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ASSESSMENT OF PEDAGOGICAL CONTENT KNOWLEDGE OF
BIOLOGY TEACHERS IN SENIOR SECONDARY SCHOOLS IN
ILORIN, KWARA STATE,NIGERIA
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Abstract
Most observers agree that successful teachers draw on specialized knowledge in
their instructional work with students, but specifving and measurin g this knowledge
has proven elusive and controversial in the Nigerian educational system. This study
therefore, assessed the pedagogical content knowledge of biology teachers in Senior
Secondary Schools in llorin, Kwara Siate, Nigeria. It examined the influence of
teaching experience on pedagogical content knowledge of biology teachers. The
study was a descriptive one using the survey method in which 270 biology teachers
Jrom 90 secondary schools from the five L.G.A in llorin, Kwara State, Nigeria were
involved. A researcher-designed questionnaire was used in collecting teachers' data
on their pedagogical content knowledge. A simple random sampling technique was
employed lo select the schools. Analysis of Variance (ANO VA) was used to test the
two hypotheses. The result revealed that there was no significant difference in the
level of knowledge of biology topics between experienced, moderately experienced
and less experienced biology teachers (Fis6n=4.321; .012). There was no
statistically significant difference in the level of pedagogical content knowledge of
biology teachers based on teaching experience (Fis20,= 1.308:.272). Based on the
findings, it was recommended that teachers should intensify more efforts on
developing themselves on their subject matter knowledge as it goes a long way in
making teaching and learning easy for them and their students. Stakeholders in the
education sector should realize that teachingis a profession and that whoever must
be chosen to go to class must go through teacher training as this goes a long way in
enhancing their experience before going to class to teuch.

Keywords: Content Knowledge, Pedagogical Knowledge, Pedagogical Content
Knowledge, Teaching Experience, Component

Introduction

Pedagogical Content Knowledge (PCK) is seen as a concept that has come to
represent the knowledge that teachers use in the teaching process (Kind, 2009). In
this sense, if you can identify PCK. the understanding of what it means to be a good
teacher could be enhanced to facilitate the promotion of PCK development of pre-
service teachers.

PCK is the synthesis of the knowledge of teachers' teaching strategies and subject
matter. Shulman (1986) was of the opinion that Pedagogical Content Knowledge is
the most valuable means of representation of topics. the most powerful analogies.
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illustrations, examples. explanations and demonstration.

The PCK is seen as teachers' interpretation and transformation of subject-matter
knowledge in the context of facilitating student learning (Shulman. 1987). Shulman
later put forward ditferent crucial elements of Pedagogical Content Knowledge:

(1) Knowledge of representation of subject matter (Content Knowledge)
(2) Subject matter conception of student understanding

(3)  General Pedagogical Knowledge (or teaching strategies)

4 Curriculum Knowledge

(5)  Knowledge of éducational contexts

(6) Knowledge of the purpose of education.

(1 Content Knowledge: this refers to the body of information that teachers teach
and that students are expected to learn in a given subject matter or content
area (edglossarry.org, 2015).

(2) Subject matter conception of student understanding: this is the knowledge of
how students develop and think about a particular concept and how they
learn (Shulman, 1986).

(3) General Pedagogical Knowledge (or teaching strategies): The knowledge of
how to relate specific content in a way that the particular students can learn it
(Shulman, 1986).

(4) Curriculum Knowledge: This includes knowledge of how curriculum is
designed and for what purpose, as well as how it is delivered and received
(Shulman, 1987).

(5)  Knowledge of educational contexts: This is the type of knowledge related to
the educational goals and value development through the experience of
education (edglossarry.org, 2015).

(6) Knowledge of the purpose of education: This is the knowledge that is of the
relevance of education and the values that are developed through the

experience  ofeducation (Edglossarry.Org, 2015).

According to Shulman (1986) the PCK elements include first, knowledge of the
specific subject matter: second, knowledge of teaching methodology; third,
knowledge of learners' conception; and fourth, an understanding of what makes the
learning of a particular topic difficult or easy for students. Shulman's (1986) fifth
category of teachers’ knowledge bases, curriculum knowledge. involve awareness of
how items are arranged both within a school year and ways of using curriculum
resources such as textbopoks to organize a programme for the students.
PCK. being at the core of this study. is an amalgam of teacher's knowledge bases that
Yusofand Zakaria (20 IJO) says they include:

Knowledge of the educational context. curriculum and assessment

Knowledge of student learning

Knowledge ofteaching methods and representations of Mathematics

Knowledge of student understanding about concepts in Mathematics

@
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Ever since Shulman (1987) established these categories, several researvici b
come to the realization that PCK is a relevant topic in science education. 11:zh levels
of students achievement will depend largely on the high levels of PCK (Abell, 200

However. research has notyet produced a consistent method ot
& Oliver, 2008).

assessing PCK (Part

Accarding to Goldston (2004); Loughranm, Mulhall and Berry (2004). PCK is @
" combination of content and pedagogy that is uniquely constructed by teachers and
thus, is a "special" form of an educator's professional knowledge and understanding.

PCK is also referred to as craft knowledge. It includes integrated knowledge
representing wisdom gathered by the teachers in relation to their teaching practice
(Goldston. 2004: Loughranm et al. 2004 Van Driel, Verloop&Vos, 1998).
Archambault and Crippen (2009) submitted that PCK includes knowledge of what
makes a subject difficult or easy to learn. as well as knowledge of common
misconceptions, and likely opinions the students carry to classroom.

PCK is referred to as a separate category of knowledge with its solitary identitfiers
(Magnusson, Krajcik, &Borko, 1999). There are several models involved in PCK;
these models are called transformative models of PCK (Gess-Newsome. 1999).
These models, Pedagogical Content Knowledge can be seen as an important change
that occurs from other categories of knowledge (e.g.. science curriculum knowledge.
understanding of science, teaching strategies and assessment of scientific literacy
(Magnusson, et al., 1999). This model accounts for both components of the
knowledge based on teachers and the components of PCK within the same model.

Teachers differ from scientists, not necessarily in the quality or quantity of their
subject matter knowledge, but also specifically in the way they (Teachers) organized
and utilize those knowledge. In other | words. an experienced science teacher's
knowledge of science 18 organized froman instructional point of view and is used as
a basis for helping students to understand specific concepts. A scientist's knowledge.
on the other hand. is organized specifically for research purpose and is used for
enhancing knowledge in the field of science. This opinion was filed in Biology by
Hauslein. Good, and Cummins (1 992). ina comparison of the organization of subject
matter knowledge among groups of experienced science teachers. experienced
research scientists, novice science teachers, subject area science majors. and pre-
service science teachers.
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Teachers' professional knowledge may be considered the single most important
characteristic in instruction. Elbaz (1983) opined that the solitary most crucial
characteristic in instruction was the teachers' professional knowledge. It is the
transformation of 1) subject matter knowledge and 2) general pedagogical
knowledge that is usually known as PCK. Others argue however that PCK is a
distinct class fueled by subject matter as well as pedagogical and educational context
knowledge (Magnusson et al., 1999). In spite of the lack of agreement, researchers
agree that the unique qualities of PCK are significant in perceiving the intended

. . | : :
meaning of science teaching and science education

X al
Educntional
Context

Subject Ihl.u:r

Content
Knowicdge
Pedagogical
Coentent
Knowledge

Pedagoplcal

Knowledge of the
Knowledge

Purpose of
Educatien

Curriculum
Kngwledge

Figurel. Model of the Elements of Pedagogical Content Knowledge Source: Bello
and Abimbola (2015).

Do biology teachers' lev el of knowledge of teaching biology topics differ based on
their experience? Are biology teachers' knowledgeable about the appropriate method
to teach specific biology topics under (a) ideal situation (b) current prevailing
classroom situation? How often do biology teachers apply their knowledge of
students' pre and post-conception of biology concepts when teaching biology? To
what extent do the teachers of biology possess the Pedagogical Content Knowledge
based on the teaching experience? Based on the afore-mentioned questions. the
following two research hypotheses were formulated and tested: (i) Biology teachers'
level of knowledge of teaching biology topics does not differ significantly based on
their experience (ii) lhm'e is no significant difference in the level of Pedagogical
Content Knowledge of biology teachers based on the teaching experience. Based on
these hypolheses. the ])IlLSt?l"ll study sought to assess the Pedagogical Content
Knowledge of biology teachers in Senior Secondary Schools. The study would help
biology teachers to identify the major teaching technicality and approach in the field

@



A A.BELLO, L. 0. ABIMBOLA & - e

of science especially biology. This approach. coupled with others would also play .
rolein reducing the poor academic performance of students in biology-
Research Methodology
This study was a descriptive research of the survey type. The target pop! Jation
consisted of all Senior Secondary one to three biology teachers (SS1-883) tHorin
Kwara State Nigeria. Two hundred and seventy (270) biology teachers from the
schools were sampled for the study using simple random sampling. Technique
Questionnaires were used to elicit responses from respondents over & period of five
weeks. The questionnaire consists of four sections on background information.
teachers' content knowledge, teachers' teaching methods and teachers' knowledge of
students pre and post—conceptions of biology concepts. Research instrument was
validated by experts in the field of science education. The reliability coefficient was
determined using Pearson Product Moment Correlation Coefficient for Assessment
of Pedagogical Content Knowledge of biology teachers in senior secondary schools
in Tlorin and the value was calculated to be =0.71.The researcher administered the
_ questionnaire in person, wait for them to be filled and collect them before leaving the
sampled schools. Datawas analysed by .Anal?(sis of Variance using SP g8® version 20.
|

Results

Two research hypotheses Were tested as presented in Tables 1 and 2.

HO1:Biology teachers' level of knowledge of teaching biology topics does not differ
significantly based on their experience.

As shown in Tables 1 and 2 there was a statistically significant difference between
groups as determined by one-way ANOVA (F(2.264)=4.521‘, p=.012). A Tukey post-
hoc test revealed that, there 1s a statistically significant difference between the
moderately experienced biology teacher and experienced biology teachers (p=-009).
Hence, we reject the null hypothesis.

Table 1 ‘
Table of One-Way ANOVA to Andlyze the Mean Score of Teachers with Experierce,
Moderately Experience and Less Experience in Teaching Biology Topics.

Source sumof square df Mean F sig
Square

2 2.853 4,521 012

264 .631
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Table 8

Table of Post-hoc Test to Analze the Mean Score of Teacherswith Experience. Moderately
Experience and Less Erpj’; ience in Teaching Biology Topics.

(I)Teatl:hing (j) Teaching mean difference Std. Error Sig.
e Experience  Experience ae- -
Tukey HSD | Less Exp. Moderately Exp. -.174 122
3300 . . ) .

| Exp. ' -198 114
192 |
Moderately Exp. Less Exp. 174 122
330
Exp. 372 123

Hoz:  There is no significant difference in the level of Pedagogical Content
Knowledge of biology reachers based on teaching experience.

Tables 10 and 11 show/ that there is no statistically significant difference in the level
of Pedagovlca] Content Knowledge of biology teachers based on the teaching
experience (F=,,;) =11308, p=.272), since the p value is higher than the level of
significance (0.05), henee we fail to reject the null hypothesis. A Tukey post-hoc test
revealed that, there is a statistically significant difference between the less
experienced biology teacher and experienced biology teachers (p=.002)

Table 10
Table of One-Way 4VOVA to Analyze the Mean Score of Pedagogical Content Knowledge of

Bialogy Teachers with Experience, Moderately Experience and Less Experience in Teaching
Biology Topics. ‘

Source sum of square df Mean f sig
Square ‘
Between Group 2.74'5 2 915 1.308 212
Within Group 184.041 263 .700 i
Total 186.787 266
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Table 11
Table of Post-hoc Test to Analyze the Mean Score of Pedagogical Content Knowledge of
Biology Teachers with Experience, Moderately Experience and Less Experience in Teaching

Biology Topics. :

“(DTeaching  (j) Teaching mean difference Std. Error Sig.
Experience Experience (1-1)
Tukey HSD (Less Exp.) (Moderately Exp.) -.181 166
130 - |l
(Exp.)-198 14| .002
(Moderately Exp.) (Less Exp.) 174 | 122 130
(Exp.) 372 125

~(Tess Expl)

Discussions

The researcher found that there was a significant difference (p=.012) in the level of
knowledge of biology topics between experienced, moderately experienced and less
experienced biology teachers. This might be as a result of the fact that majority of the
experienced biology teachers responded based on their experience in teaching and
tend to assess themselves with the level of academic achievement of their students in
which the less experienced biology teacher might not take cognizance of. Other
reason that could lead to this response could be that the Less Experienced biology
teachers @ver rated themselves in the area of competence in teaching biology and
based their rating only on some element of PCK without considering the other
components of PCK. Similar to the findings of Drechsler and Van Driel (2007) who
found that there is a significant difference in the level of knowledge that exists
between experienced chemistry teachers and less experienced chemistry teachers.
The result shows that the ways the teachers related on their teaching in order to
improve differs. Some teachers reflected more on students' difficulties while others
showed more concern about their individual performance. To explore further, Trend
in International Mathematics and Science Study (2003) revealed that students
studying in the group taught by teachers with more than 15 years of experience
gained higher achievement score than students studying in group taught by teachers
with fewer years of experience.

The study revealed that there is no statistically significant difference (p=.272) in the
level of Pedagogical Content Knowledge of biology teachers based on teaching
experience. It became apparent that. according to the moderately experienced
biology teachers. classroom experiences had the strongest impact. In the first place.
different activities and events during classroom teaching had affected the
moderately experienced biology teachers' knowledge of specific learning
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difficulties of students. In the second place. their knowledge of representations and
teaching strategies had benefited from experiences during classroom practice. But
more importantly the moderately experienced biology teachers are the most suited
for teaching being that they are not strange to the classroom practices by staying glue
to the contemporary situation in teaching and learning process and rather not too old
for the classroom practices, hence being in the best position to understand the
classroom better. This strong impact of teaching experience is consistent with the
findings of other scholars (e.g Grossman, 1990: Lederman, Gess-Newsome, &Latz;
Smith. 1999). Other studies have shown that new teachers have incomplete or
superficial levels of Pedagogical Content Knowledge (Carpenter. Fennema,
Petersen. & Carey, 1988: Feiman-Nemser& Parker. 1990: Gudmundsdottir&
Shulman, 1987; Shulman, 1987). A novice-teacher tends to rely on unmodified
subject matter knowledge (most often directly extracted from the curriculum) and
may not have a coherent framework or perspective from which to present the
information. The novice also tends to make broad pedagogical decisions without
assessing students' prior knowledge, ability levels. or Jearning strategies (Carpenter.
et al. 1988). In addition, pre-service teachers have been shown to find it difficult to
articulate the relationships between pedagogical ideas and subject matter concepts
(Gess-Newsome & Lederman, 1993): and low levels of Pedagogical Content
Knowledge have been found to be related to frequent use of factual and simple recall
questions (Carlsen, 1987).

Conclusion and Recommendations

The study shows that there was a significant diffetence in the level of knowledge of
biology topics between experienced. moderately experienced and less experienced
biology teachers. Better still teachers' experience plays a significant role in teachers'
Pedagogical Content Knowledge. Considering the mean of the three components of
the Pedagogical Content Knowledge examined in this study. it was concluded that
moderately experienced biology teachers displayed higher level of Pedagogical
Content Knowledge in [lorin, Kwara State, Nigeria.

Teachers should intensify more effort on developing themselves on their subject
matter knowledge as it gges a long way in making the teaching and learning easy for
them and their students, better understanding of their content knowledge allows them
to recognize what makes a specific topic easy or difficult to learn by their students.
Teachers should desist from the attitude of limiting their knowledge to what they
have been taught in school and engage in continuous learning habits such as use of
internet, newspapers. use of library and many others as learning never stops.
Stakeholders in the educational sector should realize that teaching is a profession and
that whoever must be chosen to go to class must 20 through teacher training as this
goes along way in enhancing their experience before going to class to teach. ”T‘hcrcby

setting P ol - e . , J
e ing a standard for teachers to possess a minimum level of Bachelor's degree 1n
ucation to qualify to teach.

AP
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Teaching experienced should not be a barrier to recruitment into teaching job or a
measure for judging the Pedagogical Content Knowledge of biology teachers as
research has shown that teaching experience has no significant difference in the level
of Pedagogical Content Knowledge olbiology teachers. 2

Further studies can be carried out on other variables like school type and teachers'
background could be added to the independent variables to explore the effect on
Pedagogical Content Knowledge of teachers. More importantly further studies could
look at the academic achievement of students of“teachers with high level of
Pedagogical Content Knowledge ina larger domain.
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