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ABSTRACT. The purpose of this study was to investigate secondary science teachers’ PCK components and subcomponents
that are specific to online and offline learning environment. Data collection consisted of survey, class observation, and individual
interviews of twelve science teachers. This study used a theoretical framework of PCK for deductive data analysis and articu-
lated codes and themes through the following inductive analysis. Data analysis revealed that each of PCK components showed
different specificity to the online and offline learning environment. And subcomponents of each PCK component were different
according to the specificity of the online and offline learning environment. Teaching orientation toward science had a specific ori-
entation for the online learning environment, i.e., ‘learning science concept’ and ‘lecture centered instruction.” Knowledge of the sci-
ence curriculum had online-offline mixed learning environment specific knowledge, i.e., ‘reorganization of curriculum’ and online
learning environment specific knowledge, i.e., ‘development of learning goal’ and ‘science curricular materials.” Knowledge of sci-
ence teaching strategies had online learning environment specific knowledge, i.e., ‘topic-specific strategy’, ‘subject-specific strategy’,
and ‘interaction strategy’ and COVID-19 offline learning environment specific knowledge, i.e., ‘topic-specific strategy” and ‘interaction
strategy’. Knowledge of student science understanding had online learning environment specific knowledge, i.e., ‘student preconcep-
tion’, ‘student learning difficulty’, ‘student motivation and interest’, and ‘student diversity’ and COVID-19 offline learning environment
specific knowledge, i.e., student learning difficulty’. Knowledge of science assessment had online-offline mixed learning environ-
ment specific knowledge and online learning environment specific knowledge, i.e., assessment contents and assessment methods
for each.

Key words: PCK, Online and offline learning environment, Secondary science teacher
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Table 1. Background information of participant teachers
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Teacher Affiliation Teaching Years Education
A High School Chemistry 35 years PhD
B Middle School Physics 15 years PhD
C Middle School Chemistry 24 years Master
D Middle School Chemistry 9 months Master
E Middle School Chemistry 4 years Bachelor
F Middle School Chemistry 4 years Bachelor
G High School Chemistry 9 years Bachelor
H Middle School Chemistry 1 year Bachelor
I Middle School Chemistry 1 year Bachelor
J Middle School Physics 3 years Master
K High School Earth Science 9 months Bachelor
L High School Physics 3 years Bachelor
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Table 2. Subcomponents of orientation toward teaching science according to the specificity of learning environment

Explanation

Subcomponent [ Subcomponent I1

Specificity of
learning environment

Component

education in online learning environment are to help

Teacher believes that the purpose and goals of science
students understand scientific concepts.

Learning science

concept

Goal for science
education

Orientation

Specificity of online

toward

Teacher believes that teacher lecture centered instruction
in online learning environment results in students’

science learning.

learning environment

Teaching

Lecture centered

instruction

Orientation toward
teaching and learning

Science
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Table 3. Subcomponents of science curriculum knowledge according to the specificity of learning environment

Specificity of

Component . .
learning environment

Subcomponent |

Subcomponent I1

Explanation

Reorganization of curriculum
for all students' learning
science in an equal learning

Knowledge of reorganizing horizontal curricular for
all students' learning subject matters in an equal
learning environment within a context of the

environment on-offline mixed learning environment.
Specificity of Knowledge of  Reorganization of science Knowledge of reorganizing horizontal curricular for
on-offline mixed  reorganization curriculum considering charac- implementing a particular activity that is appropriate
learning of science teristics of each of online and  for each of online and offline learning environment
environment curriculum offline learning environment in the on-offline mixed learning environment.
L . Knowledge of organizing horizontal and vertical
Reorganization of science . e . .
. sy curricular considering learning efficacy for particular
curriculum considering . . - . .
- . science concepts in the on-offline mixed learning
learning efficiency .
Knowledge environment.
of s'cience Knowledge of Knowledge of developing cognitive, inquiry,
curriculum development of attitudinal student learning goals in the online
learning goal learning environment
Knowledge of platforms for teaching particular
topics and knowledge of identifying difference in
Specificity of online Platform for online class characteristics, strengths, and weakness among
learning Knowledge of platforms and selecting the best one in the online
environment science learning environment.
curricular Knowledge of science curricular materials for teaching
materials . . . particular topics and knowledge of identifying
Science curricular materials for . . ..
. difference in characteristics, strengths, and weakness
online class . . .
among curricular materials and selecting the best
one in the online learning environment.
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Table 4. Subcomponents of knowledge of instructional strategy according to the specificity of learning environment

Specificity of learning

Component . Subcomponent | Subcomponent 11 Explanation
environment
Knowledge of ways how to reorganize, elaborate,
Learning task elaboration ~ and implement learning task so that it is presented
strategy from simple to difficult aiming for efficient learning
Knowledge of in the online learning environment.
nowledge o .. . Knowledge of ways how to select, organize, and
topic-specific  Activity selection and . . .. . .
. . implement specific activity that is appropriate for a
strategy implementation strategy . .. . . .
particular topic in the online learning environment.
Knowledge of ways how to provide lecture for
Teacher lecture strategy student learning concepts on a particular topic in the
online learning environment
Knowledge of activities that is specific to science in
Specificity of online Knowledge of subject-specific strategy the oqllpe learmng environment and }(t}owledge of
learn . organizing and implementing the activity.
earning environment - .
Knowledge of ways how teacher interacts with
Teacher-student interaction  students and knowledge of designing and
strategy implementing lesson including teacher-student
interactions in the online learning environment
Knowle(_ige of Knowledge of Knowledge of ways how to promote student-student
instructional . g Student-student interaction  interaction and knowledge of designing and
mnteraction . . . .
strategy strategy implementing lesson including student-student
strategy . . . . . .
interactions in the online learning environment.
Knowledge of ways how to promote student-learning
Student-learning content content interaction and knowledge of designing and
interaction strategy implementing lesson including student-learning con-
tent interactions in the online learning environment.
Knowledge of o ' !(nowledge of ways h(?w{ to selegt, organize, and
. . Activity selection and implement specific activity that is appropriate for a
topic-specific . . . . : . .
strate implementation strategy particular topic in the covid 19 era offline learning
& environment.
e . Knowledge of ways how teacher interacts with students
Specificity of offline . . L . -
learni . Teacher-student interaction  and knowledge of designing and implementing lesson
earning environment : . . Lo .
inthe covid 19era  Knowledee of strategy including teacher-student interactions in the covid
. (1 e fge 0 19 era offline learning environment.
interaction
strategy Knowledge of ways how to promote student-student

Student-student interaction  interaction and knowledge of designing and imple-

strategy menting lesson including student-student interactions
in the covid 19 era offline learning environment.
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EolZ AlAfH0lR. (CTAL 49 BE % Big)
(ERLA, M2 5 Big)
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Table 5. Subcomponents of knowledge of students’ understanding of science according to the specificity of learning environment

Specificity of learning

Component . Subcomponent I Explanation
environment

Knowledge of student Knowledge of st'udent preconceptions and‘ what concepts
. students have prior to the lesson in the online learning environ-

preconception ment

Knowledge of student learning Kriowledgedokfn whait ':ioplcsfor }foncep‘@ stude(;lts hag/e dl(izﬁ;_ulty

fici fonline difficulty to learn, and 1 owle gg ot wi at. acthlt}./ students have difti-
| c lSpeC} icity of o ! culty to enact in the online learning environment.
earning environmen
an\g]]ggﬁe ° g Knowledge of student Knowledge of what approach students be motivated and

understanding

motivation and interest

interested to in the online learning environment.

Knowledge of student
diversity

Knowledge of student social, cultural, and cognitive diversity
that results in student learning performance in the online
learning environment.

Specificity of offline
learning environment in
the covid 19 era

Knowledge of student
learning difficulty

Knowledge of student preconceptions and what concepts
students have prior to the lesson in the covid 19 era offline
learning environment.
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Table 6. Subcomponents of knowledge of assessment in science according to the specificity of learning environment

Component Spemﬁqty of learning Subcomponent I Explanation
environment
Knowledge of the contents for which learning can be assessed.
. . Knowledge of assessment contents . . . . .
Specificity of on-offline Specific to on-offline mixed learning environment
mixe.d learning Knowledge of the methods (instruments, approaches, or activi-
environment Knowledge of assessment methods ties) by which learning can be assessed. Specific to on-offline
Knowledge of mixed learning environment.
assessment

Knowledge of assessment contents

Knowledge of the contents for which learning can be assessed
in the online learning environment

Specificity of online
learning environment

Knowledge of the methods (instruments, approaches, or

Knowledge of assessment methods activities) by which learning can be assessed in the online

learning environment.
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