristics,
nurturing the moral development of students, and fostering a strong sense of
cultural identity.

Keywords

Principal leadership, ceramic arts education, Chinese culture, values
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Enhancing Leadership and Execution
Abilities in New Middle Management to
Foster a Learning Organisation

¥ % B WONG Sau-lai Fiona

b i B R K E 4 # B The Church of Christ in China Kei Faat
Kindergarten
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FHRAGEE A Y BFR G FIEA 0 BP A 1980-1990 4%,
AN REYRROFERACHBEESTETEART - RREF
BHRPHEREEREKAAZE LR w ESRBANE &
AR P IRARAE AR SR > R TR BETR GIFN -

ABELBPEERERE > BB KR AT S RFERABRBE =% ZHER
FHEATE EE - RR IR E GBI ETENEE  BEF MK
BARK  -TH  RERALFHFE FTHTPRABXRALKRELEZNE -
MERILHYPREABHZYBERGFRA - HAAMT > REHAET
BRAAERLSFEF B AFE 4 REAE > 20 RERETZEE A%
BRAAEERX  WHBEA—SFHRBHELY -

AN LB E > KA EABHERFEADESX R TAERE
BHXE - REEAeH Y FROFRA THREHLABRL  BARTHE
TH o MbIEAE c RBR TR R BB EER LS EY > AR BHEE
Mg sEd - aHERTFRBABNMEAEYE  REAEMLTEABHE
PR EBRAAR G o

=~ Fri-REEE A g

B T4 LA 4 70 F4K > £ Paul Hersey #t4% 448 & % & 3%
MBETHRPE  KARRGATRAK HAARER > @EETHEE
ROBEHB R4 HEHELIE TRk AL —&Kepd ) o
SRR TEFBM, BATHEERE "TARRD v THIE | Bk
RKeb#rgg 7l c KU SERAHMKAAAT > BHAKXBBBIFPEABSNE
RAnsa ik > 5 FeiE > B EZML  HRE il & B EFIE R
#B—% > BB M - UESF TR ABRA LR BAZF
BB EH AT RGAE BEKRBESHEE  RELEHLY - K@ >
HRXAAERBERAN Y BFERYF B AR -

AR ES REROHBRAORE  FEZRYAEEX > £
BooffER I EREFEMEROTRAR - FATRERZE A a8k
HMBRAERERREARNTRAR - PREBRAZROEEZMK > & B
ZREERZE - ABRRKRARILZE »EL > ERF R HERK -
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BRI > Radka RAmES Rk © MR A E) I F AR R EAT
ek - ZHE A MK BEEE B R

(—) ##3r # R B % (Building Shared Vision)

REETEABLERZIRBARALRRBEMERFANE LR
o CgalERE RS- TEIEERRY ) BAGTH L 2
AR BEBERE CMERBOBEABEBRALHAN ARG INERE AR
FENK S BRI IHASN > BRPER  FHEFTRLAKY B
2o bABERBMBEY c AREANCAHLBRZE AR -

(=) B # MM (Personal Mastery)

EIPRABRBRABK BEBANIES » RALE A @k ayitib
At o B BB A  FHABNCE  ZHBRER B LA EE
RAER IR RE L LHR A FTRACACTEARBTRYEY -
AR SN > RETA|Efo B > R —BEAEMNKGEEE -

(=) &HESH B A (Improving Mental Models)

SEBXZFEABRMCESESERG  BERKEF > AT T M
HH-R e Ex A—HREFENEABER KECHEEKXTHRERMAE
AN AREEF MEEFERBCHDE  BEBERBERBR S &K
GBRTHEBEABRX BITREBRET HRCM BEELE HMER-

(w) E%%E (Team Learning)

A28t EERELERBMENEE  FBREERM
AR BEASHRE — B ELEBRYTE B
WEGITE > AmkBEHH -

(&) % % &* (System Thinking)

A4 BE R A DHARPARFHE  BRYMARTHEERL
ToOBRMELWEN BRRBEXEE  BREE FIEHFT4ANHE
MoRE RAMEZEMG  emFR—FE P4 2B ERELER
Wk shs 0 B B AKR T AL R EINER IR FakEa s
—1BAH Z B R ey o
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Training & Development Journal, 23 (5).
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EESBFILFK  ALFRCRAZSTESENEZ M HE)
S2ARRG Al B RESFTALAEZE BIFEERT A 2017 F
11 Admey (GFEEBHE XA HT N E2REHL (ER) ) A
RARA P AERT B BAR 0 ARRET E 8 A 69 B RFECGRAR -
ARBMAARFOE Y —EHEELZAAALFTHEEALT B RIER
AT EBBERRE HAEHBABOHUFT IEEZRERBRATHE
Bt 21 W) E M (Voogt, Fisser, Good, Mishra & Yadav, 2015) ° 5]
B > R EE A WA TAREIE A R A 093038 & 2 2 A A BT 8 T
# #5649 Ja# (Lin, Chai, Jong, Dai, Guo & Qin , 2021) ° AARA81E A% 4E
R E R RGBT E R RILAE B R AR 2 A 694
W BB BE BRI A T E 0 A BRI Gy R
BIFEEFH TR ELE -

AR 2021 SEFSTRAIEASREE G LAZARMBERYE
B4R BB ENBRHAMRREFTOZE - KT ATE 4
#42 ¥ & R AR¥E Barr and Stephenson (2011) #2 H 89 A & (Al # /N2
BTG A AL A ) &9 M % XRBEB LRI ZE e
NEBFHRELAELERERAIALRE - f£202324 FE > HIMHA
ITRAEREEL TG AR B4 LEBRSH K * (Mixed-methods
research) A Mo B Mt R &R D404 AAvAEFE - B A 2023/24 2 53%
N2 HAITAERBEBGEMHAIMA ATTRENLE > EEREAIFA
Fo ANTFHEER  REBHPZELHTARSE— I - MR RGA KA
BRI DNARAALFEFEELLIABRELINZ2ARAFELLR
HEAEAKF?

S R SR

B THR LI > MBI TE2AEATENRARAR LR EH @
W NENBBE LA L—EERESN  c HEALEEHE
RRARNE MR FTREBE A INSEE (240 8% 4) M5l
ARR > FAERE S RO2ARER S > RMATAMEF X KE
FALHEBEE A 0 B EF IR CiTE) — B RAE LR R H L A 8t
B B4 BB H 8K (Korkmaz, Cakir & Ozden, 2017) — 2 Fde 3t B B4
A BB RE (Bl h - BEXEE - S4FHE - AR BEZFo
MR RAE N ) A+ AEEAB - D4 B A UATR R R K sr o
FE R M RAAAT & T AR AT R > TR B2 E 8RR R EATRR > R
P REY B AR E) » M 2LER 3040 B W 2L T AR AR AT © B A IR R ZLET hR 44 P
FA AR 0 LAE B L2 ML -
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BiE— 5 THRHEAERKBETHORE  AREET AL EIRAT
BB BRI EEMO SR > KRB A MR MET/ N E TS 0 L

EHILE RS o A RIA RE 3% (In-depth interview) ¥ " F
“H X% (Semi-Structured Interview) AT > B B & £ & B @3 AT

=] A A8 JE B R B & R I AF B R AERSS T 3 kAT 0 AR mR N ARSI
Fl&RAR M A E B LLs i - BB B — 4k Bk 2 b ey 48 3R st ot

RAESH (BT

oz X

B AR

R £ AL > 2005) -

Rig 0 £ LIl MIAM RBE T RE 0 B AR G RE RIEHEH
BETEENAIEEESEIH > BHARFZLEATENE LA
HATHEMARGBRER IR PHRE - SHEREAHE—F
Moo SR LG ER A4 THINEAARMUGHFTESD

#
HEP X IR A B C D
1. FEH B AAZHAEE 265 | 84 | 154 | 10 4
QAEHBEANIRAERAMBPENYFERT | 15 | 3F | 35F | 14
3 AEH G AR A M RANFE 8 | 84 | 13F | 84
Ko uHSG K REH
= HEER
LA P AERRATE LTy RSt 0T
TEST T | BEBE | BEERTYME
‘ PRETEST 22.8875|  3.23306 25560
B3N
POSTTEST | 23.4500 | 3.66489 28974
N PRETEST 12,6563 |  3.77853 29872
PITAET POSTTEST | 12.6813 | 4.07380 32206
PRETEST 12,6063 |  2.96117 23410
A AE M
POSTTEST | 12.4000 | 3.31985 26246
PRETEST 11.0313 | 2.41437 19087
FEH M E 4
POSTTEST | 11.2000 | 2.48467 119643
PRETEST 133125 | 271077 21431
P R AR
POSTTEST | 13.1500 | 3.29894 26080

R R AAM SR TS A AT R R AR R BAE 60 5 M IR
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oo EE| o | BER | Fa | R AR
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HAME
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£l ——
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CPLE . . . . . . .
o E/«
L %ffﬁ* ¥ 725 | 395 | -057 | 318 | 955 |-.02500| 43927 | -.88924 | .83924
BEE| BEH
B | REAMA 057 |316.217 955 02500 | 43927 88926 | .83926
ey . . . . . . .
kA E
1462 | 227 586 318 558 20625 | 35169 | -.48569 | .89819
$RH
PN —
FRRAM 586 |313.932 558 20625 | 35169 48572 | .89822
SRy . . . . . . .
A%
N .001 969 | -616 318 538 -.16875 | 27389 | -70762 | .37012
e | S EH
B4 | RiAAR
-616 |317.738 | 538 | -.16875| 27389 | -70762 | .37012
S RY
A%
. 2592 | 108 481 318 631 16250 | 33756 | -.50163 | .82663
PIRE | S EH
BRoR | AR 481 |306.479 631 16250 | .33756 50172 | .82672
Spns . . . . . . .
R BEZ2AARRBAFEOE ALK TE R
FAEATH A BT 4 5 34 25 15
] £ 7 71% | 64.5% | 245% | 3.9%
AT ek R B A —
BEAMESE | 47.1% | 31.6% | 11.0% | 10.3%
AL HEA R F £ 7 10.9% | 52.7% | 302% | 6.2%
(%FA%E) RFIMELE | 326% | 349% | 28.7% | 3.8%
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WIEE R A S E BFP4L > AN ~ BEEB M ~ O
B R A R PARRARE ) LR R A BB IHER (p>005)° i
TR BARAE AT ERATEERER 0 B FOEE B4
NABE o R RESEMBEF N EAEATLT RFRL > RAFH
=B A A RAR AT BT T e g o

Sk IR RRAE ) B AR A

#3% Jonassen (2000) Fv Hmelo-Silver (2004) #95F RRFF45 > A ik 84 B
RAMPAERLANEIH LB AEHRE - £EBHX T Q2 E Q4
PR P RLEZEBRE > BHATHAEARKXATITRRSESLE > ¥
RABRZIAF A RSB S HEZG S E Iy 0 B H REYEH B HE
ZAREBRBEER HOTEATAVXRZAART LB EHB LR
TosE o Bor BRI BN FRRRA - B4 £ Q3 R Q4 80%
PE&ERFPETTAVEATENESREROEL T TR HEHGRLY
TR TR BN RAE TR RERA (ZW ) FRN T RS
AL ERR R RIFEMRF= > 71.6% HZAAIFEAREB R LA
63.6% 12 A ATHAEAE RXFTHREF DAL EN AT »ES 3 5
FUE (FEREBRARMAA=) - GTE » KI5y L A mAEY AL
WHEB R RALTAKTROSBIYLE IRETLERTH XIS
R BIEYENE flo—EEEE R EEH20E 5845
BEEABY o MAIAEBELITS T > 787% HZEAANTERB A
SR 67.5% 92 A AT R FFE LTS 3 o RUE - BILTAH, »
RIS LA BAEE B R BB AIS S MAIVEE @ ES -

BIEMBEAZ AR TRARERESENEZHF  2ALEAT
BRARNES T ERESRFF O AFE » Bor TRMEEMOIREMN
# (Runco, 2004; Sternberg, 2006; Robinson, 2011) °

MAEQTZ 10 MERTER > HETBRARSZARMEN»
FRIAWBTAERNFLNE  EFRESLE XTHFELE—FHEE
EAVEon B B s o R A o 8RR T N R ATAE A &) 3R B AR
P REBAER > Bt e a2 B R EE  BREXFFHH
ig 4v Johnson & Johnson (1999) A 45 %1 & > /| 43¢ sm A4 38 A R i B R
R REEAEFEER - DIRIE A B EF AL -

FAEZRTALFRHEC

AERARE T RO AR ABRBRHOERAALE
AEBRAF (Ko Poe) » ARAR 1 A B A T %5 AEAR A & A B 4 A2 3R 47 (Husky
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Lens) ° £ Ql 3 M&R Y » LB EMHAARELE GRALAL S
BALBRRGEZEC - B4 WAV EL2 Y ARAERABAERAALE
AEBRAF 0 1S A T BRI A B b AM 2 B SR E WA o 4w Bandura (1997) A
T ERZRBRALERDOEE > e A RIRF B KA L EHAB
RAMBAG S ~ AT AEF RGN - b UBREH I XMEATHL
Bty AP RRI 2 RE v S &5 LEHZERRFBANATE
FEREME KM AARDVIIECRELS Y » R HwHE 2 Y E 0 o M@ Bandura
(1997) 45 i & B RAAERGIZEFH > A TRZCREIEKRYBIFEL
BhiEm o 28 Ql PHE CHris ' X RBAEMA R RO - TH
THEBRITE LIS, FE o

SERBERYERN

QS PHERD TS > AR SEE AT AR RS EL
UPRmEAE  mAARGGEKSFTEARMMAMGRSRD > AY
A Scratch A2 B & App Inventor 2R ARZRX > B hFHmE £E
oS A gBR S5t KM > Z£H5 R AT IR T A E bl 7 b
ARBRFAERIEE EHAE T o RIE Wing (2008) T & : "EH B4
(Computational Thinking) &35 TH P ®MBEEZ T4 : " ¥ | (Decom-
position) A& " 3 i #.4% | (Pattern Recognition) ° AT # 45 & & 7% & 84 B A&
DA SZESHREBRRGBYE B ATASE ZRANRBYRIESL > F
R EEATHRZ R - AR AE RAATFRERSF > B2 RSt
%] (Prompts) M R £ F2 A 45 (Code) * 12 FF L g2 AF A MsE RER
ARAREM AR FEREB LI TRESL > LHRELERBRG
B AR ISR ey Bl 2E S AR M 0 3 EE R L Wing (2008) #9428k A 4B
M2 o web T R AR H API AR XA REHAF > AERIFRR I
BHEBEERNFHROES -

R 1

P Q6 FHER AFATE 0 ARKA A KA ATF AE &M A Husky-
lens B8 A4 %A STEM v& "'T, B TE, n& > A%ELFBEF -
BREEEIRE TS, R "M, 9k UL ELERALRITZEY
STEM &2 # 2B EE/EN 0 BMEZBRELFEE - B> £
Qll-19 — & R#FBFEHLAF EREMA  EHEHF N A TRERR
MmAER % - BRRBE I BAEIIBATBERT BHEREL08
HOBE > BOA FILT R MM E (Barrett, 2006 ; Gross, 1998)
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RAFEMZ 3 (2011) BERTRAZRERKOREA EFT A wE : R
THRE -HEOERE - ZREEZNIIREF > IR/MAERLERITRAAL
HRARZREFRATTZEwWEREEFZE .

REBZOER (REBRFE)

RFEAR—BLEE,BH=ZBEE - LT RAHAFROZERP  F—EZ
BREHREALE B ERAE R K STEAM 69T & - M A4 4ES
RWRHPADNNE —REKE > ZABAS L6 30 98 ATEA?
TR+ AR TREERE  c MR NBTOEEBAIE RSN E
£ WBMAIHRENEEFTX > BBRAITREAZA (4o Siri > Poe
Fo Artguru F) R%GRZER > T A R R AR RE X9 ATE T
fE o HAATE GER BRI L R — BN R RS B 2R AE 0 MR
BYFRLSUNET» YT HEEHRGH LM S MR BREIFIER
Rk o RIE Wedel (2021) Fo R 38 AriT » AN H BRI S LA X
BA R o AR > BRI R R AT AE H 2 A kA £ #964 bF F B 30
P2 B o doslk » URBERZ ORI °

HEPEPAEHATE A GRBRRBR (HEFREFFIFEFE)

AR X EEIERATERREROFEA—Z=F L —F %
B RAE 20232024 B FF B — REIZATH AR - BT R #n
AREARR S ALFREFNTER —BEEIMARARET R - R
Newsome (1999) * ZEFHHZ N BB BRE o RERN » THBHE
B E Fz— o Bt BMAERATE RN I PLAEAT
BWRRBYERBRNT » TEREHL MM - Lo XFHRLFH
PiRE (QIl) » ABAINEEAELRNAL B OBERK > £
ARBCBEZETHERAARKAIFRIL SN 2ALERTER
TTTENRERSIFREHUARRTEUYAIEERREEABE
EEALAFRIE R ER > BRIEUA A AT R AR AR AR
TH . HEAAER TREXPEHATYEEREEEF LR
(Q20) > fEABfE A RAIFAEN LRI ERBRFHALFREILE
BRBAHIRI  PAA T IHAINENEREYE  EEHIEAL
BHRIETEARF -

AR R (FRE FERIREFE)

R ARMHBIBALEREREAEANEIELA L EEHOALTA
JERA A2 KX (4o : Poe #v Artguru) > iEebf2 X a94F R £ B2 4 Fu 2 6 R
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AT &ERT L GER ARG AT 0 APTHPIERAK » {2 B B R A
REBMABRLEBHALR AT (do @ ChatGPT 4.0 %) » S &5k &
RASAEZE MM ZHIAE  wREZBATT R LKA ESFE
FEREREGHE M o B ARMS T @ 0 AE M micro:bit & Huskylens i#
AL B GIERBR DI PRR D RE G BRHE - RPN RE T >
3% & B $2 A& micro:bit & Huskylens #4F A %5 fic B 14 98 3k B 40 15 983
BRENM AR E A ZAERBERF2ZEATFERG AR
Blho : SAFTEE RS REAXEB — I BATRIE T ABA BREEGH
W ERBNERT —ZRES TR Z LAY  RARTLEFRALEY
HE2AOZEHER @TAEEZER SRR ORE > R+
B RMEBAELERAARTFREA KBOE  RIABTREL -

ALFRAERSHERR (LI ERE) HEREE (UIRBEF)

ALIBRANEAHFTORADRL AR - RIFEEE (2023) > R
BHERTAHERARAMPREEREAIEENERE A2 (5) 8
MR ZENGEMTEREME BB HBUREZLANITES
%o FANHUFTEREAIFAENZEEZEFETEMRE 0 RIFHD
2R RA IWMAATT R BEBRAER  NEH AR ERIWNEE
MR RI o RELSmME LA M ATE A Lo oA 0 A2 A &
READEBALIEERAZE LA FTAZTENBALRER X > B
JoBEBRA L E o

ii. AARATAF UM R A FE L 9E o R4
B (—)  HhBEHAIFEARPERE

ARGATHERE T GBI P LA RE 6 £ RXATHAE
TR B ANKPERRAHIEPARRAL RGO RRRL L &
@ﬁ{%”%;ﬁf@%'%éﬁgl }?,- ( Lo %/B'Jgih) ﬂi/f/‘il%ﬁ%i"a‘% FA‘I‘%’
ERER? A TALEEREABRENIYT | £F ARG LA
PEAEBBEATEEGARET RLER 69 X T AT 4 09432 P AL -
R APANMAEERYE - B EHRZP2AERAERKATTERE
RAEXE  ZHERELARETEAGAIFEMELGNG 24
LA EE S PHAL SRR EHE N THREERA B TH 4
B

#% (=) RU|ESPFEFELBHEARS

BEARABOALIBRRREY  ZALZLEEBREHAERAALEEAL
U ARE X FRE G T REBAARBLLAEPLUIEARE RNE
PIAS 1A A & o FRAITR RIE T2 4 Y ER AL YA B > BRAE

y .



%
DA BB T MARAGES 0 RAETBRALTAETS L4 5+ 5
BRI FAITAE T IR o b RMEFERA N A RAAL T REAFIPIEE
& BEAFTXTBEY BPAREEZWMAFAAHELE A ELEFE R A
ey FHE BT UREAREG S HEERL > S 2ARE R EEY
E B S ERT FREBBIHEZBILARR S EE
oh o BEAE -

MERE (—) BALTZHAE

R AMOAIFREREY > AV E R FHAUEAL A&
AT SRR ARTRMBANERL  HLREEIKRTRELEZIMALS)
BRI a - MAAHG IR T > Ao I RMTREINARZY >
FnEA@q R EFH e MA A AT A RFLNER > B tRE
AZ R AENIEF 2z g A AR ESE T RBEAE LGB
KA S A X R & R B S T Bl — BARBIEAP ©

RERS (=)  REFEBRANE G

ARFABARIEL " RRWT Ao " RIEBE FE ) FAFLHEBR
BMEATRRB R AXFHF » A BB 2aE o HEARD IR
ZARTEARAAITAEEALLERBTETETY > FALZ YIS
LB FHR > 4 RARERAERKAIERERANBEI TR > Rk
DO Rt A B T AT FRAMERGETIRLAE  RRTEMRZA AT R
i%%%%%’m:ﬁﬁﬁﬁim@%%%%ﬁ%’E%Eﬁﬁiﬁﬁ

N~ EHfuiEi

AR RERE LG EREZRRAIMRAA LSRR
o BMEEREKEARAY G HIR (FAREARATAE 8T
B O FEEXGRELT AR EL ROANTE RS [B A RXF
AIEHE ] ) RAIRFR IO ME - SERA P A AP RA T RATH AR
EER A2 BB R 3y B0 B A AF D 0T I A ST 4 i 2 A AR R BT AR AR
Aligd) ~ ERBHARN URHEE AT B RN IR © T TF45 i
AT RERBIT AR KR AE ~ HEpH & ~ Z2RE Ffosb
FB & o A LR R R ATATAE B R B AR 00 2 6 B AR AR SR A B
ATHREREFE RN G RN -

SRR A AL L SRR F AR § 2

—3 > B EAEE A A MG A TSR R 0 RIMIE S
FofsE1% B EETRBALIEA R REFR RS LF51F - MER



aw @0m o

94

MRFIZAEERT S RAERAALT R R UAE AT R L
LT LY AR RAEASIEALSEYERAESL AN ¥ A
R T EZ ARG LS TR A EH T F R TR F R AR
S2A>TMORB PR XEBITWFLAARL SRS MEEmBREA
HALFEETRAMAORE -

PRI AR P IIER LA LB ERERIBHUBZALE
REEY BBy RIER VR ABRE PHAALTRAHE 0 R >
T AR RETEATRE > BER TR LM LIESHEMAMEE
iR R 2% B EHmEama i FzaE e A8
R R R e B R A0z -




7
5 UK

Barr, V., & Stephenson, C. (2011). Bringing computational thinking to
K-12: what is Involved and what is the role of the computer science
education community? ACM Inroads, 2(1), 48-54.

Barrett, L. F. (2006). Are emotions natural kinds? Perspectives on Psychological
Science, 1(1),28-58.

Bandura, A. (1997). Self-efficacy: The exercise of control. New York: W.H.
Freeman.

Gross, J. J. (1998). The emerging field of emotion regulation: An integrative
review. Psychological Inquiry, 9(3), 228-232.

Hmelo-Silver, C. E. (2004). Problem-based learning: What and how do
students learn?. Educational psychology review, 16, 235-266.

Johnson, D. W., & Johnson, R. T. (1999). Learning together and alone.
Cooperative, competitive and individualistic learning (5th ed.).
Boston, MA: Allyn & Bacon.

Jonassen, D. H. (2000). Toward a design theory of problem
solving. Educational technology research and development, 48(4),
63-85.

Korkmaz, O., Cakir, R., & Ozden, M. Y. (2017). A validity and reliability
study of the computational thinking scales (CTS). Computers in
Human Behavior, 72, 558-569.

Lin, P. Y., Chai, C. S., Jong, M. S. Y., Dai, Y., Guo, Y., & Qin, J. (2021).
Modeling the structural relationship among primary students’
motivation to learn artificial intelligence. Computers and Education.
Artificial Intelligence, 2.

Newsome, G. (1999). Pedagogical content knowledge: An introduction and
orientation. Dordrecht: Springer.

Robinson, K. (2011). Out of Our Minds: Learning to be Creative. Revised
and Updated Edition, Chichester: Capstone Publishing Ltd.

Runco, M. A. (2004). Everyone has creative potential: The key is to identify

and nurture it. Educational Leadership, 62(1), 33-37.
‘ 95.



4 A o

" 96

Sternberg, R. J. (2006). The nature of creativity. Creativity Research Journal,
18(1), 1-9.

Voogt, J., Fisser, P., Good, J., Mishra, P., & Yadav, A. (2015). Computational
thinking in compulsory education: Towards an agenda for research

and practice. Education and Information Technologies, 20(4), 715-
728.

Wedel, K. (2021). Instruction time and student achievement: The moderating
role of teacher qualifications. Economics of Education Review, 85.

Wing, J. M. (2008). Computational Thinking and Thinking about Computing.
Philosophical Transactions of the Royal Society A: Mathematical,
Physical and Engineering Sciences, 366,3717-3725.

AT~ M FRE (2005) - (EMAMR I % R AT
TERSH)  GOREHRAE  B3E5F 28 122-136 ¢

Bx% (2023F5A248) (g +AHBA: ARAALFR
FONEEA) #2024 F8 A 27 BHIR A FAFIATHE
B # B o~ 3R https://www.info.gov.hk/gia/general/202305/24/
P2023052400282.htm -

Bz 3t (2011) - ( BB N PEIXHGHBRAREROAERAR) - (HF
BEH) 0 % 59 % 0 66-78 °




(K>3

M — @ NN ATFRERE 2324 H L EE

Week | Theme Key questions/ Content

Pre-test google form

PRE - Q: What is AI? (Students’ prior knowledge)

Overview of the history and technology of Al
Turing test

1 Introduce Strong Al and Weak Al

Q: What questions would you ask to differentiate
Al Introduction |human being and Al?

& Survey Observe and record the Al applications around you
Students record observation and use of Al in daily lives
2 (See/ Listen/ speak/ mechanical)

E.g. Implement the detection of vehicles, bicycles,
pedestrians, traffic lights and traffic signs

Intro: Pictionary game

Image Illustrate the Idea of Machine learning
3-4 |Processing - Teachers provide examples of a dichotomy.
Cases - Students able to list out as many features as possible

Game: Quickdraw

Try Google translate

> | Al Experiencing Try Google APP (E.g. Recognize music/ photo/ text)

Compare current mainstream translation software
or platforms, such as Google translation, Baidu
translation, and DeepL translation

Try ChatGPT - POE

6 | Al Experiencing

Use deep learning to achieve a drawing effect similar
to Google’s Deep Dream

7 | Al Experiencing |(A)AI art generator and Artguru

(B)Google image search

(C)Sora Al

Al Assessment (Mock)
8 | Al Assessment 1. POE
2. Artguru.ai

Al Assessment
9 | Al (Application) |1.POE
2. Artguru.ai
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10-11

Al (Application)

*Husky lens*

Try face recognition
- Try to collect a dataset of cats and dogs and using it
to classify images
- Beginner Level: US Presidents
- Advance Level: Mirror

Create an emotion detector

12

Conclusion

Discussion:
Q1: What are the things Al is good at and not good at?
Q2: What is the value of humans and the value of AI?

Q3: Which professions are likely to be replaced by AI?
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Post-test google form
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Evaluating the impact of mathematical
modelling in a Hong Kong secondary school

TSUI Ming Yan, CHUNG Sai Yuk, LEE Yeuk Pan,
POON Kwai Choi, WONG Leong Yat

United Christian College

Abstract

The existing literature provides a strong endorsement for the idea of enhancing
the accessibility and relevance of mathematics for students by incorporating
real-world scenarios and data through mathematical modelling. In Hong
Kong, mathematical modelling has emerged as a significant educational
initiative. This study seeks to assess the effects of mathematical modelling
within the context of secondary education. A research team developed a
school-based project for 134 secondary two students focused on optimizing
routes within the Disneyland theme park through a mathematical modelling.
The instructional design was based on the Modelling Activity Diagrams
framework, which encompass six stages: Reading, Modelling, Estimating,
Calculating, Validating, and Writing. A case study methodology was
employed to assess the impact of this initiative on the participating students.
In order to develop a comprehensive understanding of the impacts, multiple
sources of qualitative and quantitative data were utilized, including digital
artifacts, questionnaires, interviews, documents, and classroom observations.
The findings indicate that the majority of students were generally receptive
to the exercise and performed well on the reading, calculation, and writing
stages. Conversely, only a limited number of students performed well on
the modelling and validation stages. The results suggest a refinement of
instructional materials and the attitudes of teachers are necessary to enhance
the effectiveness of teaching mathematical modelling.

Keywords
Mathematical Modelling, STEAM education, Secondary School
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Introduction

The growing emphasis on mathematical modelling in mathematics
education standards across countries like Sweden, Germany, the United
States, and Australia underscores its recognition as a critical competency for
students (Stohlmann, DeVaul, Allen, Adkins, Ito, Lockett & Wong, 2016).
This emphasis is driven by the understanding that mathematical modelling
activities are not only essential for developing mathematical knowledge, but
also for nurturing life skills crucial for success in the 21st century (Stohlmann,
2013).

Defined as the application of mathematical principles to unravel
real-world phenomena, assess hypotheses, and solve practical problems,
mathematical modelling plays a pivotal role in equipping individuals with
the tools to effectively address complex challenges. As contemporary
society looks to mathematics educators to develop individuals capable of
applying mathematical concepts adeptly in their daily lives, the cultivation
of a positive attitude towards mathematics becomes essential (Yanagimoto
& Yoshimura, 2013). This shift from fear to a deeper understanding and
appreciation of the value and practicality of mathematics is key to fostering a
new generation of problem solvers and critical thinkers.

In recent years, the Education Bureau in Hong Kong has made
significant strides towards equipping teachers to incorporate mathematical
modelling into their teaching practices through initiatives like the “Seed”
Projectl, seminars, exchange tours and certificate courses. Additionally, the
Chief Executive’s Policy Address for 2023” emphasized the importance of
mathematical modelling as a key educational initiative. To advance this
objective, The Hong Kong Education Bureau (EDB) initiated a number
of professional development programs have been offered to primary
and secondary school educators to enhance their capabilities to teach
mathematical modelling. Despite these efforts, the formal integration of
mathematical modelling into the Hong Kong Mathematics curriculum
documents is still pending (Curriculum Development Council, 2017).
Stillman (2010) argued for the incorporation of modelling practices from
the earliest stages of education, encompassing both primary and secondary

1 Collaborative Research and Development (“Seed”) Projects, initiated in 2001, aim to provide schools
and teachers with the support which enables them to put relevant theories and principles with regard to
the curriculum reform into practice, and also provide practical experiences and reference for refining the
curriculum.

2 https://www.edb.gov.hk/tc/about-edb/legco/policy-address/2023_Panel_on_Education_Eng.pdf
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schooling. While it is evident that a number of studies on mathematical
modelling have been conducted around the world (Stohlmann et al., 2016), in
Hong Kong, there remains a distinct lack of research on the use of modelling
methods in mathematics teaching. Therefore, this study aims to explore the
impact of mathematical modelling on secondary school classrooms in Hong
Kong.

The importance of this research lies in its potential to enhance the
existing body of knowledge regarding mathematical modelling within
secondary education, particularly through the insights derived from findings
derived from Asia. Furthermore, this study may furnish the EDB with
research-based information pertaining to the integration of mathematical
modelling into in real school settings. Additionally, this study may serve as a
model for schools seeking to adopt mathematical modelling practices.

Literature Review

In the context of secondary education, mathematical modelling problems
should be designed to be authentic and relevant to students, allowing their
cultural backgrounds to significantly influence the learning experience
(Suh, Burke, Britton, Matson, Ferguson, Jamieson & Seshaiyer, 2018).
From this real-world viewpoint, Anhalt, Staats Cortez & Civil (2018)
describe mathematical modelling as a process where students apply their
understanding of everyday situations to engage in cycles of mathematical
exploration. In modelling problems, it’s common that not all of the
data required to solve the problems is provided. Therefore, a person’s
knowledge beyond mathematics is crucial in order to allow them to seek
out the necessary information, thereby demonstrating the value of personal
experience and insight to the process. Therefore, the idea of mathematical
modelling is that it is a process that incorporates mathematical elements that
can help clarify real-life problems and scenarios (Abassian, Safi, Bush &
Bostic, 2020).

Moreover, mathematical modelling differs from the more “traditional”
types of mathematics typically taught in schools, where speed and accuracy
are prioritized. Traditional mathematics is often of a lower cognitive level,
which does not adequately challenge the ability of students to think (English,
2021). As noted by Wickstrom and Yates (2021), mathematical modelling
is structured in a way that is more challenging yet manageable for students,
more motivating and rewarding for learners, and encourages them to develop
their own mathematical ideas rather than simply receiving mathematical
knowledge in advance.

y .



The literature has identified several categories of modelling problems
(Suh & Seshaiyer, 2019). The four primary categories outlined below
represent the most common types of modelling problems.

1. Descriptive modelling involves the utilization of real-world data to
characterize, present, and analyse a particular situation, while also
employing modelling techniques to elucidate potential outcomes, taking
into account various assumptions and results.

2. Predictive modelling focuses on analysing relationships and/or trends
within a dataset to forecast future data or outcomes.

3. Optimizing modelling is employed to identify the most advantageous
option or strategy to achieve a specified objective.

4. Rating and ranking modelling involves the assessment and prioritization
of different alternatives based on established criteria and data. In this
process, students determine the weighting of the criteria and data,
subsequently applying their rankings to inform their selection and/or
decision.

In addition, it should be noted that mathematical modelling is frequently
regarded as a cyclical process, characterized by a dynamic interplay
between real-world phenomena and mathematical representations. While
various frameworks exist for conceptualizing the structure of the modelling
process, it is commonly accepted that this process can be segmented into
distinct stages. Students typically progress through these stages sequentially,
advancing to the next stage only after they deem their work on the current
stage to be satisfactorily completed (Perrenet & Zwaneveld, 2012). Blum
and Leiss (2005) framework has been extensively utilized to articulate the
modelling process; however, it has proven challenging to employ as an
analytical tool for explaining student work (Czocher, 2016). In response to
the necessity of describing the modelling processes undertaken by students,
Ferri (2007) introduced the concept of individual modelling routes, which
sought to enhance the analytical scope of the modelling cycle. These routes
are represented through arrow diagrams that illustrate the actions taken by
the students within the theoretical framework of the modelling cycle. This
process highlights deviations from the expected modelling process and
the seemingly stochastic nature of student modelling behavior. Building
on Ferri’s contributions, Arlebick (2009) developed Modelling Activity
Diagrams (MADs), which serve as bi-dimensional graphs to represent the
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various types of modelling activities that students engage in while addressing
novel modelling challenges. Table 1 (below) details Arlebick (2009) stages
of learning activities that comprise the MAD depiction of modelling process.
In this research, to facilitate S2 students’ comprehensive engagement
with mathematical modelling, the MAD framework offers a clear and
straightforward series of stages for students to follow.

Table 1. Description of the Stages of Arlebick’s (2009) MAD
Stage Definition

R: Reading Analyzing and comprehending the task.

M: Modelling  Simplifying and organizing the task in a mathematical framework.

E: Estimating  Conducting quantitative estimates

C: Calculating  Executing mathematical operations, which may include arithmetic
calculations, manipulation of equations, and the creation of
sketches or diagrams.

V: Validating Interpreting, verifying, and validating the results, calculations,
and the model within its real-world context.

W: Writing Compiling the findings and results into a report, which includes
a detailed account of the problem-solving process and the final
solution.

Methods

Research Question

What are the key lessons learned from implementing mathematical
modelling in secondary schools?

Research Design

This study investigated the impacts and challenges associated with the
implementation of mathematical modelling within regular lessons during the
2023 — 2024 school year. To achieve this, the study utilizes the exploratory
case study approach, which is an appropriate method for performing an
in-depth examination of a particular phenomenon (Creswell & Creswell,
2017). The objectives of these lessons include (1) creating models, (2)
solving models, (3) interpreting and validating models, and (4) assessing and
enhancing models.

This study was conducted at the school at which the research team is
employed. The school is located in the Sham Shui Po district of Hong Kong,
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and generally caters to students of average abilities. The participants in study
comprised a group of secondary two students and four educators specializing
in STEAM (Science, Technology, Engineering, Arts, and Mathematics)
disciplines. The study involved four secondary two classes: Class 2A (33
students), Class 2B (33 students), Class 2C (34 students), and Class 2D (34
students), resulting in a total of 134 students. The students were between the
ages of 13 and 15, and the learning capabilities of the students across the four
classes were found to be relatively homogeneous.

This new initiative was created based on statistical data about students in
S1 and S2 within the current mathematics curriculum. The project involves
teaching mathematical modelling and assessment methods using PowerPoint
slides and presentations. There are some notable differences compared to the
traditional curriculum. All of the students participated in the mathematical
modelling project, which employs a project-based learning approach to
learning. The modelling project was delivered over a series of eleven lessons,
each lasting 40 minutes, in which the focus was on optimizing the best route
for a visit to the Hong Kong Disneyland park. To emphasize the real-life
context, the following is the scenario designed to be the basis of the lessons:

You and your teammates excelled in a STEAM competition and
won the championship, earning a ticket to Hong Kong Disneyland.
You have decided to meet on June 26 (Wednesday), the final day
of exams, for lunch before heading to the park. Since you need to
return home for dinner that evening, you only have three hours
(from 2:00 PM to 5:00 PM) to enjoy the park. Each of you has
a specific ride you want to experience together, so you all agree
to find the quickest way to complete the rides, allowing for more
time to shop on the main street before leaving the park at 5:00
PM. Therefore, you considered using mathematical modelling to
optimize your route for this park visit!

Students were grouped into teams of three to four. To ensure the level
of difficulty of the teaching materials were suitable for S2 students, two-
way process were used. First, teachers developed topic specific PowerPoint
presentations and worksheets for the sessions. Since this study was an EDB
“Seed Project”, all of the teaching materials used were reviewed by the
EDB curriculum development officers to ensure the appropriateness and
suitability. Materials were modified and further sent for vetting if necessary.
To encourage student participation, the top-performing group in the class
entered an inter-class competition to showcase their modelling. The winning
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group received a trip to Disneyland to test their model. The timeline for the
study is outlined in Table 2 (below):

Table 2. The Timeline for the Lessons and Data Collection

Week Main Task Description

Preparation for the lessons and lessons materials (March)

1 Introduction Providing background information,
introducing the concept of mathematical
modelling, and assigning homework to gather
data on queue times

2 -3  Queue up time for the Examining and presenting the data gathered
facilities from the homework and assigning homework
to gather data on distance between the
facilities.
4 -5 Distance between the Examining and presenting the data gathered
facilities from the homework

6 -7 Integration of the pervious Creating and verifying their own mathematical
works models while utilizing technology to enhance
those models

8 Preparation for presentation Create the PowerPoint presentation for the
upcoming presentation.

9-10 Presentation Every group showcases their models using
PowerPoint presentations

11 Inter-class competition The top-performing group from each class
enters an inter-class competition to showcase
their modelling

Gathering data for the research through interviews and questionnaires (July)

Data Collection

“Thick descriptions” represent a qualitative research methodology
that enables researchers to develop analyses that are both accurate and
comprehensive (Yin, 2017). In order to generate these “thick descriptions,”
this study incorporates a number of data sources, including digital artifacts,
questionnaires, interviews, documentation, and classroom observations. For
this study, digital artifacts served the primary instruments for data collection
to accurately capture the learning experiences of the students, while the other
sources offered supplementary insights in support of the digital artefacts data.




Digital artifacts

The PowerPoint presentations made by students served as the primary

digital artifacts for this study. To capture the learning outcomes, the
titles of the slides and hints/guiding questions were formulated based on
Arlebick (2009) MAD framework. Students were instructed to submit their
PowerPoints through Google Classroom after their presentations. Table
3 (below) illustrates the alignment between the characteristics of each of
the MAD stages and the slides. To ensure that students were aware of the
expectations, a rubric has been developed and provided to them in advance.

Table 3. The Alignment Between the MAD Framework and the

PowerPoint Slides.

MAD Stage/Step Title of the Slides

Hints/Guiding Questions

Reading Slide 1: The concept of Using your own words to briefly
Modelling introduce mathematical modelling.
Slide 2: Setting up the Introduction to background
Problems Statements  information, exploration of issues and
objectives.
Modelling Slide 3: Assumption for What assumptions did you make at
the Route Design the beginning of the activity? What
assumptions and principles did you
have regarding the route design? What
assumptions were made to collect
more accurate data?
Estimating Slide 4: Data Collection How to use tools to collect the data
: Queuing Time (distance between attractions)?
Slide 5: Data Collection What is the accuracy level of the
: Distance Between collection tools? What difficulties did
Facilities you encounter during the collection
process? How did you resolve them?
Calculating Slide 6: Formulated the Show your mathematical model and

Mathematical Model
Slide 7: Mathematical
Model Computation

introduce the elements and principles
considered within it.

Show how to use mathematical models
to score six routes, the scoring criteria,
and the final selection.
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Validating Slide 8: Artificial What questions did you ask the AI?
Intelligence Consulting Did you adopt its responses? Please
introduce and provide screenshots.
Slide 9: Mathematical Do you think the results of the chosen
Model Validation mathematical model are reasonable?
Are there any aspects that are worth
questioning? How can the model be

improved?
Writing Slide 10: Best Route ~ Route display, itinerary, and
Display information. (For example, estimated

arrival times at various locations, start
and completion times, route options,
distances and current waiting times,
playtime, etc.)

Questionnaires

The student questionnaire includes three parts. The first part covered
demographic information, including age, class and gender. The second part
encompassed several aspects, including the level of interest in the subject
of mathematical modelling, the appropriateness of the activity’s difficulty,
the potential for enhancing mathematical skills, and the applicability of
the activity in utilizing mathematical knowledge and skills in a real-world
STEM-related context. The last part included the open-ended questions
soliciting feedback on the mathematical modelling activities. By contrast,
the teacher questionnaire solely focused on evaluating the performance
of the students based on their expectations and the requirements of the
MAD framework. Additionally, both the student and teacher questionnaires
incorporate a five-point Likert scale for responses, ranging from “strongly
disagree” to “strongly agree.”

Interviews

A protocol for conducting interviews with both teachers and students
was developed, drawing upon the attributes and descriptions outlined in the
MAD framework, to support semi-structured interviews. Additionally, the
student and teacher interviews included questions derived from the students’
PowerPoint presentations. Following the presentation lessons, four students
were randomly chosen, along with all of the teachers involved in the study,
to participate in the interview stage.




Class observations

The principal investigator conducted observations of four lessons, which
included the presentation sessions for a single class, and recorded notes
utilizing a predetermined protocol.

Documents

The documents included all the instructional PowerPoint slides and
student worksheets.

Data Analysis

To examine the data from the digital artifacts, the analysis primarily
focused on the factors directly related to the MAD framework, namely
reading, modelling, estimating, calculating, validating, and writing. All of
the qualitative data, including the analysis of digital artifacts, was gathered
and analysed in Chinese and subsequently transcribed into English during
the writing process. Subsequently, qualitative data from the questionnaires,
interviews, documents, and class observations provided additional insights,
which complemented the findings from the artifacts, were similarly evaluated
and translated.

Trustworthiness

The trustworthiness of the study was ensured through rigorous
procedures, which included using multiple data collection techniques,
engaging with different informants, maintaining transparency in the research
process, and addressing possible biases. Two researchers independently
coded the transcripts, and any discrepancies in their coding were resolved
through discussion to reach an agreement. The inter-rater reliability was
above 80%. Additionally, the researchers informed all of the participants that
any negative comments made during the interviews and surveys would not
lead to any negative consequences, including on their academic performance.
This assurance, which was explained prior to data collection, was intended
to foster a trusting and open atmosphere, allowing students to freely express
their genuine opinions without worrying about potential consequences.
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Results
Demographic Information

Table 4 (below) summarizes the demographic information drawn from
the questionnaires and Table 5 (below) lists the relevant information for the
students and teachers who took part in the interviews.

Table 4. Summary of the
Questionnaire

Demographic Information Drawn from the

2A 2B 2C 2D

The number of participants
Age

13

14

15 or above
Gender

Male

Female

33 33 34 34

27 26 28 30

21 25 24 20
12 8 20 14

Table 5. Summary of the
Participants

Demographic Information of the Interview

Stakeholder Paléig(ii[;ant Descriptions

Student ISA Class 2A, male, 13 years old
ISB Class 2B, male, 14 years old
ISC Class 2C, female, 13 years old
ISD Class 2D, male, 14 years old

Teacher ITA Class 2A, Male, 3 ye?rrlsl’)l\f;osriléisng experience, Major
ITB Class 2B, Ma}e, 5 yqars’ working expe‘rience, Major

in Mathematics, Chief teaching material developer

ITC Class 2C, Male, 20 years’ working experience, Major

ITD

in Mathematics & Information Technology

Class 2D, Male, 3 years’ working experience, Major
in Information Technology




RQ: What are the key lessons learned from implementing mathematical
modelling in secondary schools?

Figure 1 (below) illustrates the opinions of the students regarding
mathematical modelling activities. According to the questionnaire results, a
majority of students agreed that they can apply their mathematical knowledge
and skills to real-life situations. However, they also acknowledged the
presence of mathematical challenges, which may impact their interest in
engaging with modelling activities. Overall, the students demonstrated a
positive attitude towards the lessons.

Figure 1. Opinions of the Students Towards Mathematical Modelling
Activities

| believe thatthrough this mathematical modelling activity, | can apply my mathematical knowledge and _ I
skills to real-life situations related to STEM.
| think this math ematical modelling activity can enhance my mathe matical skills. _ I
1 think this mathematical modelling activity is interesting. _ .
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Strongly Agree mAgree No Opinion Disagree m Strongly Disagree
Stage 1 - Reading

Most students could understand the concept of mathematical modelling.
From the digital artefacts, it was evident that the students could use their own
words to describe the definition of the concept (See Figure 2 (below)). A
number of groups even included the steps in mathematical cycle. However,
a few group identified mathematical concepts that were not in the syllabus,
such as Dynamic Systems, Differential Equations, and Game Models (See
Figure 3). During the presentation, students just simply presented their
descriptions of modelling without any further explanation. From the teacher
interview, two of the teachers (ITB, ITC) figured that a few students just
copied the information from the internet.

Figure 2. The Concept of Mathematical Modelling 1 (Artefacts Group DS)

Mathematical modelling constitutes a systematic
approach that employs mathematical principles
e to depict real-world phenomena. This process

BEa S E (RS B2 2R R involves utilizing mathematical concepts and ter-
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TE A R ALREAR Mot EE:R /L prediction within diverse contexts.
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Figure 3. The Concept of Mathematical Modelling 2 (Artefacts Group
D5)
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A mathematical model serves as a representation
of a system, employing mathematical principles
to simplify its complexities. These models are
extensively utilized across various fields, includ-
ing the natural sciences, engineering, and social
sciences. Researchers and practitioners in these
domains leverage models to elucidate system

dynamics, analyze the impact of various com-
ponents, and forecast potential behaviors. Fre-
quently encountered types of models encompass
dynamic systems, probabilistic frameworks, dif-
ferential equations, and game theory constructs,
among others. It is noteworthy that models
representing disparate entities may exhibit sim-
ilar structural forms, while a single model may
incorporate diverse abstract elements.

In one interview, teacher ITB revealed that the students initially believed
that creating a theme park route was just a matter of being quicker than other
teams. The teacher realized that more time was needed to clarify the concept
of “Optimization” and sought to include various factors in the process.
However, in their digital artefacts, most groups merely identified the issues
and presented an optimized route without detailing the factors that went
into their decisions. Only a few groups actually identified key factors, such
as queue times, distance and interest (See Figure 4). During the interview,
when the researcher prompted the students to elaborate on their statements,
students ISB and 1SC were able to incorporate additional factors into the
discussion.

Figure 4. Example Problem Statement (Artefacts - Group B4)

R
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Let’s go to Disney together to enjoy the rides. We
all have different attractions we want to experience,
but our routes are not the same. So we need to find
the fastest route that connects different locations,
while also considering the waiting times for the rides
and the distances between them. The goal is to solve
these issues so that we can enjoy the rides as quickly
as possible.

T T T T T TTTY T TYTTTTYYTTTYT]
Stage 2 - Modelling

Most of the groups were unable to make relevant mathematical
assumptions and relied on common sense to answer the guiding questions,
which often led them provide irrelevant responses. For instance, when asked




about their initial assumptions for the activity, most students only mentioned
factors like good weather or the number of people in the park, which they
believed would increase wait times. For example, one groups explained:

I visited the official website of Hong Kong Disneyland to
examine the queue times. Additionally, we can hypothesize that
weather conditions may contribute to a reduction in the number
of individuals waiting in line, which would subsequently lead to a
significant decrease in queue times.(Artefacts - Group A7)

Regarding the question about assumptions and principles related to route
design, several groups stated that they aimed to minimize the time spent
visiting each of the facilities. When asked about assumptions for collecting
more accurate data, they simply noted that they used Google Maps because
it is more reliable than other apps. From the interviews, it was clear there
was an expectation for students to make more mathematically relevant
assumptions, such as using the mean to estimate wait times. Only one group
reported that teacher expectations were partially met, explaining:

We once assumed that collecting more accurate data, such as
considering when to collect queue times and taking into account
the number of visitors to Disney each week, would be beneficial.
(Artefacts - Group D4)

Additionally, all of the teachers admitted that they had not taught their
students about making assumptions, considering it not to be a crucial aspect
of the project. Several groups made assumptions that were not very relevant.
Below are two such examples derived from their work:

Assuming that some roads needed repairs at that time, alternative
routes would be required, so the travel distance might increase.
(Artefacts - Group B2)

In the early stages of the event, we had many assumptions, such
as assuming we are individuals with mobility difficulties, which
requires us to consider walking speed. (Artefacts - Group C1)

Stage 3 - Estimating

One teacher interview (ITB) revealed that the teachers had anticipated
that the students would articulate their methods for data collection, the
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challenges they encountered, and the mathematical concepts employed to
address these issues. For instance, due to the variability in queue times,
students were expected to utilize the mean to estimate for these times and to
reduce the time intervals for data collection. To assist students in analyzing
the data, the teachers recommend the utilization of mean calculations, as well
as polynomial or linear regression techniques. However, the analysis of the
digital artifacts submitted by the students indicated that only a few groups
provided partial responses. Specifically, only two groups acknowledged the
use of the mean to estimate queue times based on data obtained from the
Disneyland apps, and only a limited number of groups referenced the use
of these applications for data collection. Additionally, a few groups merely
noted the difficulties faced during data collection, which were not directly
related to mathematical concepts. For example, one group noted:

Difficulties encountered during the collection process 1. Can’t
understand the English on the webpage, 2. Unable to use the
webpage and 3. It’s so troublesome to constantly switch back and
forth between pages. (Artefacts - Group C5)

Surprisingly, a group employed GeoGebra to apply linear regression
techniques for the purpose of estimating queue times (See Figure 5 (below)).
However, the group did not specify the methodology employed to estimate
the time.

Figure S. PowerPoint Slide Depicting the Use of GeoGebra (Artefacts -
Group C3)
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Interestingly, three groups of students utilized internet data directly
by capturing website content and pasting it onto their presentation slides
(see Figure 6 (below)). This practice did not align with the original intent
of the teachers. As a result, several groups did not fulfill the expectations




set by the teachers. One teacher (ITB) indicated that, at that stage, it was
anticipated that students would have comprehended the processes involved
in data collection and data analysis. Rather, they presented only the estimated
queue times without providing any calculations to substantiate their findings.
Furthermore, a number of groups simply displayed a table from the student
worksheet, lacking any further elaboration or analysis.

Figure 6. PowerPoint Slide Depicting Snip Copied from a Website
(Artefacts - Group D3)

B Average crowd level, %
18 62
2R 59
38 56
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5B 42

68 a4

With respect to the distances between facilities, insights gathered from
teacher interviews indicated that the teachers anticipated that the students
would utilize Google Maps to assess the distances between the attractions
and complete the designated table. The majority of groups performed
satisfactorily in this task.

Stage 4 - Calculating

In the interviews, the teachers expressed reservations regarding the
ability of the students to independently develop mathematical models.
Consequently, in the instructional PowerPoint presentation, they offered
three examples as references for student use (See Figure 7 (below)).
Nevertheless, the teachers encouraged the students to create their own
models. An analysis of the student PowerPoint presentations revealed that
the majority of the groups predominantly utilized the models provided by
the teachers. A few of the groups made only minor modifications, such as
altering constants within the existing models (See Figure 8 (below)). Only
one group successfully devised a distinct model (See Figure 9 (below)). In
the application of the model, the majority of groups were able to input the

119

b




4 A o

values accurately, resulting in the correct numerical outcomes. Furthermore,
the students were able to utilize these numerical results to ascertain the
optimal route, necessitating critical thinking regarding whether to select
the largest or smallest values (See Figure 10 (below)). Based on classroom
observations, the majority of students effectively demonstrated their ability to
apply the model to the given context. Notably, one group of students created
a PowerPoint presentation to explain the various factors involved (refer to
Figure 11 (below)).

Figure 7. Suggested Models Provided by the Teachers in the Instructional
PowerPoint (Translated Version)
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Figure 8. Student Model 1 (Artefacts - Group D8)
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Figure 9. Student Model 2 (Artefacts - Group D2)
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Figure 11. Detailed Explanation of the Model (Artefacts - Group D8)
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Scores are assigned based on the degree of
interest, utilizing a scale of 10, 9, and 8,
among others.

Stage S - Validating

Teacher ITB anticipated that students would critically evaluate
their findings, identifying areas of uncertainty and proposing potential
improvements to the model. A limited number of groups expressed
skepticism regarding their findings, citing concerns about the accuracy of the
data collection; however, they were unable to propose alternative solutions.
Conversely, several of the groups deemed their findings to be reasonable and
did not provide any additional commentary in their PowerPoint presentations.
Only two groups suggested the application of different models for further
testing. Based on the interviews conducted with both the students and the
teachers, the teachers had anticipated that the students would be able to
provide a mathematical critique of their model. On the other hand, students
ISA, ISC, and ISD all stated that they were unable to conceptualize how to
accomplish this task.

As the students were expected to consult with Al as part of the process,
teacher ITB encouraged students to utilize the Poe platform to identify
potential enhancements for their projects. Students were instructed to
document the responses generated by Poe and incorporate them into their
presentation slides. Additionally, all of the groups were prompted to pose
questions regarding other factors that could be critical to the model. Among
the digital artifacts produced, it was observed that half of the students
dismissed the suggestions provided by Poe, arguing that the proposed factors
could not be integrated into their models. Conversely, the other half accepted
the suggestions but did not incorporate any of the new factors into their
existing models. The factors considered encompassed weather conditions,
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pedestrian traffic, catering services, and the needs of children. One student,
(ISC), expressed uncertainty regarding the necessity of adding the suggested
factors, while another student (ISD) indicated a lack of understanding
regarding how to integrate the factors into the model. All of the teachers
drew the conclusion that the students were unfamiliar with the effective use
of Al, particularly in terms of questioning the methodology and validating
the responses generated by Poe.

Stage 6 - Writing

In this stage, students were expected to present the route they had
designed, itinerary arrangements, and any other relevant information.
Based on the digital artifacts submitted, the majority of groups successfully
demonstrated the route and itinerary (See Figure 12); however, a small
number of groups neglected to include all of the necessary information.

Figure 12. The Best Route (Artefacts - Group A2)
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Discussion

The majority of students demonstrated a satisfactory ability to
comprehend the problem and formulate their own problem statements during
the reading stage. Furthermore, they were able to construct mathematical
models and apply the models to a real-world scenario in the calculation
stage, as well as effectively present their recommended pathways and
pertinent information in the writing stage. However, only a limited number of
students satisfactorily demonstrated the ability to make relevant assumptions
during the modelling stage. While the students proved that they were capable
of collecting and analysing data, approximately fifty percent struggled to
effectively present their findings in the estimation stage. Additionally, the
students faced challenges in determining the appropriateness of their models




and utilizing artificial intelligence for consultation during the validation -
stage.

Participation in the project significantly improved the ability of the
students to comprehend the concept of mathematical modelling; allowing
them to grow from a point where they were unsure of the concepts and
their execution to a robust conceptual understanding of the ideas and
applications. The experience highlighted the relevance of using mathematical
modelling in a real-world context (Czocher, Melhuish, Kandasamy & Roan,
2021). Furthermore, some of the students enhanced their understanding
of modelling by engaging with written descriptions available online and
articulating these concepts in their own words. This underscores the positive
impact that providing reading materials on modelling can have on enhancing
the knowledge and understanding of the students. Additionally, the project
contributed to the ability of the students to interpret mathematical results in
an actual real-life situation, as opposed to merely focusing on the calculation
phase, which corroborates the findings of Schukajlow, Kolter & Blum (2015).

Students demonstrated relatively poorer performance in the estimation
and validation stages. This might reflect that estimation and validation stages
were more difficult to grasp than the other stages. In addition, teachers were
found to pay less teaching time to the two stages. Thus this might reflect a
mismatch between students’ need in learning and teaching focus.

Only half of the students reported that the project was engaging,
which does not fully align with Smith and Morgan (2016) assertation that
contextual relevance can serve as a means to promote student engagement
with mathematics. A potential explanation for this discrepancy may lie in the
fact that a number of student performed relatively poorly on the estimation
and validation tasks, which could be attributed to issues related to teacher
preparedness and student readiness, resulting in a disconnect within the
stages of the mathematical modelling cycle. Educators often expect students
to apply mathematical principles; however, many students tend to default to
common sense reasoning, leading to irrelevant responses, particularly in the
areas of making assumptions and conducting validations.

To address the existing gap in understanding, Vygotsky’s concept of the
Zone of Proximal Development (ZPD) offers valuable insights. The ZPD
is defined as the range between a learner’s potential development and their
actual development (Riddle & Dabbagh, 1999). According to this framework,

when a learning task is either too challenging or too simplistic for students —
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falling outside their ZPD—they may experience feelings of anxiety or
boredom. In this context, scaffolding serves as a strategic approach to assess
proximal behaviors (Riddle & Dabbagh, 1999). Scaffolding is described
as a “process that enables a child or novice to solve problems, carry out
tasks, or achieve goals that would be beyond their unassisted efforts”
(Wood, Bruner & Ross, 1976). Essentially, scaffolding is the practice where
educators, or other knowledgeable adults, provide structured support to
facilitate the cognitive development of the students. This support enables
the students to reach the next level or stage, thereby optimizing individual
learning outcomes. Consequently, when teaching mathematical modelling, it
is imperative for educators to recognize the potential and the limitations of
their students, particularly when they may lack experience or ideas related
to modelling processes such as estimation and validation. However, it is also
crucial to avoid excessive guidance from teachers, as this can lead students
to become overly reliant on the models presented, which would ultimately
hinder the development of the mathematical reasoning and creativity of the
students, particularly the high achievers.

Overall, the results of this study indicate that the general experience
of the students with mathematical modelling was positive; particularly in
the areas of reading, calculating and writing, in which they performed well.
However, the primary limitation of this study was the small sample size. In
order to verify the results presented here, the study should be repeated with
a larger sample size. However, to overcome some of the challenges faced
during this study, a further refinement of the teaching material should be
carried out, drawing from the existing attitudinal surveys that have been
conducted in support of mathematical modelling.

Conclusion

This study demonstrated that the incorporation of relatable real-world
contexts can facilitate the ability of high school students to understand and
engage with mathematical modelling. Through this approach, students not
only grasped the concept of mathematical modelling but also cultivated an
appreciation for its relevance with respect to their personal experiences.
Following the completion of the project, which included the PowerPoint
presentations, students recognized the potential of mathematics, particularly
mathematical modelling, as a valuable tool for addressing real-world
problems, a perspective that had previously been associated primarily with
scientific disciplines. This newfound understanding contributed to a positive
shift in the attitudes of the students toward mathematics. Stillman (2010)




advocated for the introduction of modelling at the earliest stages of education.
This suggests that early exposure to mathematical modelling, within relatable
contexts, may foster a deeper appreciation for mathematics and its practical
applications earlier in the educational journeys of the students. Furthermore,
to promote the integration of mathematical modelling in primary and
secondary education, this study highlights the critical importance of teacher
training. It emphasizes the need for a wide range of training activities,
particularly with respect to the pedagogical content knowledge (PCK) related
to mathematical modelling. Although teachers may possess mathematical
knowledge, it is essential to equip them with pedagogical knowledge and
skills to assist students of all abilities to understand the materials. For one,
teachers should recognize the importance of each of the MAD stages and
avoid paying excessive attention to the modelling stages. This approach can
further enhance the abilities of the students to understand and appreciate
mathematical modelling.
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Examining the Impact of an Inquiry-Based
Science Education Programme on Secondary
Students’ Understanding of the Nature of
Scientific Inquiry

TO Ching Yuet and WONG Wae Ming

Po Leung Kuk Laws Foundation College

Abstract

This study investigated whether students’ understanding of nature of
scientific inquiry (NOSI), particularly three aspects of NOSI known to
be difficult to develop (i.e., the key role of scientific questions, multiple
scientific methods, and the relationship between data and evidence), can be
developed in an inquiry-based science education programme that engages
students in authentic scientific practices. It also explored student perceptions
of the impact of the activities on their learning. Data sources included pre-
and post-programme Science Inquiry Maps constructed by student groups,
student responses to the Views about Science Inquiry (VASI) questionnaires,
a study-derived written survey, and a student focus group interview. Mixed
methods analysis revealed that, at a group level, students developed a better
understanding of the scientific inquiry process, no longer viewing it as
linear and regimented, but as complex dynamic interactions between the
key steps. However, individual students showed only modest changes in
their understanding of the three targeted NOSI aspects, despite statistically
significant changes in their self-perception of understanding (p<0.001).
Three features of the activities were perceived by the students as important in
their learning. Two tensions in designing and implementing an inquiry-based
science education programme aiming at improving students’ understanding
of NOSI are discussed.

Keywords

nature of scientific inquiry, inquiry-based science education programme
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Literature Review

Understanding of the Nature of Scientific Inquiry as an Important
Component of Scientific Literacy

Scientific literacy has long been an important goal of science education
in Hong Kong and worldwide (Curriculum Development Council, 2017;
OECD, 2023). Scientifically literate people must not only develop an
informed understanding of the products of science (e.g., principles, laws
and theories) (Roberts & Bybee, 2007) and be able to engage in the process
of doing science but also participate in the public discourse on science
(Roberts & Bybee, 2007). In their recent chapter published in the Handbook
of Research on Science Education, Schwartz, Lederman, and Enderle
(2023) reviewed extensive research related to scientific inquiry and made
it clear that understanding the nature of scientific inquiry (NOSI) involves
possessing knowledge about the processes of scientific inquiry. It refers to
one’s epistemological views “of the nature and rationale of the processes
through which that knowledge is constructed and justified within the
scientific community” (p. 764). It is not the same as the ability to do inquiry.
They argued that “[t]he doing of science (skills of inquiry, doing scientific
practices) are useful to a limit toward what we consider functional scientific
literacy” (p. 764) and that “[h]aving knowledge about scientific inquiry as
another cognitive domain pushes the individual beyond skills into meaningful
understandings and abilities to interpret and evaluate scientific claims,
including personal situations” (p. 764-765). Their critical review of the
current state of the art of research on scientific inquiry brings to light the lack
of empirical studies on students’ understanding of NOSI and convincingly
demonstrates the importance of addressing the relevant epistemic ideas about
NOSI to facilitate the transition from science literacy to functional scientific
literacy.

Secondary Students’ Understanding of the Nature of Scientific Inquiry
and Strategies to Improve their Understanding

One reason for the scarcity of empirical studies on students’
understanding of NOSI is the lack of valid and reliable instruments to
accurately assess these understanding. Recently, Lederman, Lederman,
Bartos, Bartels, Meyer, and Schwartz (2014) developed and validated a
questionnaire entitled Views about the Nature of Scientific Inquiry (VASI).
This questionnaire identified several important epistemic ideas about NOSI
for assessment. As a follow up, this researcher group in collaboration with
many other research groups across the globe conducted two large-scale
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international collaborative surveys of students’ understanding of NOSI,
with the aim of establishing a baseline understanding of where students
are before and after secondary school education (Lederman, Lederman,
Bartels, Jimenez, Acosta, Akubo, Aly, Andrade, Atanasova, Blanquet,
Blonder, Brown, Cardoso, Castillo-Urueta, Chaipidech, Concannon,
Dogan, El-Deghaidy, Elzorkani, Ferdous, Fukuda, Gaigher, Galvis-Solano,
Gao, Guo, Gwekwerere, Gyllenpalm, Hamed Al-Lal, Han-Tosunoglu,
Hattingh, Holliday, Huang, Irez, Jiménez, Kay, Koumara, Kremer, Kuo,
Lavonen, Leung, Liao, Librea-Carden, Lin, Liu, Liu, Liu, Mamlok-
Naaman, McDonald, Moller, Morales, Mulvey, Neumann, Neurohr, Pan,
Panjaburee, Penn, Plakitsi, Picholle, Ramnarain, Raykova, Rundgren,
Salonen, Santibanez-Gomez, Schwartz, Sharma, Srisawasdi, Takiveikata,
Urueta-Ortiz, Vitlarov, Voitle, & Wishart, 2021; Lederman, Lederman,
Bartels, Jimenez, Akubo, Aly, Bao, Blanquet, Blonder, Bologna Soares de
Andrade, Buntting, Cakir, El-Deghaidy, ElZorkani, Gaigher, Guo, Hakanen,
Hamed Al-Lal, Han-Tosunoglu, Hattingh, Hume, Irez, Kay, Kivilcan Dogan,
Kremer, Kuo, Lavonen, Lin, Liu, Liu, Liu, Lv, Mamlok-Naaman, McDonald,
Neumann, Pan, Picholle, Rivero Garcia, Rundgren, Santibafiez-Gomez,
Saunders, Schwartz, Voitle, von Gyllenpalm, Wei, Wishart, Wu, Xiao, Yalaki,
& Zhou, 2019) .

Students from Hong Kong participated in the follow-up round of this
international project (Lederman et al., 2021). Based on the responses of
100 first-year students who had studied science in secondary school at a
local top university, several weaknesses in students’ understanding of NOSI
were revealed from their responses in VASI. For example, students did not
understand that scientists use a variety of scientific methods. In addition,
students tended to misunderstand that scientific investigations can begin with
arbitrary questions rather than scientific questions. Finally, students conflated
data with evidence and equated data only with numbers and statistics.
While this study is valuable because it highlights aspects of NOSI that
Hong Kong secondary students may struggle with, this and existing studies
do not provide empirical evidence on whether these three epistemic ideas
about NOSI (i.e., (1) the role of scientific questions; (2) multiple scientific
methods and (3) the relationship between data and evidence) (Table 1) can
be developed through targeted interventions. Critical questions still remain.
For example, can these three aspects be improved by immersing students
in inquiry-based activities that mirror authentic scientific pursuit? What are
the features of the activities that can enhance students’ development of these

epistemic ideas?
‘m ‘
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Table 1. Three epistemic ideas in NOSI that challenges Hong Kong first-
year university students.

The role of scientific ~ Scientific investigations involve posing and answering
questions questions. For an investigation to occur, a question
about the natural world must be asked. While traditional
experimental designs often include a formally stated
hypothesis, this is not required or typical for other designs,
such as observational and correlational studies.

Multiple scientific Scientists perform investigations by observing natural
methods phenomena. Often, observational and correlational research
methodologies are used to gather data. Students need to
understand the variety of research methods used across
and within scientific domains and recognize that scientists
choose different types of investigations based on the
questions they aim to answer.

The relationship Data and evidence serve different purposes in scientific
between data and investigations. Data are observations collected by scientists
evidence during an investigation and can take various forms, such

as numbers, descriptions, photographs, audio, and physical
samples. Evidence, on the other hand, results from data
analysis and interpretation, and is directly linked to a
specific question and related claim.

Summary

In summary, the research studies have not only highlighted the
importance of students’ understanding of NOSI but also revealed the
epistemic ideas that Hong Kong students struggle with. There is an urgent
need to design and implement an inquiry-based science programme to
improve Hong Kong students’ understanding of NOSI. Such a study provides
may shield insights on how an inquiry-based science programme can be
designed and implemented to enhance Hong Kong students’ understanding
of NOSI. With this in mind, this study aims to investigate the effectiveness
of an inquiry-based science education programme to improve secondary
students’ understanding of NOSI. The following research questions guide the
conduct of the study:

RQ1. How do students’ understanding of the nature of scientific inquiry
develop as a result of participation in an inquiry-based science
programme?




RQ2. What are the student perceptions of the usefulness of the activities in
developing their understanding of the nature of scientific inquiry?

Context of the Research

The school-based science education programme aims to improve
secondary students’ understanding about science in general. It has been
conducted since 2005 for 18 years. The previous programme assumes that
students learn NOSI based on an implicit approach. Anecdotal evidence
suggests that students found the programme enjoyable, but no systematic
evidence has ever been collected to critically evaluate its effectiveness
in terms of improving students’ cognitive outcomes in terms of their
understanding of NOSI.

This year, the programme was reconceptualised and re-designed to more
specifically address the three epistemic ideas that are known to be difficult
and challenging, but essential for Hong Kong secondary students’ functional
scientific literacy (see the above section). The new design was a collaborative
effort between practitioners (i.e., science teachers in the secondary schools)
and science education researchers (Gomoll, Hmelo-Silver & §aban0vié,
2022). Researchers brought expertise in contemporary inquiry-based learning
and epistemological frameworks, ensuring alignment with the program’s
goals. In turn, practitioners developed the curriculum and lesson materials
tailored to the participating students.

The design and development of the program were informed by current
literature on best practices for promoting science learning. For instance,
students engaged in a series of inquiry-based science activities and were
provided with conceptual tools to think critically and reflect on their
experiences within an epistemological framework (Abd-El-Khalick &
Lederman, 2000). The previous programme includes several inquiry-based
activities such as Mystery Tube (Lederman & Abd-El-Khalick, 1998), Brine
Shrimp Investigation (Dockery & Tomkins, 2000). These activities were
modified to bring the three epistemic ideas related to NOSI to the students’
attention in an explicit and reflective manner to foster their epistemological
understanding of NOSI. The students conducted five guided-inquiry activities
in various topics (Table 2). Each inquiry activity lasted about 90 to 180
mins. In general, students in each lesson formulated a research question in
the inquiry, designed and conducted their investigations, and collected or
analysed primary or secondary data.
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Table 2. Investigative activities in the inquiry-based programme

Investigative = Mystery Box Rocket Sailing Stone Brine Shrimp  Exploring
Activity Challenge Investigation Mystery Investigation Dataset
Scientific What is inside Which mixtures What caused the Do brine shrimps What are the
question the mystery box? of hydrogen rocks to move in prefer to live in  factors that
asked and oxygen Racetrack Playa? light or dark? influence an
burn most individual
explosively? cardiovascular
response to cold
stress?
Scientific Observational Fair-testing Modelling Fair-testing Observational
method(s) Correlational
involved
Brief Students focused Students Students Students Students
description on uncovering predicted the focused on the  investigated examined
of how the contents of ~ optimal volume  mysterious brine shrimp cardiovascular
students a mystery box ratio of hydrogen natural larvae’s activity response
collect data without looking  gas and oxygen phenomenon of preference to cold stress.
to make into the box gas to give sailing stones in  for different They conducted
claims through the a powerful the Racetrack colors of light.  the cold
inquiry process. explosion. They Playa of the They designed ~ pressor test and
plan and design  Death Valley their own investigated with
experiments National Park,  experimental a large data set
to test their which puzzled  design and for descriptive
predictions. scientists for evaluated peers’ and correlational

Snapshot

over a century.

-

setup design for
the investigation.

study.

Student
artefacts

Research Methods

Research Design

The exploratory study adopts an action research approach in which
the practitioners (i.e., science teachers) who designed and implemented
the science programme collaborated with researchers to solve problems
deemed important (Carr & Kemmis, 2003). The results are of local interest
to the school, but can potentially generate interest outside the immediate
environment.
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Data Collection

A total of sixteen secondary two students, aged 13 to 14, voluntarily
enrolled in the school-based science education program and were
subsequently included in this study. These students demonstrated a significant
level of motivation toward science and achieved scores within the top 20% in
standardized assessments for integrated science. The students were reminded
of their rights as research participants and that their grades would not be
affected by participating in the research. The changes in the participating
students’ understanding of NOSI (i.e., RQ1) were investigated at both
group and individual levels. The changes in group level understanding was
based on the pre- and post-Scientific Inquiry Map (Xiang & Srinivasan,
2023) generated by students in groups. Specifically, at the first session of
the programme, the students were given eight inquiry slips representing the
main practices in the scientific inquiry process, as well as blank slips where
they could write down the step(s) they considered important. In groups of
four, they were asked to create a Scientific Inquiry Map by adding arrows or
text between the slips to make their maps more intelligible to others. They
were given the same instructions in the last session of the programme. To
gauge changes in individual level understanding, the students completed the
VASI questionnaire (Lederman et al., 2014) at the start and after the science
programme.

For RQ2, students completed a study-derived written survey after the
programme to describe how they perceived the programme in terms of
developing their understanding of the NOSI (Appendix 1). The survey also
contained questions that elicited students’ perceptions of the usefulness of the
activities in enhancing their learning (Appendix 1). A semi-structured focus
group interview (47 mins 18s) was conducted with six students to obtain in-
depth students’ views. Students who demonstrated varying changes in their
understanding of NOSI in the VASI were invited before the interview. The
interview questions focused on (1) students’ perceived learning from the
programme, (2) features of the activities that facilitated their learning, and (3)
potential improvements for the programme. The interview protocol can be
found in Appendix 2.

Data analysis

Both group- and individual-level data were analysed to answer RQ1.
Pre- and post-Scientific Inquiry Maps constructed by groups were analysed
for the following foci. First, the maps were coded as depicting the SI process
as either a linear or a non-linear process. Second, the total number of labels
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used, the total number of arrows that connect the major practices in key steps
of the SI process, as well as the total number of labels with more than three
arrows were counted and tallied. These analyses reflect the complexity of
the SI process as well as the interconnection between the practices in the
key steps of the SI process depicted by the students. Finally, the maps were
also checked for evidence of understanding with respect to the three difficult
aspects of NOSI in VASI. Specifically, the maps were analysed to see if they
contained information about whether the SI process starts with a scientific
question, the existence of multiple types of scientific methods, and whether
there was a clear differentiation between data and evidence.

For changes at an individual level, student responses in the VASI
questionnaire were analysed qualitatively based on Lederman et al. (2014).
A scoring panel comprising three members was set up. The members first
read examples of student responses showing various levels in the VASI
questionnaire in published studies (Gai, Li, Zheng, Wei, Jiang & Lederman,
2022; Gaigher, Lederman & Lederman, 2014; Lederman et al., 2014; Wei,
Jiang & Gai, 2021). Based on individual reading of the responses and
a collective discussion, a scoring rubric in Appendix 3 was formulated
drawing upon the rubric used in Gaigher et al. (2014) after analysing 10%
of the data set. Panel members then independently scored the responses.
Discrepancies were resolved through negotiation. The interrater reliability of
50% of the responses was 87% using the formula [Agreement/(Agreement
+ Disagreement) x 100] suggested by Miles and Huberman (1994), deemed
to be acceptable based on Lederman et al. (2014). One team member then
scored the rest of the responses, and the scoring was further verified by
another team member. All discrepancies identified were resolved through
discussion.

To answer RQ2, the mean and standard deviation of the students’
perception of their understanding of the nature of scientific inquiry before
and after the program were first analysed descriptively. Due to the small
sample size, differences in the central tendency of the ranked data between
the start and the end of the program were tested using a Wilcoxon signed-
rank test (Shavelson, 1996), which is a non-parametric substitute for the
paired 7-test that is used on ordinal data that do not meet the normality
assumption required by the paired ¢-test. The quantitative analysis was
complemented by qualitative analysis of student views in interviews and
written surveys. The fully-transcribed interview transcripts as well as the
responses in the surveys were analysed qualitatively using thematic analysis
in Appendix 4 with respect to two foci: (1) key features of the activities
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students perceived to be facilitative to their learning; (2) improvement of the
programme. See Appendix 4 for the themes and subthemes identified from
the qualitative analysis.

Several strategies were used to ensure the trustworthiness of the research.
First, during the scoring of the VASI responses, the raters were blinded to
the identity of the sample as well as whether it was pre- or post-test. Second,
the student interview was conducted by an external researcher who was not
involved in teaching the programme. The students were assured that the
teachers did not get access to the data with identity so that the students could
freely express their views.

Findings

Changes in Students’ Understanding of the Nature of Scientific Inquiry
(RQD)

Changes at a Group Level

The possible changes in students’ understanding of NOSI at a group
level was investigated based on the pre- and post-SI Scientific Inquiry Maps
(Figure 1). The analysis revealed that at the start of the programme, half of
the groups (n = 2) conceptualised the SI process as linear and regimented,
comprising steps with fixed orders. However, after the programme, all the
groups (n = 4) saw the SI process as more complex and iterative, constituting
a non-linear process.

Figure 1. Scientific inquiry maps constructed by student groups at the
start (pre-SI map) and near the end of the programme (post-SI map)

Pre-SI Map Post-SI Map
Group 1

Sclentific Inquir Scientific Inged
Pmcossq ¥ “Po%cces? il

L5 Dl ERHSHla=d @

) Defining a Question
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serving to Investigate

i
Proposing a

Scientific Inquiry gl Hypothesis
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Specific aspects of
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Pre-SI Map Post-SI Map
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Students also developed a more nuanced understanding of the
relationships between different steps in the SI process. Although the total
number of labels did not change for most groups, their post-SI maps were
more complex and contained more details. Except for Group 4, the number
of arrows in the maps increased considerably. For instance, Group 1’s map
showed an increase from 9 to 11 arrows, Group 2’s from 6 to 9, and Group 3’s
from 11 to 18. Moreover, the number of labels with more than three arrows
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also increased in all groups except Group 4. An interesting observation can
be seen in the maps of Groups 1, 2, and 3. In the pre-SI maps, none of these -
groups connected the “communicating findings” label to more than one other

label. However, in the post-SI maps, they all connected this label to multiple

labels. For example, in Group 2’s post-SI map, “communicating findings”

was connected to “proposing a hypothesis,” suggesting that communicating
findings may lead to reformulating the hypothesis. Similarly, Group 3
connected “communicating findings” to both “gathering data” and “proposing

a hypothesis,” indicating that students became more aware of how the social

process of scrutinising the data presented may lead to the realisation of the

need to gather more data or adjust the original hypothesis.

Regarding specific NOSI aspects, in the pre-SI maps, only Group 2
mentioned multiple scientific methods, including surveys and experiments
as the methods used in the SI. In the post-SI maps, this group added
“observation,” and Group 3 indicated “fair testing” and “pattern seeking”
which reflect their understanding of the existence of multiple scientific
methods. In the pre-SI maps, none of the groups mentioned both “data” and
“evidence.” However, in the post-SI maps, two groups (Groups 2 and 4)
started to differentiate between these two ideas, with Group 4 clearly stating
“find evidence from data.” However, there appears little change in terms of
how the groups see the role of scientific questions in the SI process.

Changes at an Individual Level

Apart from changes at a group level, we investigated individual students’
changes in understanding of three epistemic ideas about NOSI at the start
and near the end of the programme based on their responses in the VASI
questionnaire. Table 3 displays the results. The following describes the
students’ performance in the three targeted aspects.

Table 3. Number of students and percentage frequency (%) categorised
as holding naive, mixed, and informed views before and after the
programme across three aspects of NOSI.

Scientific data are

Begins with not the same as
a question Multiple methods scientific evidence
N M I N M I N M I

Pre (n=16) 2(13) 14(88) 0(0) 6(38) 8(50) 2(13) 1(6) 8(50) 7(44)
Post (n=16) 2(13) 11(69) 3(19) 7(44) 6(38) 3(19) 0(0) 9(56) 7(44)

Notes: N = Naive; M = Mixed; I = Informed. ‘IMI




4 A o

r

142

Scientific Investigations All Begin with a Question and Do Not
Necessarily Test a Hypothesis. In the pre-test, the students either held mixed
views (88%) or naive views (13%) and none with informed views on this
aspect. Typically, students believed that investigations do not need to begin
with a scientific question, as illustrated below:

“I agree with the student who said “no”. Because scientific
investigation does not need to start with a question, it can start
with an opinion, a theory, a thought and other things.” (Student 5,
Pre-, Naive)

In the post-test, three students advanced to informed views on this
aspect. Consider the responses of Student 9 below:

“Yes, [the investigation is scientific]. He observes the relationship
between beak shape and the type of food birds eat and prove[s]
they are [correlational], by many observations which are
evidence.” (Student 9, Post-, Informed)

“No, [it is not an experiment]. [Because] an experiment should
be a fair test, with dv, iv, cv and controlled set-up. Experiment/[s]
can be a kind of investigation. However, the investigation above
is just observing and finding evidence, which’s not seen as [an]
experiment.” (Student 9, Post-, Informed)

“Yes, [investigations should start with a question], as scientific
investigation always start[s] from things that are unknown, so we
always need something to wonder [about] in order to find out the
answer. We wonder and ask what the shape of earth is, and we can
do scientific investigation on it.” (Student 9, Post-, Informed)

Note that Student 9 was not only able to identify the different types of
scientific methods, including observation and experimental studies, but he
was also able to describe the key role of question in guiding the process of
a scientific investigation. However, such informed responses are rather rare
within the samples. A majority of students still held mixed views (69%)
after the programme. Their responses reveal some misconceptions that were
resistant to change, as exemplified by the following statements:




“No. It can be a question that [is] interesting.” (Student 14, Pre-,
Mixed)

“I agree [with] no. It may begin with the curiosity of the scientist.
Can be just a[n] interesting fact and try to investigate it.” (Student
14, Post-, Mixed)

These students appear to believe that scientific investigation can begin
with any interesting questions rather than valid scientific questions. Apart
from this misconception, some students were found to conflate observational
studies with fair-testing and wrongly believed that observational studies
involve manipulation of variables for hypothesis testing, as illustrated in the
following responses:

“Yes. Because we can do a variety of experiment[s], such as
feeding experiment([s] in [the] wild to collect data and compare.
And then, find out [if] the person’s hypothesis [is] correct or not.
It is possible and necessary to do some experiment(s| and not only
do research.” (Student 15, Pre-, Mixed)

“Yes. Because he can focus on the type of bird we need by doing
experiment[s]. Also it is a better method than finding birds in the
wild.” (Student 15, Post-, Mixed)

There is No Single Set and Sequence of Steps Followed in All
Scientific Investigations (i.e., There is No Single Scientific Method).
Before the programme, only two students held informed views (13%) and
recognised that observation can be an alternative scientific method, other
than experimentation. The majority of the students held mixed (50%) or
naive views (38%). For example, these students mistakenly believed that
scientific investigations must involve experiments or hold the misconception
that there is only one single scientific method. The following shows some
typical examples:

“Yes. Because he tried to divide the bird[‘s] beak shape. Also, he
has concluded and he ha[s] do[ne] some experiment[s], although
he doesn’t consider other variables.” (Student 8, Pre-, Naive)

“No, the only way to conduct a scientific investigation by
doing lots of experiment to collect proves that can support
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the investigation, this is the only way to conduct a scientific
investigation because this is the only way which can collect proves
and understand the truth of the scientific investigation” (Student 5,
Pre-, Naive)

The total number of students with mixed or naive views (pre: 88%;
post: 82%) remained nearly the same after the programme. A closer analysis
of their statements reveals some changes in their responses - none of the
students believed there was only one scientific method in the post-test.
However, students still struggled to distinguish between different types of
scientific methods, such as observational and experimental methods. Rather
than describing the multiple methods used by scientists, students often
described the possibility of using different procedures to achieve the aim in
an investigation, as illustrated by the following statement:

“Yes, when we are doing the rocket experiment (in [Integrated
Science Gifted Programme]), we need to [find] which type of fuel
supported the rockets. My group measured the height of the rocket,
while Sammy (pseudonym)’s group measured the loudness of the
explosion. Our methods are different! However, we get similar
results. This proves scientific investigations can follow more than
one method.” (Student 1, Post-, Naive)

It appears that students were not very clear about the various types
of scientific methods and why scientists make use of multiple scientific
methods.

Scientific Data are Not the Same as Scientific Evidence. Students fared
reasonably well in this targeted aspect even in the pre-test. Almost half of the
students (44%) could give an acceptable explanation as they could identify
scientific evidence as the product of data analysis. Slightly more than half of
the students held mixed (50 %) or naive views (6%). The following shows
some typical responses:

“Data is the result of observations or experiments which can be
wrong, and evidence is a kind of data which proves something
correct or wrong, so evidence is always right.” (Student 10, Pre-,
Mixed)




“Data is different number of the experiment. It is for make the
experiment better if the last time is not successful. Also, it is the
result of the experiment. Evidence is text that to let people know
why the experiment result is this. It is for proving and explain the
result and make the conclusion be more people trust.” (Student
12, Pre-, Mixed)

“Information that we find but may not useful or cannot [prove]
our hypothesis.” (Student 16, Pre-, Naive)

These responses reveal that students held several misconceptions
about data and evidence. Similar to the Hong Kong university students in a
previous study (Lederman et al., 2021), the students also believed that data
can only be in the form of numbers. They also did not realise that evidence is
an interpreted form of data. They mistakenly believed that evidence is always
correct and ignored that evidence can be biased or incorrectly analysed. As
a result, they believed that the role of evidence is to prove the results rather
than to support or refute a scientific claim.

The number of students who held mixed views and informed views
remained similar before and after the programme (pre: 94 %; post: 100%).
The students still believed that data can only be in the form of numbers, but
not in other forms such as qualitative observations, and that evidence was
used to prove a hypothesis or conclusion rather than to support or refute a
claim, as the following typical responses show:

“Data is different from evidence as data can be wrong due to
errors in experiments and evidence is always proving something
right.” (Student 10, Post-, Mixed)

“[D]ata is messy, without filtering and only number. Evidence is
filtered with personal [effort].” (Student 12, Post-, Mixed)

Summary of Findings of RQ1

Analysis of the changes in student responses in the Scientific Inquiry
Maps and the VASI questionnaire revealed some patterns of change in
students’ understanding of NOSI. First, based on the group-level data,
students developed a more sophisticated understanding of the SI process.
They viewed the SI process as a more complex and iterative process, with
more intricate relationships between the important steps. Students also
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became more aware of the existence of multiple scientific methods and
the distinction between data and evidence. However, when zooming in on
changes in each student’s understanding of NOSI in the VASI questionnaire,
only modest progress was seen in the three targeted aspects of NOSI. This
suggests that students have not yet developed a nuanced understanding of
these three epistemic ideas.

Students’ Perceptions of the Usefulness of the Activities (RQ2)
Perceived changes in understanding of NOSI

Figure 2. Students’ perceived understanding of the nature of scientific
inquiry before and after the programme
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Perceived understanding of NOSI

(1 = very bad; 2 = bad; 3 = fairly bad; 4 = neutral; 5 = fairly good; 6 = good;
7 = very good)

Figure 2 shows the students’ perceived understanding of NOS at the
start and after the programme. At the start of the programme, more than one-
third (n = 6) of the students perceived their understanding of the nature of
SI as ranging from very bad to fairly bad (i.e., 1 to 3), with none rating their
understanding as good or very good (i.e., 6 or 7) (M = 3.4, SD = 1.4). After
the program, only one student perceived their understanding to be fairly bad
(i.e., 3) while 10 students rated their understanding as good or very good (i.e.,
6 or 7) M =5.7,SD = 1.1). The change in students’ perceived understanding
of the nature of scientific inquiry between the pre- and post-programme
assessments was statistically significant (p = .000). This data suggests
that students perceived that the programme was useful in enhancing their
understanding of NOSI.

y .



Activities perceived to be most useful to their learning -

Table 4. Students’ perceived usefulness of the activities in enhancing
their NOSI

Perceived usefulness

Activity
Mean* (SD) Score# (No.)
(a) Mystery Box Challenge 4.3 (0.9) 27 (12)
(b)  Rocket Investigation 4.1 (1.0) 17 (9)
(c) Sailing Stone Mystery 3.3(1.3) 12 (6)
(d)  Brine Shrimp Investigation 4.2 (0.8) 23 (12)
(e) Exploring Data Set 3.7(1.2) 17 (9)

*1 = very not useful; 2 = not useful; 3 = neutral; 4 = useful; 5 = very useful
# The students chose three activities that they perceived to have contributed
most to enhancing their understanding of NOSI. The top-ranked activity was
given a score of 3.0, the second-ranked activity was given a score of 2, and
the third-ranked activity was given a score of 1. The number in the brackets
refers to the number of students who chose this activity as one of the three
top ranking activities.

The students also rated the usefulness of each activity in the programme
for enhancing their understanding of NOSI on a scale of 1 (very not useful)
to 5 (very useful) in terms of usefulness. Table 4 shows the ratings. Mystery
Box Challenge (Rating = 4.3), Brine Shrimp Investigation (Rating = 4.2) and
Rocket Investigation (Rating = 4.1) received the top three ratings. A majority
of students ranked these three activities as one of the top three contributing
activities in enhancing their learning of NOSI. Typical reasons for high
ratings of these activities were as follows:

“[Brine Shrimp Investigation is] very interactive, the take-
home experiment of growing brine shrimp is fun, which helps me
understand the lesson.” (Student 6, Exit survey)

Let us do more hands-on experiments like rockets. (Student 11,
Exit survey)

Sailing Stone Mystery (Rating = 3.3) and Exploring Data Set (Rating
= 3.7) received lower ratings. These results suggest that students generally
perceived investigations with secondary data source less engaging when
compared to activities involving hands-on experiences, as exemplified by the

following: . 147
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“More experiments, less data investigat[ions]” (Student 4, Exit
survey)

“This programme let us contribute in activities, boosted our
knowledge about NOSI, but some activities may be little boring,
such as exploring datasets...” (Student 5, Exit survey)

Features of the activities facilitative to learning

Several features of the activities that students perceived to enhance their
learning can be identified based on their responses. Consider the following
responses:

“I feel that conducting experiments hands-on has taught me the
most. Through the reading of IS textbook, we might only know
that pop sound could be heard if hydrogen is ignited, but we don't
know, if oxygen is added into hydrogen, there will be a bigger
explosion, like rocket. Therefore, I believe that we can get a better
experience only by doing it once by our own hand.” (Student 13,
interview)

“We need to explore and do different experiments to get different
results and compare with others. Because you experience the
experiment process first-hand, you learn more about it rather than
just reading or listening.” (Student 15, Interview)

In the above quotes, students described the importance of hands-on
experiences in enhancing their learning as evident in their sayings — “get a
better experience by doing it once by our hands”, “you learn more about it
rather than reading or listening”. Indeed, such hands-on experiences were
rather unique from the students’ perspective as they are not simply following
a prescribed protocol or procedure but one that has some degree of openness,

as well-illustrated by the comments below:

“The science taught in this program is much more interesting
than what is taught in science textbooks. In textbooks, they only
tell you how to test for something. But here, you can actually
ask questions, then set up and test things yourself.” (Student 13,
Interview)
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“Usually in science class, the teacher will offer some already-set-
up experiment and then teach you to find somethings, but this time
we can design the experiment ourselves and then test things, just
like that lesson that investigate rocks, at the beginning we will...
Actually, there are many other things like brine shrimps that will
make us think at the beginning. How do you think we can test it?
For example, which type of light they are interested in? It would
not just follow the experiment procedures that they already set, we
can think of how to test it ourselves, and how to make things more
accurate.” (Student 9, Interview)

Notice the stark contrast between what students typically experience
in their science lessons (e.g., being told how to test something) and the
activities in the programme (e.g., setting up and testing things themselves).
Moreover, their comments also highlight that such openness is not exclusive
to a single stage of the SI but is a usual feature in all the stages of the SI
process, including posing questions, designing and conducting experiments,
as embedded in the above responses.

The students also pointed out another salient difference between what
they normally experience in their science classes and the activities in the
programme.

“In the final class, when we tested the relationship between BMI
and blood pressure, initially, I thought that, maybe by reading
textbook, that we can only conduct experiment to perform
scientific investigation and to obtain good results. However, after
completing the test, collecting data, and plotting them on a chart,
I realized that we could understand that as one thing rises, the
other might also rise, indicating a relationship between the two.”
(Student 13, Interview)

“I used to think science was boring. I thought it was boring
always doing those experiments like using a Bunsen burner or
mixing solutions. But after attending this scientific program, |
found the different experiments, different types, like rockets or
experiments with brine shrimp, I found them very interesting.
It’s much more entertaining than before, compared to before in
regular lessons.” (Student 8, Interview)
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It can be seen that the students appreciate the diverse scientific methods
used in the activities of the programme. Such experience is not common to
their school science learning, offering them a more insightful understanding
of the process of how science is done.

Improvement to the programme

Although students are highly positive about the programme, students did
express some views on how the programme could have been improved, as
illustrated below:

“The time for discussion and experimental design was not
enough... [ remember when we were building the rocket, we didn’t
get enough oxygen and tried four times.” (Student 9, Interview)

“Maybe each experiment can focus on a particular step in a
scientific inquiry. Maybe one is about how to use data, while
another is about how to set up experiment. Maybe one experiment
only focus on one step.” (Student 10, Interview)

The first comment highlights the time constraints faced by the students
during the programme. The limited time for discussion and experiment
hindered their progress in delving deeper into problem solving and refining
their methods. Also clear in the views of the second comment is the lack of
focus on specific epistemic ideas from the perspective of the students. The
student opined that it would be more instructive to focus on a narrower set
of epistemic ideas in each learning experience. There is initial evidence that
the students experienced cognitive overload when bombarded with too many
epistemic ideas about science.

Summary of Findings of RQ2

In summary, the students rated the programme very positively. Students
favoured activities where they could gain first-hand experience to collect
primary data. Three main features were perceived as critical to their
understanding of NOSI: (1) hands-on, reflective experience of authentic
science; (2) openness of inquiry-based activities; (3) inclusion of diverse
types of scientific investigations. Two areas that could be improved are (1)
better time management and (2) a narrower focus on specific epistemic ideas
in each activity.




Discussion

The purpose of this study is to empirically investigate the effectiveness
of an inquiry-based science education programme in improving secondary
students’ understanding of NOSI. Despite the highly positive comments and
views of students confirming that the learning experiences were more open-
ended, complex and engaging, consistent with a more authentic version
of science education, the learning data showed only subtle changes at the
individual level in relation to their NOSI. Two important tensions related to
designing and implementing inquiry-based programmes emerge from our
analysis:

First, while the programme was able to help students recognise that there
1s not just one scientific method, it did not help them distinguish between
different types of scientific methods. Therefore, apart from familiarising
students with the different types of scientific methods, more emphasis
needs to be placed on the reasons why scientists use a variety of scientific
methods to achieve a particular epistemic goal need to be emphasised more.
Furthermore, while students recognised the benefits of learning different
scientific methods, they preferred hands-on activities and considered non-
manipulative methods less motivating and engaging. This points to the
tension between how best to incorporate a variety of scientific methods,
other than traditional manipulative experimental designs, in a motivating and
engaging way.

Second, because authentic scientific practices are inherently complex
and involve a certain degree of openness and require a great deal of time for
cognitive processing and reflection. Not only is it difficult to fit this type of
experience into the normal teaching timetable with short class periods, but
more importantly, the rich inquiry- experiences can inadvertently open up
opportunities for students to connect their experiences to a diverse set of
NOSI aspects. If they are not sufficiently focused in their reflections, their
revision of naive ideas about specific epistemic ideas can be superficial and
lead to partial changes in their understanding. It is incumbent upon teachers
to navigate the tension of providing students with rich experiences while
providing sufficient structure and guidance to focus students’ attention on
particular epistemic ideas through reflective discourse.
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Conclusion

Designing and implementing an inquiry-based science programme that
reflects a more authentic and realistic version of science to improve students’
understanding of NOSI can be a complex undertaking.

This study provides empirical evidence that while students appreciate
some key features of the programme and that students’ understanding of
NOS has changed at the group level, change at the individual level is difficult
to initiate. In this context, the study highlighted two important tensions
that need to be considered and addressed. Such explicit management of
the identified tensions could help science teachers to develop these critical
epistemic aspects of science in students so that they achieve functional
scientific literacy which is crucial for their future success.
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Appendix 1. Exit survey

1. One of the goals of this program is to improve your understanding of
the nature and characteristics of the process of scientific inquiry (i.e.,
NOSI). On a scale of 1-7, please indicate your understanding of NOSI
before and after participating in the programme.

(I = very bad; 2 = bad; 3 = fairly bad; 4 = neutral; 5 = fairly good; 6 =
good; 7 = very good)

Before:

After:

Explain the ratings above.

2. What aspects about NOSI did you learn after participating in the
programme?

3. (a) Rate the following activities in terms of their usefulness in enhancing
your understanding about NOSI. Put an V'’ into the appropriate
boxes below.

(1 = very not useful; 2 = not useful; 3 = neutral; 4 = useful; 5 = very
useful)

Activities 1 2 3 4 5
Mystery Box Challenge

Rocket Investigation

Sailing Stone Mystery

Brine Shrimp Investigation

olalo | o

Exploring Datasets

(b) (1) Rank the top three activities that you think contributed most to
enhancing your understanding of NOSI.

Rank Activities
1.
2.
3.

'I156 '




(2) Explain how each of the activities mentioned above contributed
to your understanding. (Provide specific examples or moments that -
contributed to your learning, if applicable)

Rank

Activities

1.

2.

3.

. How can this programme be improved to enhance your understanding of

NOSI?

. Apart from NOSI, what else is the most important thing you have learnt

from this programme.

. Overall, would you recommend this programme to your classmates?

Why?

. Do you have any further suggestions for improving this programme.
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Appendix 2. Interview Protocols

. What do you think is your most important/impressive learning from the

programme? Why do you think so?

. Given you learnt science methods and scientific inquiry before, what

are some of the things that you found surprising to learn from this
programme?

. What are some of the features of this programme that you think is

facilitative to your learning of understanding of scientific inquiry?

. To improve your understanding of SI, what else can the programme do?

. If you know need to tell your classmates the following what would you

say:

(1) How does the process of scientific investigations look like?
(2) What are the methods scientific use to investigate the world?

(3) What are the criteria of a good scientific question? What questions
are not scientific?

(4) In science, what do data and evidence mean?




Appendix 3. Scoring rubric of VASI response

Question number
and epistemic ideas
about NOSI

Naive

Mixed

Informed

la, 1b, 2.

A scientific
investigation should
begin with a question,
not necessarily a
hypothesis

All three answers are
inappropriate

la: it is not scientific
1b: yes, experimental.

2: Investigation should
start with a hypothesis;
also, questions are not
essential

No more than one of
the following types of
mistakes:

la: it is not scientific
1b: yes, experimental.

2: no, it does not
necessary start with a
question

All three answers must
be appropriate.

la: Yes, the
investigation is
scientific as it aims to
explain some aspect of
the natural world

1b: No, it is not an
experiment as there
is no manipulation/
control of variables/
testing

2: A question is the
fundamental reason
why an investigation is
undertaken, a driving
force

1b, lc.

Scientific
investigations can
follow different
methods

Both answers are
inappropriate

1c: Only one scientific
method

Or any two/ more
mistakes, e.g.: 1b: yes,
experimental and Ic:
similar examples

One answer is
inappropriate
1b: Yes, it is an
experiment

Or 1c: one general
method

Or 1c: both examples
are experimental or
non-experimental

Both answers must be
appropriate.

1b: No, it is not an
experiment as there
is no manipulation/
control of variables/
testing

Lc: Yes, investigations
can follow

different methods:
experimental/
practical/testing

as opposed to
nonintrusive/
nonexperimental/
research/ investigation/
observation/
theoretical/ not-
practical

Two suitable
examples required:
one experimental
and the other non-
experimental

4.
Data are not the same
as scientific evidence

There is no difference
between data and
evidence

Evidence differs from
data; unclear/wrong/no
explanation

Evidence is generated
from data, to support a
claim/ conclusion
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interview and the exit survey

(1)Key features of the activities students perceived to be facilitative to their

learning
Theme Sub-theme Main findings Students Quotes
Hands-on Hands-on Students highly We need to explore and do different
and reflective |experience valued the hands- experiments to get different results
experience on experience, which | and compare with others. Because you
allowed them to experience the experiment process
actively engage in first-hand, you learn more about it
experiments and learn |rather than just reading or listening.
through doing. This (Student 15, interview)
method was seen as This [Rocket] investigation [was] not
more effective and . . X
enjoyable compared to [about] just talklng with data, but can
traditional learning. let us do the experiment by ourselves.
(Student 8, Exit survey)
Reflection Reflection prompted | The poster is quite good because
by the task or teacher |you can summarise all your set-
instruction reinforced |ups, conclusions, results, data, and
students’ learning. everything else, making everything
clearer for you and your team. (Student
9, interview)
[For Exploring Data Set], Mr
Wong compared the posters of two
poster[s] to explain the different
between data and evidence and
teach how to get evidence by
analysing data (Student 16, Exit
survey)
Openness of |Openness Students valued the I thought the “hypothesis” would
the inquiry- in asking freedom to propose only appear in the exam paper. But in
based question and | their own hypotheses | this program, I can propose my own
activities formulating and questions. This hypothesis and ask questions. (Student
hypothesis freedom to explore 13, interview)

their curiosity was
perceived as different
from their previous
science learning
experiences.

The science taught in this program
is much more interesting than what
is taught in science textbooks. In
textbooks, they only tell you how to
test for something. But here, you can
actually ask questions, then set up
and test things yourself. (Student 13,
interview)

[For Mystery Box], I learn how to
propose hypothesis about unknown
things and the solution. (Student 7,
Exit survey)




Openness in
designing and
conducting
experiment

Students valued the
freedom to design and
conduct experiments
based on their own
questions and interests,
rather than strictly
following prescribed
procedures. This
approach might

allow them to engage
more deeply with the
material and develop
critical thinking skills.

In books, they prepare all the
experiments, the procedures, and
the equipment for you, but here
you can truly create, maybe think [
want to try this first and then that,
everything is possible. (Student 13,
interview)

That’s the experiment we did in
Form One and Form Two. The
procedures were provided for

you, like first, you need to light

the Bunsen Burner, then do this
and that. But now, you have the
opportunity to write down the steps
yourself, it’s not handed to you by
others. (Student 8, interview)

I think the most important thing

is to actually try it out. Usually in
science class, the teacher will offer
some already-set-up experiment
and then teach you to find
somethings, but this time we can
design the experiment ourselves
and then test things, just like that
lesson that investigate rocks, at the
beginning we will... Actually, there
are many other things like brine
shrimps that will make us think at
the beginning. How do you think
we can test it? For example, which
type of light they are interested

in? It would not just follow the
experiment procedures that they
already set, we can think of how to
test it ourselves, and how to make
things more accurate. (Student 9,
interview)

[For Mystery Box], I know that

I have to be creative. Like when
I measure the angle needed for 1
object to fall and find the object.
(Student 15, Exit survey)
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Inclusion of
diverse types
of scientific
investigations

Diverse Students were engaged | I used to think science was boring. I
experiments and interested in the thought it was boring always doing
variety of experiments |those experiments like using a Bunsen
in the programme burner or mixing solutions. But after
which might have attending this scientific program,
maintained their I found the different experiments,
enthusiasm and different types, like rockets or
curiosity. experiments with brine shrimp, I found
them very interesting. It’s much more
entertaining than before, compared to
before in regular lessons.” (Student 8,
interview)
Diverse The program was In the final class, when we tested
methods of not limited to the relationship between BMI and
investigation conducting controlled |blood pressure, initially, I thought

experimentation

but comprised
investigations using
different scientific
methods. Students
appreciated the
diversity of scientific
methods used in the
investigations within
the programme.

that, maybe by reading textbook, that
we can only conduct experiment to
perform scientific investigation and

to obtain good results. However, after
completing the test, collecting data,
and plotting them on a chart, I realized
that we could understand that as one
thing rises, the other might also rise,
indicating a relationship between the
two.” (Student 13, interview)

[For Sailing Stone Mystery], It taught
me how to use the data given, connect
evidence and conclude a solution

to the hypothesis. (Student 4, Exit
survey)

By the exploring datasets, I understand
the difference between data and
evidence. (Student 10, Exit survey)




(2) Ways to improve the programme

Theme Main findings Students Quotes

Better time Students felt there was insufficient | The time for discussion and experimental
management |time for discussions and experimental | design was not enough... I remember when

design. Extending the program we were building the rocket, we didn’t
duration or optimizing lesson get enough oxygen and tried four times.
times might enhance the learning (Student 9, Interview)

experiences.

I think the programme can be like 8 days
in order to have enough time to finish the
lesson tasks. (Student 10, Exit survey)

More lessons, too short :( (Student 2, Exit

survey)
Narrower focus | Students suggested that each activity | Maybe each experiment can focus on
on specific in the program could focus on a a particular step in a scientific inquiry.
epistemic ideas | specific step of scientific inquiry. Maybe one is about how to use data, while
in each activity another is about how to set up experiment.

Maybe one experiment only focus on one
step. (Student 10, Interview)

I think that the programme can use 1
lesson for each step of actions in the NOSI
to focus more on helping us understand
the NOSI. (Student 4, Exit survey)

To state a clearer relation between the
topic and aspects of NOSI. (Student 16,
Exit survey)
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The Impact of School-based Career and Life

Planning Program on Career Adaptability and

indecision of Students with Visual Impairment.

WONG Park Lam

Ebenezer School

Abstract

There is a raising concern about how to help the students, especially those
with visual impairment, in the present rapidly changing world. The present
study focuses on investigating how a tailored school-based career and life
planning program including regular career lessons and individual career
counseling impacts the career adaptability and indecision of the students with
visual impairment in Hong Kong. To understand the effect of the school-
based career and life planning program on the secondary school students
with visual impairment (S3 to S5), the pretests and posttests are conducted
to assess visual impaired students’ career adaptability and decision-
making difficulties. Meanwhile, the qualitative data are collected through the
regular interviews during individual counseling sessions. The result shows
that the school-based career and life planning program have significant
impact on boosting students’ career adaptability and reducing students’
career decision-making difficulties. More importantly, it also reflects that
regular career lessons and individual career counseling sessions have a
complementary role to each other. These two elements should be integrated
when designing a school-based career and life planning program for students,
especially those with special education needs.

Keywords
career and life planning, school-based program, students with visual
impairment, career adaptability, career decision making difficulties
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Introduction

Career and life planning is a significant element for the present
youngsters (Education Bureau, 2021). Since the advancement in technology
and media, people tend to become more doubtful about their future plan
because of the redundant career information (Savickas, 2013). According to
Super’s career theory (1990), adolescents and young adults are experiencing
the exploration stage which is a significant point of their career development.
It is believed that students with special education needs (SEN) will have
much more difficulties dealing with the mentioned Super’s growing process.
The report from Inclusive Employment of People with Disabilities in Hong
Kong (2021) indicates that the unemployment rate people with disabilities is
about 11% compared with 5.8% of people without disabilities. Job seekers
with visual impairment have identified challenges in the job search process
as a significant career barrier (Donaldson, 2017). The Hong Kong Blind
Union (2018) further indicates that individuals with visual impairment face
an even steeper unemployment rate of 18.9%, underscoring a substantial
employment gap between people with and without disabilities. This disparity
in employment rates reflects significant challenges faced by individuals
with disabilities, including limited access to education, skills development,
and reasonable accommodations. Given the above situation, it is crucial for
educators to equip students with special education need, especially those
with visual impairment, early for their career planning. By providing the
necessary support and resources, we can help them navigate their futures
more effectively and overcome the challenges they face. The present study
will investigate whether the school-based career program which integrated by
regular career lessons and individual career counseling in Ebenezer School,
which providing educational services for students with visual impairment,
would be able to prepare students for career adaptability and confidence in
decision making regarding their careers.

Literature Review
Career Adaptability

According to Super’s (1990) career development theory, an individual’s
self-concept forms a fundamental cornerstone in their career progression.
As they go through the stages of growth, exploration, establishment,
maintenance, and decline, they sculpt their self-perception, shaping both their
personal and professional growth. Adolescents and young adults, particularly
focus on the Exploration stage, find themselves at a critical juncture in their
career journey. Savickas (1997) underscored the paramount significance
of incorporating career adaptability into Super’s theory, emphasizing the

y .



dynamic interplay between individuals and their surrounding environment.

The emphasis on the intricate relationship between personal attributes
and external influences align closely with the Social Cognitive Career Theory
(SCCT). SCCT emphasizes that how personal factors such as disabilities and
environmental aspects like school-based support profoundly impact students’
self-efficacy and decision-making processes regarding their careers (Brown
& Lent, 2017). In 2005, the concept of career adaptability was conceptually
refined into four distinct elements: career concern, career control, career
curiosity, and career confidence (Savickas, 2005). Career concern means an
individual’s keen interest in their future career development, while career
control signifies their proactive role in shaping their career trajectory. Career
curiosity highlights active engagement in career pursuits, including the
exploration of self-cultivation strategies and employment avenues. Career
confidence embodies an individual’s resilience and belief in overcoming
obstacles to realize their career aspirations.

Moreover, Savickas and Porfeli (2012) underscore the pivotal role of
career adaptability as a psychological resource, empowering individuals to
navigate through career challenges, responsibilities, and transitions adeptly.
Scholarly endeavors by Beveridge et al. (2002) and Szymanski & Vancollins
(2003) have delved into the experiences of students with Special Educational
Needs (SENs) through the lens of super’s career development theory. Salimi,
S., Nilforooshan & Sadeghi (2022) also highlighted that career adaptability
1s an influential factor in addressing career-related issues, such as job
satisfaction, particularly among individuals with visual impairment.

Career Decision-Making Difficulties

Various studies (Gati & Saka, 2001; Mau, 2004 & 2001; Camp, 2000)
have underscored that career decision-making difficulties play an essential
role in students’ career development. Failure to make career decisions
or handling them inadequately is more likely to have adverse effects on
students’ well-being, quality of life, and job satisfaction (Akpochafo,
2020). The focus on career indecision has also gained attention within the
realm of vocational psychology (Amir & Gati, 2006). According to Gati,
Krausz & Osipow (1996), the theory of career decision-making comprises
three primary components: lack of readiness, where individuals encounter
challenges before the decision-making process; lack of information, where
individuals face a dearth of knowledge regarding themselves, occupations,
and the steps necessary for decision-making; and inconsistent information,
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involving contradictions from significant others and unreliable or ambiguous
data. Individuals with disabilities often feel that the support they received
in school was inadequate, which discourages them to make a concrete
decision of pursuing the standard educational qualifications which is
necessary for university admission (Martin, 2004). Shah (2005) emphasized
the significance of providing support to young disabled individuals as they
navigate their educational and career transition decisions. Individuals with
visual impairment who lack information about the world around them often
experience difficulties in career decision-making and feel a lack of control
in their lives, which significantly hinders their job-seeking and career
development efforts (Wolffe, 1996). Addressing these decision-making
difficulties early on and providing appropriate support and guidance can
significantly impact students’ career trajectories and overall satisfaction with
their chosen paths.

Career Adaptability and Career Decision-Making Difficulties

In the current study, our focus will center on two key elements: career
adaptability and career decision-making difficulties. Some researchers have
proposed a close relationship between decision-making difficulties and
individuals’ adaptive responses (Rudolph, Lavigne & Zacher, 2017; Savickas
& Porfeli, 2012). For instance, Kulcsar, Dobrean & Gati (2020) view career
adaptability as a precursor to career decision-making. Exploring the interplay
between these factors can provide valuable insights into how individuals
navigate challenges in making career choices and the role adaptability plays
in shaping their decision-making processes.

The School-based Career and Life Planning Program

When students with visual impairment struggle to develop adequate
career adaptability and decision-making skills, their journey through
academic and vocational paths becomes challenging. This struggle often
manifests in difficulties selecting a career path and integrating into society
effectively in the future. Recognizing these challenges, we have devised
a comprehensive set of school-based career and life planning programs at
Ebenezer School, a special school for VI students in Hong Kong.

The career and life planning team at Ebenezer School has spearheaded
the creation of a holistic school-based career and life planning program. This
program integrates regular career lessons and individual career counseling
sessions as key interventions. The school-based career and life planning
program is designed with the purpose of offering students with visual
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impairment opportunities to enhance their self-understanding, engage in
career-related experiential learning activities, and gain crucial insights into
potential career pathways, which in turn bolsters their career adaptability and
alleviates career indecision.

The Goal of Present Study

Through this research endeavor, we seek to evaluate the efficacy of
our school-based career and life planning program initiatives specifically
tailored for students with visual impairment. By gaining insights into the
impact of these programs on students’ career adaptability and decision-
making capabilities, we aim to refine and optimize our program, serving as
a blueprint for future initiatives that foster the growth and development of
students with visual impairment.

Research Question

How does the implementation of the school-based career and life
planning program, which consists of regular career lessons and individual
career counseling sessions, impact the levels of career adaptability and career
indecision among students with visual impairment?

Methodology

In the forthcoming study, a mixed-method approach incorporating both
quantitative and qualitative methodologies, as advocated by Creswell (2015),
will be employed to comprehensively evaluate the impact of a school-
based career development program on students with visual impairment. The
research will focus on assessing changes in participants’ levels of career
indecision and career adaptability through a quasi-experimental design,
aiming to establish a causal relationship following the intervention.

For the quantitative component, a quasi-experimental design will be
utilized, with pre-test and post-test evaluations conducted at the beginning
and end of the academic year by using the paired sample t-test in SPSS.
This method will enable a systematic examination of the effectiveness of
the intervention on participants’ career decision-making difficulties and
adaptability, providing valuable insights into the program’s outcomes.

To measure the levels of career indecision and adaptability, the
Chinese Version of the Career Decision-Making Difficulties Questionnaire
(CDDQ) and the Career Adaptability Scale (CAAS) from the Education
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Bureau’s “CLAP for Youth - My Life Planning Portfolio” will be employed.
Additionally, participants’ psychological backgrounds related to their ability
to handle career issues will be collected through pre-test and post-test
assessments.

In the qualitative component, data will be gathered through students’
reflections on their career situations during four individual career counseling
sessions. Two open-ended questions will be posed to elicit insights from the
participants: “What situations or issues have you been facing in your career
planning recently?” and “In terms of your career development, what are you
currently focusing on or emphasizing?” This qualitative data will provide a
deeper understanding of students’ perspectives and experiences regarding
their career development journey.

The intervention will consist of regular career lessons and individual
career counseling sessions conducted throughout the 2023-2024 academic
year. These sessions, totaling 28 lessons (refer to the appendix 1), are
designed to foster students’ self-awareness, enhance their career-related
skills, and offer essential academic and career-related information to guide
their future paths.

In conjunction with the regular lessons, the Clap Life Design (trial
version) booklet (2019) will be utilized during four individual career
counseling sessions. These sessions are structured to facilitate engagement,
promote self-understanding, explore career paths and opportunities, and
support students in planning and managing their careers effectively. The
CALP life design booklet has already been used for individual career
counseling in six secondary schools in Hong Kong as a trial before.

Findings

Initially, we invited eight students from forms three to five to participate
in the school-based career program. However, one student had to withdraw
in December due to medical reasons. As a result, we collected data from the
remaining seven students, five male and two female and aged between 16
and 20 years old, who remained in the program for its entirety.

The effect of the school-based career and life planning program have
been investigated through assessing the students’ career adaptability with
CAAS and career decision-making difficulties with CDDQ by using the
paired sample t-test in SPSS.




The level of career adaptability increased from M = 3.15, SD = 0.76 to
M = 3.8, SD = 0.49, indicating significant improvement after participating in
the school-based program with #6) =-4.45; p <0.01; d = 1.68. Four elements
of Career Adaptability, including concern, control, curiosity, and confidence,
showed significant improvement.

The Career Adaptability

The effect of the school based program (including the career lessons and

individual career counseling) will be assessed by the pair sample t test via
SPSS.

The level of career adaptability increased from M = 3.15, SD = 0.76
to M = 3.8, SD = 0.49 which indicates an significant improvement after
participating in the school based program with #6) =-4.45; p <0.01; d = 1.68.
There are four elements of Career Adaptability including concern, control,
curiosity and confidence shown significant improvement. For career concern,
result showed significant increase from M = 3.0, SD = 0.88 to M=3.67, SD =
0.54 with #(6) = -4.09; p < 0.01. For career control, a significant improvement
is found #(6) = -2.64; p < 0.05 from pre-test M = 3.24, SD = 0.89 to post-test
M =3.86, SD = 0.66. For career curiosity, the curiosity level is increase from
M =3.04,SD =0.8 to M = 3.67, SD = 0.67 with #(6)=-3.36; p < 0.05. Last
but not least, the career confidence has been raised from M = 3.33, SD = 0.82
to M =4.04,SD =0.41 with #6)=-3.87; p <0.01.

Career Adaptability
¢ I
3 I
2
1
0
Pre-program Post-program

Career Adaptability

Figure 1: Career Adaptability (by CAAS) means and 95% ClIs associated
with the pre- and post-program conditions
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The four elements of Career Adaptability
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Figure 2: The four elements of Career Adaptability (by CAAS) means
and 95%Cls associated with the pre- and post-program conditions

The Career Decision-Making Difficulties

The level of Career decision-making difficulties decreased from M =
5.22,SD =0.81 to M = 4.14, SD = 0.62, which showed an reduction after
joining the school based program with #6) = 5.51; p < 0.01; d = 2.08. Two
sub scale of career decision-making difficulties including lack of information
and conflict of information has also showed significant reduction from M =
5.22,SD=157to M =3.61,SD =0.95 with #(6)=3.32; p < 0.05 and from M
=53,SD=1.12to M =391, SD = 0.7 with #6)=4.5; p < 0.01 respectively.
However, the level of readiness which is a sub-scale of Career decision
making difficulties which showed no significant difference with #(6) = 0.68;
p =0.52, comparing M =4.9,SD =0.55 with M =4.8, SD =0.59.

Career Decision-making Difficulties

S = N W B

Pre-program Post-program

u Career decision-making difficulties

Figure 3: Career Decision-making Difficulties (by CDDQ) means and
95 % Cls associated with the pre- and post-program conditions
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The three elements of Career Decision-making Difficulties

Lack of Information Conflict of Information Readiness

B Pre-program  ® Post-program

Figure 4: The three elements of Career Decision-making Difficulties (by
CDDQ) means and 95%Cls associated with the pre- and post-program
conditions

The Highlights of Students’ Feedbacks
Student A:

Initially, when I received the career Holland code assessment, the
suggested occupations such as printing manager or bar captain made me
feel confused. This was because I am blind and use braille as my medium,
making it impossible for me to pursue those related careers. However, with
the guidance of my teacher, I understood that I could slightly adjust the
direction of my aims, such as becoming a manager or supervisor in a Braille
Production Department. Additionally, the assessment helped me realize my
interest in management-related occupations. Now, I am focusing on studying
hard so that I can have more options in the future.

Student B:

Now, I understand that I hope to work in the business-related settings
after attending the school-based career and life planning program. My goal is
to choose economics or accounting-related elective subjects in high school,
so that I can meet the basic entry requirements for a university business
school. Additionally, due to my visual condition, I also need to work harder
to learn how to use different document processing programs, such as Excel,
for my accounting studies. I believe I can choose from a variety of business-
related jobs if I can achieve good grades in DSE and at university.
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Student C:

After the participating in the regular career lessons, I have come to
understand that I could also make a living by creating art-related products.
Although I am now completely blind, I can still create different types of
art products and successfully sell them to the public. I want to learn how to
make more diverse handmade products in the future. Therefore, I plan to
pursue subjects related to art education. Additionally, I have learned about
different educational paths from the regular career lessons, and given my
situation, I hope to pursue my university studies back in Chinese Mainland.

Student D:

During the mid-stage of regular career lessons, I once felt 10 out of 10
confused due to the overwhelming amount of information I had received,
unsure of which pathway I could pursue. For example, I enjoy studying
Japanese, information and communication technologies, and music.
Fortunately, through individual career counseling sessions with the guidance
teacher, I was able to better understand how to develop a relevant path by
leveraging my strengths and interests.

Student E:

In the future, I hope to work in a business-related job such as investment
banking or accounting. Therefore, I am currently focusing 100% on studying
subjects like Business, Accounting and Financial Studies (BAFS) and
English, so that I can develop in these fields. Through individual career
counseling sessions, I also understand that the path towards becoming an
accountant would not be easy, but I am committed to working hard to achieve
my goals.

Student F:

I once thought that my visual impairment would prevent me from
becoming a baker, but during the regular career lessons, I saw some seniors
who worked in related professions and were able to commute from home to
work with the assistance of guide dogs, which gave me hope for the future. I
also hope to connect with more visually impaired seniors to understand their
experiences in the workplace.

y .



Student G:

I discovered that my interests and strengths lay in the arts after the
assessments, but due to my visual impairment, I think I need to focus on
clerical tasks. After participating in the school-based career and life planning
program, I now have clear and diverse career options. For instance, I can
focus on strengthening my document processing skills and also develop my
abilities as a translator of Braille music transcription.

Discussion
Career Adaptability

The ability of career adaptability of the students with visual impairment
fostered by the comprehensive school-based career program which
comprising regular career lessons and personalized counseling sessions. It
has significantly enriched them for navigating the complexities of the world.
This discussion will delve into the improvements observed in the facets of
career concern, career control, career curiosity and career confidence. Each
of them has been markedly refined through the structured school-based
career program by empowering students with visual impairment to approach
their futures with confidence and purpose.

To begin with, the marked improvement in students’ career concern
is a noteworthy outcome of the program. The consistent exposure to
career lessons and individual counseling sessions has heightened students’
awareness of the critical nature of career-related issues. As posited by Carini,
Kuh & Klein (2006), prolonged engagement in a particular field increases
attention and engagement. It is in line with one of the factors in the career
concern that is about the students’ awareness of educational and vocational
choices. Themes such as “my career code and future” and “my career
pathway” in the regular career lessons (see appendix 1) have encouraged
introspection and forward-thinking, fostering students’ contemplation and
preparation for their impending professional journeys.

Moreover, the elevation in students’ sense of career control is
unmistakable, particularly evident in the lessons centered around setting
“SMART” goals and the completion of activities like the multiple pathway
worksheet (refer to appendix 2) during individual counseling sessions.
Consistent with research by Guan, Wang, Dong, Liu, Yue, Liu & Hua
(2017), the emphasis on goal-setting and recognizing multiple pathways has
positively impacted students’ perception of agency in improving students
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sense of career control. By instilling a sense of direction and purpose,
these initiatives have empowered students with visual impairment to take
ownership of their vocational paths with confidence and determination.

In terms of career curiosity, students have benefited significantly from
engaging in activities such as the “Six Career Code” lessons and participation
in the campus internship program. By exploring their Holland code (Holland,
1997) through tools like the Career Interest Inventory (CII), which reflects
their career personality styles encompassing realistic, investigative, artistic,
social, enterprising, and conventional traits (RIASEC) and with its sub-
categories including job categories, interest clusters and work personality
environments, students with visual impairment have gained insights into
their innate strengths and career preferences (see appendix 3). Besides,
during the internship program in the regular career lessons, students have
had the opportunity to experience various work environments aligned with
these personality styles. The experiential learning of the RIASEC exposure
encourages students with visual impairment to have deep self-reflections
based on their personal traits, strength and limitations, fostering a deliberate
decision-making process and enhancing their ability to navigate the diverse
array of career options effectively, which in line with one of the question
in the career curiosity category “CAS8 figure out choices before making a
choice.” Students with visual impairment has nurtured by the school-based
career and life planning program to consider and evaluate different options
available carefully before making decisions.

The program has also significantly bolstered students’ career confidence
through experiential learning opportunities, exemplified by the campus
internship program. Instances such as that of student C, who expressed
a desire to further develop skills following a successful experience in
selling handmade products (see appendix 4), highlight how positive
experiences can fuel students’ self-assurance in their abilities. By providing
platforms for practical skill development and celebrating achievements,
the program has instilled a sense of self-belief and competence in students
with visual impairment, equipping them with the confidence to confront
future challenges head-on. This implied that the successful experiences are
critical on development students’ career confidence. Career teachers should
be responsible to create a successful learning environment for students
especially those with special educational need, who generally are less
confident, to develop their career confidence.




In conclusion, the multifaceted approach of the school-based career
program has enhanced students with visual impairment career adaptability
and has also nurtured them to have a holistic understanding of their
vocational aspirations, capabilities, and potential pathways. By addressing
crucial elements such as career concern, control, curiosity, and confidence,
the school-based career program has equipped students with the essential
skills and mindset to navigate the dynamic landscape of the career lives
with resilience and purpose. Through a blend of theoretical knowledge,
practical experiences, and introspective activities, the program has laid a
strong foundation for students with visual impairment to excel in their future
endeavors, shaping them into empowered and forward-thinking individuals
who ready to embrace the challenges of an ever-evolving job market.

The present study would be a reference for the career and life planning
team in different schools to have the continuous evolution and refinement
of the school-based career program that will undoubtedly further enhance
students’ career adaptability, ensuring. Thus, students, especially those
with special education needs, are well-equipped to thrive in the fast-paced
and competitive world of work. The school-based career and life planning
program should be designed with the concept of fostering a culture of self-
discovery, goal-setting, and experiential learning, which allow the students to
be ready to adapt to different setting and make meaningful contributions to
the workforce and society.

The Career Decision-Making Difficulties

The school-based career program has proven to be instrumental in
mitigating career decision-making difficulties among students with visual
impairment. Students are more likely to feel confident and become proactive
towards planning their career and life pathways. By engaging in the school-
based career and life planning program, students with visual impairment
have demonstrated a marked reduction in challenges associated with making
career-related decisions, showcasing enhanced abilities to think critically and
plan strategically for their futures.

Research findings by Ferrari, Nota & Soresi (2010) underscore the
significance of students’ future time perspective in influencing their career
decision-making processes. Present study shows that the students with visual
impairment tend to be more confidence in making career related decision
after joining the school-based career and life planning program which
requires them to think more about their own future pathway. The present
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result proved that through participation in activities that stimulate deeper
thought and planning, students with visual impairment have not only gained
a clearer understanding of their aspirations but have also developed the
foresight to anticipate and address potential obstacles early on.

The present study showed that the school-based career and life planning
program effectively addresses students’ career indecision with three key
components: lack of information, inconsistent information, and readiness.

For solving the problem of lack of information, the school-based career
program has organized a variety of elements in the regular career lessons.
By incorporating themes such as “the six career codes assessment,” “various
walks of life,” and “my VASK” into the curriculum, students with visual
impairment are provided with a comprehensive framework to explore their
future prospects through the lens of personal values (V), attitudes (A), skills
(S), and knowledge (K). This structured approach equips students with the
tools to align their individual VASK profiles with potential career paths.
They could receive a variety information about their career pathway during
lessons, such as The Guangdong-Hong Kong-Macao Greater Bay Area
educational pathway, facilitating informed decision-making and promoting
clarity in their career choices. For example, students C said that he/she
decided to study in the university in Chinese Mainland after graduated in the
secondary school. Thus, the fruitful information about future including the
educational and working path would help the students to have less difficulties
in making career-related decision.

In addressing inconsistent information, the program integrates
experiential learning opportunities such as job shadowing and interviews
with individuals, including those with visual impairment, working across
diverse fields. The present study confirmed with the studies by Garcia &
Lartz (2019) suggest that individuals with disabilities tend to find resonance
and inspiration in role models who are with similar disabilities because they
have a strong sense of belonging and empowerment within their respective
communities. For example with the feedback from students F, “I once
thought that my visual impairment would prevent me from becoming a
baker, but during the regular career lessons, I saw some seniors who worked
in related professions and were able to commute from home to work with the
assistance of guide dogs, which gave me hope for the future. I also hope to
connect with more visually impaired seniors to understand their experiences
in the workplace.” By providing students with firsthand experiences and
insights from individuals facing similar obstacles, the interview sessions in




the regular career lessons enable students with visual impairment to navigate
decision-making dilemmas with greater confidence and clarity.

Despite the marked improvements in addressing lack of information and
inconsistent information, the level of readiness for career decision-making did
not show a significant difference following the completion of the year-long
school-based career program. It can be explained by analyzing the feedbacks
from students’ interviews. It revealed a prevailing sentiment that students
are more likely to prioritize and put attention in their educational pathway,
rather than work related pathway, at their current stage of development. For
example, from the feedback from Student B, he/she articulated the belief
that focusing on academic excellence in the present moment was crucial,
even though they possessed a clear understanding of their career aspirations.
This emphasis on academic pursuits before delving into career/work-related
decisions indicates that students with visual impairment put motivation
and effort towards laying a strong academic foundation as a precursor to
achieving their dreams. According to the Career Decision-making Difficulties
Questionnaire (CDDQ), the readiness assessment within the program largely
focuses on evaluating students’ readiness for job-related choices rather than
educational decisions. For example, there is a question states “Work is not
the most important thing in one’s life and therefore the issue of choosing a
career doesn’t worry me much”.

The present study reflects a hesitation among students to prioritize
immediate career decision-making. Instead, students tend to concentrate on
excelling in their studies and gaining admission to a preferred university,
recognizing that education serves as a crucial stepping stone towards
realizing their long-term aspirations. For example, Student A’s feedback
underscores this sentiment, stating, “Now, I am focusing on studying hard,
so that I can have more options in the future.” This saying focus on academic
achievement as a means to expand future opportunities highlights the
students understand the present actions of putting effort in study would be
the most important milestone in their journey towards realizing their career
aspirations. Students with visual impairment tend to put attention in getting
ready for educational related pathway at the first priority while upholding the
ultimate goals, job related aim, in their mind.

Overall, the school-based career and life planning program serves as
a transformative platform for students to enhance their decision-making
abilities, instilling them with the skills and perspectives necessary to navigate
the complexities of career planning effectively. Through a multifaceted
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approach by the school-based career and life planning program, students
are empowered to make informed and proactive choices, setting a solid
foundation for their future professional endeavors. As students continue
to engage with the program and leverage the knowledge and experiences
gained, they are well-equipped to embark on their career journeys with
confidence and purpose.

Implications

The present study underscores the critical importance of integrating
both school-based career lessons and individual career counseling into the
school-based career and life planning program to enhance students’ career
adaptability and decision-making processes. Rather than focusing solely on
one approach over the other, this research advocates for a holistic strategy
that combines the benefits of structured career lessons with individual career
counseling. By harmonizing these two elements, students, even those with
special educational needs, can derive maximum support and guidance to
navigate the complexities of career planning effectively. When the students
received a huge amount of information during lessons. For example of
student E, “T once felt 10 out of 10 confused due to the overwhelming amount
of information I had received, unsure of which pathway I could pursue.
Fortunately, through individual counseling with the teacher in the end, I was
able to better understand how to develop a relevant path by strengthening
my strengths and interests.” It is necessary to offer students an individual
career counseling after offering the career lessons, which provide lots of
information about their future. The individual career counseling can provide
guidance for the students to categorize and prioritize the different choices
while evaluating each pros and cons which required a higher order thinking.
An essential aspect highlighted by this study is the synergy between career
lessons and individual counseling, where each component complements
the other. This testimonial underscores the invaluable role that personalized
guidance plays in steering students towards coherent and meaningful career
choices.

Moreover, the study highlights the significance of providing specialized
counseling support, particularly for students with special educational needs,
who may require tailored assistance beyond the standard lesson assessments.
Student A’s feedback exemplifies this need, * Initially, when I received the
career Holland code assessment, the suggested occupations such as printing
manager or bar captain made me feel confused. This was because I am blind
and use braille as my medium, making it impossible for me to pursue those




related careers. However, with the guidance of my teacher, I understood that
I could slightly adjust the direction of my aims, such as becoming a manager
or supervisor in a Braille Production Department.”(see appendix 5) Through
individual counseling, the guidance teacher assisted Student A in reframing
the suggested job roles to align with achievable alternatives. Subsequently,
Student A realized that a printing production manager could also encompass
a braille production manager. Illustrating the transformative impact of
tailored guidance on reshaping career perspectives. The present study finds
out that the individual guidance on interpreting assessment report, which was
designed for the students in normal school, is crucial to prevent feelings of
frustration and anxiety among students with disabilities, which can impede
their pursuit of suitable career paths. This confirmed that the design of the
school-based career program should be a holistic approach including both
career lessons and individual career counseling.

Furthermore, the present study also raised up the awareness of the
secondary school in Hong Kong to put more attention in developing a holistic
school-based career and life planning program. By incorporating these
elements, students are likely to exhibit greater adaptability and experience
fewer challenges when making career decisions. The 2019 report on the
“Review of the Effectiveness of Career Planning Education in Hong Kong
Secondary Schools” revealed that the most common forms of career-related
support provided to students included alumni sharing, individual counseling,
workplace visits, and work experience opportunities. Surprisingly, the report
indicated that regular career lessons were not widely implemented across
schools in Hong Kong. Building upon this insight, the current study acts as
an example about the importance for the integration of both regular career
lessons and individual career counseling within the educational framework of
schools, especially the special schools, in Hong Kong. The present study is
also in line with the Curriculum Guidelines for Special Schools (2024) issued
by the Education Bureau that emphasize the unique needs of students with
special education need. It mentioned that educators in special schools should
particularly focus on the development of transitional progresses, such as
from secondary school to post-secondary school or work places. Recognizing
the distinctive needs of these students, it becomes imperative for schools to
provide targeted support and resources to facilitate their successful transition
into further education or the workforce.
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Conclusion

The present study not only aims to investigate how to enhance career
adaptability and reduce career decision-making difficulties of students
with visual impairment through the school-based career and life planning
program, but also seeks to serve as an exemplar for both mainstream and
special schools catering to students with special educational needs.

More importantly, the present research emphasizing the significance of
offering both regular career lessons and individual career counseling as the
career and life planning program. This study offers a blueprint for schools to
create comprehensive development programs tailored to students especially
those with special education needs. By designing a tailored school-
based career and life planning program that addresses the unique needs of
students with disabilities and promotes a supportive environment for all
students, schools in Hong Kong can put attention in equipping students
with the knowledge, skills and attitudes necessary for success in their future
endeavors.
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Appendix 1:

2023-2024 School-based Career and Life Planning Lessons

Topic

Content

Understanding personal traits

Introduction to the six career codes

Six career codes

Assessment

Career values education - Responsibility

My career role

SMART goal

Setting my career goals

What activities do I enjoy? What am |
capable of?

My shining moments

What activities do I enjoy and am
capable of?

My good traits and skills

My VASK

My values, attitude, skills, and knowledge

How has visual impairment limited my
career development?

My help and hindrance

Campus internship program - Realistic
type |

Understanding the characteristics and
careers of realistic type

Campus internship program - Realistic
type II

Job shadowing day

Campus internship program — Artistic
type [

Understanding the characteristics and
careers of artistic type

Career values education — Resilience

Finding my career resilience

Career values education — Diligence

Actualizing my career to-do list

Various walks of life

Different job experiences, salary and skills

My career pathway

My academic pathway

My career code and future

My multiple academic and career
pathway

Campus internship program —
Investigative type I

Understanding the characteristics and
careers of realistic type

Campus internship program —
Investigative type I1

Job shadowing day

Campus internship program — Social
type [

Understanding the characteristics and
careers of realistic type

Campus internship program — Social
type 11

Job shadowing day

Campus internship program —

Understanding the characteristics and

Enterprising type | careers of realistic type
Campus internship program — Job shadowing day
Enterprising type II

Developing practical skills

Learning how to make and sell a
production

Campus internship program —
Conventional type |

Understanding the characteristics and
careers of realistic type

Campus internship program —
Conventional type I1

Job shadowing day

Review

The importance of career transition
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Appendix 2:
Multiple Pathway Worksheet
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Appendix 3:

Career Interest Inventory (CII)

Appendix 4:

Campus internship program examples

1. Making the products (Artistic) 2. Selling the products (Social)




Appendix 5:

The suggested jobs by Holland assessment (Student A)

LEERE HYEE EVEE
ERC EpFEAEEE Printing Preduction Manager
ERC P a1 Bar Captain
REC FREAHIS Dispenser
REC FHBEL Lockstitch Sewing Machine Operator
REC BT Piling Machine Operator
REC /T School Worker
REC R L FE R TS Swimming Pool/ Beach Officer
REC EBETA Laundry Laborer
REC =] Dishwasher
REC ERE Cleaner [General)
REC SRR Pattern Grader
REC HRERE Cleaner [Vehicles]




<%Wﬁﬁ>ﬁw%urﬁﬁﬁmﬂﬁki~%%ﬁJ%£%’mﬁ
UHFHARE BEATHARRHLERYZEAE > FH7 2026 2 A 27
B R Z ATIRAS ° &QﬁﬂﬁﬂlmiéiuTﬁﬁﬁﬁlmﬁﬂzﬁm
AR 2B (3A8B40) o

(HAAZHR) TRLRFZHRAT EHF HRARS

o RAEBHRITED -~ BREXIE T X

o AIFTONHBIRXIEL ~ BHREXAITIL T L
o EIEHZ

o ZFEHHF

o RAHI AN LIFHEPARILI AT
o MAEHE

o ZAIBRZREAR G OIFWHIRZH

o 233y

o HFHKEMNR

o LLEHF

o HEHF

o WAHF
o HHRHF
o EINHF
® Ji.ﬁé!!.?)/(ﬂ
o HHFL

' FEMm S THAAREESE HHATEHRGFRREELES R GME (https:/www.
. cotap.hk/index.php/tc/t-share/educational-research-award-scheme ) B % 4 B 3% 1%

l‘




Call for Papers

The main theme of the HKERJ (Volume 4) is “Promotion of the integrated
development of education, technology and talent”. The deadline for
submission of papers' on areas pertaining to educational research, action
research and teaching practice in schools is 27 February 2026. For
submission requirements, please refer to “Notes for Contributors”.

The HKERJ also welcomes papers covering the following aspects:

e Curriculum design, implementation and evaluation

e Design, implementation and evaluation of innovative pedagogy
e (reative teaching
e Parent education

e School-based staff development, including teacher induction and
mentoring

e School-based management

e Student support and school ethos, including guidance and counselling
e Student development

e (ritique on education reform

e Comparative education

e Higher education

e FEarly childhood education

e Special education

e Fine arts education

e Music education

e History of education

'Detailed information pertaining to participation in the Educational Research Award Scheme can
be found on the website of the Committee on Professional Development of Teachers and Principals
(https://www.cotap.hk/index.php/en/t-share/educational-research-award-scheme).
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Notes for Contributors' o

1. Manuscripts can be written in English or Chinese. The length of submitted
manuscripts should be between 6,000 and 8,000 words. Abstracts, main
text, tables & figures, references and appendices will be counted in.

2. All manuscripts should be accompanied with the following information
in both English and Chinese: title, author’s name, affiliation, abstract
and 3 to 5 keywords. The English abstract should be around 150 words,
and the Chinese abstract should be not more than 200 words. Author’s
correspondence (i.e. postal address, telephone number, email) should be
provided on a separate page.

3. All submissions will go through an anonymous review that usually takes
about 6 months. Accepted manuscripts are normally published in the next
issue or the issue after next. The Editors reserve the right to make any
necessary changes in the manuscripts, or request the contributors to do so,
or reject the manuscripts submitted. Once the final version of manuscripts
has been accepted, contributors are requested not to make further changes
during the proof-reading stage. No royalties or money will be offered for
any submission.

4. The views expressed are those of the authors and do not necessarily
reflect position of the Working Group on the Educational Research Award
Scheme.

5. English manuscripts submitted should conform to the style laid down in
Publication Manual of the American Psychological Association (7th ed.,
2019).

6. Manuscripts and author’s correspondence should be emailed to the
Secretariat of the Working Group on the Educational Research Award
Scheme (email address: eras@edb.gov.hk).

7. All copyrights belong to the Secretariat of the Working Group on the
Educational Research Award Scheme. No graphics, tables or passages of
more than 300 words can be reproduced without prior permission.

8. Once the review process of this Journal begins, contributors shall not
send the submitted manuscript to other journals for review or publication.

" Teachers interested in participation in the Educational Research Award Scheme may make

reference to the relevant Education Bureau Circular Memorandum.
‘2 0



4 A o

" 220

VA J—‘\I =2

AL B
BAVREHET ~ REAHFT RE T At (A2 HR) 937 FE8 - A
BB S 9A B TAEeE T 0 3F L EE (eras@edb.gov.hk) 3 X F 51 E 4
DAL B4 o ko FAEAT B > R E ((852) 3698 3698 ) ¥ F #F 7% 4
Bhit 3 B AL E R T4 o

" (Mt / ik 4+)

TEBR AR | P B AR

& EE

FE L

FApFLE

Invitation for Reviewers

We invite teachers, principals and fellow education workers to join us as
reviewers. If you are interested in reviewing journal papers, please submit
the following information by email (eras@edb.gov.hk) to us. Should you
have any enquiries, please contact the Secretariat of the Working Group on
the Educational Research Award Scheme at ((852) 3698 3698).

Name: (Dr / Mr / Ms)

Serving School / Affiliation:

Contact Tel. Number:

Email:

Field(s) of Interest:
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