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Key Messages

e Pupils at primary schools remained seriously affected by dangers and threats of floods,
drought, storms, and epidemic diseases. Various reasons were causing their vulnerabilities,
but geographical areas and socio-economic conditions were the main factors.

e The disaster risk reduction in education has become a long-term investment of both the
Royal Government of Cambodia, development partners, and Non-governmental
Organizations (NGOs) to ensure pupils at primary schools are safe for learning and
teaching.

e Disaster risk reduction in education is a significant program to improve the capacity of
teachers and principals and pupils for a better understanding of school safety plan or
disaster risk reduction action plan related to safe school for disaster risk reduction,
incidents, and violations.

e Safe school programs help to build the capacity of principals and teachers in safe schools.
Therefore, the Disaster Management Secretariat of the Ministry of Education Youth and
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Sports (MoEYS) should continue working with the NGOs partner and PoE to ensure their
implementation throughout its agents at sub-national levels.

e As one of the national policies adopted by the MoEYS, the Ministry should consider
allocating a budget for some activities or expenditures for schools to carry out disaster risk
reduction activities or some key activities to support the safe school framework.

Key Word: Disaster risk reduction, safe school program, hazard, primary school, education

continuity, Cambodia
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1. Introduction

Education is believed to support Cambodia's ambition to transition from a lower-middle-
income country to an upper-middle-income country by 2030 and a developed country by 2050
(MOEYS, 2014). The Rectangular Strategy Phase IV has prioritized human resource
development, and the Ministry of Education, Youth and Sport (MOEYS) is committed to
accomplishing the objectives of quality education, science, and technology (RGoC, 2018). The
MOEYS is responsible for the education sector, and basic education contains two levels: (1)
primary and (2) secondary education. The primary level covers the first six years, from grades
1 to 6, and the secondary level includes grades 7 to 12 (Khut, 2021). The Education Strategic
Plan (2019-2023) was formulated in 2019 to promote the education sector in Cambodia. The
ESP has focused on five pillars: (1) Pillar 1: Implementation of the Teacher Policy Action Plan,
(2) Pillar 2: Review curriculum and textbooks and improve learning environments, (3) Pillar
3: Enforcement of inspection, (4) Pillar 4: Improve learning evaluation to meet national,
regional and international levels; and (5) Pillar 5: Higher education reform (MoEYS, 2021a).

According to the MoEYS (2021), there were 14,522 schools across the country in the
2018-19 school year, including 13,300 public and 1,222 private schools. Approximately 80%
of the public schools (994) were located in urban areas. Out of the total 13,300 public schools,
11,529 were primary level, and the rest were secondary level (1,771) (MoEYS, 2021b).
Cambodia has achieved an adult literacy rate (15-Above) of 87.8%; the target was 84.8%.
However, primary education remained a concern when female enrollment was still off-tracked,

and male enrollment in any form of Early Childhood Education Program was constrained.
2
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Primary Education is one of the most direct effects of natural hazards. Flood is a common
occurrence and usually causes much more damage than droughts in the education sector. Over
the last decades, floods in 2000, 2011, and 2013 are considered the most severe floods. Floods
suffered hundreds of human deaths and thousands of animal deaths and damaged a thousand
hectares of crops and schools. Thousands of students have disrupted their schooling or could
not attend classes with the regular school calendar (MoEYSS, 2014a). In late 2013, the MoEY'S
recorded 1,280 schools were affected by floods. Over 155 schools were suspended for one to
nine weeks, preventing at least 50,000 children from starting in 2013. The loss and damage in
the education sector from floods in 2013 were estimated to cost $15 million (MoEYS, 2013).

In the past, the report on affected schools by flood or other events was unavailable except
for the 2009 (typhoon Ketsana), 2011, and 2013 floods which affected 1,169, 1,200, and 1,242
schools, respectively (MoEYS, 2014b). It should be noted that there was a severe drought in
2015-16, but there was no official report on the total drought impact except the exert from the
media. Among the many studies on these climatic hazards in Cambodia, few focus on the
impacts of drought and flood on students, especially education and protection. The study aims
to generate and take stock of knowledge to support the accomplishment of school safety
programs in terms of equal opportunity for the participation of girls and boys, promotion of
leadership and involvement, and challenges of girls in disaster risk management in Cambodia.

Today, floods and droughts have placed increased pressure and threats on students
regarding health concerns such as malaria, diarrhea, undernutrition and social stability, and
children’s welfare (UNICEF, 2008). The disasters affect unique conditions of physical,
cognitive, and physiological immaturity of the children (Save the Children, 2009). Every year
floods delay classes and damage schools located in flood-prone areas. Due to bad road
conditions, students have problems travelling to schools during the flood. In most cases,
students are not safe to travel across rivers. At the same time, parents also hesitate to allow
their children to go to school during the flood because children take a long time and have higher
costs to reach schools. As a result, students, especially from low-income families, turn to a high
absenteeism rate at the beginning of each academic year. Moreover, schools are used as
emergency shelters during floods, damaging school structures, especially the school floor
(ADPC, 2008).

In this policy paper, we determine the risk faced by pupils at primary school and the

positive contribution of safe school programs for pupils’ safety. The paper addresses upon (1)
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risk and hazard facing by pupils, (2) disaster risk reduction intervention, and (3) impact of

safe school program on pupils’ education at primary level.

2. Research Methodology

This policy paper was written based on primary and secondary data and information
collected at 34 primary schools in in Stung Treng province. Both pupils and teacher’s teachers
in grades 4, 5, and 6 were contacted for the interviews by using structured questionnaires for
quantitative data. Qualitative data was also collected through key informants and in-depth
interviews with relevant officers, local authorities, school principals, teachers, school support
committee members, and pupils. The survey was carried out with 798 pupils and 173 teachers
by two structured questionnaires at 34 primary schools of four districts of Stung Treng Province

such as; Siem Pang, Siem Bouk, Borey O’svay Senchey, and Thalaborivath.

3. Result of Finding
3.1 The risk and hazard facing by pupils at primary school

Overall, pupils rated a moderate vulnerability to flooding, storm, and epidemic diseases;
other types of risks and hazards were assessed as low and very low degrees, as illustrated in
(Figurel.). Pupils at study schools were more likely to more serious dangers and threats to
floods, storms, and epidemic diseases. VVarious reasons were causing their vulnerabilities, but
geographical areas and socio-economic conditions were the main factors. Hazards and
incidents might happen among pupils at school or on the way to school/home if there are no
supporting mechanisms. Schools need to have good physical infrastructure and services.
Moreover, schools must work with all the key stakeholders [Key Informant Interview with
School Director].

Furthermore, cooperation from parents was also essential; parents must follow up and
regularly communicate with the school about their schools. When schools provide parents with
information about disasters or their children’s education, they have to support the school for
their children’s safety. Some parents did not cooperate with schools at all. While schools
worked hard to reduce physical violations, their parents were violated, which was a wrong
model for them. Some pupils were too young to walk alone to school or to travel by boat;
parents may consider company them or letting them come with other pupils to reduce risk on

the way to school/home [In depth interview with school support committee].
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Figure 1. Degree of incidents experiencing by pupils

Flood
Sexual violence in the... 0-5 Drought
Physical violence in... 0.4 Storm
03} ettt
Emotional violence in... 02 . Dead lightning
DL )
Sexual violence on the... v, " Traffic accidents
Physical violence on... Epidemic diseases
Emotional violence on... Poisonous animals/...
Sexual violence at... Falling trees
Physical violence at... Emotional violence at...

Note: WAI = weight average index measured on a five-point scale [Very low (VL) = 0.00-0.20, Low (L) = 0.21- 0.40,
Moderate (M) = 0.41-0.60, High (H) = 0.61-0.80, Very high (VH) = 0.81-1.00]. OA = Overall assessment. Significance at
the 0.05 level.

Overall, teachers rated a “very low” degree of effects by dead lighting, deadly diseases,
and falling trees; they assessed a “low” degree of impact by flood, drought, storm, traffic
accidents, and epidemic disease. According to Plan International, Non-governmental
Organizations for example Child Rights Foundation (CRF) selected to work at high-risk
schools where pupils were vulnerable [NGO-KII]. Teachers at high-risk schools claimed that
their schools were high risk due to their geographical location and capacity to cope with threats
to, hazards, and vulnerabilities [FGD with teacher]. Pupils at Onlong Svay "Kor" Primary
School confirm that their schools were not ed by natural hazards, but rain caused them much
trouble with their studies. However, traveling during heavy rain was not very safe [FGD with
children council]. However, the school was not covered by water, but the communities were
full of water. Teachers always advised pupils not to come to school if the water level was high.
Teachers time cared for pupils’ safety and worked with parents and local authorities [FGD with

teacher]
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Figure 2. Degree of incidents experiencing at schools viewed by teacher

Falling trees Drought
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. Storm
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Note: WAI = weight average index measured on a five-point scale [Very low (VL) = 0.00-0.20, Low (L) = 0.21- 0.40,
Moderate (M) = 0.41-0.60, High (H) = 0.61-0.80, Very high (VH) = 0.81-1.00]. OA = Overall assessment. Significance at
the 0.05 level.

Teachers rated “very low” and “low” degrees of (1) facilitation for students’ travel home
by water, crossing river, (2) identification of escape routes for students’ evacuation from school
or classrooms, (3) preparing lane for disabled students, and (4) regular monitoring and
maintenance of lane and exit respectively. Additionally, students considered low-level traffic
measures like installing traffic signs and barriers to facilitate students' travel home as well as
facilitation for students' travel home on foot. They also assessed a very low degree of
facilitation for students' travel home by water, crossing rivers, and preparing lanes for
handicapped students. However, they did order stronger traffic control measures, such traffic
signs and barriers, to make it easier for students to get home (Figure 3 and Figure 4). An
incident of ferry collapse carrying students between 12 and 14 years old has drawn more
attention from the public, practices, planners, policymakers, and on the safe school program.
On 14 October 2022, eleven students drowned after a river ferry capsized after returning from
an English class. Only four people, including two students and two of the boat's crew, were
rescued after the accident at 7 pm on the Mekong River south-east of Phnom Penh?. According
to key informants with school principals and group discussions among teachers and pupils, the

school did not have sufficient facilities to support disabled students, and pupils were not yet

! See detail at https://www.aljazeera.com/news/2022/10/14/at-least-9-students-drown-after-ferry-boat-
capsizes-in-cambodia
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entirely safe on the way to school or back home by water and land. Some schools were located
along the national roads; vehicles were driving fast. However, schools have prepared traffic
signs and carried measures to facilitate pupils’ travel, especially on land; pupils remained
unsafe without close follow-up. Pupils at O’svay Primary School described how difficult they
faced if they traveled by boat. Some parents did not allow them to travel to schools for safety
reasons. Some pupils were absent from classes during heavy rain, storm, and flood if required
to travel by boat [FGD with pupils].

Figure 3. Degree of access to facilities to facilitate pupils’ transportation by teacher
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o
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Figure 4. Degree of access to facilities to facilitate pupils’ transportation by pupils

Traffic measures such as putting up traffic signs
and barriers to facilitate students’ travel home
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Note: WAI = weight average index measured on a five-point scale [Very low (VL) = 0.00-0.20, Low (L) = 0.21- 0.40,
Moderate (M) = 0.41-0.60, High (H) = 0.61-0.80, Very high (VH) = 0.81-1.00]. OA = Overall assessment. Significance at
the 0.05 level.
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3.2 Disaster risk reduction intervention at primary school

The majority of the teachers (71.7%) maintained school materials and documents during
disasters; more than half of them prepared an education continuity plan that is inclusive, free
from abuse and violence (60.1%), putting up warning signs at dangerous places (55.5%),
document development or slogans for risks deduction in school (54.3%), development of safety
signs (53.8%), preparation of emergency materials in responding to disasters (53.2%),
Establishment of the committee for disaster management (53.2%), establishment of inclusive,
gender-sensitive committee for disaster management (51.4%), development of school safety
plan or disaster risk reduction action plan (51.4%), practice and improve simulation drills in
school to respond to the disaster (50.3%), identification of roles and responsibilities for the
committee for disaster management (50.3%), assessment of risks, hazards. Some of the
teachers are also involved in vulnerability and capacity inside and outside school (49.1%) and
the development of early warning systems for disasters (41.6%) (Figure 5).

Figure 5. Activities carried out by teachers to support Disaster management at school

Prepared school DRR action planinto CIP e —— 43 .6
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Development of early warning system for... - 4 1.6
Preparation of emergency materials in... EE  — —————— 53 )
Development of a school safety plan or... E — ————————— 5] 4
Assessment of risks, hazards, vulnerability,... n —————— 491
Identification of roles and responsibilities for... n— — ——————————————————— 50.3
Establishment of the inclusive, gender-... e —— ——————ssssssssssss— 5] 4
Establishment of the committee for disaster... T —————————————— 53 2
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Figure 6. Activities carried out by teachers to support disaster risk reduction education at
school

In supporting to the disaster risk reduction education to the children student, most
teachers (83.2%) regularly transferred information to students about Dose and Don’t to be safe
during a catastrophe; it was as high as 95.0% of them at target schools (Figure 6). More than
half of teachers conducted disaster risk reduction education in extracurricular activities (65.9%)
and provided capacity building for teachers on disaster risk reduction (61.3%). Teachers also
offered training on first aid, prevention, and response to disasters (48.0%) and coordinated with
the community for common key messages on safe school (46.2%). The prepared disaster risk
reduction materials in school are gender and culture-sensitive, e.g., using the local language.
All pupils can play any role in the school disaster management committee regardless of gender
(42.8%).

Most teachers (87.9%) provided the worksheet for children's study, followed by
preparing the temporary learning center for children (63.0%). Teachers developed the
Education in Emergency (EIE) plan and standard operation procedure (SOP) for children's
continued learning (40.5%). They also carried out online knowledge (39.9%), developed the
understanding and teaching materials for EIE (38.7%), and prepared Massager group learning
by Telegram and Facebook Massager (35.8%) (Figure7). The response to the COVID-19
pandemic has taught schools about other types of hazards, such as floods, heavy rain, and
storm. Online has been one of the most effective and appropriate options for teaching and
learning during the disaster [KII with School Director]. However, it has been difficult for
schools to order online because teachers and pupils do not have sufficient access to smart
devices and the internet. The entrance to EIE materials and posters may be accessible with the

9
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distribution from NGOs, they have prepared various types of EIE to raise awareness about safe
schools or DRR [KII with commune Council].

Figure 7. Activities carried out by teacher to support the pupil’s education continuity during
disaster
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3.3 Impact of safe school program on pupils’ education

Table 1 analyses the impact on safe school programs from a student perspective. Pupils
confirm that the project impacted their knowledge regarding disaster risk reduction (DRR)
management and safe school, but it did not change their mindset and actions during the disaster.
The program did not address the gender transformative approach in the DRR task among
students and girls’ participation in disaster risk reduction tasks as leaders. The model reveals
that teachers transferred what they earned from the program after participating in capacity-
building-related activities. During the COVID-19 pandemic, program moved from face-to-face
to online training and workshops because physical gathering was restricted. This pandemic did
not affect the capacity building of teachers, but teachers could not carry out activities with
pupils as planned. The MoEYS announced the reopening public and private schools nationwide
on November 1, 2021. All schools must adhere strictly to the COVID-19 measures laid out by
the Ministry of Health to prevent classroom infections while studying [KII with school
director]. Pupils at Ou Trael Primary School learned safe school and disaster risk management
from their teachers; they started to share among pupils when schools opened after the COVID-

19 pandemic restriction [FGD with student].

10
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Table 1. Student perspective on the impact of the safe school program implemented

Attribute (pupils) B SE Odds ratio p-value
Knowledge (disaster risk management) 0.488 0.176 1.629 0.006
Knowledge (Safe school) 0.885 0.159 2.423 0.000
Attitude (disaster risk management) -0.186 0.154 .225 0.830
Practice (activities taken during disaster risk) 0.145 0.158 1.156 0.358
Practice (activities taken to support the safe school) 0.457 0.157 1.579 0.004
Addressing gender transformative approach in disaster risk -0.091 0.189 0.913 0.629
reduction task among student

Girls’ participation in disaster risk reduction tasks as leaders. 0.122 0.163 1.129 0.455
Constant -0.873 0.168 0.418 0.000

Logistic regression confirms that the safe school initiative program has made a significant
and positive impact on knowledge of DRR management and safe schools (Table 1). The
program also supported DRR management, teaching and learning activities during the disaster,
and girls' involvement in disaster risk reduction tasks as leaders. But the program has not
impacted on attitudes and practices of the teachers to sustainably promote safe schools to DRR.
The program did not also impact DRR awareness-raising activities and integration and
addressing gender transformative approach in DRR tasks among students. Teachers at O'run
Primary School were agreed that their knowledge regarding safe schools was good enough to
support their schools. Before participating in the workshop and training organized by program
support by NGO such Child Rights Foundation, Plan International and World Vision, teachers
explain what they learned from their colleagues. After the knowledge transfer from the
program, teachers were able to provide definitions, lessons learned, and best practices
regarding the safe school to DRR [FGD with teacher]. All knowledge and documents supplied
by program have been integrated into teaching and learning by teachers. Moreover, that
knowledge and framework assisted improve DRR management of the O’svay Primary School
[KII with school director]. During the harvest workshop, the officers from the MoEY'S raised
about improvement knowledge from the program. Pupils started to clean themselves and wash
their hands all the time. This reflects their change in attitudes and practice. But there should be
more investigation regarding food consumption at school; pupils remain eating prohibited food
[Harvest-Workshop].

11
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Table 2. Teacher perspective on the impact of the safe school program implementation

Attribute (teachers) B SE Odds ratio p-value
Knowledge (DRR management) 1.760 0.504 5.813 0.000***
Knowledge (Safe school) 1.360 0.672 3.898 0.043*
Attitude (DRRM management) 0.374 0.766 1.454 0.625
Practice (activities taken during a disaster) 0.120 0.456 1.128 0.792
Practice (activities taken to support a safe school) 0.759 0.492 2.137 0.123
Support for teaching and learning during the disaster -1.251 0.495 0.286 0.012**
DRR awareness-raising activities and integration -0.004 0.561 0.996 0.994
DRR management 1.557 0.576 4,743 0.007**
Addressing gender transformative approach in DRR task 0.629 0.633 1.876 0.320
among student

Girl’s participation in disaster risk reduction tasks as leaders. 0.942 0.448 2.565 0.035*
Constant -4.344 1.022 0.013 0.000

School principals reveal that the program safe school had an impact on raising awareness
of disaster risk reduction during the program implementation, but it did not impact disaster
management in the long run. In general, schools did not have the budget to continue the
activities after the completion of the development project (Table 3). A school principal at
O’svay Primary School agreed that knowledge and support from safe school program have
created space for schools to implement safe schools. The school principals also admitted that
they could only carry out activities with the program budget because the school was challenged
to cover the expenditure. During the program implementation, school received the supported
in organizing events, to inviting teachers for training and workshop; all those activities were
helpful to raise raising awareness at school. The main concern was the program completion;
the school could not continue the activities, especially training and workshop. Moreover, the
school management team could not make any decision or prepare a clear plan for DRR-related
activities [KII with school director].

Table 3. School principals on the impact of safe school program implemented

Indicator (principals) B SE Odds ratio p-value
DRR management -0.598 1.241 0.550 0.630
Awareness raising on DRR 3.091 1.357 22.000 0.023*

4. Planning and Policy Implication
e To the possible extent, the NGOs should pursue implementing a safe school project; the

development project is essential to reduce pupils’ vulnerabilities from natural hazards,

12
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incidents, and violations contributing to MoEYS's National Strategic Plan or ESP (2019-
2023). In the same time, the NGO should continue to support the Provincial Office of
Education (PoE) and District Office of Education (DoE), and schools by providing
occasional training or workshop to update and refresh their understanding and knowledge
of education officers, teachers, and management staff regarding safe schools and DRR
management.

e The PoE, through DoOE, needs to closely monitor the implementation of safe school
programs in coverage school. The research shows that schools have started carrying out
activities to support safe schools. Therefore, the POE S or DoE should regularly visit
schools and provide them with feedback to support safe school programs. The PoE and
DoEYSS need to consolidate the experiences gained with the safe school project and make
it available to reach other schools where they are now working. The PoE, DoE, and schools
should mainstream safe schools and DRR management in the activities of their existing
and new projects. They can integrate some possible activities into the current activities.
Therefore, they may not require a budget. For example, there is a sharing session like
Thursday. Teachers can also share about safe schools with newcomers or discuss unclear
issues or points.

e The program intervention should combine capacity building and facility provision at the
school level. For example, hand washing was given to improve hygiene, but it has helped
prevent the spread of COVID-19. Therefore, those facilities provided by the NGOs could
probably use for multiple purposes. Moreover, the safe school program should always be
made carried out at three levels: (1) sub-national level (PoE, DoE, and CoCs), (2) schools;
and (3) communities. Safe school programs cannot be successfully implemented if the
three levels are missed.

e The Disaster Management Secretariat (DMS) of the MoEYS has to adopt the updated
version of safe school guidelines and is endorsed and operationalized by Diaster
Management System (DMS)/MoEYS for work or capacity building to support the safe
school at primary school. Safe school programs helped to build the capacity of principals
and teachers in safe schools. Therefore, DMS of the MoEY'S should continue to work with
the POE to ensure their implementation throughout its agents at sub-national levels.

e The safe school implementation should focus on mainstreaming safe schools need to
include pupils and parents in the communities as a direct target group to raise awareness

and change pupils’ and parents’ attitudes to safe school programs. Moreover, the project

13



Cambodia Education Review Chen, T., et al.

would be best if it also includes activities regarding Disaster Risk Management (DRM) in
the community because most natural hazards, for example, floods, affect the communities;
schools are mainly safe due to their location in higher part. As a result, awareness of safe
schools is not yet enough and must be added up with a safe community.

e The MoEYS should to allocate a budget for some activities or expenditures when NGOs
and CSOs implement projects to carry out activities or some key activities to support the
safe school. The contribution covering refreshments and transportation fees of teachers,
lecturers, and principals would help establish ownership. In addition, the assistance of
some essential expenditures during the project implementation by NGOs also improves its
efficiency.

e The primary schools must keep protecting pupils at their primary schools from the risks of
natural hazards, incidents and violations by ensuring all related activities support safe
school program implementation. Knowledge and facilities obtained from the NGOs are
very helpful for principals and teachers to continue implementing the plans. By doing so,
teachers and principals should work closely with the local authorities to prevent outsiders
from entering the school campus who may cause a violation. Through student council,
principals and teachers should put assign tasks and responsibilities based on (1) an Early
warning, and Information disseminating team, (2) Evacuation Team, (3) a Search and
Rescue Team, (4) a First aid Team and (5) Security Team to promote the safe school to
DRR.

e The PoE, DoEYS, CSOs, or NGOs need to continue to organize activities, meetings, or
workshops and meetings which help principals and teachers refresh their knowledge and
change their attitudes where all activities into actions. If available, the PoE, DoE, and
NGOs should allocate annual budgets for the primary schools to organize campaigns for
community outreach and small-scale events at schools and conduct simulation drills. These
events are beneficial to change the behavior of teachers and principals through discussing
and sharing opinions in promoting safe school.

e NGOs, PoE, and DoE toned to mobilize the established committee and pupils to work as
their roles and responsibilities assigned. The project already initiated safe school-related
activities, the provision of first-aid kits, equip basic facilities and envelopments such as
gardens. Therefore, principals, teachers, and pupils at least used them with maximum
outcomes. In addition, schools should not only depend on external resources; they can

carry out any activities or organize events that are very helpful for safe schools.
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5. Conclusion

The safe school project was highly relevant to Cambodia's national policy and
priorities. The Safe school program contributed to the implementation of the Education Sector
Emergency Preparedness Response Plan (EPRP), Climate Change Strategic Plan for
Education, National Action Plan for Disaster Risk Reduction (2014-2018), child-friendly
school policy, Guidelines on the Curriculum Development for Integrating the Concepts of
Disaster Risk Reduction (DRR) and Resilience to Climate Change, back to school booklet and
Safe School Guideline. As a result, the safe school project informed policy and guidelines on
safe school and contributed to implementing the MoEYS's ESP (2019-2023). The safe school
has become a long-term investment of both government and NGOs to ensure pupils at primary
schools are safe for learning and teaching. The safe school program was very importance to
capacity of teachers and principal; a better understanding of schools’ school safety plan or
disaster risk reduction action plan related to safe school for disaster risk reduction, incidents,
and violation. Moreover, the safe school framework focused on primary schools in combination
with community outreach to protect boys and girls from hazards, happenings, and violations of
safe teaching and learning environment. The knowledge obtained has been used for their daily
work to improve education and to learn to promote a safe school. But more time is required to
realize tangible results of establishing safe schools where boys and girls are safe from all forms

of natural hazards, incidents, and violations at school and on the way to schools/homes.
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Abstract

Pedagogical Content Knowledge (PCK) has been a critical element of teacher
professional knowledge. Meanwhile, research on PCK has been applied in many countries to
improve the quality of teacher education and teacher professionalism. Although scholars have
distinguished the components of PCK and proposed different means of measuring PCK, there
appears to be no clear consensus on how PCK can be found. This paper is a review of science
teachers” PCK literature published in the last two decades which the studies of PCK have been
impressive. Content analysis of 26 papers included in the review indicated several themes such
as the development of PCK, factors affecting teachers’ understanding of PCK, assessment
tools, and specific regions in which PCK research has been concentrated. For instance, most
PCK assessment research has been conducted in the USA. Again, the reviewed papers mostly
focused on Biology as compared to other science subjects such as Chemistry and Physics.
These insights can be a starting point for researchers, especially those focusing on science
education development in the context of the Sustainable Development Goals (SDG 4) which
highlight the significance of Science, Technology, Engineering, and Mathematics (STEM)

subjects.

Keywords: Pedagogical Content Knowledge; Science teacher; Science education; Assessment

tools, Sustainable Development Goals
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1. Introduction

Teaching is a complex profession that requires both knowledge and skills and
competencies. The investigation of professional knowledge has commanded increasing
attention in teacher education research. Especially the investigation has been made on the
domain of teacher knowledge (Shulman, 1986; Shulman & Skykes, 1986; Shulman, 1987;
Grossman, 1990). Grossman, (1990) elaborated on the qualification that should be demanded
to enter the teaching profession. Teachers should at least have (1) subject matter knowledge,
(2) general pedagogical knowledge, (3) pedagogical content knowledge (PCK), and (4)
knowledge of context. Subject matter knowledge is comprised of the knowledge of content,
syntactic structure, and substantive structure. General pedagogical knowledge includes
knowledge of learner and learning, classroom management, curriculum, and instruction.
Pedagogical content knowledge covers knowledge of students’ understanding, knowledge of
instructional strategies, and curricular knowledge.

The knowledge of context refers to the knowledge of community and school. Derived
from the work of Carlsen, suggested five domains of professional knowledge for teachers: (1)
knowledge of general educational context, (2) knowledge of pedagogy, (3) subject matter
knowledge, (4) knowledge about the specific educational context, and (5) pedagogical content
knowledge (PCK) (Carlsen, 1999). Even though there was not an agreed worldwide
professional knowledge standard for teaching, there was a critical domain called PCK which is
most to be paid attention to teacher professional knowledge. The term PCK, which is historical,
the origin of PCK work, in general, is accredited to Shulman, 1987. Based on his pioneering
work, the first PCK summit was conducted in Colorado State of the United States of America
from 20 to 25 October 2012 on the topic of “Notion of Inventing Pedagogical Content
Knowledge”.

The summit gathered 22 science education researchers from seven countries including
the USA to explore and discuss a consensus model/construct of PCK to guide science education
research and identify specific next steps in the field of PCK (Berry et al., 2015). The summit
was led by Julie Gess-Newsome from Oregon State University, Janet Carlson from Stanford
University, and April Gardner from Biological Science Curriculum Study. At the summit,

Shulman provided the keynote address about PCK, and other members of the summit shared
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presentations on the various aspect of PCK. Then the group came up with the proposed
operational definition of the PCK “is the knowledge of, the reasoning behind, and enactment
of the teaching of particular topics in a particular way with particular students for particular
reasons for enhanced student outcomes.” (Carlson, 2015 p. 24).

Gradually, Gess-Newsome developed the model of teacher professional knowledge which
includes PCK as a component. In his work, PCK has been defined as both a knowledge base
used in planning a specific topic in the specific classroom context and as a skill in the act of
teaching. Daehler et al (2015) conceptualized the definition of PCK as Shulman defined it. It
was a special form of knowledge that goes beyond subject matter knowledge. It is the blend of
knowledge of content and pedagogy and making it understandable and comprehensible to the
students in the specific context. Many researchers (Amanda Berry et al., 2015; Baxter &
Lederman, 1999; Park & Oliver, 2008a) have worked on PCK to identify the strength and
weaknesses of its model and guided further research to develop a robust model of PCK. Then
the research progress of PCK conceptualization was going on (Ball, et al, 2008; Berliner, 1986;
Depaepe et a. 2015). For instance, Abell (2008) defined PCK as the integration and blending
of content knowledge and pedagogical knowledge that influence a teacher's decision of
teaching method. Building on Shulman’s PCK model, Magnusson & J. Krajcik, (1999)
developed a model that contains five components of PCK for science teachers: 1) orientation
to teaching science, 2) knowledge of assessment of scientific literacy, 3) knowledge of
curricula, 4) Knowledge of students’ understanding of science, and 5) knowledge of

instructional strategies (figure 1).
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Figure 1: The component of pedagogical content knowledge (Magnusson et al, 1999)

Similarly, to the work of Magnusson, the pentagon model by Park & Oliver, (2008)
agreed on the five components of PCK. However, Carlsen, 1999 classified the component of

PCK into four as knowledge of students’ common misconceptions, knowledge of curricula,
knowledge of instructional strategies, and the purpose of teaching science. Even though there
is no universal acceptance of the definition, it seems most definitions share a common
understanding of PCK as the domain of teacher knowledge which teachers need to structure
the content knowledge and choose appropriate teaching strategies for their students. Teachers
develop their PCK on particular content through experience and reflection on content
knowledge and classroom practice. Developing PCK helps teachers understand the weaknesses

of their teaching practice and learn more about the uniqueness of students’ characteristics and
classroom settings.
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PCK research outcomes have been used as the foundation for a discussion on improving
teaching quality. To gather the main themes and get an in-depth understanding of what has
been done with PCK research, some authors (Schneider & Plasman, 2011; Aydin & Boz, 2012,
Depeape, 2013) have focused on systematic or integrative literature reviews to systemize and
gather insights from existing studies. Those reviews have identified gaps in the existing
research findings, highlighting different thematic areas such as the development of science
teachers’ PCK, conceptualization of PCK in Mathematics, Biology, etc., and measurement of
teachers’ PCK. Schneider & Plasman (2011) summarized how science teachers think about
PCK components based on their experiences in class and the type of variables that influenced
science teachers’ knowledge of PCK. Depaepe et al. (2013), elaborated on the
conceptualization of PCK in mathematical educational research, the components of PCK, and
the countries that had conducted PCK research.

Despite considerable progress in PCK research, there appears to be no clear consensus
on how PCK for science teachers can be assessed, especially in subjects such as Chemistry,
Biology, Physics, and Earth Science (Baxter & Lederman, 1999). PCK is an internal construct,
so we couldn’t observe it directly. During teaching, teachers may reveal their strategies which
could be observed but it couldn’t reveal the reason why teachers chose this part to perform and
not the other. Assessing teachers’ PCK faces a lot of challenges. To agree on which component
to be assessed and which method to be used. (Kagan, 1990; Mikeska et al., 2021 & Park et al.,
2020).

Individual PCK varies depending on the content and classroom situation. Thus, there is
no fixed PCK that applies to all science topics. Understanding research findings on assessing
teachers’ PCK, and what science teachers understand about their PCK and development would
advantage other science teachers in improving their practice. To be concise, synthesizing
previous studies of teachers’ PCK would expose the gap in the literature and help science
teachers and education stakeholders to gain more insights into how PCK assessment can be
developed and implemented. Therefore, this paper reviewed studies of science teachers” PCK
published from 2000 to 2021 to build a body of knowledge that can be a foundation insight for
improving the assessment of science teachers’ PCK and the quality of science teachers.

The following questions are guided in this review paper. First, “what type of research questions
have been conducted in the area of science teachers’ PCK?” This question would address the
type of PCK themes in existing research. Those themes should be elaborated on and
distinguished through each study's research question and objectives. Research question two

was “What are the valid and reliable tools for measuring science teachers’ PCK?”. This
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question focused on the existing valid assessment tools that have been used for measuring
science teachers’ pedagogical content knowledge. To be specific, the objective of question 2
was to describe the structure of each assessment tool and how to assess it. This question also
addressed the strength and weaknesses of each tool.

2. Research Method

This study followed a systematic review (Petticrew & Roberts, 2006). The initial search
was conducted on the Web of Science and Education Resource Information Center (ERIC)
which include a database of educational research, and mostly peer-reviewed articles. These two
sources were determined for the review because they were accessible by the author and had
institutional access by Hiroshima university at the time of the study (2021-2022). The search
key terms were pedagogical content knowledge, science teacher, and science education which
aligned with the objective of this review.

First, placed those keywords on the document search option of Web of Science. it
appeared 1081 articles. Then the author refined the results by scoping on publication year,
document type, and subject focused. The articles for review were ranged from 2000 to 2021
while the concept of PCK has been more investigated as the core focus of quality of education.
The document type was selected on peer reviewed journal articles as well as the book chapter
if that were relevant to make reviews more comprehensive (Chapman, 2021). The subject
focused were Education Educational Research, Psychology Educational, and Social Science
Interdisciplinary that are written in English. After this refinement, it resulted 34 articles. Then
the author read each title and checked keywords to ensure that only relevant articles were
selected. For instance, articles that had key terms such as technological pedagogical content
knowledge were excluded. In this regard, the analysis of conceptualization and the examination
of PCK outside the field of science education were diminished from the selection. There were
15 papers on Web of science have been selected.

On ERIC, the author typed the keywords on search and tick on full text available option.
The refinement scoped on publication date (last 20 years), descriptor (pedagogical content
knowledge), education level (preschool up to secondary education), location (select all
countries which is available), and it appeared 500 articles. Based on the inclusion procedure
and filtering out the irrelevant papers that were out of the scope of the study, there remained

11 papers on ERIC. Totally from both data bases, it resulted 26 papers for further analysis.
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The papers were analyzed using within-case analysis (Miles, M. B., & Huberman, 1994)
of each of the 26 research papers. The article was a unit of analysis. Each article paper was
summarized in a category theme regarding two focuses: the research questions and the PCK
assessment tool. These two focuses were linked to the research question of this review study
respectively. The author did a horizontal analysis (cross-case analysis) by shifting the unit of
analysis from each article to the category theme. The author finalized the themes of research
questions and the description of strengths and weaknesses of the PCK assessment tool from the

horizontal analysis.

Keywords

99 ¢

“Pedagogical content knowledge” “science teacher” “science education”

Web of Science ) ERIC _ _
After refinement of some inclusion: After refinement of some inclusion:

1081 articles 500 articles

After refinement on abstract and keyword
15 articles

After refinement on abstract and keyword
11 articles

Figure 2: The procedure and criteria for selecting the reviewed articles

Source: Author’s design

3. Results and Findings
3.1 PCK Research question themes

The result in part 1 offered the findings of the various aspects of science teachers’” PCK
from the snapshot of 26 reviewed articles to the research question “what themes of research
questions can be generated from the reviewed articles?”. The description of this part started
with a summary of the country and focused on each study and was followed by the findings of
PCK themes and wrapped up with the quantitative results of the frequency of PCK themes. The
studies of teachers” PCK mostly were conducted in developed countries such as the USA,
Germany, Netherlands, and Australia, while the developing countries still have fewer studies

of teachers” PCK compared to the developed countries as indicated in Table 1 below.
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Table 1: List of countries and subjects specified in the review articles

Country of conducting the

NO Focused subjects Authors/year

study
1 South Africa Chemistry Rollnick & Mavhunga, 2014
2 Germany Biology-Physics  Kratz & Schaal, 2015
3 USA Biology Park et al., 2018
4 Germany Biology GroRschedl et al., 2019
5 Thailand Biology Chapoo et al., 2014
6 Thailand Physics (Zigfztaranima & Yuenyong,
7 Sweden Chemistry Drechsler & Van Driel, 2008
8 Colombia Physics Melo et al., 2020
9 Netherland Chemistry Van Driel et al., 2002
10 USA Chemistry Hanuscin et al., 2018
11 Turkey Chemistry Abadan & Oner, 2014
12 Turkey Chemistry Bektas et al., 2013
13 Turkey Chemistry Usak et al., 2011
14 South Africa Biology Mthethwa-Kunene et al., 2015
15 Turkey Science Karamustafaoglu et al., 2018
16 Germany Science Van Dijk & Kattmann, 2007
17 USA Science Suh & Park, 2017
18 Malaysia Science Halim et al., 2010
19 Thailand Biology Chapoo et al., 2014a
20 Turkey Chemistry Aydeniz & Kirbulut, 2014
21 Australia Science Loughran et al., 2008
22 Germany Physics Kirschner et al., 2016
23 USA Earth Science Campbell et al., 2017
24 Turkey Chemistry Usak, Ozden, & Eilks, 2011
25 Germany Biology Juttner & Neuhaus, 2012
26 USA Biology Juttner et al., 2013

Source: Author’s analysis
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To look in-depth at the reviewed studies above, the analysis of each research question has been
conducted. Each research question is guiding the research and seeks answers to the objectives
of the study (Creswell & Creswell, 2018). Among 26 reviewed articles, there were 48 research
questions, and on average there were 1 to 2 questions in each article. The research questions
were synthesized into four common themes: 1) measuring the science teachers’ PCK, 2)
Developing a PCK assessment tool, 3) identifying how science teachers’ PCK develops, and
4) identifying factors that influence science teachers’ PCK. Each theme was determined based
on the keywords in each question and grouped into the theme. Table 2 shows all the research

questions and the targeted sample from the review articles

Table 2: A list of research questions from reviewed articles

: o Number of
Study Research questions/objectives Respondents
(1) What is the quality of the content knowledge and .
topic-specific pedagogical content knowledge on this 64 In-_serwce
1 topic? Chemistry teachers
(2) How do the CK and PCK relate to each other? (secondary level)
(1) How can we develop and validate the tools for 72 Pre-service
2 assessing teachers' CK and PCK in the domain of science teachers
Biology and Physics? (primary level)
(1) How can we develop and validate the measures of 85 In-service science
3 PCK? teachers (secondary
' level)
65 German pre-
4 (1) How can we validate the instrument for assessing service and n = 35
secondary school pre-service biology teachers' PCK? German in-service
biology teachers.
(1) What are the understandings and practices of the . .
: , 1 In-service Biology
5 biology teacher’s PCK? teacher (secondary
(2) Did the content of CoRe reflect the components of level)
PCK as identified by Magnusson et al. (1999)?
5 (1) What are the elements of PCK which can be revealed L In-service Physics
) teacher (secondary
from the context of a 5E stages approach to teaching? level)
(1) What is the content of teachers’ Pedagogical Content
Knowledge about students’ difficulties in understanding
acids and bases? 9 In-service
7 (2) What is the content of teachers” PCK of teaching Chemistry teachers
strategies that consider useful to help students overcome  (secondary level)
such difficulties?
(3) How did the teachers perceive their PCK?
1 In-service Physics
8 (1) What is the development of PCK through a physics teacher (secondary

teacher training intervention program?
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(1) What development of the preservice teachers’ PCK

12 Preservice

9 can be investigated and what is the influence of specific .
factors on this development? Chemistry teachers
P
(1) How can we characterize elementary teachers’ PCK
for the matter? 38 In-service
10 (2) To what extent is teachers’ PCK for the matter a teachers (primary
function of teaching experience at grade level as opposed level)
to experience teaching overall?
(1)How do preservice chemistry teachers’ PCK 2 Pre-service
11 representations on the topic of the behavior of Gas over ~ Chemistry teachers
the semester? (secondary level)
All questions were asked before and after taking the
course.
(1)-How do pre-service chemistry teachers perceive the
relationship between laws and theories, and tentativeness
aspects of the Nature of Science? 7 Pre-service
12 (2) What is the knowledge of pre-service chemistry Chemistry teachers
teachers in terms of students’ understanding of and (secondary level)
difficulties in understanding the topic?
(3) How do pre-service chemistry teachers teach PNM
considering the knowledge of learners, instructional
strategies, and assessment?
(1) What is the prospective primary school teachers' CK 41 Pre-service
13 about states of matter? _ _ teachers (primary
(2) What is the prospective primary school teachers' |
evel)
PCK?
(1) What content knowledge do the biology teachers
have and explained in teaching genetics concepts?
(2) What topic-specific instructional strategies do these 41 . .
n-service Biology
14 teachers use? teachers (secondary
(3) What knowledge of students’ misconceptions and level)
learning difficulties, if any, did these teachers
demonstrate?
(4) How did these teachers develop their PCK?
(1). What are the levels of students’ metacognitive
awareness?
(2). What are the in-class activities that are conducted by 10 ice teach
15 the science teacher related to the observed transformation N-SErvIce teacher
of PCK? (primary level)
(3). What are the opinions of the science teacher about
metacognitive awareness and PCK?
(1) What SMK do biology teachers have concerning the
topic of evolution? , In-service Biology
16 (2_) What conceptions do teac_hers have of students teachers (secondary
misconceptions about evolution? level)
(3) What conceptions do biology teachers have of subject
matter representations of evolution?
(1) What are common patterns in the interactions among 3 In-service teachers
17 orientations and other knowledge components of PCK of

the teachers?

(primary level)
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(1) How effective am | as a supervisor in assisting my
supervisee to be reflective?
(2) How useful are the guidance and support to

3 Pre-service science

18 supervisees in assisting them to develop PCK that :gsz?)ers (secondary
concerns promoting learning rather than focusing on
student teachers’ self-survival?
(1) What are the understandings and practices of biology 3 In-service Biology
19 tencher’s PCK? teachers (secondary
) level)
(1) What Pedagogical Content Knowledge do pre-service
chemistry teachers have for teaching?
(2) What potential does the STSPCK instrument have for 30 Pre-service
20 assessing and enhancing pre-service science teachers’ Chemi
PCK? emistry teachers
(3) What are the challenges associated with developing
and using the STSPCK instrument?
(1) How does know to know about PCK influence 97 Pre-service
21 teachers’ thinking about teaching science and their PCK teachers
development?
99 (1) How can we develop a test instrument (PCK test) for I%’?]?/slir::_ssteer;/;‘:\eer
assessing physics teachers’ professional knowledge? (secondary level)
(1) To what extent does the resource activation model of 1 In-service Science
93 cognition help explain the application of orientations and teacher (secondary
topic-specific PCK by a grade 9 science teacher across level)
topics in earth science?
(1) What is the Subject Matter Knowledge of beginning .
b s s i
(2) What do the student teachers think concerning the
teaching? (secondary level)
(1) What is the student error about the reflex arc of the
o5 knee-jerk? 5 In-service German
(2) How can items for a PCK test be developed? biology teachers
(3) Are these PCK items reliable and valid?
26 (1) How can we develop reliable, objective, and valid 158 In-service

instruments measuring teachers’ CK and PCK?

Biology teachers

Source: Author’s analysis

*In-service teachers: refer to teachers who completed teacher training courses and became
teachers at a designated school. The teacher training course lasted for one, two, or four years
depending on the degree and policy of each teacher’s education context. That means they are

currently work as teachers.
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Pre-service teachers: refer to student teachers who have not yet completed the teacher training
course and are still under the training course. After completing the teacher training course, pre-

service teachers will become in-service teachers.

Theme 1: Measuring the science teachers’ PCK

Teacher quality is crucial for improving the quality of education. That means to say teachers
play an important role in enhancing students’ learning. As such, many studies have been
conducted to find out what type of knowledge teachers should acquire to enhance their
capacity. As already stated, Shulman (1987) initiated the PCK concept as an amalgamation of
essential teacher knowledge for transforming content knowledge through teaching strategies
according to subject content and context, which can ultimately ensure students’ learning.
However, the study of teachers’ PCK seems to be placed on specific topics, for example, some
studies focused on teachers’ PCK for the specific topic “Acid-base”, “Chemical reaction”
“Photosynthesis” etc. (Drechsler & van Driel, 2008 Usak, Ozden, & Eilks, And the questions
which guided in the theme “measuring the teachers’ PCK” mostly aimed to measure the
“quality”, “understanding”, “practice”, “characteristics” and the ‘“understanding of each
element of PCK”.

The study by Rollnick & Mavhunga, (2014) explored the Chemistry teachers’
knowledge of PCK which targeted five components such as (1) knowledge of the learner, (2)
knowledge of curriculum, (3) knowledge of teaching strategies, (4) orientation to teaching, and
(5) difficulties when teaching the topic of “Electrochemistry”. The study inquired by asking
“what is the quality of teachers’ PCK and how do the content knowledge and PCK relate to
each other?”. The findings of the quality of teachers’ PCK have been explained in four levels
1) “limited”, 2) “basic”, 3) “developing” and 4) “exemplary” through the PCK test. Likewise,
the study of Usak, Ozden, & Saglam, (2011) was guided by the question “what is the teachers’
PCK on the topic of phase transaction of matter?”. That focused on teachers’ knowledge of
student learning, knowledge of curriculum, and knowledge of representation. The teachers
elaborated on the decision of teaching models or any activities for teaching the topic of Matter.
Another study separated the questions by first asking “what is the knowledge of a teacher in
terms of student’s difficulties?” and “how do the teachers teach the subject considering the
knowledge of strategies, knowledge of learners, and curriculum?” (Drechsler & van Driel,
2008) assessed Chemistry teachers’ knowledge of students’ difficulties and models for teaching
acids and bases. The researchers asked questions like “what is the content of teachers’ PCK of

students’ difficulties and teaching model? The assessment unearthed teachers’ understanding

28



Cambodia Education Review QOuch, S.

of students’ difficulties, categorized as follows: 1) students’ misinterpretation of acid-base
reaction equation, 2) students’ preconception, 3) model confusion and 4) students’ difficulties
in distinguishing between explanations in a macroscopic view. The research also elaborated on
the types of models that teachers had been using for teaching acids and bases. That all to
investigate the teachers’ understanding of students’ difficulties and teaching model for
teaching. To investigate a categorization of teachers’ PCK, (Hanuscin et al., 2018) proposed
the question “How can we characterize elementary teachers’ PCK for the matter?”. The study
findings described the nature of PCK in different teachers and the relationship between the

teachers’ experiences and their PCK.

Theme 2: Developing a PCK assessment tool

PCK is known as a complex construct, hence there is no agreed-on standard tool for
measuring this knowledge. However, some methods and tools for assessing PCK have been
developed depending on the feasibility and means of reaching respondents. Several authors
have developed a tool for assessing PCK in specific topics. In Germany, Kratz & Schaal, (2015)
research posed a question: “How can they develop and validate tools for measuring CK and
PCK of Biology and physics?”. They adopted the existing assessment tools and added more
items to the tools. The tool was constructed for the component of knowledge of students’
understanding and knowledge of learning strategies, following a multi-stage development
process. Park et al., (2018) addressed the same question as Kratz and Schaal but focused on the
topic of photosynthesis. The development of a PCK survey test followed a few steps by first
identifying the core concepts of photosynthesis and, secondly, by drafting multiple-choice test
items targeting the categories of knowledge of learners and knowledge of instruction and
representation. Biology experts conducted multiple checks and revisions to validate the
developed items. Another study conducted in Germany by GrofRRschedl et al., (2019) questioned
“How can we validate the instrument for measuring the secondary school pre-service biology
teachers' Pedagogical Content Knowledge? The researchers followed a series of three
evaluations and refinement in which item analysis, scale analysis, and indicator validity were
ensured for the final test items. “How can we develop a test instrument (PCK test) for assessing
physics teachers’ professional knowledge?”; this question inquired how they can create the test
to measure the component of Physics teachers’ pedagogical content knowledge.

The evaluation of the test development included the description of content validity, construct
validity, and the examination of the internal structure of professional knowledge (Kirschner et
al., 2016). Another question was “Are these PCK items reliable and valid for assessing the
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PCK of Pupil Error?” the study by Juttner & Neuhaus, (2012) in the USA. Thus, this one
attempted to measure biology teachers’ knowledge of pupils’ errors on the topic of Knee-jerk.
The procedure of this test development is based upon the analysis of pupils’ errors from the
achievement test and followed by validation (think-aloud interview) and reliability (Cronbach
alpha test) Juttner et al., (2013). “How can we develop reliable, objective, and valid instruments
measuring teachers’ CK and PCK?”’; was not only developed for test items but also used the
instrument for Biology teachers as well. The procedure of developing the test was guided by
four steps 1) conceptualize the variable, 2) topic selection, 3) blueprints, and 4) structure and

rubric.

Theme 3: identifying how science teachers’ PCK develop

The questions in this trend aimed to explore how PCK develops over time or after the
professional training program. Two directions, one as the goal of understanding how teachers’
pedagogical content knowledge and another as what counts as the development of teachers’
PCK. The noticeable questions were “How did the teachers perceive their PCK of teaching
acids and bases develop until now; How do preservice chemistry teachers’ PCK representations
on the topic of the behavior of gases progress over semester-long chemistry teaching methods
course; and how did these teachers develop their PCK in genetics teaching?”. These three
studies had similar objectives by looking at the ground how and why the teacher changes their
way of teaching and the explain the satisfaction of their teaching.

Whereas the specific observation of the study by (Adadan & Oner, 2014), the study
compared the teachers’ knowledge of orientation to teach science, knowledge of curriculum,
knowledge of students, knowledge of strategies, and knowledge of assessment over a semester.
Whether to see if there is a change in their knowledge. As the main, the reflection of teachers’
works corresponds to how their PCK has changed. The second direction counted on what the
development of PCK has been guided by the questions such as “What is the development of
PCK through a physics teacher training intervention program? Or What development of the
preservice teachers’ PCK can be identified?” (Melo et al., 2020; Van Driel et al., 2002). Those
questions had not so different from the question of how teachers develop PCK, even though
the notification of the question of “what” weighted what teachers declared, planned, and did in

the class. Those development incorporated with the components of PCK.
Theme 4: identifying factors that influence science teachers’ PCK

The theme of seeking the factors that may affect the teachers’ pedagogical content
knowledge seems to be limited. The studies mostly tested the effectiveness of training
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programs or the influence of teacher trainers on student teachers rather than exploring the
possibility of various factors that may influence teachers’ PCK. Halim et al., (2010) stated a
research question “How effective of supervision on the student teachers’ Pedagogical Content
Knowledge? And “How useful of the guidance in supervision to develop PCK that concerns
promoting learning rather than focusing on student teachers’ self-survival? Testing the
supervised activities if that could make any change in students’ teachers’ PCK. This reflection
from students’ teachers described the necessity of supervision that allows them to know various
teaching strategies.

Among four themes of PCK research that has been conducted from 2000 up to 2021,
most of the research has focused on measuring teachers’ PCK rather than identifying factors

affecting teachers’ PCK which is illustrated in figure 3 below.

Frequency

Measuring quality of
teachers' PCK

M Developing PCK tools
Identifying how PCK
develop
Identifying factor
influence PCK

Figure 3: The frequency of PCK research themes from reviewed articles

Source: Author’s analysis from review articles

3.2 PCK measurement tools

Pedagogical content knowledge has known as a complex construct in educational
research. The challenge of PCK conceptualization still exists. Even though we don’t reach the
agreed-upon definition of the concept and the component, the investigation of each part of the
PCK component serves as a mandatory assessment of the PCK construct. In science
educational research, PCK has been a focal point for professionalism and teaching practices
research. According to Park & Oliver, there were two dimensions of measuring PCK. First,
measuring the teachers’ understanding of their PCK, and second assessing their enactment in
classroom practice. This perspective leads to the understanding of the nature of PCK

measurement tools that are elaborated on below:
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PCK survey test (Multiple choice item)

The PCK survey test was developed by Park aiming to assess Biology teachers’
pedagogical content knowledge on the topic of photosynthesis. The test was developed and
validated in several steps by first, identifying the core idea of Photosynthesis (what students
should know when they learn the topic).

e The core ideas were analyzed based on the textbook, curriculum, teacher manual, lesson
plan, and students’ work sample)

e Then send the core idea to biology experienced teachers to review the importance of
each idea using four points Likert scale (modification will be made if there is feedback
from those teachers)

e The core ideas were grouped into a category

Second, a PCK survey (paper test) and rubric were drafted focusing on knowledge of
student understanding (KSU) and knowledge of instructional strategy (KISR)

e It is a multiple-choice item grounded classroom scenario centering on the core ideas
and targeted KSU and KISR.

e Checking the literature on common misconceptions and instructional strategies on that
topic and start to develop an item.

*We can ask students to get more misconceptions if we can

e The test items were sent to biology teachers to make sure of content validity and then we

can check Cronbach’s a to make sure of internal consistency.

This type of test produces a convenient collection of large samples up to a few hundred upon
the nature of the multiple-choice items test. The analysis could be done by statistical analysis
which running by software, to see the mean score or level of respondents. However, the
limitation of in-depth analysis on how those responses were created still needs to consider

more.

Open-ended question/semi-open-ended question

This is a type of set of questions that could assess the respondent’s explanation in detail.
By starting with the open question related to the component of PCK, the researchers could
gather ideas from the teacher through the scenario of each question and purpose. An example
is a study by Rollnick & Mavhunga, (2014), who developed a topic-specific PCK test for
measuring teachers’ PCK by asking the teacher to state their responses in their words. Each
item of the test was designed based on the component of PCK. For example, to assess the

learners’ prior knowledge, the test required the teachers to state if they know the students have
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misconceptions or not according to the written statement of students’ ideas. Some test items
targeted conceptual teaching strategies by asking the teacher to write the teaching methods
which they think would make the students better understand the topic. The open-ended question
was widely used to prompt a detail of teachers’ understanding of their knowledge of teaching
strategies and another part of the PCK component as well (Sahin et al., 2016; Karamustafaoglu
etal., 2018).

CoRes

This is an abbreviation of the word Content representations which is an instrument for
articulating and portraying teachers’ understanding of PCK. It aims to describe teachers’
reasoning for how they choose the teaching strategies and how they assess their students’
difficulties or misunderstandings. The content representations tool attempt to investigate the
PCK of in-service or pre-service teachers and uncover most aspect of it. The contents
comprised a set of questions.

“What do you intend the students to learn about this topic?

Why is it compulsory for students to learn about this?

What else do you know about this idea (that you do not intend students to know yet)?

What are the difficulties or challenges connected with teaching this topic?

What is your knowledge about students’ ideas that influence your teaching of these ideas?
Are there any other factors that could affect your teaching of this topic?

What are your teaching procedures (any particular activities for engaging the idea)?

Specific ways of ascertaining students’ understanding or misunderstandings around this idea

include a likely range of responses” Chapoo et al., (2014).
PaP-eRs

PaP-eRs represent the term Pedagogical and Professional-experience repertoire. It relates
to CoRes and aims to measure the teachers’ PCK in action. Mostly, this is drawing as an
interview on the specific content that asks the teachers to describe their teaching practice. The
overall interview deepens on the explanation of the teacher regarding their decision on teaching
activities, the reason behind why they choose those activities, and how they thought about their
students understanding in that context. As can be seen, the PaP-eRs revealed the interaction
between each component of PCK, by allowing the teacher to critique and reflected on how their

lesson was conducted and the weakness and strengths of their action (Loughran et al., 2008).
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Interview

Some studies conducted research on teachers’ PCK by using the interview style. The
interview questions were created based on the literature and purposed to evaluate the teachers’
PCK on how to teach (Usak, Ozden, & Eilks, 2011b). Some interview styles were conducted
to get insight into teachers’ ideas about planning, designing, and explaining the lesson plan.
However, this type of interview could be done along with classroom observation to check the
consistency between the lesson plan and classroom practice. Due to the interview, the teachers
required much time and let the interview environment relax, the limitation could be done only
a few samples due to time-consuming. According to Drechsler & van Driel, (2008), they
interviewed by following a few steps. The questions first, started by asking the teachers to
present how they designed their lesson and how they have changed it over years. Second, the
teachers were asked if they used the pictures or any paragraph from the textbook and why they
used it. The last part of the interview questioned the teachers to discuss students’ thoughts
about their difficulties or any misconceptions. The last part was seeking more about how the

teachers handled those students’ difficulties.

Videotape/audiotaped conversation

This tool has been counted as a practical tool for measuring teachers’ practice in the
classroom. The study by (Melo et al., 2020) comprised several tools in one study to investigate
the physics teachers in Colombian secondary schools. A videotape of the class has joined as
one tool following the other tools such as an open-ended question, questionnaire, interview,
and CoRe as well. The videotape gave the activities that the teacher has been performing in the
class and added more essence to the other tools. The videotape has explained the teacher’
tendency to classroom practice whether teacher center or pupil center. Another way of using
the videotape was found in the study of (Van Driel et al., 2002), who compared the teachers’
PCK over time to see how their PCK developed over time before and after the training course.

Reflection paper/field diary/lesson plan method

As there is no single rule to measure teachers’ PCK, the researchers have included the
investigation of lesson plan tasks (Valk & Broekman, 1999) to see the relationship between
what teachers plan and what teachers do and the reason for doing it. Practical, (Hanuscin et al.,
2018) have mentioned the advantage of the lesson plan task, it provided a chance for the pre-
service teacher to express their opinions of teaching even though they don’t have teaching

experience yet. They have at least the knowledge for preparing their lesson based on their
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knowledge in their training course. According to the lesson plan task, the researcher could see
the connection between the essential questions for the class, the objective, and how those were
engaged with each other. The analysis of the lesson plan could be generated by content analysis
to see the nature of PCK considering the knowledge of the learner, assessment, and curriculum.
Briefly, descriptions of the tools above were reflected in two groups (Table 3) 1) as the tools
that aim to measure teachers’ PCK understanding according to their answers to the test and
questions in the interview. Those answers were evaluated regarding the component of PCK
that was targeted in each study. 2) as the group considering the enactment of teachers in their
teaching practice in the classroom. Those tools highlighted what teachers do in the classroom
if they were aligned with what the teacher has planned and the objective of the lesson.

Table 3: Category of PCK measurement tools

Group (1) Group (2)
PCK survey test: multiple choice Lesson plan task
Open-ended question: Class observation
CoRes Videotape
Reflection paper/field diary
PaP-eRs
Interview

4. Discussions
Research question themes

Following the result of the reviewed article above, the research on teachers’ pedagogical
content knowledge has contributed much to understanding teachers’ professional development
and practice. Hence, the respondents in each study seemed to be varied and more focused on
secondary in-service teachers (50%) and less on primary pre-service teachers (7.69%) as shown
in figure 2 below. This notion aligned with the study of (De Quadros et al., 2011, which means
that in-service teachers in secondary schools’ teachers were involved with students’ activities
and contributed to students’ learning quality a lot. Specifically, the students were first
introduced to abstract concepts at the secondary level, for example, the concept of Atom and
Molecule, heat, and sound. It is the critical stage of students’ learning of science concepts.
Research on in-service teachers reveals the practical issue and current challenge which enrich
the effectiveness of improving the quality of teaching-learning.

However, the focus on in-service teachers seems to contrast with the study (Van Driel et

al., 2002). Van Driel stated that the research of PCK should emphasize pre-service teachers
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rather than in-service teachers. Those student teachers will transform from a student-teacher
stage to the teacher stage and be ready to be a teacher. Investigating and assessing their
knowledge of PCK must be an important initial stage for developing their PCK and helping
them to be more confident in their teaching practices.

Even though most of the research on PCK from review articles focused on in-service
teachers, the empirical research on teachers’ PCK in Cambodia has emphasized more on pre-
service teachers and teacher trainers. The research that came from the government and
international stakeholders mostly targeted teacher trainers’ PCK and pre-service teachers rather
than in-service teachers (Ginburg, 2010; Depaepe et al., 2015; MoEY'S, 2011; Van et al, 2018).
This could be the initial stage for PCK research by gathering the information of teachers’
trainers or pre-service teachers first before the investigation of the in-service teacher. Through
the goal of Cambodia’s Education reform 2019-2023, to enhance the quality of teacher
education need to be considered on teachers’ education curriculum, course, content so on.
However, the progress of introducing the component of PCK has not yet been fully applied to
all teacher trainers. Compared to most of the research (Hanuscin et al., 2018; Park et al, 2018)
on PCK in a developed country, the movement of findings information from in-service teachers

is needed.
Percentage %
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40
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Figure 4: The percentage of respondent types in PCK research from reviewed articles
Source: Author’s analysis from review articles

Some reviewed articles (Drechsler & Van Driel, 2008; Melo et al, 2020) focused on
secondary in-service teachers, but they could only be assessed to a few respondents. This was
due to the limitation of instruments, time constraints, and other difficulties in finance
(Chantaranima & Yuenyong, 2014a; Chapoo et al., 2014; Melo et al., 2020). Another thing to
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be considered among PCK themes that have been found, as illustrated in Figure 1, is the
research on factors affecting teachers’ pedagogical content knowledge was only 4% while the
research on measuring teachers’ PCK reached 69%. There was a huge intention of figuring out
how much teachers know how to teach and how much they understand their students while
finding the reasons behind that performance was still hindered. This could be the challenge of
assessing the factor contributing to the performance of PCK. That could count on the
methodology, time constraints, and scope of the PCK component. The goal of improving
teacher quality concerns finding a way to improve teachers’ professional knowledge such as
Content knowledge or pedagogical content knowledge. Currently, research on PCK has
become a crucial aspect of teacher professionalism (Amanda Berry et al., 2015. However,
understanding the various factors that may affect or have a relationship with teachers’
knowledge is also beneficial for the sake of improving teachers’ quality. Yet, the PCK literature
(from review articles) seems to provide fragmented empirical evidence of factors that may
affect teachers’ PCK. Understanding the factor that contributes to teachers’ performance or
teachers’ PCK, is fruitful evidence to find the practical solution for teacher education practices
and professionalism.

Moreover, there were few or likely no studies on factors affecting
Chemistry/Biology/Physics/Earth science at all, only studies considering the science teachers
in the overall context. Noticeably, the PCK tools have developed from Biology more than
Chemistry while measuring Chemistry teachers’ PCK more than Biology teachers. There
seems to be a mismatch between the tool created and the subjects to be investigated.
Investigation of the pedagogical content knowledge of Chemistry teachers mostly tackled the
topic of “Particle of Matter” whereas the other fundamental topics in Chemistry still need more
attention. This notion also alerts the further development and validated tools for assessing PCK
from Chemistry topics and others, to build firm fundamentals of reliable tools in each science
subject. Moreover, the study of physics and Earth science teachers’ PCK was less compared to
other science subjects, and there is no study about Earth science teachers and how their PCK
has been developed.
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Figure 5: The percentage of research themes across science subjects from reviewed articles

Source: Author’s analysis from review articles

PCK measurement tools

As Table 2 in the result section illustrates, there were a variety of tools for assessing
teachers’ pedagogical content knowledge. However, those tools have limitations and strengths
in the measurement of the PCK construct. To compare the pedagogical content knowledge
between the US and South Korean science teachers, (Park et al., 2020) conducted an online
PCK survey test. The survey test assessed 166 science teachers from both countries. The test
was formed of two parts, which first part was a dichotomous type, and the second part was the
open-ended questions about knowledge of students’ misconceptions/difficulties and
knowledge of teaching strategies. This test could assess many respondents and the analysis will
be done through the rubric, which was created in advance. It saved the time of analyzing even
though hundreds of respondents. If the sample could represent the population, the study could
make inferences about relationships among variables or may generalize to a broader population
of interest (Creswell & Creswell, 2018). This is unlike interviews and class observation.
Generally, the interview was conducted with targeted samples and a limited number of samples
due to time constrain and other challenges such as financial support. The results could draw
the themes from the interview results, and it was hard to generalize (Chantaranima &
Yuenyong, 2014b; McCray & Chen, 2012).

The complexity of PCK makes it difficult to measure by using only a single instrument.
Some studies suggested including several instruments; for example, the study of (Bektas et al.,
2013) used open-ended questions, interviews, lesson plans, and reflection papers to survey

teachers” PCK. Each tool has a different function, but the main target is to gain more
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understanding of teachers’ PCK. In that way, the open-ended questions were designed to
determine the targeted respondents;” understanding of the specific topic, followed by
interviews to validate the written responses. This interview technique is followed by most
research on PCK in Cambodia due to the challenge of mobilization and efficiency, which draw
the findings from teachers’ interviews (Ngo, 2013). Lesson plans were used to gain insight
into the consistency between what the teachers plan and what they practice in the class. To
understand more about how the teacher explains their teaching strategies and how to reach the
goal of the lesson. To some extent, the decision of choosing PCK assessment could vary based
on the resource of mobilization, efficiency, economics, and potentiality in education reform of

selecting the assessment tools for the research study.

5. Conclusion

This review article has addressed some research themes on PCK for science teachers.
The article has specifically synthesized what is known about measuring science teachers’ PCK,
how science teachers’ PCK develops, the development of PCK assessment tools, and factors
that affect the development of science teachers’ PCK. This synthesized knowledge base can be
a starting point for researchers, especially those focusing on science education development in
the context of the Sustainable Development Goals (SDG 4) which highlight the significance of
Science, Technology, Engineering, and Mathematics (STEM) subjects. For instance, the
review findings can create a basis for further investigation of teachers' knowledge of other
components apart from knowledge of students and teaching strategies that seem to have been
the focus of most of the papers reviewed in this article. Second, this article has suggested
variations in terms of study participants, country, and science subjects. Most of the reviewed
papers focused on secondary science teachers more than primary science teachers, and PCK
assessment tests were mostly validated and developed in specific countries such as the USA,
Korea, and Germany. This means there is a dearth of similar research in developing countries
that are also striving to improve science education through teacher quality. Last but not least,
to promote excellent teaching practice, the connection between the gap in the literature and the
current situation of PCK in each country, especially the evaluation of what teachers know and

what teacher is doing could be a solid base for further studies.
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Abstract

Building qualified workforces in Science, Technology, Engineering and Mathematics
(STEM) is one of the top agendas of the Royal Government of Cambodia (RGC) to respond to
the country development to transform its nation to an upper-middle income country by 2030
and a high-income country by 2050. Yet, there has been a declining trend in upper secondary
school enrolment in science track in the last decade and in the long return of human resource
investment, this trend may affect the country demand in STEM-related fields. Therefore, the
current study aims to investigate the four primary sources of science self-efficacy on
Cambodian students’ science achievement. The study employs a survey with first-year students
at both public and private higher educational institutions. A total of 819 freshmen from four
public and two private universities were selected through a multi-phase random sampling. A
simultaneous multiple linear regression is used for the investigation in the study. The results
reveal that mastery experience, social persuasion and physiological state significantly predict
the science achievement, and mastery experience is found the most significantly predictor
while vicarious experience does not influence the outcome variable. The findings provide new
insights and concrete evidence for implications to key policy makers, practitioners and

development partners working on promoting STEM education.

Keywords: Self-efficacy; Cambodian university student; sources of science self-efficacy;

STEM education; science achievement
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1. Introduction

According to the RGC’s Industrial Development Policy 2015-2025, the government
envisions to transform its current status of low-middle income country to upper-middle income
status by 2030 and to move forward to a developed country by 2050 (RGC, 2015). To realize
this vision, the RGC set out the National Strategic Development Plan (NSDP) 2019-2023, one
of the top prioritized areas is to promote qualified human resources in STEM-related fields
(RGC, 2019). To contribute to realizing the vision of the RGC, the Ministry of Education,
Youth and Sport (MoEY'S) has put in place a number of key initiatives. For instance, a policy
on STEM was formulated in 2016 with its vision to promote quality of STEM education
(MoEYS, 2016). Furthermore, the Education Strategic Plan 2019-2023 clearly emphasized the
ministry’s continued effort to promote STEM education from primary to upper secondary
education (MoEYS, 2019).

Although a lot of policies and efforts have been put in place, the trend of enrolment in
science track at the upper secondary education gradually shifted downward in the last six school
academic years 2013-2019 (MoEYS, 2020). The continuation of this negative trend may affect
the enrolment of STEM-related majors at higher education upon high school graduation and in
the long-term, this may negatively affect the government’s vision to produce highly qualified
skilled workforces in STEM as the country will move forward to a skilled workforce economy
in 2030.

There are various studies on students’ choices in STEM related fields at higher education
and high school science tracks choice across the country. For instance, Eam, Keo, Leng, Song,
and Khieng (2021); Kao and Kinya (2019) found that there was a significant association
between science and mathematics self-efficacy to choices in STEM-related majors. In these
two studies, the authors jumped to the same conclusion that students who were more efficacious
in science and mathematics were more likely to choose STEM-related fields at universities. In
particular to the students’ choices in science streams at high schools, two studies revealed that
individual factor on science and mathematics self-efficacy significantly influenced students’
choices in science stream (Kao & Kinya, 2020; Seang, Chey, Souk, Hak, & Ob, 2021). In the
context of a study on the sources of self-efficacy, Chey (2021) investigated the trends and

patterns of the sources of Cambodian science self-efficacy and found that the mean scores of
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the four sources differed from low to moderate levels and the vicarious experience was at the
highest level. In addition, the author further revealed that Cambodian students’ science self-
efficacy significantly differed across demographic characteristics, namely gender, high school
tracks, place of origin, majors at university, family background and age.

Yet, investigating the sources of self-efficacy on science achievement remains
untouched. Therefore, it is imperative to examine the effects of the four primary sources of
self-efficacy on Cambodian students’ science achievement as to provide more concrete
evidence to policy makers, practitioners and relevant stakeholders to address the above-

mentioned issue. Hence, the current study was guided by one research question as follow.

Do sources of self-efficacy significantly predict students’ science achievement?

2. Literature Review

Self-Efficacy

Several studies in educational fields have investigated the self-efficacy theory by
researchers and scholars (Joét, Usher, & Bressoux, 2011). According to Bandura (1995), self-
efficacy is defined as “beliefs in one’s capabilities to organize and execute the courses of action
required to manage prospective situations”. Self-efficacy is found to be an influential actor in
the way people thinks and execute tasks (Kumar & Lal, 2006), and it affects the efforts people
put in the work as those who possess high self-efficacy tends to work harder toward the task
and vice versa (Schunk, 1985).

Bandura (1977) further positioned that self-efficacy consisted of two main components,
namely efficacy expectation and outcome expectation. Efficacy expectation specifically refers
to the trust or belief of one’s own ability in executing a certain job. Contrary to the first
component, outcome expectation simply concerns with a person’s expectation of the

subsequent results from performing that particular task (Hackett & Betz, 1981).

Sources of Self-Efficacy
Mastery Experience

Mastery experience is one of the sources of self-efficacy synthesized by (Bandura, 1977).
More recent studies (Kontas & Ozcan, 2022; Loo & Choy, 2013; Usher & Pajares, 2009) prove

that mastery experience is the influential factor on personal efficacy. By definition, mastery
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experience refers to a person’s past achievement or performance toward a particular task or
work (Van Dinther, Dochy, & Segers, 2011). When an individual experienced success in doing
something in the past, he or she tends to feel more confident on what he is doing in similar
thing he used to do well in the past. In contrast, if an individual experienced failures or low
achievement in doing a particular work, he or she may not believe in their ability to perform

similar task in the present time.

Social Persuasion

Besides mastery experience, self-efficacy is influenced by social persuasion. This source
affects one’s personal belief through motivation and encouragement from surrounding people
and these praises can be negative and positive (Bandura, 1977). The author further elaborated
that encouragement can build confidence in an individual’s ability to perform task even a
difficult one. In contrast, individuals become demotivated and lose self-confidence if they

receive negative encouragement.

Vicarious Experience

Another factor that affects personal self-efficacy is vicarious experience. In his
synthesized theory, Bandura (1977) argued that observation and learning from peers and other
surrounding people influenced an individual’s confidence toward the job he or she was doing.
The author also pointed out that people starts to compare their own abilities to others who are

completing similar tasks and then judge their own capability.

Physiological State

Physiological state, one of the sources affecting one’s self-efficacy, refers to the state of
an individual’s emotion, fear, or anxiety toward a particular task or job(Bandura, 1977). It is
evidenced by previous studies that people who possessed negative feeling or anxiety with a
particular situation tend to perceive low personal efficacy while those who experience fearless
and stress-free are more likely to be more efficacious in carrying out the work.

Self-Efficacy and Academic Achievement

Studies on self-efficacy and academic achievement have been carried out across fields
and subject domains worldwide and found there is a significant association between the two
variables. de Fatima Gouldo (2014) revealed that there was a positive significant correlation

between students’ self-efficacy and their performance. A recent study by Fakhrou and Habib
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(2022) confirmed that there is a significant association between student’s self-efficacy and their
academic achievement in an undergraduate program.

In the context of science and mathematics, several studies confirmed this association.
Juan, Hannan, and Namome (2018) examined the connection between the self-efficacy and
science achievement of twelfth graders in South Africa using data from TIMSS 2015 for
science achievement. Through multiple linear regression analysis, the authors found that
science self-efficacy significantly predicted the science achievement of the respondents.
Consistently, an investigation of the sources of science self-efficacy on middle school students
by Britner and Pajares (2006) revealed that science achievement was the strong predictor for
science performance, especially for male students. In parallel with the above-mentioned
studies, Andrew (1998) examined the relationship between self-efficacy and science
performance and found that science self-efficacy positively predicted students’ achievement in

physical science and bioscience subjects at 24% and 18.5% of academic cohorts respectively.

Sources of Self-Efficacy and Academic Achievement

Evidences confirmed in previous studies suggested that the four sources, namely mastery
experience, vicarious experience, social persuasion significantly predicted students’ academic
achievement regardless of subject domains and fields of study while some contradictorily
pointed out that not all the synthesized sources predicted the individuals’ academic
performance or success.

Zarei and Naghdi (2017) investigated the sources of self-efficacy on the performance of
EFL learners and revealed that only mastery experience significantly predicted the course
achievement in their study context. In science and mathematics domains, however, various
studies (Loo & Choy, 2013; Usher & Pajares, 2009) confirmed that all the four primary sources
of self-efficacy were significant predictors for student’s academic performance, and mastery
experience was the main predictor.

With respect to vicarious experience, Kesan and Kaya (2018) carried out a study on the
mathematics and science self-efficacy resources and academic achievement, and the authors
found that vicarious experience could predict science and math achievement at 60% of variance
when all the four sources were run in the multiple linear regression. The finding from this study
was consistent (Kontas & Ozcan, 2022; Loo & Choy, 2013; Usher & Pajares, 2009).

Similarly, various studies found that social persuasion is a significant predictor for

academic achievement across subject domains. As argued by Kesan and Kaya (2018), social
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persuasion significantly influenced math and science achievement. This finding is consistent
with a study by Kontas and Ozcan (2022).

The last source of self-efficacy is physiological state which is well documented by
researchers and scholars as the significant predictor for achievement. Obviously, (Loo & Choy,
2013; Usher & Pajares, 2009) found consistent findings confirming that physiological state

could predict students’ performance in math and engineering.

3. Methodology

A quantitative method was employed through a self-rated survey with Cambodian
university freshmen. A total of 819 students were selected from four public and two private
higher educational institutions through multi-phase random sampling. In the first stage, the
researchers purposively chose the universities based on two criteria. For the first criterion, the
selected institutions offered both STEM and non-STEM fields and at least 40 students or more
in STEM classes at those respectively universities. In doing so, the authors could ensure the
sufficient sample size for the study. On the other hand, for the non-STEM participants, there
were no any inclusion criteria due to the fact that there were a lot of students in these fields.
The last sampling procedure was to select the freshmen participants by utilizing simple random
technique. Firstly, the researchers approached the persons in charge of students’ lists and then
requested all the lists from them. Once obtaining all class lists, the researchers classified the
classes into two groups, namely STEM and non-STEM accordingly. With the two separate
groups, the authors began to randomly select the two classes and finally there were, in total,
four classes from each university.

For the data instrument, the current study adapted the construct by (Usher & Pajares,
2009). The measurement of the four primary sources comprised of twenty-four six-point-
Likert-scale items. To fit the context of the study, the authors reworded ‘Mathematics self-
efficacy’ to ‘Science self-efficacy’ because the original study developed the construct to
measure the sources of mathematics self-efficacy. To ensure the internal consistency of
reliability of the construct, Factor Analysis was conducted and finally twenty-two items
remained in the study. It was noted that one item was removed from the mastery experience,
and another one was also excluded from the vicarious experience as these two loading values
of these removed items were low. Based on the overall value of the Cronbach’s alpha, the

construct showed high reliability for the study.
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To make the questionnaire much more convenient and easier for the respondents, the
questionnaire was translated into Khmer language to ensure the participants clearly understand
the questions and provide sufficient, appropriate answers. Also, the researchers piloted the
instrument with 237 students from two private universities before the actual data collection.
The result of the pilot stage, the value of Cronbach’s alpha was .850 and after some
modification the final overall value of the Cronbach’s alpha was .929, which was the high
reliability (Leech, Barrett, & Morgan, 2005).

For the outcome variable, the researchers requested the respondents to do self-rating
toward their overall performance in the four science subjects in the last grade at high school,
namely Chemistry, Physics, Biology and Earth Science. Measure of science achievement was
categorized into five levels, namely A: Excellent, B: Very good, C: Good, D: Fairly good, E:
Average, and F: Fail. The scale was adopted from high school national exam grading system.

As mentioned in the beginning of this section, six higher educational institutions were
selected with a total of 819 freshmen. To collect the data, the main researcher directly went to
the field and met with the participants in classrooms at each research site. Prior to handing the
questionnaires to the respondents, the researcher introduced himself and clearly explained the
purposes of the study, and the consent form was given to the students to request their approval.
The researcher was with students until they finished filling out the questionnaire. All
questionnaires were collected and participants voluntarily participated in the study.

To analyze the data, the study employed the Statistical Package for Social Sciences
(SPSS), version 23. For statistical analysis method, the researchers used simultaneous multiple

linear regression to identify the predictor variables on students’ science achievement.

4. Findings

The table below showed the results of the simultaneous multiple linear regression. The
four predictor variables, namely mastery experience, vicarious experience, social persuasion
and physiological state, on the students’ science achievement were included in the model. The
model could explain 54% of the variance in students’ science achievement (R2 = .546, F (4,
814) = 246.646) with the level of significance being p < .001. As for mastery experience, it
was observed that the better students performed in the past on science subjects, the higher
students could achieve scores in science (3 = .402, p < .001). Vicarious experience did not
significantly predict students’ science achievement. In this model, it also revealed that social

persuasion significantly influenced the outcome variable with a .001 level of significance ([ =
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321, p <.001). The result of the last predictor, physiological state, showed a strong predictor
on students’ science achievement (8 =.117, p <.001). In overall, the findings clearly revealed
that mastery was the most influential source influencing student’s science achievement and

followed by social persuasion and physiological state.

Table 1: Results of Simultaneous Multiple Linear Regression for the four primary sources of
science self-efficacy predicting science achievement

Variables B(SE) Beta
Mastery Experience .033 A02%**
Vicarious Experience .032 -.004
Social Persuasion .028 321 %**
Physiological State .022 27>
Constant .621

(R? = .548, adjusted R? = .546, F (4, 814) = 246.646)
(*** p <.001)

5. Discussions

The findings from the current study provides new insights and more rigorous supporting
evidence to confirm the four primary sources of self-efficacy synthesized by Albert Bandura
and other previous studies in the same area of focus across the world. With an attempt to
investigate the four primary sources of science self-efficacy on students’ science achievement,
the results generated from the simultaneous multiple linear regression could uncover the
mystery in the context of the study and a concrete evidence for rich discussion.

Firstly, mastery experience was found the most influential factor on science achievement
and the current finding supported the previous studies (Kontas & Ozcan, 2022; Loo & Choy,
2013; Usher & Pajares, 2009). With this consistent result, the study suggested and reflected the
fact that students with success experience in doing science subjects in the previous grades are
more likely to constantly perform well in the upcoming academic years. In this sense,
strengthening students’ ability in science subjects from the past may help students perform
better and better as they have strong foundation from the previous grades. More than this,
building students’ foundation in science is even more effective from the primary grades as

suggested by the current study.

51



Cambodia Education Review Chey, R., et al.

Secondly, the current study also confirmed the previous findings that social persuasion
was another source in predicting the science achievement of the students (Kesan & Kaya, 2018;
Loo & Choy, 2013; Usher & Pajares, 2009). From this evidence, students might accept the
facts that the praises from family, peers and other people truly reflect their ability, and those
encouragements become the driver to motivate them to learn harder in science subjects. Not to
mention, it could be true in the context of the research sample that students in high schools
need to be constantly encouraged as negative praises may lead to demotivating them.
Therefore, all key relevant stakeholders such as parents, schools and teachers play a crucial
role in constantly encouraging and motivating students in a positive manner as their good
praises are very helpful in motivating learners to work harder in learning as evidenced by the
study.

The study further revealed that students’ performance in science was significantly
influenced by the physiological state and the finding supported previous studies (Loo & Choy,
2013; Usher & Pajares, 2009). However, the result was inconsistent with a study by (Kesan &
Kaya, 2018). In the context of this particular study, the finding reflects the current situation of
the students’ perception that science is not an easy subject, so this idea scared them and even
to good performers. Hence, increasing students’ success in science, addressing the fear and
anxiety cannot be ignored, and consultation should be made available at the ground levels. Not
only schools and teachers but also parents play an active role in supporting their children
emotionally as it is helpful to nurture the physiological state.

Last but not least, the current study found no significance in vicarious experience on
students’ science achievement from the results generated in regression analysis. The finding
was paralleled with the studies (Kontas & Ozcan, 2022; Zarei & Naghdi, 2017) although the
focus was on different subject domains. In the context of the current study, students might not
judge their own ability toward their peers when learning science and they might perceive that
people have different talent and skills among individuals. Thus, comparing student’s
performance or abilities with their peers does not work in science education. In return, it could
potentially deteriorate the situation as comparing their abilities with other well performing

peers causes their psychological consequence on learning science.

6. Conclusion

The current study aims to investigate the effects of the four primary sources of science
self-efficacy on students’ science achievement in the context of Cambodian freshmen. From

the findings, the current study positioned that students’ achievement in science subjects at high
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schools were significantly predicted by the sources synthesized by Albert Bandura, except
vicarious experience.

Furthermore, the findings suggested that mastery experience was found to be the main
factor predicting science achievement. Students who experienced success or did well in science
in the previous grades tended to maintain their good performance in the present time and the
next upcoming years. In this sense, building an individual’s success experience is the good
foundation for the future success in learning science.

In addition to the mastery experience, social persuasion becomes the crucial player in
promoting students’ science performance. The positive encouragement and motivation are
helpful in supporting learners as they take the praises into account. Moreover, it is more likely
that the more students receive positive messages about their performance, the better they are
going to achieve as at their ages, frequent positive encourages are needed.

Study also positioned that addressing students’ fear and anxiety toward learning science
is a preferable option to boost learners’ progress in science as the findings suggested that the
physiological state significantly influenced academic achievement in science subjects.
Students’ psychological aspect becomes one of the issues which needs to be addressed at
ground levels as it affects students’ performance and further their stream choices in science.

Judging oneself in performing science through observing peers and surrounding people
was not truly reflected in students when talking about learning science as evidenced in this
study. Hence, what students perceived their ability by comparing to others did not affect their
science achievement.

Overall, to further investigate and help promote STEM education in Cambodia, future
research should take other key aspects into consideration such as teacher self-efficacy,
students’ perceptions toward teachers’ classroom management, and other relevant factors as

these may affect students’ performance in science.
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