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ABSTRACT

This study examined teachers’ content knowledge (CK) in chemistry and its relationship to teachers’
chemistry background, teaching experience, involvement in professional development and self-efhicacy It
was further investigated which variables predicted the level of content knowledge (CK) of one hundred
public secondary chemistry teachers. The data shows that the majority of science teachers have low level
of CK in Chemistry. Teaching experience, professional development, chemistry background, and self-
efficacy were significantly related to the CK of teachers. Teachers' professional development and self-efficacy
predicted the CK of teachers.
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INTRODUCTION on student learning. Quality can be equated with
competency, efficiency and a teacher’s adequate
There is a major concern on the teaching of science  knowledge of content.
in the Philippines due to the poor performance of
the Philippines in benchmarking tests such as the

Trends in International Mathematics and Science

Teacher’s content knowledge (CK) is the foundation
to effectively teach (McConnell, et al, 2013).

Studies (TIMMS). Because of the direct interaction
between teachers and students, the quality of
teaching may have a positive or negative effect

Teachers need to be strongly grounded on scientific
concepts to be able to deliver them in a manner that
is comprehensible to students. Teachers’ content
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knowledge (CK) serves as an essential tool in
teaching science and also integrating concepts in
pedagogy (Satau et. al. 2014).

With the K to 12 reform, there is a greater concern
with regard to the ability of Science teachers to teach
properly. One of the main features of the K to 12
curriculum is the use of spiral progression approach.
Topics in Life Sciences, Physics, Chemistry and
Earth Science are presented in an increasing level
of difficulty from Grade 7 to 10, thus, promoting
and deepening the understanding and mastery of
the science concepts among learners. Additionally,
the content and skills are presented in a muld-
disciplinary and interdisciplinary approaches. The
main purpose of these approaches is to provide
connection om among science subjects and other
disciplines.

For many years, in-service science teachers are
experts in a particular subject (i.e., Chemistry was
taught by chemistry majors, Biology was taught by
Biology majors). With the curricular change, science
teachers are now expected to teach all disciplines.
This poses a challenge for science teachers as the
expectation is that they are adept in all the science
subjects.

It has been found that non-chemistry science
teacher’s knowledge is deficient in teaching
chemistry concepts in high school, in spite of their
possession of an academic degree (Kind, 2014). The
science educator may have a field of specialization or
major in college, but then again it is indispensable
that a teacher should have the breadth of knowledge
across other science disciplines (DOST-SEI, UP-
NISMED, 2011).

The main objective of this study is to assess the
level of chemistry CK of teachers in Grade 7 to
10. This study aims to find out if variables such
as (1) Chemistry Background (CB), (2) Teaching
Experience (TE), (3) Involvement in Professional
Development (PD) Activities and (4) Self-Efficacy
(SE) are predictors of CK of teachers. The variables
were correlated to the level of CK in chemistry. This
work may serve as a baseline of teacher performance.
The results of the work may also be used as a basis
for drafting a national promotional examination for
teachers. This proposed examination is meant to
strongly encourage teachers to improve their CK.

The following terms, are defined in accordance with
the context of this study:

1. Content Knowledge (CK). In this study, content

knowledge refers to the levels of teachers'
mastery of scientific concepts, principles, and
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theories in chemistry, as shown by the scores
obtained in the Chemistry Content Knowledge
Test.

2. Chemistry Background (CB). This term refers
to the academic preparation of the teacher in
the field of chemistry which includes the units
earned in chemistry from their baccalaureate
degree, graduate and post graduate programs.

3. Teaching experience (TE). This term refers to
the teachers' number of years in teaching.

4. Professional Development (PD) Activities.
These include the following: courses/workshops
and conferences/seminars which focus on
content, pedagogy or both, observation visits to
another school, research, mentoring/coaching in
a formal arrangement, peer observation, reading
professional literature, and informal dialogue
with peers on how to improve teaching. In this
study, professional development refers to the
frequency and duration of their participation
within the past 12 months.

5. Self-Efficacy (SE). This term refers to the beliefs
of teachers in their own capacity to influence
student performance, a judgment of their own
capabilities to organize and execute lessons to
effect learning among students as indicated by
scores obtained in the Self-Efficacy Scale.

6. Promotion. This term refers to the advancement
of teachers from one position with an increase
in duties and responsibility and accompanied
with the increase in salary.

Framework. Content knowledge (CK). Content
knowledge (CK) is defined as the disciplinary
conceptual knowledge of the teacher. It is considered
necessary for the teacher to teach concepts, principles
and theories. McConnell et al. (2013) described a
teacher’s CK as the foundation to effectively teach
inside the classroom. Teachers need to understand
and master the scientific concepts that they teach, to
be able to perform more complex tasks in teaching
science. Complex tasks are the following: identifying
misconceptions, presenting models that give accurate
depictions of scientific concepts, constructing tasks
that will engage learners to inquiry more, and
explaining complex ideas connected to the core idea.

Research onboth contentand pedagogical knowledge
has long been of interest to science educators. They
have one common goal, the pursuit of improving
science education for every single learner. An
effective science teacher is confident in teaching the
subject matter. It simply implies that the teacher
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knows the content and can effectively teach using
appropriate strategies. Studies show that CK alone
is insufficient to effectively teach science. A study
by Fleer (2009) found that the lack of science CK
causes the incapability of educators to teach science
efficiently. The factor accountable for the variances
in the quality of teaching is the differences in the
teacher’s CK (Shallcross, et al 2002).

Pedagogical Content Knowledge (PCK) is defined
as understanding appropriate instructional practices
for teaching a specific subject which, makes it easier
for students to understand science (Shullman,
1986). Science CK is rarely studied than PCK
despite the fact that strong CK is required for
strong PCK (Kaya, 2009; Van Driel et. al 2002).
In addition, Science CK and pedagogy are both
difficult to master. Nonetheless, the development of
both Science CK and PCK are essential in scientific
understanding, thus focusing on science CK too is
very essential for research.

Diamond et al. (2014) found that professional
development intervention helped improve teachers’
CK. Teachers who participated in an intervention
program demonstrated significant increase in the
teacher science knowledge (Diamond, et al., 2014).
Consequently, increased CK resulted to better student
performance. This study shows that assessment
of teachers CK provides important information
needed by educators to improve, plan and develop
a good design for professional development. We also
hope that a National Promotional Examination for
Public School Teachers can be considered to force
teachers to improve their CK.

Figure 1 illustrates the objective of this work.
METHODOLOGY

This study utilized the descriptive correlation method
of research (Gay & Airasian, 2003, Calmorin &
Calmorin, 2012). It was conducted in ten public
secondary high schools in the city of Manila.
Participants were grades 7 to 10 science teachers. In
the K to 12 program, these teachers are expected to
teach all science subjects including chemistry. Five
principals and head teachers also participated in the
study. They were key informants with regard to the
promotion system. Four instruments were used in
the study.

Chemistry CK Test. Construction. The test
consisted of 51 items and was worth a total of 60
points. There were 42 multiple choice questions
and 9 short response questions. The nine (9) short
response questions, were directly taken from the
TIMSS. Chemistry content experts reviewed the

Content
Knowledge

Involvement in
professional
development

Teaching
experience

Chemistry
Background

Self-efficacy

Figure 1: The research paradigm shows that chemistry
background, teaching experience, involvement in pro-
fessional development and self-efficacy are predictors of
Content Knowledge (CK) in Chemistry.  The results
will serve as basis for a proposed National Promotion-
al Examination for Public school Science Teachers. The
National Promotional Examination is a mechanism to
help teachers develop mastery of content knowledge.

items and provided recommendations concerning
the alignment of each item with the content
specifications of the test (Supporting Information
N). Based on the content review recommendations,
items were revised and additional items were added
to meet content specifications.

The final draft of the CK test was piloted to a group
of students who were comparable to the target
participants. The pilot group consists of graduate
students (science teachers) enrolled in Master of Arts
in Education, Major in Science Education from The
National Teachers College. The teachers were able
to complete the test in 1 hour and 45 minutes and
minor feedback regarding the questionnaire was
noted; there were no major issues reported with the
test items.

Item Analysis. Item analysis was used on the chemistry
content knowledge test to determine the difficulty
and discrimination index of each item. (Supporting
Information M)

The final version of the Chemistry CK Test
(Supporting Information H) was developed to
provide a comprehensive measure of teachers' level
of CK in Chemistry. This instrument has been
aligned with the K-12 Curriculum. Table 1, shows
the Chemistry concept area by grade level. Recall
questions fell under the easy level, understanding and
application questions fell under the moderate level
while analysis questions fell under the difhcult level.
For every correct answer obtained in the multiple
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choice, one point was allocated. Short response items
were worth two points for every correct response, one
point for partially correct response and zero point
for no answer or incorrect answer. A rubric for short
response questions, items was utilized (Supporting
Information I). The highest possible score is sixty
(60) points. The reliability of this instrument (only
for the multiple question part) was proven to be
high, with the Kuder-Richardson Formulae (KR20)
of 0.9 (See Supporting Information S).

Table 1. Chemistry Concept Area by Grade Level.

Grade Level Chemistry Concept Area No. of Items

Grade 7 .
¢ Elements and Compounds
¢ Acid and Bases

¢ Metals and Non-metals

Grade 8 * Matter and its properties 13
¢ Atomic Properties
¢ Atomic Structure
¢ Particle Nature of Matter
¢ Periodic Table of Elements

Grade 9 * Chemical bonding 10
* Organic Compound

Grade 10 ¢ Gas laws 17
¢ Chemical Reactions
¢ Biomolecules

Total 51

Substances and Mixtures 11

The levels of CK in chemistry were analyzed and
interpreted using the score range as shown in the

Table 2:

Table 2. Chemistry CK Test Interpretation of
Scores.

Score Range Interpretation
55-60 Advanced
49-54 Proficient
43- 48 Approaching Proficient
37-42 Developing

36 and below Beginning

Chemistry Background (CB) and Teaching
Experience (TE) Checklist. A checklist (Supporting
Information D) was developed and provided a basis
for measuring the CB and TE of respondents. The
highest possible score for CB is 150 points. Table 3,
shows the corresponding equivalent point for each
program. The CB was examined by looking at the
number of chemistry units in each program. The
equivalent points were all based on the number of
earned units in Chemistry.
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Table 3. Chemistry Background Checklist and

corresponding Equivalent Point.

Bachelor’s Courses Equivalent Point

Bachelor of Secondary Education major in:

Biological Science 20
Biology and other courses related to biology 20
Chemistry and other courses related to chemistry 50

(BS Chemistry, BS Chemical Engineering, BS
Industrial Chemistry)

General Science and other courses related to 15
general science ( BSED Science)

Physical Science 15
Physics 8
Others: BS Natural Science, BS Nursing, BS 10

Geology, BSED Natural Science

Master’s Courses Equivalent Point

MA in Education major in

Biological Science 0
Biology and other courses related to Biology 0
Chemistry 50
Curriculum and Instruction 0
Educational Administration 0
Educational Management 0
Natural Science 0
Physics 0
MS in

Science Education and other courses related  to 10
Science Education (MA Science Education, MS

General Science, MA General Science)

Secondary Education 0
MS in Teaching major in

Biology 0
Chemistry and other courses related to chemistry 50
(MS Chemistry Education)

Physics and other courses related to physics (MS 0
Physics)

Others:

MS Natural Science, MA Developmental 0
Education,

MA Computer Science 0
Doctoral Courses Equivalent Point
Doctor of Education major in

Biology 0
Chemistry 50
Educational Leadership 0
Educational Management 0
General Science 0
Ph.D. in Science Education major in

Biology 0
Chemistry 50
Physics 0
Others:

Ph.D. Educational Management 0
Ph.D. Science Education 0
Ph.D .Math 0
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The teacher's background in chemistry was analysed
and interpreted using the score range in Table 4:

Table 4. Interpretation of Teacher’s Background
in Chemistry.

Score Range Interpretation
1-30 Very Low
31-60 Low
61-90 Moderate
91-120 High
121-150 Very High

The equivalent points was developed to measure the
TE. Based on the ranking system of Dep ED, the
scores were analyzed and interpreted using the score
range in Table 5 below.

Table 5. Teaching Experience (Years).

Equivalent  Teaching Experience Interpretation
Point (Years)
50 21 years or more Master Teacher 3
40 16-20 years Master Teacher 2
30 11-15 years Master Teacher 1
20 5-10 years Senior
10 Less than 5 years Junior
Professional  Development (PD)  Checklist.

A checklist (Supporting Information E) was
developed and utilized to measure the PD of teacher
respondents. The checklist included the specific PD
activities and the average duration per PD they have
attended. The highest possible score for this checklist
is 76 points. The PD checklist consists of thirteen
(13) activities, the different PD activities were the
following: (1) courses/workshops which focus on
content, pedagogy or mixed (content and pedagogy),
(2) conferences/seminar that focus on content,
pedagogy or mixed (content and pedagogy), (3)
observation visit to another school, (4) or research
work whether individual or collaborative, (5)
mentoring/coaching in formal school arrangement,
(6) peer observation, (7) reading professional
literature, and (8) informal dialogue with peers on
how to improve teaching. The checklist measured the
thirteen (13) PD activities by assigning an equivalent
point to the number of participation per school year
and also the average duration (hours per day) (shown
in Table 6). The number of participation of teacher
respondents in a school year were noted as 0, 1-4,
5-8, and 9-12. The equivalent point is the following:
0: 1 point, 1-4: 2 points, 5-8: 3 points, 9-12: 4
points and 0 point for no answer. Average duration

(hours per day) were noted as 1-2, 3-4, 5-6, and
7-8. The equivalent point is the following: 1 point,
2 points, 3 points and 4 points, respectively (shown
on Table 6). The reliability of this instrument was
proven to be high. The Cronbach alpha computed
value is of 0.86. (Supporting Information R)

Table 6. Professional Development Activities &
Duration and Corresponding Equivalent Points.

Frequency Equivalent Point/s
0 1
1-4 2
5-8 3
9-12 4
Duration Equivalent Point/s
1-2 1
3-4 2
5-6 3
7-8 4
No answer 0

The study also devised and utilized a PD checklist.
The scores were analyzed and interpreted using the
score range as shown in a Table 7 below.

Table 7. Professional Development Checklist
Interpretation.

Score Range Interpretation
1-19 Very Low
20-38 Low
39-57 High
58-76 Very High

Self-Efficacy Scale (SE). The SE Scale (Supporting
Information G) was used in this study. This scale
consisted of thirteen (13) items, which were
answerable using a 4- point scale. One or (1 )
means Very Little, 2 means Little, 3 means Much
and 4 means Very Much. This scale was designed
to assess teachers' self-efficacy in order to gain
understanding in the difficulties encountered by
teachers in their school activities. The respondents
were asked to answer each question by considering
the combination of their current abilities, resources,
and opportunities to each of the position included
in the items (Tschannen — Moren & Woolfolk —
Hoy, 2001). The reliability of the scale was proven to
be high, with the computed Cronbach alpha value
of 0.95.

The study also devised and utilized a SE Scale. The

scores are analyzed and interpreted using the score
range as shown in a Table 8 below:
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Table 8. Self-Efficacy Scale Interpretation of
Scores.

Score Range Interpretation
1-13 Very Low
14-26 Low
27-39 High
40-52 Very High

Interview Guide. Individual interview (Supporting
Information F) which lasted for (10) minutes each
was held using a semi-structured protocol. The
interview focused on training, promotion, and
improvement of science content knowledge. Ten
(10) teacher-respondents, five (5) head teachers
in science and five (5) school principals were
interviewed.

Data Collection. A consent letter was given to
participants stating the objectives of the research
prior to data gathering (Supporting Information C).
The CB and TE checklist, PD checklist, and SE scale
were given before respondents took the chemistry
CK test. The consent assured the participants that
all responses and answers in the test and tools
were protected by confidentiality and solely used
for the purpose of research. There was a one-on-
one discussion with the participants regarding the
possible implementation of this kind of evaluation
for the promotion of teachers. It was explained to
them that the research was to ensure the quality of
the teachers in terms of CK areas and to improve
existing policies prior to the science content exam as
assessment tools for educators. The participants were
informed of the details of the study and assured that
their identities would be kept confidential. The steps
in the darta gathering are illustrated in Figure 2.

Admistration of
Chemistry
Background and
Teaching
Experience
Checklist

5 ¢ Administration of dmin ¢ || Administrationof
Distribution of professional Administration o

Development
Checklist

f-eFficacyScal Content Interview
Consentstier SelfefficacyScale || gnowledge Test

Figure 2: Steps in Data Collection.

The data was collected using both checklists and
interviews. These methods gave an overview of the
teacher's experiences that provided an insight into
the widest possible range of opinions and views
within the context. The interview was designed to
validate checklists responses and to expound on the
topic.

Statistical Treatment of Data. All the responses
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were tallied statistically using a variety of statistical
tools. This was done to make the interpretation of
the information gathered significant and reliable.
In order to objectively quantify the answers to the
questions raised in the statement of the problem
in the first chapter, the researcher utilized the
frequency count, percentage, weighted average,
Pearson correlation and multiple regression analysis.

Frequency Count and Percentage. Frequency count
and percentage were utilized to treat the data related
to chemistry background, teaching experience,
involvement in professional development, self-
efficacy and chemistry content knowledge.

Weighted Mean. To quantitatively measure the
followingscores in each variables: contentknowledge,
involvement in professional development and self-
efficacy the weighted mean was employed.

Mean (u)= Z%

where 2 = summation (addition) sign; X = individual
number; /V = population size.

Pearson Correlation. The relationship of the levels
of content knowledge in chemistry to chemistry
background, teaching experience, involvement
in professional development and self-efficacy was
treated using the Pearson correlation.

The following guidelines were used to quantitatively
describe the relationship between variables that are

involved in the study (shown in Table 9):

Table 9. Interpretation of Pearson r.

Coefficient, r

js\tsl;zl:‘i;::;li:j Positive Negative
Small 0.1t00.3 -0.1t0-0.3
Medium 0.3t 0.5 -0.3 t0-0.5
Large 0.5t0 1.0 -0.5t0-1.0

Multiple Regression Analysis. To determine how the
chemistry contentknowledge of teachersisinfluenced
by chemistry background, teaching experience,
involvement in professional development and self-
efficacy, multiple regression analysis was employed.
The regression equation explains a number of
variations observable in the independent variable. It
is actually the equation of a straight line in the form:

y=xl+x2 .. xk

where y = criterion measure; x = predictor.
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Testing of Hypothesis for Regression Analysis.

A small p-value (typically < 0.05) indicates strong
evidence against the null hypothesis, the null
hypothesis is rejected.

A large p-value (> 0.05) indicates weak evidence
against the null hypothesis, the null hypothesis is
accepted.

RESULTS AND ANALYSIS

Profile of the Respondents. The following shows the
profile of the respondents in terms of their chemistry
background, teaching experience, involvement in
professional development and self-efficacy.

Educational Background. Educational background
is one of the factors that contribute in the acquisition
and development of skills and competencies of the
teachers. Table 10 shows the educational attainment
of the respondents.

Table 10. Distribution of Respondents as to

Educational Attainment.
Educational Attainment F %
Baccalaureate degree only 21 21
Units in Master’s course 68 68

Master’s degree

Units in Doctoral Program 4 4
Doctoral degree 1 1
Total 100 100%

The data in Table 10 revealed that of the 68
respondents (68%) who have units in master's
degree, only eight acquired units in chemistry and
only one (1%) graduated with a Master's degree
directly related to chemistry. Twenty-one (21)
respondents (21%) were graduates of a Baccalaureate
degree. Six respondents (6%) completed their
Master's degree, 4 respondents (4%) have doctoral
units (Educational Management and Mathematics).
One respondent (1 %) has completed a doctoral
degree major in Educational Management.

The teacher-respondents were mostly enrolled in
graduate school and have earned units for their
Master's degree. Based on the interview, most of the
teachers who were over 40 years old and above had
no interest in pursuing their career to the next level.
They did not see anymore the benefit that they could
get from it. One of them even mentioned that she
already attained the peak of her career as a teacher.

During the interview of teachers, head teachers, and

principal, two (2) of the interviewees suggested that
teachers must pursue further studies to be able to
improve one's science CK. A master's degree or at
least 18 units in the master's program is one of the
qualifications to be able to be promoted to a higher
position.

Table 11. Distribution of Respondents according
to Baccalaureate Degree.

Baccalaureate Degree F %
BSED major in Biological Science 5 5
BSED major in Biology 24 24
BSED major in Chemistry 12 12
BSED major in General Science 34 34
BSED major in Physical Science 5 5
BSED major in Physics 8 8
Other course related to Biology 1 1
Other course related to General Science 1 1

(e.g BSED major in Science)

Other course related to Natural Science 2 2
(e.g BSED major in Natural Science

and BS Natural Science)

Other courses (e.g BS Nursing and BS 2 2
Geology)

Other courses related to Chemistry (e.g. 6 6

BS Chemistry, Industrial Chemistry,
and BS Chemical Engineering)

Total

100 100

Table 11 shows that most of the respondents have
a baccalaureate degree in BSED major in General
Science. This implies that there are very few teachers
who have specialization in teaching Chemistry. The
sample showed that many teachers specialize in
biology rather than chemistry, physics and natural
science. There is an unequal proportion of teachers
when it comes to specialization or expertise.

Table 12 shows that few teachers focus on getting
a master's degree specializing in only one subject
matter like biology, chemistry, and physics. This
implies that, science teachers want to have a wide
range of knowledge in various areas of science. Some
of the teachers were specializing in educational
management and educational administration. These
specializations are instrumental for a teacher to be
promoted as Head Teacher or Master Teacher.

Very few have shown interest in pursuing a doctoral
degree. Only 4% of the respondents have earned
doctoral units. Two out of 4 respondents have credit
units in Doctor of Education major in Educational
Management. While only 25% is pursuing a
Doctor of Philosophy in Science Education; 1 out
of 4 respondents had units in Doctor of Philosophy
major in Mathematics (shown on Table 13).
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Table 12. Distribution of Respondents with Units
in Master’s Degree.

Master’s Degree F %
MA in Education major in Biological 2 2.94
Science

MA in Education major in Biology 5 7.35
MA in Education major in Chemistry 7 10.29
MA in Education major in 1 1.47
Developmental Education

MA in Education major in Educational 2 2.94
Administration

MA in Education major in Educational 1 1.47
Management

MA in Education major in Natural 10 14.71
Science

MA in Education major in Physics 6 8.82
MA in Education major in Science 18 26.47
Education

MS in Chemistry 1 1.47
MS in General Science 2 2.94
MS in Physics 2 2.94
MS in Science Education 11 16.18
Total 68 100

Table 13. Distribution of Respondents with Units
in Doctoral Units.

Doctorate Degree F %

Doctor of Education major in 2 50
Educational Management

Doctor of Philosophy in Science 1 25
Education

Doctor of Philosophy major in 1 25
Mathematics

Total 4 100

Chemistry Background. A checklist (Appendix D)
was developed and provided a basis for measuring the
chemistry background of respondents. The highest
score for chemistry background is 150 points. Table
14, shows the scores obtained in the chemistry
background. The equivalent points were all based on
the number of earned units in Chemistry.

Table 14. Scores in Chemistry Background.

Score range Interpretation F %
1-30 Very Low 80 80
31-60 Low 12 12
61-90 Moderate 1 1
91-120 High 7 7
121-150 Very High 0 0
Total 100 100
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The table shows that 80% of the respondents have
very low chemistry background, and only 7% of the
respondents have the high chemistry background.
These results imply that most teacher-respondents
do not have adequate chemistry background, their
undergraduate, master, and doctoral degrees are not
aligned with chemistry. This finding is supported by
the data on Tables 11, 12, and 13.

Teaching Experience. TE refers to the teachers'
number of years in teaching. Table 15 shows the
data about the number of years in teaching.

Table 15. Distribution of Respondents in terms
of Teaching Experience.

Score F % Interpretation
10 7 7 Junior

20 20 20 Senior

30 13 13 Master Teacherl
40 9 9 Master Teacher 2
50 51 51 Master Teacher 3
Total 100 100%

Table 15 shows that 51 respondents had the score of
50, which meant that the teacher served for 21 years
or more while 7 respondents had the score of 10,
which meant that the teacher, had an experience in
teaching for less than 5 years (junior). More than half
of the sample were master teachers. It is a positive
indication because nowadays there are still some
teachers who leave their profession and transfer to
other jobs because of the difficult demands of the
teaching job.

Suggestion: This finding indicates that many teachers
decide to stay in the profession despite the challenges
of the job. They affirmed they enjoyed their work
and almost half of their lives have been spent in
teaching. Although there were some teachers who
have been serving their respective schools for several
years, it was observed that many of the respondents
were young teachers. Based on the interview and
observation, these young breed of teachers were very
competitive and highly committed to the teaching
profession. Some of them, aspire to be promoted
to a higher position such as Teacher II and even

Teacher III.

Professional Development. This variable measured
the frequency of teachers' involvementin professional
development activities within the past 12 months.

Table 16 indicates that the respondents received
insufficient training from the government and
hardly participated in the different professional
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Table 16. Scores in Professional Development

Checklist.

Score range Interpretation F %
1-19 Very Low 33 33
20-38 Low 33 33
39-57 High 20 20
58-76 Very High 14 14
N 100 100

development activities. From the one-on-one
interview, 100% or 10 out of 10 teacher participants
said that they received only two weeks of training
for their teaching for the entire school year. Some
teachers expressed their difficulties in teaching the
K-12 curriculum. A respondent said that it was a
struggle to explore another field of science because
it was outside her specialization. This presents a
potential problem related to the quality of teaching.
In many studies , professional development activities
like attending training, seminars, conferences, and
workshops have significantly increased teacher's
content knowledge in Science. Even increasing
the number of hours in attending professional
development activities resulted in a significant
increase in the content knowledge of teachers.

Ten (10) of the interviewees or 50% said that
science content knowledge of in-service teachers
can be improved by attending training, seminars,
workshop and other professional development. Two
among the interviewees suggested that teachers must
be given more in-depth training. They must be given
a longer training focusing more on the topics they
have difficulties with. Some, also mentioned that
subject matter experts must conduct the training.

Self-efficacy. The SE Scale was used in this study.
The scale is a measure consisting of thirteen (13)
items, which were answerable using a 4-point scale.
This scale was designed to assess SE in order to gain
understanding the difficulties teachers encounter in
their school activities.

As revealed in Table 17, seventy-four (74%) have
very high SE and only three (3) rated themselves
low. Although some of the teachers rated themselves
highly positive on SE, some teachers have low
chemistry CK. One teacher who had a score of
15 in the CK test rated herself positively (52). The
teacher with the highest CK score got a SE rating of
47. The limitation of this study is that the data were
based on a self-report instrument. Responses in the
self-efhicacy instrument were not directly observed.
It is assumed that the teachers answered the scale
with utmost honesty.

Table 17. Scores on Self-efficacy Scale.

Score range Interpretation F %
1-13 Very Low 0 0
14-26 Low 3 3
27-39 High 23 23
40-52 Very High 74 74
Total 100 100

Chemistry Content Knowledge. Data in Tables 18
A and B present the scores that describe the level of
CK of teachers in Chemistry.

Table 18 A. Distribution of Chemistry Content
Knowledge Score of Respondent.

Score Range i % Lpranton
55-60 0 0 Advanced
49-54 2 2 Proficient
43- 48 20 20 Approaching
Proficient
37-42 13 13 Developing
36 and below 65 65 Beginning
Total 100 100
Mean 31.74 Beginning

Table 18 A shows that sixty-five respondents scored
between 36 and below. The level of Chemistry CK
of most teachers was low eventhough 18% of sample
population have a Baccalaureate degree specializing
in Chemistry and 68% of that population have units
in master's program. The total mean of the score of
the chemistry CK was 31.74. On the average, the
teachers were in the beginning level only. More than
a majority of the science teachers had insufficient
knowledge in Chemistry, despite their possession
of an appropriate baccalaureate degree and even
units in higher education. Twenty (20%) of the
respondents were approaching proficiency while
only 2% was proficient in the test that determined
the level of CK in Chemistry.

During the examination, most teachers said that the
test was difficult. However, most of them submitted
the answer sheet before the time. Most of them
did not complete answering the short response
questions. It can be surmised from their actions that
they did not know the answer to some questions,
so they skipped the items and left them blank. One
Physics teacher mentioned that she did not know
much about chemical bonding and other higher
chemistry concepts.
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The chemistry CK test was used to assess the level
of CK of teacher-respondents. This test was aligned
with the K to 12 science curriculum, covering
thirteen (13) content areas in chemistry. Generally,
only 56% of the questions were answered correctly
by the teachers-respondents. The teachers had
insufficient knowledge in chemistry, despite their
possession of a good baccalaureate degree, units in
higher education, lengthy teaching experience and
participation in yearly teacher's training. Science
CK, as well as in-depth understanding of chemistry
concepts aligned to the K to 12 curricula are
necessary for teachers to make connections across
different science subjects. Since one of the main
focus of the K to 12 curricula is the concept and
skill in Chemistry, there is a great need for mastery
and in-depth understanding of chemistry topics.
Therefore, if there is insufficiency in the teacher's
chemistry CK, the integration across science topics
and other disciplines will be impossible.

The result of the teacher's chemistry CK test was
also similar with the result of the study of Kind
(2014). Kind found out that some teachers who
were academically able novice teachers held some
misconceptions of basic chemical concepts. This
finding was also supported by the study of Lloyd
et.al (1998), Schoon & Boone (1998) and Lin
et.al (2000) which found that educators have held
misconceptions on chemistry concepts, despite their
possession of a good baccalaureate degree, extensive
professional development, and lengthy experience in
the academe.

The main instrument in the data gathering was the
test in Chemistry CK. This was able to assess the
level of chemistry CK of teachers aligned to the K
to 12 science curriculum. The test was composed of
multiple and short-response questions. Diamond
and coworkers (2014) used multiple measures to
examine science content knowledge of elementary
school teachers, self-reported science knowledge,
teacher science knowledge test, class observations and
college science courses taken. CK had a significant
effect on student science achievement outcomes.
The teachers’ self-reported science knowledge and
college science courses taken did not predict student
science achievement nor improvements in student
learning (Diamond 2014).

Table 18 B shows the percentage of correct answers
per concept area by the respondents as shown in
the content knowledge test. The data shows that
the least mastered content areas in chemistry were
Biomolecules (34%), Metals and Non-Metals
(36.5%), Matter and Its Properties (43.2%), Periodic
Table of Elements (45%) and Particle Nature of
Matter (52.25%). Biomolecules is a topic in Grade
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10, Metals and Non-Metals is a topic for discussion
in Grade 7, and Matter and Its properties, Particle
Nature of Matter and Periodic Table of Elements
are topics for Grade 8. Since all the respondents
collectively scored below 75% in all topics in
Chemistry from Grades 7-10, it can be deduced that
the science teachers lacked expertise and mastery of
the subject matter. This supports the discussion on
Table 18 A, emphasizing that respondents were only
at the beginners level, very much like the students
they were teaching.

Table 18 B. Percentage of Correct Answer in the
Chemistry Content Knowledge per Concept Area.

Grade Level Chemistry Concept Area %
Grade 7 Substances and Mixtures 65.33
Elements and Compounds 61.00
Acid and Bases 69.60
Metals and Non-metals 36.50
Grade 8 Matter and its properties 43.20
Atomic Structure 69.33
Particle Nature of Matter 52.25
Periodic Table of Elements 45.00
Grade 9 Chemical bonding 56.75
Organic Compound 61.5
Grade 10 Gas laws 55.14
Chemical Reactions 58.67
Biomolecules 34.00

Table 19 shows that on average, a teacher respondent
had no answer to 11 questions most especially on
the short-response items. It may indicate two things;
first the respondents did not know the answer,
and second, they were too lazy to write a short
explanation to their answer. Question number 49
was the one that was most left unanswered by the
respondents.

Correlation between CK and Other Variables.
The results of the Pearson Correlations between
Chemistry CK and the other variables such as CB,
TE, involvement in PD and SE are presented in

Table 20.

The correlation between Chemistry CK and TE
(r=0.11), Chemistry CK and PD (r=0.54), CCK and
SE (r=0.51) and Chemistry CK and TE (r=0.11),
CCK and CB (r=0.19) were statistically significant.

It can be noted that the association between CK in
chemistry and chemistry background is small. This
may be attributed to the non-alignment or non-
specialization of the baccalaureate to master's and
doctoral degree the respondents have obtained. The
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Table 19. Frequency of Item Number with No
Answer.

Table 20. Pearson Correlation of CK in Chemistry
to Selected Variables

Item Item . Strength of .
No. f % No. f % Variables r Association Relation
! 4 4 z / / ghekmistry d 0.19  Small Positive éignifica.n ‘
2 0 0 28 4 4 ackgroun orrelation
3 2 2 29 6 6 Teaching 011  Small Posive  Significant
Experience Correlation
4
/ / 50 8 8 Professional 054  Large Positi Significant
5 4 4 31 5 5 Development ’ arge Tositive Correlation
6 8 8 32 9 9 igni
Self-efficacy 0.51  Large Positive Slgmf}ca.nt
7 2 2 33 5 5 Correlation
8 3 3 34 4 4
5 i, » 3 5 5 score. Very few teachers who have qualifications
aligned to Chemistry obtained a higher Chemistry
10 4 4 36 9 9 :
CK score. It was noted that the small correlation
1 5 5 37 6 6 may be due to non-alignment or non-specialization
12 6 6 38 5 5 of the baccalaureate to master's and doctorate degree
13 9 9 39 6 6 the respondents have obtained.
14 6 6 40 13 13
s 7 - 4 5 5 Effects of Selected Variables to on CK in Chemistry.
16 3 3 42 7 7 . . . . .
The multiple regression analysis was used to identify
17 3 3 43 28 28 . ; .
which among the independent variable greatly affect
18 5 3 44 3 3 the teachers' level of CK in Chemistry. The result
19 9 9 45 31 31 of the Multiple Regression Analysis is presented in
20 13 13 46 30 30 Table 16.
21 6 6 47 37 37
7 3 3 48 3 3 The regression equation is
23 7 7 49 55 55
Chemistry CK = 0.07 CB + 1.11 TE + 0.24 PD + 0.64 SE
24 5 5 50 46 46
25 4 4 o1 38 38 Table 21. Effects of Selected Variables to Teachers’
26 5 5 Mean  11.29 CK in Chemistry.

correlation between teaching experience and CK in
chemistry is likewise small. The finding indicates
that the number of years in teaching does not
equate to becoming a content expert in a specific
field. Though majority of the respondents were
master teachers, the rank does not make them adept
with content. The large association between CK in
chemistry and professional development indicates
that increasing involvement in PD activities may
lead to higher CK. Finally, the large link between
self-efficacy and CK in chemistry shows that the
strengthening or increasing teacher’s self-efficacy
may also result to higher CK in chemistry.

These results indicate that the increase in Chemistry
CK was related to the increase in the TE of the
teachers. The increase in the Chemistry CK score
was also related to the increasing teachers' SE.
Additionally, the increase in teachers' chemistry CK
was related to the increasing frequency and duration
of teachers' involvement in PD activities. Teachers'
CB were positively correlated to Chemistry CK

Standard

Coefficients t Stat P-value Decision
Error
Intercept -10.82 6.44 -1.68 0.10
Self- 0.64 0.14 4.71 0.00 Reject H,
Efficacy
Professional .
Deve 0.24 0.05 5.30 0.00 Reject Hy
evelopment
Teaching 0.11 0.06 1.90 0.06 Accept Hy
Experience
Chemistry 0.07 0.04 1.98 0.05 Reject H,

Background

Table 21 shows that CB, SE, and PD have a p-value
less than or equal to 0.05. This indicates that the null
hypothesis must be rejected, therefore the predictors
(CB, PD, and SE) have a linear relation to variable
y (Chemistry CK). From the result of this analysis,
one can conclude that the more involvement of a
teacher to a PD activity, the more she/he increases
one's CK. Additionally, SE among teachers must also
be enhanced because the regression analysis found
a relation between Chemistry CK and SE. Results
indicate that involvement in PD activities and SE
have greatly affected the CK of teachers. Chemistry
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CK of teachers was greatly influenced by the CB of
teachers. The more a teacher acquired units related
to chemistry, the more he/ she increased chemistry
CK. However, the TE had no effect to Chemistry
CK. Hence, the null hypothesis was accepted.

Implications Drawn toward the Development of a
National Promotional Examination. Promotion is
very important in the life of a professional teacher.
Promotion may indicate growth and development
among professionals. That growth may be in
terms of knowledge, skills and social interaction.
During the interview of teachers, head teachers and
principals, 70% or 14 out 20 said that promotion
was very important. There are two main reasons why
promotion was important to them. It (1) indicates
growth and development and (2) it assures their
financial stability. Others mentioned that promotion
is important because it serves as their achievement,
self-worth and boosts their self-esteem.

DepEd Order No. 66, 5.2007, states that to further
achievement, significant revisions were adopted in
the following: (1) the principles of merit and fitness,
(2) objectivity and (3) uniformity in evaluation;
and (4) strengthening of the selection process for
other teaching, related teaching and non-teaching
personnel in the Department. This DepEd order
serves as a guideline on teacher appointment and
promotion of Teacher II and III, and other teaching
and related teaching group with the exception of
School heads - Principals and Head Teachers and all
Non-Teaching Groups.

The  Personnel  Selection  Board/Committee
(PSB/C) evaluates the candidates for promotion
using the criteria as the indicator and conduct
further assessment such as written examination,
skills tests, interview and others of qualified
candidates. Those criteria should be uniformly
applied and implemented for all promotions in
the Central, Region and Division offices (shown in
Table 17). The minimum requirement for teacher
appointment and promotion are the following: (1)
the Performance rating of the candidates for the last
three (3) rating periods prior to screening should be
at least Very Satisfactory, (2) the experience of the
teacher must be relevant to the duties and functions
of the position to be filled, (3) have outstanding
accomplishments,(4) have completed Academic
Requirements for Master's Degree, Master's Degree,
completed academic Requirements for Doctoral
Degree or Doctoral Degree, (5) participant must
have specialized training (e.g Scholarship Programs,
Short Courses, Study Grants) - three (3) or more
training activities in District, Division, and Regional
level, and (6) requires candidates/appointees to
undergo Psychological tests. The PSB/C shall also
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determine the potentials of the candidate based
on the components. These components include
Communication skills (speaks and writes effectively
in Filipino and English), ability to present ideas,
alertness, judgment and leadership abilities.
Additionally, Psychosocial attributes and personality
traits are also determined based on the following
factors: human relations, stress tolerance, and
decisiveness.

Table 22. Criteria for Promotion and the
Equivalent Points

Criteria Points
Performance 35
Experience 5
Outstanding Accomplishments 20
Education 25
Training 5
Psycho-social attributes 5
Potential 5
TOTAL 100

From Table 22, the criteria that have the largest
points are the teacher's performance rating and
education. There is no test which measures CK in
the requirements for promotion and appointment of
teachers. This is a potential concern because it can be
simply assumed that teachers can be promoted from
one position to the other without the guarantee of
strong CK. Therefore, there is a necessity to include
CK in one of the promotion criteria of teachers.
This will assure the quality of the teachers in terms

of Chemistry CK.

In the interview, twenty (20%) said that the current
criteria for promotion were not objective and fair.
One reason mentioned by a teacher was favoritism.
According to her, if you were not close to your
superior, you were not promoted. One head teacher
mentioned that the criteria were not fair because
it requires too much from the teacher. She cited
educational attainment. If the teacher, could not send
herself to graduate school, she remains as Teacher 1,
unless she reaches 20 years of teaching. Additionally,
another head teacher revealed thatalthough the criteria
were objective, evaluators have their perception/own
bias on how to grade a teacher. A teacher participant
revealed that in some Divisions, the criteria were not
followed. She also revealed that, even if a teacher
was qualified for the job, someone may want to
hinder her/him from obtaining that position. She
strongly suggested that there should be a cleansing
in the system. The “palakasan” system is still strongly
practiced in the academe. A teacher even cited "lts
whom you know, not what you know, to get hired
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and promoted to the next rank". Another respondent
mentioned that in the examination given by the
Division of City Schools, she ranked third but it took
her two years to get hired, whereas, an examinee who
ranked 12¢h in the list was immediately absorbed in a
school she had not named.

With this information revealed by respondents,
it may be appropriate to include a qualifying
examination which not only measures pedagogical
knowledge but content as well. This comprehensive
examination for promotion must be wide spectrum
to cover all areas of learning/teaching in science.

It is recommended that there be two separate tracks
for teachers' promotion, one is aligned to classroom
teaching while the other is for administrative
work. The respondent's educational attainment
must be utilized to place them on the right track.
Teachers whose major in the Masters and Ph.D.
programs are related to administration, supervision,
management and/or leadership must be promoted as
administrators who will be placed to run departments
and offices. Teachers whose baccalaureate, masters
and doctorate degrees are aligned to Chemistry must
be promoted as master teachers or experts, who will
be placed on teaching and at the same time mentors
of novice teachers.

Based on the results and findings of this study, a
new research paradigm was made. Figure 3 shows
the relationship of CB, SE and involvement in

PD to Chemistry CK. The three (3) variables greatly
affect the increase in the score in the Chemistry
CK test which is the basis for a proposed National
Promotional Examination for Public school Science
Teachers. The National Promotional Examination,
on the other hand, forces teachers to improve their

CK.

Involvement in
professional
development

Content

Chemistry Knowledge

Background

Self-efficacy

Figure 3 shows that CB, SE and PD are predictors of
CK in chemistry. This framewok may serve as basis for

a proposed National Promotional Examination for
Public School Science Teachers
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CONCLUSIONS

In the light of the findings of the study, the following
conclusions are hereby derived:

The majority of science teachers handling grades
7-10 have a low level of CK in Chemistry. Despite
their possession of a degree, units in Master's, and
substantial teaching experience, they are likely
considered as beginners only, not content experts.

The variables such as TE, PD, CB, and SE are
significantly correlated to the CK of teachers in
chemistry. Teachers' PD and SE exert the strongest
influence in the development of CK of teachers in
Chemistry. The CB exerts a weak influence on the
upliftment of chemistry CK among teachers. The
TE of a teacher does not influence teacher's CK in
chemistry.

RECOMMENDATIONS

Based on the viable findings of this research work,
the following recommendations are made:

Schools must provide a more in-depth training,
focusing on both content and pedagogy. More
frequent and longer PD activities must be given to
teachers since it is proven that it will greatly affect
their CK in science.

Training of teachers should be done with the
guidance of experts not only in Chemistry but also
in other subject areas. This will assure accuracy of
the CK and skills during training.

The criteria for teacher promotion should be
revisited and establishing two tracks, administrative
and teaching track should be considered.

The criteria for promotion and appointment of
a teacher must include examination for CK for
teachers. Since promotion indicates professional
growth and development, one must be promoted if
there is a growth in terms of content and pedagogical
knowledge.

Furthermore, it is recommended that a body
or independent committee be created to draft a
national promotional examination for teachers
handling junior and senior classes.
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