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Abstract: This paper reports on part of an ongoing large-scale research on the need to improve science teaching and learning 
through investigating the Pedagogical Content Knowledge (PCK) of biology teachers for the topic Biodiversity. Six factors have been 
seen to affect teacher PCK, i.e., content knowledge, knowledge of students, science teaching orientations, knowledge of assessment, 
knowledge of instructional strategies, and knowledge of the curriculum. This research aimed to examine the teacher’s level of 
content knowledge (CK). A qualitative research paradigm was adopted, and a case study research design used. The case (unit of 
analysis) was Biology teacher CK, and the subjects were the four teacher participants purposively selected. Lesson observations, 
teacher interviews and learner questionnaires were used to collect data on teacher CK. A content knowledge analytical framework 
consisting of five constructs was designed and used to analyse the teacher CK and data triangulated with data collected from 
interviews and questionnaires. This research revealed that ‘A’ level Biology teachers’ CK vary from teacher to teacher depending 
on several factors which include teacher identity, planning, workshopping, and motivation among others. Of the four Biology 
teacher participants, two had adequate CK and the other two exhibited inadequate CK. Inadequate CK was attributed to lack of 
planning, non-exposure to workshops and lack of teacher motivation. Consequently, this research recommends supervision of 
teachers from the school level to the national level, a series of teacher workshops on the demands of the competence-based 
curriculum and constructive teacher identity as well as introduction factors that enhance teacher motivation. Further research on 
the content knowledge of Biology teachers in other learning areas is recommended. 

Keywords: Biodiversity, Content knowledge, competence-based curriculum, teacher identity. 

To cite this article:  Kaifa, J. M., Mukaro, J., & Parawira, W. (2023). Investigating ‘A’ level biology teachers’ content knowledge on 
biodiversity in midlands urban: A case of four selected teachers. European Journal of Mathematics and Science Education, 4(1), 49-63. 
https://doi.org/10.12973/ejmse.4.1.49 

Introduction 

Curriculum implementation is one of the main concerns in the education system (Guerriero, 2014). Educators are 
concerned about choices made on teaching content and methods. This has seen Zimbabwe introduced the competence-
based curriculum in 2016. The competence-based curriculum aims to instill 21st century skills in learners. These include 
problem solving, innovation, communication, information literacy, media literacy, technology literacy, flexibility, 
leadership, initiative, productivity among other skills. Such skills places learners in the job creator mode and reduce the 
unemployment rate of the country. Equipping learners with 21st Century skills also ensures sustainable use and value 
addition. However, educational reforms typically impose new demands on the already complex and over-loaded work of 
teaching (Ní Shuilleabhain, 2015). Literature suggests that teachers respond to imposed curriculum change by either 
embracing change, resisting, and ignoring the change, or modifying the curriculum, with the latter two often the norm 
(Christou et al., 2004). Curriculum implementation may be fraught with problems as it may not be done as intended and 
it reflects loopholes which create a gap between the expectations of the designers of the curriculum and what really takes 
place within the classroom. Phaeton and Stears (2016) observed a misalignment between the intended and implemented 
curriculum caused by teachers’ misinterpretation of the intended curriculum. A lot of criticism has ever since been faced, 
which include inadequate consultations, resource unavailability, and lack of textbooks in line with the curriculum, 
inadequate teacher orientation and capacitation for the updated curriculum. Some of the criticisms have since been 
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addressed. Teachers’ attitudes towards curriculum reform are often negative since teachers can feel that their content 
knowledge is inadequate, their teaching experience does not qualify them for this reform, and that the reform imposes 
on their disposition towards, approaches to and philosophy of teaching their subject. 

In the process of developing competent citizens in society, teachers have been seen to play an active role in the 
educational reform (Chopoo et al., 2014). Azad and Kalam (2013) posit that teachers can create an enlightened human 
being through building capacities to enquire, innovate, moral leadership and through the development of the social value 
system. The teaching profession has been conceptualised as a clinical practice profession and can be compared to the 
medical profession (Guerriero, 2014). This implies that decision making is a basic teaching skill, where decisions are 
regularly made by teacher while processing cognitive complex information about the student to decide on alternatives 
for increasing understanding. The role played by teachers in implementing the curriculum and in facilitating the 
development of learners is considered an indicator for success of economy, society, politics, and science and technology 
development (Nind, 2020). Success of the updated curriculum is dependent on the quality of teachers and their 
cooperation. 

Issues have been raised on the content and pedagogical knowledge of teachers. To Shulman (1987) teaching requires the 
teacher to be equipped with both content knowledge (CK) and pedagogical content. Chang et al . (2020) posit that not 
only students have misconceptions, without CK teachers may face challenges in teaching the subject effectively and may 
teach wrong concepts. CK is a body of knowledge and information that teachers teach and that learners are expected to 
learn in each subject or content area (Chang et al., 2020). For teachers to teach all learners according to today’s standards , 
they need to understand the subject matter deeply and flexibly so they can help learners generate useful cognitive maps, 
connect one idea to another, and address misconceptions. Teachers need to see how ideas connect across fields and to 
everyday life. Shulman (1987) noted that understanding content provides a foundation for pedagogical content 
knowledge that enables teachers to make ideas accessible to their learners. CK affects how a teacher interpret the content 
goals, the manner through which the teacher responds to questions, the teacher’s ability to explain clearly and to ask 
good questions. Researchers have recognised strong links between CK and good science teaching. Kind (2014) argues 
that inadequate CK lowers the confidence of the teacher in teaching science, and consequently results in less effective 
instruction. Kind (2014) noted that teachers with broad and deep subject specific knowledge, and awareness of common 
conceptions and scientific models can provide rich learning opportunities for their learners. Chang et al. (2020) 
underscored the need for teachers to possess a thorough and adaptable understanding of the subjects they teach, be 
aware of the key ideas and facts of their field, how these ideas are related, and the procedures followed to generate new 
knowledge and assess the veracity of assertions. Therefore, content knowledge is essential to ensure that learners 
experience positive learning outcomes. Hence, if the ‘A’ level Biology competence-based curriculum is to achieve its goals, 
teachers’ content knowledge must be assessed. 

Literature Review 

Content Knowledge 

Content knowledge is a body of knowledge and information that teachers teach and that learners are expected to learn 
in each subject or content area (Chang et al., 2020). This body of knowledge includes the facts, theories, and principles 
which teachers must master for effective teaching. Teachers must therefore have a deep understanding of the subject 
they teach and the corresponding curriculum. Childs and McNicholl (2007) noted that when teachers’ subject content 
knowledge was insecure, their ability to give appropriate and effective science teaching explanations in the classroom 
was limited. However, explaining scientific phenomena to students is at the heart of what science teachers do and 
appropriate measures must be taken to ensure that all science teachers have adequate content knowledge. One of the 
demands on teachers noted by John Dewey was having a thorough knowledge of the subject content knowledge. Shulman 
(1987) also argued that teaching requires the teacher to be equipped with both content knowledge (CK) and pedagogical 
content. Studies into science teaching show that when teachers possess subject CK expertise and the ability to represent 
this to their pupils (sound PCK), they engross in class activities that enable learning, for example, being able to 
proficiently lead free-ranging class discussions of content (Garnett & Tobin, 1988; Roth et al., 1987; Tobin & Fraser, 
1990). Such teachers have ample awareness of common alternatives conceptions and scientific models that provide rich 
opportunities for their learners. 

There is a direct correlation between teachers’ CK and effectiveness in science teaching (Alshehry, 2014; Fitzgerald et al., 
2014; Santau et al., 2014). Contrary, poor CK results in lowself-confidencee in teaching science and consequently 
ineffective lessons (Kind, 2014). CK is an important element of science teacher efficacy because teachers cannot explain 
what they do not know (Nowicki et al., 2013). Scantiness of content knowledge affects the ability of the teacher to teach 
science effectively since teachers cannot teach what they do not know. 
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Science Curriculum 

A science curriculum is designed to assist children in developing fundamental scientific concepts and comprehension of 
biological and physical aspects of the universe, as well as the means to acquire knowledge and understanding (Mullins, 
2016). Its goal is to instill positive attitudes toward science and to inspire students to investigate and understand how 
science and technology impact their lives. Working scientifically and designing and making are two main types of skills 
that the science curriculum is designed to provide students with. The science curriculum stresses value in children 
learning beginning with their own thoughts and learning through experiences with objects and resources, as well as their 
peers. Children "invent" new ideas and "develop" new knowledge. Observing and developing theories, forecasting, 
preparing, and carrying out experiments with a focus on fair research, documenting and evaluating outcomes, 
communicating, and discussing observations, and expanding thinking to accommodate new findings are all part of 
scientific work. Designing and creating entails researching and evaluating common artifacts to find realistic solutions to 
problems. Activities are designed to help children develop their innovative and imaginative abilities. 

Nature of Science (NoS) 

Research indicates that science teachers must understand the nature of science to teach it (Yuenyong & Thao-Do, 2020). 
The nature of science (NoS) is a complicated concept. It is difficult for experts to define as it is for students to learn. The 
NoS reflect a wide range of issues relating to an interpretation of the laws of the game of science, as well as its tools as 
they relate to educational environments, products, and approaches. It entails a comprehension of science as a method of 
knowing. As a basis for students' understanding of how science is conducted, NoS components should be included in 
school science programs. This encourages students to participate in experimental activities and move from merely 
learning about science to practicing and knowing it. 

Teacher Identity 

Miller (2009) views teacher identity as influence on teachers, how individuals see themselves, and how they enact their 
profession in their settings. Miller highlights that identity is continuously co-constructed in situ, using resources, 
interactional skills, knowledge, attitudes, and social capital. Teachers use a variety of resources to negotiate and build 
their professional identities in a social and institutional context. Negotiation of teacher professional identity is influenced 
by contextual factors outside of the teachers themselves and their pre-service education courses. These include 
workplace conditions, curriculum policy, social demographics of schools and students, institutional practices, curriculum, 
teaching resources, and access to professional development among other factors. Hence, teacher identity can be seen as 
what teachers know and do which is continuously performed and transformed through interaction in the classroom. 
Beauchamp and Thomas (2009) noted that teachers undergo a shift in identity as they move through programs of teacher 
education and assume positions as teachers in todays’ challenging school context and a further identity shift may occur 
throughout a teacher’s career because of interactions within schools and the broader community. 

Supporting science teacher identity is one way to deal with issues like low self-efficacy, self-confidence, and pedagogical 
material awareness (Izadinia, 2013). Teachers will build their identities as science teachers and deepen their 
understanding of social justice problems in science through meaningful teaching experiences in teaching placements and 
field-based science methods courses. Learning to teach takes place in the context of social interaction in a teaching 
culture, where meaning-making and teacher roles are negotiated in and through practice (Izadinia, 2013). When a 
teacher engages in teaching activities, his or her modes of engagement, ways of seeing teaching, ways of seeing himself 
or herself, and ways of being seen in the teaching group alter and turn, resulting in a shift in identity as a science teacher. 
As a result, teaching entails a process of personal transformation, or identity change, into a specific type of teacher. 

Effect of Workshops on Teacher Content Knowledge 

Workshops are used to explore a certain subject, share expertise, address issues, or produce something new (Antwi et 
al., 2016). Workshops support teachers in developing and learning new teaching strategies, strategies of classroom 
management, technological advancement and improving content knowledge. Henceforth, workshops provide overall 
continuous growth opportunities for the teachers to make the best use of their abilities. Workshops targeting specific 
sensitive challenging content areas may lead to teachers’ developing the coping abilities to teach the content area and 
meet the specific task needs of learners. Workshops improve teacher self-efficacy and content knowledge competencies. 
They help teachers in teaching effectively and handling challenges, leading to better outcomes for learners. 
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Conceptual Framework 

 

Figure 1. Key constructs of teacher CK 

The teacher’ content knowledge is determined by the five factors shown in Fig 1. The teacher must have the ability to 
interpret the curriculum and teach all concepts stipulated by the syllabus, relate the concepts to day to day lives of the 
learners and reflect on how the knowledge can be used in value addition and economic recovery. This creates an 
awareness in the learners on why they are learning the concepts. The concepts taught must be appropriateness and 
accurate, as well as being well linked to other concepts and to the NoS. 

Research Questions 

1. What level of CK do ‘A’ level Biology teachers have for the topic Biodiversity? 

2. What factors influence the teacher’s CK on Biodiversity? 

3. Why do ‘A’ level Biology teachers exhibit the observed level of CK in Biodiversity? 

Statement of Problem 

Zimbabwe is faced with biodiversity loss and ecosystem depletion through veld fires, poaching, clearing of land for 
firewood, agricultural and mining among others. This calls for an effective biodiversity awareness campaign that is aimed 
at addressing this critical environmental issue. The introduction of a new competence-based curriculum with the aim of 
imparting 21st century skills to learners by the Ministry of Primary and Secondary Education (2016) came as one such 
endeavor. The teaching of the topic ‘Biodiversity’ in the most effective way can help in the development of a sustainable 
economy. However, teachers who are to teach these skills are used to the traditional instructional designs. Hence, their 
pedagogical content knowledge on biodiversity seems not to match the current demands of the updated curriculum. 
Biology teachers have not been oriented and capacitated with content and pedagogical methodologies that can be used 
to produce problem solving and innovative citizens that can help alleviate poverty though value addition and sustainable 
use. Hence, this study sought to examine the ‘A’ Level Biology teachers’ CK for the topic ‘Biodiversity’ in the competence-
based curriculum in Midlands urban. 

Methodology 

This study made use of a qualitative research paradigm and adopted the case study research design. The unit of analysis 
was the biology teacher content knowledge (CK) and subjects for analysis were four teacher participants. A content 
analysis of the topic of Biodiversity in the syllabus was done to ascertain the demands of the syllabus. This was followed 
by five consecutive lesson observations for each of the teacher participants. To ensure reliability of the data collected 
through lesson observations, teacher interviews and learner questionnaires were also administered. Five consecutive 
lessons were observed and relevant data was captured using an observation guide made using the five key constructs in 
the analytical framework. A semi-structured teacher interview guide was used in teacher interviews. The interview guide 
also used the key constructs in the analytical framework. To validate the data collected from interviews and observation, 
a learner questionnaire was used. Likewise, the learner questionnaire was also constructed using the key constructs of 
the analytical framework. The use of various data collection instruments (lesson observations, interviews and 
questionnaires) was intended to cross validate the findings, hence, improve the trustworthiness of the research. 

Population 

The population consisted of all ‘A’ level biology teachers and learners in Midlands urban. 
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Sample 

Since this study was qualitative research, focusing on gaining an in-depth understanding of teacher content knowledge, 
four teachers and their ‘A’ level learners constituted the sample. 

Sampling Technique 

Purposive sampling was used to select the four teacher participants and their learners. Two of the teachers were females 
and two were males. The selected teachers had more than eight years’ experience in teaching Biology. Purposive 
sampling is used to gather information rich cases related to the phenomenon under study. In this case the four teachers 
were identified as information rich cases, hence, their selection in the study. 

Analyzing of Data 

Five key constructs for teacher content knowledge were identified in the content knowledge conceptual framework as 
concept coverage, scientific accuracy, and appropriateness of concepts, connections made with other concepts and 
connections made to the NoS. Teachers’ levels of each of the key constructs were categorized as limited, basic, proficient, 
and advanced according to the teacher’s ability to exhibit certain attributes indicated in table 1. 

Table 1. Analytical Framework for Teacher Content Knowledge 

Adapted from (Carpendale & Hume, 2019) 

The teacher’s levels of content knowledge were categorized as inadequate, adequate, and advanced, based on the 
analytical framework shown in table 2 and the observed levels of teacher knowledge shown in Table 1. 

  

Content knowledge 
Key constructs Limited Basic Proficient Advanced 
Concepts coverage Misses any 

concepts 
stipulated by the 
syllabus 

Covers just the content 
stipulated by the syllabus. 
 
Identifying organisms using 
diagnostic features of the 
five kingdoms. 
Use diagnostic features to 
divide kingdoms into 
phylum. 
 
Taxonomic hierarchy 
Binomial nomenclature 
Socioeconomic importance 
of the five kingdoms 
 
 

Covers just the content 
with slight application 
to day to day lives. 
 
Identifying organisms 
using diagnostic 
features of the five 
kingdoms. 
Use diagnostic features 
to divide kingdoms into 
phylum. 
Taxonomic hierarchy 
Binomial nomenclature 
Socioeconomic 
importance of the five 
kingdoms 
Conservation 

Covers the content and 
applies the concepts to 
day to day lives. 
Identifying organisms 
using diagnostic features 
of the five kingdoms. 
Use diagnostic features to 
divide kingdoms into 
phylum. 
Taxonomic hierarchy 
Binomial nomenclature 
Socioeconomic 
importance of the five 
kingdoms 
Conservation 
Restoration 

Appropriateness of 
concepts 

No alignment of 
concepts in lesson 

Little alignment of 
concepts in lesson 

Adequate alignment of 
concepts in lesson 

Close alignment of 
concepts in lesson 

Scientific accuracy 
of the explanation 
of the concepts 

Explanations were 
mostly inaccurate 
but did not 
address the 
concepts 

Explanations were 
Somewhat inaccurate, 
which loosely addresses the 
concepts 

Explanations were 
mostly 
accurate with only small 
inaccuracies seen, or 
they were too brief 

Explanations were 
accurate, which 
addresses the concept 
with 
no inaccuracies 

Links and/or 
connections made 
to other concepts 

No possible links 
and/or 
connections are 
made 

Few of the possible links are 
made, but not connected 
with explanations 

Some of the possible 
links 
and connections are 
made 

Many of the possible links 
And connections are made 

Links made to the 
nature of science 
(NoS) and/or 
scientific inquiry 
(SI) 

No links made to 
NoS and/or 
SI 

Few of the possible links to 
NoS and/or SI are made 

Some of the possible 
links to NoS and/or SI 
are made 

Many of the possible links 
to NoS and/or SI are made 
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Table 2. Evaluation of Content Knowledge 

Level of Content knowledge Advanced Adequate Inadequate 
Concept coverage Advanced Proficient, Basic limited 
Appropriateness of concepts Advanced Proficient, Basic Limited  
Scientific accuracy Advanced Proficient, Basic Limited 
Links made with other concepts Advanced Proficient, Basic Limited 
Links made with NOS Advanced Proficient, Basic Limited 

Findings/Results 

Participants’ Information 

Ms. Rose is a holder of an MSc Food Science and Nutrition, BSc Biological Science, and a Diploma in Education. She had 
taught Biology at ‘A’ level for a period between 5 to 10 years and acknowledged receiving several orientations to 
teaching the competence-based curriculum which include syllabus interpretation and teaching methods, particularly 
the learner centered.  

Ms. Candy hold a Bachelor of Science Education Honors Degree in Biology. She has experience in teaching Advanced 
level Biology of over 20 years. Ms. Candy acknowledges that she received several training and workshops as 
orientations to the competence-based curriculum. The orientations covered all learning areas including psychomotor 
skills, use of practical work in teaching and learning, entrepreneurship and problem solving. 

Mr. Laz is a holder of a Bachelor of Science Honors’ Degree in Biological Science and a Post Graduate Diploma in 
Education. He had teaching experience for ‘A’ Level Biology of between five to 10 years. Mr. Laz did not receive any 
form of orientation for the competence-based Biology curriculum. 

Mr. Dee hold a Bachelor of Science Education Degree in Biology. He has experience of teaching ‘A’ Level Biology of 
above twenty years. Mr. Dee has not received any form of orientation to the competence-based curriculum. 

Teacher Content Knowledge 

Five sub constructs for teacher content knowledge were identified in the content knowledge analytical framework, these 
are concept coverage, appropriateness of concepts, scientific accuracy of explanations, connections made with other 
concepts and links, or connections made to the NoS. Teachers’ levels of each of the sub constructs were categorized as 
limited, basic, proficient, and advanced according to the teacher’s ability to exhibit certain attributes indicated in the 
analytical framework. 

The teacher’s levels of content knowledge were categorized as inadequate, adequate, and advanced basing on evaluations 
of the teacher’s level of the five constructs for teacher content knowledge. Pseudonyms for the teacher participants are 
Ms. Rose, Ms. Candy, Mr. Dee, and Mr. Lazz. 

Analysis of Ms. Rose’s CK on Biodiversity 

*Table 3. Analysis of Ms. Rose’s Content Knowledge in Biodiversity 

Construct Observed attributes Level 
Concept coverage Ms. Rose covered just the content stipulated by the syllabus 

She identified organisms using diagnostic features of the five kingdoms. 
Used diagnostic features to divide kingdoms into phylum. 
Taxonomic hierarchy. 
She defined binomial nomenclature, gave examples and the significance of 
using binomial nomenclature 
Socioeconomic importance of the five kingdoms. 
Conservation 

Proficient 

Appropriateness of Concepts Adequate alignment of concepts in lessons. Proficient 
Scientific accuracy 
of explanations 
of the concepts 

Explanations were mostly accurate with only small inaccuracies seen, or they 
were too brief 

Proficient 
 

Links made to other concepts Some of the possible links and connections are made Proficient 
 

Links made to the nature of 
science (NoS) and/or scientific 
inquiry 

No links made to NoS and/or SI Limited 
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Concept Coverage 

Table 3 shows that Ms. Rose had proficient knowledge of concept coverage. Only the concepts stipulated by the syllabus 
were imparted to the learners. From the five consecutive lessons observed, the teacher covered the concept of 
Biodiversity, defining the concept and describing the different types of biodiversity i.e., genetic diversity, species diversity 
and ecosystem diversity. The organisms were classified into kingdoms using the diagnostic features and further into 
phylum. Ms. Rose outlined the taxonomic hierarchy, described using examples binomial nomenclature and its 
significance. The teacher discussed the socioeconomic importance of the five kingdoms and issues of conservation. 
However, issues of restoration were not covered. Hence, Ms. Rose’s concept coverage was rated proficient since all the 
concepts stipulated by the syllabus were covered and teacher further looked at issues of conservation and sustainable 
use. She outlined the purpose of teaching the topic at the beginning of each lesson. Findings from the lesson observations 
tally with the findings from the teacher questionnaire and interview. Ms. Rose highlighted the need to conscientize 
learners on the importance of all forms of life, placing emphasis on sustainable utilization and improving livelihoods 
through sustainable use. Due to these attributes Ms. Rose is at Proficient level regarding the concepts about biodiversity. 

Appropriateness of Concepts 

Table 3 shows that Ms. Rose’s lessons had appropriate concepts in line with the content analysis of the syllabus. Adequate 
alignment of concepts was noted. Ms. Rose introduced the topic by discussing the concept of biodiversity and the forms 
of biodiversity, this was followed by a lesson on classification of into kingdom, and thereafter further classification into 
phyla was done. Hence, Ms. Rose taught the appropriate concept with adequate alignment of concepts and the 
appropriateness of concepts was rated proficient. A clear outline of what was going to be taught was given at the 
beginning of each lesson in the form of lesson objectives. An outline of lesson objectives helps guide learners during the 
lesson and help learners assess their learning progress (Reed & Michaud, 2010). Objectives also help teachers to be 
cognizant of the goal of their instruction so that the lesson be purposefully designed to achieve the set goals Consequently, 
Ms. Rose was at Proficient level regarding appropriateness of concepts covered on Biodiversity. 

Scientific Accuracy of the Explanation of the Concepts 

Explanations were mostly accurate with only small inaccuracies seen; hence Ms. Rose was rated proficient. The concepts 
were mostly accurate with small inaccuracies seen for example during teaching the kingdom Animalia, she pointed out 
cephalization as a characteristic of all organisms in kingdom animalia. However, there are animals for example in phylum 
porifera that lack cephalization. Due to these attributes Ms. Rose was rated Proficient in terms of her scientific accuracy 
in Biodiversity. 

Links Made to Other Concepts 

Some links were made with other concepts taught earlier, for example, on kingdom Animalia the teacher made 
connections with the digestive, circulatory, and skeletal systems, while links were made with transport system, 
reproduction in plants and photosynthesis during discussing the plant kingdom. The data tallies with data from learner 
questionnaires, when asked if the teacher related the content to other topics and discipline, they all responded yes. Ms. 
Rose was rated Proficient on linking concepts to other concepts. 

Links Made to the Nature of Science 

No links were made to the nature of science and scientific enquiry. Science teachers must understand the nature of 
science to teach it. NOS entails a comprehension of science as a method of knowing. Hence, it is a basis for students' 
understanding of how science is conducted. This encourages students to participate in experimental activities and move 
from merely learning about science to practicing and knowing it. Consequently, Ms. Rose was rated Limited on links made 
to NoS. 

Table 2 was used to evaluate Ms. Rose’s content knowledge, and from the summary of ratings made in table 3, Ms. Rose 
had adequate content knowledge.  
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Analysis of Ms. Candy’s CK on Biodiversity 

Table 4. Analysis of Ms. Candy’s Content Knowledge on Biodiversity 

Subconstruct Observed attributes Level 
Concept coverage Covered just the content with slight application to day to day lives 

Identifying organisms using diagnostic features of the five kingdoms. 
Use diagnostic features to divide kingdoms into phylum. 
Taxonomic hierarchy. 
Binomial nomenclature. 
Socioeconomic importance of the five kingdoms 
Conservation 
Restoration 
Application in day to day lives 

Advanced 

Appropriateness of 
Concepts 

Adequate alignment of concepts in lesson Advanced 

Scientific accuracy 
of the explanation 
of the concepts 

Explanations were mostly accurate with only small inaccuracies seen, 
or they were too brief 

Proficient 

Links or connections made to 
other concepts 

Many of the possible links and connections are made Advanced 

Links made (implicit or 
explicit) to the nature of 
science 
(NoS) and/or scientific 
inquiry 

Some of the possible links to NoS and/or SI are made Proficient 

Concept Coverage 

Ms. Candy covered just the content with application to day to day lives. The concept Biodiversity was discussed, followed 
by Identification of organisms using diagnostic features of the five kingdoms and use diagnostic features to divide 
kingdoms into phylum. Taxonomic hierarchy, binomial nomenclature, socioeconomic importance of the five kingdoms 
and conservation, issues of restoration and application of concepts in day to day live were covered. The concepts taught 
tallies with all the concepts in the content analysis, hence the in terms of concept coverage Ms. Candy was rated Advanced. 

Appropriateness of Concepts 

The concepts taught were appropriate and adequate alignment of concepts was noted. For example, in first lesson Ms. 
Candy introduced the concept biodiversity and discussed the definition and the different types of biodiversity, i.e., genetic 
diversity, species diversity and ecosystem diversity. She then moved to discussing why it is important to study 
Biodiversity. All concepts taught were appropriate and adequately aligned, hence Ms. Candy was rated Proficient. 

Scientific Accuracy of the Explanation of the Concepts 

The explanations were mostly accurate with small of few inaccuracies seen, for example the concept of alternation of 
generations was explained very well in lesson three, and however the teacher referred to it as the alteration of 
generations, and then the sporophyte generation was referred to as the saprophyte. This can distort learner 
understanding since a saprophyte is an organism that fed through secretion of enzymes on the substrate and absorbing 
the nutrients digested externally. However, all the concepts were explained very well and Ms. Candy was rated as 
Proficient. 

Links and/or Connections Made to Other Concepts 

Many of the possible links and connections are made, for example, the teacher emphasized the need for conservation, 
restoration of ecosystems and use of knowledge learnt in value addition and entrepreneurship throughout her lessons. 
Links were also made with other topics learnt throughout her lessons. For example, on Kingdom animalia, during 
classification, she referred to reproduction, digestion, and circulatory systems. She then discussed how organisms in 
animalia can be conserved, used in value addition and economic recovery of the country. As shown in table 4, Ms. Candy 
was rated Advanced. 

Links Made to the Nature of Science 

Some of the possible links to the NOS were made. Several organisms were brought to class during the lesson on 
classification of organisms into the five kingdoms. Through practical activities in pairs learners were asked to identify 
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the diagnostic features and classify organisms into their kingdoms. Concepts were mainly taught through scientific 
inquiry through practical activities which is highly commendable. In Ms. Candy’s lessons, the processes used to establish 
knowledge were mainly through the process of scientific inquiry through practical activities and was rated proficient as 
shown in Table 4 

Table 2 was used to evaluate Ms. Candy’s content knowledge. From table 4 above, it can be noted that Ms. Candy ranged 
from “Proficient” to “Advanced” in all her ratings, hence Ms. Candy had adequate content knowledge. 

Analysis of Mr Dee’s CK on Biodiversity 

 

Table 5. Analysis of Mr Dee’s Content Knowledge on Biodiversity 

Subconstruct Observed attributes Level 
Concept coverage Missed many concepts stipulated by the syllabus Limited 

 
Appropriateness of 
concepts 

Little alignment of concepts in lesson Basic 
 

Scientific accuracy 
of the explanation 
of the concepts 

Explanations were somewhat inaccurate, which 
loosely addresses the concept 

Basic 
 

Links and/or connections 
made to other concepts 

No possible links and/or connections are made Limited 
 

Links made (implicit or 
explicit) to the nature of 
science (NoS) and/or 
scientific inquiry 

No links made to NoS and/or SI Limited 
 

Concept Coverage 

All lessons were carried out through learner presentations, during which the teacher prohibited learners from asking 
questions. Several concepts were not taught. For example, in the first lesson, the presenter defined Biodiversity and no 
mention was made to the types of biodiversity. The diagnostic features of the five kingdoms were given classification of 
organisms into kingdoms was done, however no further classification into phylum was done. The socioeconomic 
importance of the five kingdoms was discussed, however, no mention was made to conservation, restoration and how 
these organisms can be utilised in communities for value addition and economic recovery of the country. Due to these 
attributes Mr. Dee is at a limited level regarding the concepts of biodiversity. 

Appropriateness of Concepts 

The concepts taught were appropriate, but inadequate as most concepts were not covered. Adequate alignment of 
concepts was noticed in learner presentations. Consequently, Mr. Dee is at the basic level regarding the appropriateness 
of concepts in biodiversity. 

Scientific Accuracy of the Explanation of the Concepts 

The explanations given by the students during presentations were accurate. However, learners were reading prepared 
notes during the presentations, which can negatively impact learner understanding. Accordingly, Mr. Dee is at the basic 
level regarding the scientific accuracy of biodiversity concepts. 

Links and/or Connections Made to Other Concepts 

Few links were made by the students to other topics during the presentations. For example, on characteristics of kingdom 
Monera, the presenter mentioned the presence of a plasmid and linked the plasmid to gene technology. Subsequently, 
Mr. Dee is at a limited level regarding links made with other concepts. 

Links Made to the Nature of Science 

No links were made to the NOS in all the observed lessons, learners spoon-fed each other using the lecture method. Even 
though the organisms are present in every ecosystem no practical activity was done. The teacher showed lack of 
knowledge on processes used to establish new knowledge in science. Therefore, Mr. Dee was rated Limited regarding 
links made with NoS. Table 2 was used to identify the content knowledge level of Mr. Dee. It was noted that Mr. Dee had 
inadequate content knowledge for the topic of biodiversity. 
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Analysis of Mr. Lazz’s CK on Biodiversity 

Table 6. Analysis of Mr Lazz’s Content Knowledge 

Subconstruct Observed attributes Level 
Concept coverage Missed some concepts stipulated by the syllabus Limited 

 
Appropriateness of 
concepts 

Little alignment of concepts in lesson Basic 
 

Scientific accuracy 
of the explanation 
of the concepts 

Explanations were somewhat inaccurate, which 
loosely addresses the 
concept(s) 

Basic 
 

Links and/or connections made 
to other concepts 

No possible links and/or connections are made Limited 
 

Links made (implicit or explicit) 
to the nature of science (NoS) 
and/or scientific inquiry 

No links made to NoS and/or SI Limited 
 

Concept Coverage 

Mr. Lazz missed some concepts stipulated in the syllabus. For example, the classification of Kingdoms into phylum was 
not taught. Lessons were done through learner presentations and issues of conservation, restoration, and use of 
biodiversity in value addition in the local context were not taught. Hence, Mr. Lazz’s concept coverage was rated as 
limited. Mr. Laz had no workbooks i.e., no scheme of work, lesson plans or even a notebook. The lessons observed were 
mainly presentations by learners with little to no contribution from the teacher. This could have been attributed to lack 
of planning. When asked during the interview why he wasn’t planning, this is what Mr. Laz had to say 

“Scheming and planning is laborious, given that the syllabus has the objectives and everything and the teacher is asked to 
scheme again while the syllabus is there. I think there should be another way which can involve only evaluation than 
planning”. 

When asked how he ensures efficient lesson delivery and concept coverage without planning for the lesson, this is what 
Mr. Laz had to say 

“It depends on the experience of the teacher, when someone is well experienced, there is no need for scheming. I think 
scheming was necessary when on attachment, if it is to be done, maybe it must be done for the first three years after training 
and thereafter one can just teach.” 

From the responses given by Mr. Lazz, the researcher, concluded that poor concept coverage was because of lack of 
planning. The teacher never commented on the presentations. The researcher felt the teacher had limited content 
knowledge, hence, lacked the confidence to comment on student presentations. This could be attributed to not only lack 
of planning and preparation for the lessons but also to lack of commitment to the profession. Consequently, Mr. Lazz is 
at a limited level regarding the concepts of biodiversity. 

Appropriateness of Concepts 

The concepts covered were appropriate, though there was little alignment of the concepts covered. From the student 
presentations, learners just presented on the concepts assigned to them without linking to previous concepts presented 
by other students. Accordingly, Mr. Lazz is at Basic level regarding the appropriateness of concepts on biodiversity. 

Scientific Accuracy of the Explanation of the Concepts 

The concepts presented were accurate and alignments of concepts was noted from the student presentations. The 
presenters showed that they had researched, however, even the presenters had not mastered or understood the concepts 
as they were reading during the presentation. Consequently, Mr. Lazz is at Basic level regarding the scientific accuracy of 
concepts on biodiversity. 

Links and/or Connections Made to Other Concepts 

No links were made to other concepts. Thus, Mr. Lazz is at Limited level regarding the links made with other concepts. 

Links Made to the Nature of Science 

No links were made to the nature of science. Subsequently, Mr. Lazz is at Limited level regarding the links made to the 
NoS. An analysis of Mr Lazz’s content knowledge was done by comparing the levels of constructs in table 6 and table 2 
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and it was noted that Mr Lazz had inadequate content knowledge. Summary of teacher participants’ performance is 
illustrated by table 7. 

Comparison of Teacher Participants’ Performance 

Table 7. Comparison of Teacher Participants’ Performance 

Concept  Ms. Rose Ms. Candy Mr Dee Mr Laz Comment 
Concept 
coverage 

Covered the 
stipulated 
content. No 
applications to 
day to day life 
was made. 

Covered the 
stipulated 
content and 
applications 
were made 
to day to 
day lives. 

Did not teach 
some 
concepts. 

Did not 
teach some 
concepts. 

Ms. Rose and Ms. Candy covered 
the stipulated concepts. 
However, Ms. Candy made 
applications to the the learners’ 
day to day lives. Mr Dee and Mr 
Lazz skipped some concepts. 

Appropriaten
ess of 
concepts 

Adequate 
alignment of 
concepts noted. 

Adequate 
alignment 
of concepts 
noted. 

There was 
little 
alignment of 
concepts. 

Little 
alignment 
of concepts. 

Concept alignment was noted 
for Ms. Rose and Ms. Candy, 
however, there was little 
alignment of concepts for Mr 
Dee and Mr Lazz. 

Scientific 
accuracy of 
concepts  

Explanations 
were mostly 
accurate. 

Explanation
s were 
mostly 
accurate. 

Some 
inaccurate 
explanations 
noted 

Some 
explanation
s were 
inaccurate 

Ms. Rose and Ms. Candy gave 
accurate explanation, while Mr 
Dee and Mr Lazz gave some 
inaccurate explanations 

Links made 
to other 
concepts 

A few links 
were made to 
other concepts.  

Many links 
were made  

No links 
made with 
other 
concepts 

No links 
made with 
other 
concepts 

Ms. Rose made more links to the 
other concepts, whist a few 
links were made by Ms. Candy, 
No links were made by Mr Dee 
and Mr Lazz.  

Links made 
to NoS and 
scientific 
enquiry 

No links were 
made to NoS 

A few links 
were made  

No links 
made to NoS 

No links 
made to 
NoS 

A few links were made to the 
NoS by Ms. Candy, whilst the 
other 3 teachers made no link to 
NoS and the scientific enquiry. 

Content 
knowledge 

Adequate Adequate Inadequate Inadequate  Ms. Candy and Ms. Rose had 
adequate content knowledge, 
whilst Mr Dee amd Mr Lazz had 
inadequate content knowledge. 

The researcher noted that the teacher participants were not planning. They all did not have schemes of work and lesson 
plans. However Ms. Rose and Ms. Candy had notebooks which they referred to as they were teaching. When asked why 
they were not planning, this is what Ms. Rose had to say; 

“I don’t have any scheme or lesson plan; I use my notebook. I don’t know when I lastly schemed or wrote a lesson plan. If 
you really want the scheme for your research, I can just write the section on Biodiversity for you” 

When asked how she ensures efficient lesson delivery, this is what Ms. Rose had to say. 

“With experience, I now know how to deliver my lessons effectively without a scheme or lesson plan but using the syllabus 
and my notes.” 

Ms. Candy had no scheme of work or lesson plan. She used the syllabus and her notebook for the lessons. This shows 
the need for supervision. When asked why she did not plan, this was what Ms. Candy said. 

‘I use my teaching experience to ensure that the lessons go on very well. I do plan, but just don’t write it down that’s why 
there were several organisms during the lessons collected from the ecosystem and used to guide instruction.” 

When asked during the interview why he was not planning, this is what Mr. Laz had to say 

“Scheming and planning is laborious, given that the syllabus has the objectives and everything and the teacher is asked to 
scheme again while the syllabus is there. I think there should be another way which can involve only evaluation than 
planning”.  

Upon requesting for permission to conduct research from one of the headmasters, this is what the head said.  

“Please do not bother my teacher, don’t you know that we are incapacitated.” 
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Such a remark from an administrator, who has ultimate responsibility of supervising the teachers and school at large 
was an indicator of a poor working environment where possible minimum teaching and learning activities are taking 
place. 

Discussion 

Ms. Candy and Ms. Rose had adequate CK. However, when compared to Ms. Rose, though both teachers had adequate 
content knowledge, Ms. Candy had more content knowledge than Ms. Rose.  Ms. Candy made more links to other concepts 
and to the nature of science. Ms. Candy also linked the concepts to the day to day lives of the learners, placing more 
emphasis on conservation, value addition and restoration of Biodiversity and ecosystems. It has also been seen that 
teachers who are well versed in their subject area, aware of popular opposing viewpoints, and committed to the scientific 
paradigm offer their students a wealth of opportunities. A noteworthy number of studies have found a connection 
between teachers’ efficacy in teaching science and their mastery of subject matter (Alshehry, 2014; Fitzgerald et al., 2014; 
Santau et al., 2014). 

To meet today’s standards, teachers must understand subject matter deeply and flexibly to create useful cognitive maps, 
relate ideas and address misconceptions. Teachers need to see how ideas connect across fields and to everyday life. To 
Shulman (1987), this enables teachers to be comprehensible to their learners. Özden (2008) noted that content 
knowledge had positive influence on effective teaching practice. Equally, many researchers such as Halim and Meerah 
(2002), and van Driel (2021) concluded that content knowledge had a positive influence on pedagogical content 
knowledge. Borko (2004) highlighted that teachers need to understand the facts and concepts of the discipline in addition 
to having a deep and flexible understanding of the subject they teach. However, poor CK result in low self confidence in 
scientific teaching and consequently in low quality lessons. (Kind, 2014). Content knowledge affects how a teacher 
interprets the content goals, the way the teacher hears and responds to questions from learners, the teacher’s ability to 
explain clearly and ask good questions. Hence, teachers with adequate content knowledge interprets the content goals 
better, respond to questions asked by learners in a more comprehensible manner and ask their learners good questions 
to enhance learner understanding. The adequate content knowledge in the two teachers could have been due to the fact 
that they attended several workshops on the competence-based curriculum. This concurs with Antwi et al. (2016) who 
noted that workshopping increases the teacher content knowledge. Regular and continual workshops targeting specific 
sensitive challenging content areas may lead to teachers’ developing coping abilities to teach the content area and to 
meet the specific task needs of pupils. Antwi et al. (2016) pointed to in-service education on Science Teachers as one of 
the ingredients needed for building teacher quality and science content knowledge. Though Ms. Rose and Ms. Candy had 
no schemes of work, some form of planning was also observed in the form of prepared notes for the learners. Hence, 
planning contributed to the adequate content knowledge. The lesson planning process allows teachers to evaluate their 
own knowledge with regard to the content to be taught (Reed & Michaud, 2010). A teacher with a plan, then, is a more 
confident teacher. The teacher is clear on what needs to be done, how, and when. 

Mr Dee and Mr Lazz had inadequate content knowledge. Similarities noted between the two teachers were that they did 
not plan and used student presentations without even commenting on the presentations. The researcher felt the 
inadequate content knowledge resulted in a lack of confidence to comment on student presentations. This could be 
attributed to not only a lack of planning and preparing for the lessons but also to lack of commitment to the profession 
and lack of motivation. Niemelä and Tirri (2018) highlights that CK is the teacher’s understanding of the facts and 
organization of the subject. The teacher needs to understand how knowledge is constructed and why certain facts are 
accepted in that discipline. Niemelä and Tirri further pointed out that the better the CK a teacher has, the better 
probabilities there are to develop a good level of PCK. It, therefore, follows that the lower the content knowledge the less 
chances there are to develop a good pedagogical content knowledge. Teachers must be aware of their lack of content 
knowledge to remedy their insufficiency and avoid passing misconceptions to their learners (Catalano et al., 2019). If 
teachers believe that they have high self-efficacy, they may not be aware that they must continually improve their science 
content knowledge. Shulman sees teachers’ capability to link concepts to other disciplines as part of CK. Mr. Laz and Mr. 
Dee did not relate the subject matter to other concepts and disciplines. However, Niemelä and Tirri pointed out there is 
no assurance that the teachers can link concepts to other disciplines. This may be because in teacher training,  their 
lecturers may be specialist in one area, hence teachers lack exposure to other disciplines and fail to integrate or link the 
concepts they teach to other disciplines. 

It has been noted that teachers cannot explain what they do not know and scantiness of CK affects the teachers’ ability to 
deliver science instruction, therefore, outstanding science instruction is cultivated from a comprehensive and profound 
understanding of science CK. Teachers must be aware of their lack of content knowledge to remedy their insufficiency 
and avoid passing misconceptions to their learners (Catalano et al., 2019). It was also noted that the two teachers with 
inadequate content knowledge never attended any workshops or orientations on the updated curriculum. 
Workshops are used to explore a specific topic, transfer knowledge, solve identified problems, or create something new 
(Antwi et al., 2016). Teacher Training Workshops help teachers in developing and learning new teaching strategies, 
strategies of classroom management, technological advancement and improve content knowledge. Hence, workshops 
provide overall continuous growth opportunities to the teachers to make the best use of their abilities. 
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The researcher noted that all the teacher participants had no schemes of work and lesson plans. However, Ms. Rose had 
a notebook and PowerPoint presentations and downloaded notes on Biodiversity. The researcher regarded these as some 
form of planning for the lesson though this does not meet the demands of the Ministry of Primary and Secondary 
Education. Likewise, Ms. Candy had a notebook, downloaded notes and several forms of life brought to class and used for 
practical activities during the lessons. The researcher also viewed this as some form of planning. Mr Dee and Mr Laz had 
no form of planning, they both assigned learners to go and research and presented their presentations to class without 
any input from both teachers. Mr Dee had several forms of Biodiversity preserved in the laboratory which were never 
used during the lessons but later shown to the researcher after the lessons. However, Mr Dee acknowledges that teachers 
must plan for effective lesson delivery. This was what Mr Dee said, “teachers must plan, and if you don’t plan you are 
planning to fail. One must plan so that lessons are presented in a way that is understandable.” However, this was 
contradictory to what was on the ground, Mr Dee had nothing planned. Not planning can be attributed not only to lack of 
supervision in schools but to a new teacher identity developing, one of teachers who do not care about efficacy during 
instruction delivery. From Mr Dee’s response to the issue of planning, it shows he is aware of what must be done but is 
not willing to do so. Teachers who had some forms of planning for their lessons exhibited adequate content knowledge, 
while teachers who did not plan at all showed inadequate content knowledge. This shows that planning enhances teacher 
content knowledge (Rusznyak & Walton, 2011). To Reed and Michaud (2010) lesson planning process allows teachers to 
evaluate their own knowledge with regards to the content to be taught. If a teacher must teach a particular concept and 
is not definite of the content, the teacher become aware of such an inadequacy during planning and can take the necessary 
steps to acquire the necessary information (Koberstein-Schwarz & Meisert, 2022). Hence, lesson planning presents an 
opportunity to evaluate one’s own knowledge and acquire any information needed during the lesson, thereby improving 
teacher content knowledge. 

Conclusion 

Teacher content knowledge vary from teacher to teacher depending on a consortium of factors which include exposure 
to workshops, planning, teacher identity and motivation. In the current research, teacher CK ranged from inadequate to 
adequate. Content knowledge is critical for effective science teaching, hence there is need to improve teacher CK to ensure 
effective syllabus interpretation, scientific accuracy and linking of the concepts to other concepts and to the NoS. 

Recommendations 

This study thereby recommends workshopping of teachers on syllabus interpretation, 21st century teaching methods and 
development of a constructive teacher identity among other areas to improve the teacher content knowledge. There is 
need for teacher supervision on all the requirements of the teaching profession including scheming and lesson planning 
from school level to national level to improve and ensure that there is effective teaching and learning. Furthermore, there 
is need for motivating teachers to stimulate their interest in the profession and ensure effective teaching and learning. 
Further research on the content knowledge of Biology teachers in other learning areas is recommended. 

Limitations 

This research could have been expanded to include other provinces but due to limited resources and COVID 19 
restrictions, the research was confined to one province but had various data sources to cross validate the results. 

Authorship contribution statement 

Kaifa: Conceptualisation, design, data collection, data analysis, writing. Mukaro: Supervision, editing/ reviewing, critical 
revision of manuscript. Parawira: Supervision, editing. 

Reference 

Alshehry, A. T. (2014). Investigating factors affecting science teachers' performance and satisfaction toward their 
teaching process at Najran University for girls' science colleges. International Journal of Higher Education, 3(2), 73-
82. Https://doi.org/10.5430/ijhe.v3n2p73  

Antwi, V., Anderson, I. K., & Abagali, O. K. (2016). Effect of in-service training on science teachers’ self-efficacy beliefs and 
content knowledge competencies in basic electronics in the Ghanaian Junior High school context. European Journal 
of Engineering and Technology, 4(6), 1-15. https://bit.ly/40mwdEt  

Azad, M., & Kalam, A. (2013). Grammar teaching in EFL classrooms: Teachers' attitudes and beliefs. ASA University 
Review, 7(2), 111-126.  

Beauchamp, C., & Thomas, L. (2009). Understanding teacher identity: An overview of issues in the literature and 
implications for teacher education. Cambridge Journal of Education, 39(2), 175-189. 
https://doi.org/10.1080/03057640902902252  

https://doi.org/10.5430/ijhe.v3n2p73
https://bit.ly/40mwdEt
https://doi.org/10.1080/03057640902902252


62  KAIFA ET AL. / Biology Teachers’ Content Knowledge on Biodiversity 
 

Borko, H. (2004). Professional development and teacher learning: Mapping the terrain. Educational researcher, 33(8), 3-
15. https://doi.org/10.3102/0013189X033008003   

Carpendale, J., & Hume, A. (2019). Investigating practising science teachers’ pPCK and ePCK development as a result of 
collaborative CoRe design. In A. Hume, R. Cooper & A. Borowski (Eds.), Repositioning pedagogical content knowledge 
in teachers’ knowledge for teaching science (pp. 225-252). Springer. https://doi.org/10.1007/978-981-13-5898-
2_10  

Catalano, A., Asselta, L., & Durkin, A. (2019). Exploring the relationship between science content knowledge and science 
teaching self-efficacy among elementary teachers. IAFOR Journal of Education, 7(1), 57-70. 
https://doi.org/10.22492/ije.7.1.04  

Chang, S. H., Ward, P., & Goodway, J. D. (2020). The effect of a content knowledge teacher professional workshop on 
enacted pedagogical content knowledge and student learning in a throwing unit. Physical Education and Sport 
Pedagogy, 25(5), 493-508. https://doi.org/10.1080/17408989.2020.1743252  

Childs, A., & McNicholl, J. (2007). investigating the relationship between subject content knowledge and pedagogical 
practice through the analysis of classroom discourse. International Journal of Science Education, 29(13), 1629-1653, 
https://doi.org/10.1080/09500690601180817  

Chopoo, S., Thathong, K., & Halim, L. (2014). Biology teachers’ pedagogical content knowledge in Thailand: Understanding 
and Practice. Procedia Social and Behavioral Science, 116, 442-447. https://doi.org/10.1016/j.sbspro.2014.01.237  

Christou, C., Eliophotou-Menon, M., & Philippou, G. (2004). Teachers' concerns regarding the adoption of a new 
mathematics curriculum: An application of CBAM. Educational Studies in Mathematics, 57, 157-176. 
https://doi.org/10.1023/B:EDUC.0000049271.01649.dd   

Fitzgerald, M., Kruschwitz, N., Bonnet, D., & Welch, M. (2014). Embracing digital technology: A new strategic 
imperative. MIT Sloan Management Review, 55(2), 1-12. http://bit.ly/3YUvKrZ  

Garnett, P. J., & Tobin, K. (1988). Teaching for understanding: Exemplary practice in high school chemistry. Journal of 
Research in Science Teaching, 26(1), 1–14. https://doi.org/10.1002/tea.3660260102 

Guerriero, S. (2014). Teachers’ pedagogical knowledge and the teaching profession: Background report and project 
objectives. OECD. https://bit.ly/3YNnVnM  

Halim, L., & Meerah, S. M. M. (2002). Science trainee teachers' pedagogical content knowledge and its influence on physics 
teaching. Research in Science and Technological Education, 20(2), 215-225. 
https://doi.org/10.1080/0263514022000030462  

Izadinia, M. (2013). A review of research on student teachers' professional identity. British Educational Research 
Journal, 39(4), 694-713. https://doi.org/10.1080/01411926.2012.679614 

Kind, V. (2014). A degree is not enough: A quantitative study of aspects of pre-service science teachers’ chemistry content 
knowledge. International Journal of Science Education, 36(8), 1313-1345. 
https://doi.org/10.1080/09500693.2013.860497  

Koberstein-Schwarz, M., & Meisert, A. (2022). Pedagogical content knowledge in material-based lesson planning of 
preservice biology teachers. Teaching and Teacher Education, 116, Article 103745. 
https://doi.org/10.1016/j.tate.2022.103745  

Miller, J. (2009). Teacher identity. In A. Burns & J. C. Richards (Eds.), The Cambridge guide to second language teacher 
education (pp. 172-181). Cambridge University Press. https://doi.org/10.1017/9781139042710.023  

Ministry of Primary and Secondary Education. (2016). Curriculum framework for primary and secondary education 2015-
2022. https://cutt.ly/R4izX2o  

Mullins, K. (2016). IDEA model from theory to practice: integrating information literacy in academic courses. The Journal 
of Academic Librarianship, 42(1), 55-64. https://doi.org/10.1016/j.acalib.2015.10.008  

Niemelä, M. A., & Tirri, K. (2018). Teachers’ knowledge of curriculum integration: A current challenge for Finnish subject 
teachers. Contemporary pedagogies in teacher education and development, 119-132. 
http://dx.doi.org/10.5772/intechopen.75870 

Nind, M. (2020). A new application for the concept of pedagogical content knowledge: teaching advanced social science 
research methods. Oxford Review of Education, 46(2), 185-201.  https://doi.org/10.1080/03054985.2019.1644996  

Ní Shuilleabhain, A. (2015). Developing mathematics teachers' pedagogical content knowledge through iterative cycles 
of lesson study. In K. Krainer & N. Vondrová (Eds.), Proceedings of the Ninth Congress of the European Society for 
Research in Mathematics Education (CERME 9) (pp. 2734-2740). Congress of European Research in Mathematics 
Education (CERME). http://hdl.handle.net/10197/7789  

https://doi.org/10.3102/0013189X033008003
https://doi.org/10.1007/978-981-13-5898-2_10
https://doi.org/10.1007/978-981-13-5898-2_10
https://doi.org/10.22492/ije.7.1.04
https://doi.org/10.1080/17408989.2020.1743252
https://doi.org/10.1080/09500690601180817
https://doi.org/10.1016/j.sbspro.2014.01.237
https://doi.org/10.1023/B:EDUC.0000049271.01649.dd
http://bit.ly/3YUvKrZ
https://doi.org/10.1002/tea.3660260102
https://bit.ly/3YNnVnM
https://doi.org/10.1080/0263514022000030462
https://doi.org/10.1080/01411926.2012.679614
https://doi.org/10.1080/09500693.2013.860497
https://doi.org/10.1016/j.tate.2022.103745
https://doi.org/10.1017/9781139042710.023
https://cutt.ly/R4izX2o
https://doi.org/10.1016/j.acalib.2015.10.008
https://doi.org/10.1080/03054985.2019.1644996
http://hdl.handle.net/10197/7789


 European Journal of Mathematics and Science Education 63 
 

Nowicki, B. L., Sullivan-Watts, B., Shim, M. K., Young, B., & Pockalny, R. (2013). Factors influencing science content 
accuracy in elementary inquiry science lessons. Research in Science Education, 43, 1135-1154. 
https://doi.org/10.1007/s11165-012-9303-4  

Özden, M. (2008). The effect of content knowledge on pedagogical content knowledge: The case of teaching phases of 
matters. Educational Sciences: Theory and Practice, 8(2), 633-645.  

Phaeton, M. J., & Stears, M. (2016). Exploring the alignment of the intended and implemented curriculum through 
teachers’ interpretation: A case study of A-level biology practical work. Eurasia Journal of Mathematics, Science and 
Technology Education, 13(3), 723-740. https://doi.org/10.12973/eurasia.2017.00640a  

Reed, M., & Michaud, C. (2010). Goal-driven lesson planning for teaching English to speakers of other languages. University 
of Michigan Press ELT. https://doi.org/10.3998/mpub.1425013  

Roth, K. J., Anderson, C. W., & Smith, E. L. (1987). Curriculum materials, teacher talk and student learning: Case studies in 
fifth grade science teaching. Journal of Curriculum Studies, 19(6), 527-548 
https://doi.org/10.1080/0022027870190605  

Rusznyak, L., & Walton, E. (2011). Lesson planning guidelines for student teachers: A scaffold for the development of 
pedagogical content knowledge. Education as Change, 15(2), 271-285. 
https://doi.org/10.1080/16823206.2011.619141  

Santau, A. O., Maerten-Rivera, J. L., Bovis, S., & Orend, J. (2014). A mile wide or an inch deep? Improving elementary 
preservice teachers’ science content knowledge within the context of a science methods course. Journal of Science 
Teacher Education, 25(8), 953-976. https://doi.org/10.1007/s10972-014-9402-3  

Shulman, L. (1987). Knowledge and teaching: Foundations of the new reform. Harvard Educational Review, 57(1), 1-23. 
https://doi.org/gc8qnc  

Tobin, K., & Fraser, B. J. (1990). What does it mean to be an exemplary science teacher? Journal of Research in Science 
teaching, 27(1), 3-25. https://doi.org/10.1002/tea.3660270103  

van Driel, J. (2021). Science teachers’ knowledge development. Brill. https://doi.org/10.1163/9789004505452  

Yuenyong, C., & Thao-Do, T. P. (2020). Developing a tool to assess students’ views of nature of science in Vietnam. Journal 
Pendidikan IPA Indonesia, 9(1), 135-145. https://doi.org/10.15294/jpii.v9i1.22043  

 

https://doi.org/10.1007/s11165-012-9303-4
https://doi.org/10.12973/eurasia.2017.00640a
https://doi.org/10.3998/mpub.1425013
https://doi.org/10.1080/0022027870190605
https://doi.org/10.1080/16823206.2011.619141
https://doi.org/10.1007/s10972-014-9402-3
https://doi.org/gc8qnc
https://doi.org/10.1002/tea.3660270103
https://doi.org/10.1163/9789004505452
https://doi.org/10.15294/jpii.v9i1.22043

