BINDURA UNIVERSITY OF SCIENCE EDUCATION

FACULTY OF SCIENCE EDUCATION

TEACHER PEDAGOGICAL CONTENT KNOWLEDGE FOR THE TOPIC,
BIODIVERSITY: A CASE OF SELE CTED MIDLANDS URBAN HIGH SCHOOL
TEACHERS

BY

JANE MWAKADEI KAIFA

(B1545126)

A THESIS SUBMITTED IN FULFILMENT OF THE REQUIREMENTS OF THE
BINDURA UNIVERSITY OF SCIENCE EDUCATION , FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY IN BIOLOGY EDUCATION , FACULTY OF SCIENCE
EDUCATION

2024



ABSTRACT
This study investigated teacher pedagogical content knowledge for the topic, Biodiversity and
examin& why the teachers exhibit the observed level of pedagogical content knowledge. The
introduction of the competendyased curriculum by the Ministry of Primary and Secondary
Education in Zimbabwe in 2016 came as a tactical approach to solving an array sddat
and economic problems bedevilling the country. Learning should be aimed at acquiting 21
century skills such as critical thinking, creativity, problem solving and innovation among
others. Teacher pedagogical content knowledge becomes critical Wwiemes to the
implementation of such a curriculunhis study is located within a framework of teacher
pedagogical content knowledge. The hexagonal conceptual framesexthkn the studgraws
elements from existing pedagogical content knowlddgaeworks. Six key constructs in this
model were considered in the study. A qualitative research approach was chosen for this study
in which a case study research design was employed. The unit of analysis was the biology
teacher 6s peda dedge.iFouateachergarticipants weke puwpesively selected
as information rich sources for the phenomenon under study. Data was collected using lesson
observations, teacher interviews and learner questionnaires. Content analysis on the topic
Biodiversityh t he 6 A® | e v e l-batkd aurricnlgnywas used poeascertairc the
demands of the curriculum. An analytical framework consisting of six constructs from the
hexagonal conceptual framework was used to analyse teacher pedagogical content knowledge.
The study revealed that the 0AéaséddeadhihgoBi ol 0 ¢
biodiversity and emphasise on the use of constructivist methodologies packaged with learner
centred strategies aimed at bringing awareness to the practical amplioatskills and
knowl edge in solving societal chall enges. Tt
content knowledge varies depending on a consortium of factors. Two of the teacher participants
had adequate pedagogical content knowledge vih#sbther two had inadequate pedagogical
content knowledge. Inadequate pedagogical content knowledge was attributed to a poor teacher
identity, nonexposure to workshops, lack of orientation on the demands of the competence
based curriculum, lack of plamy, deficiency of motivation and inadequate supervision. The
study also revealed the significance of content knowledge in the development of teacher
pedagogical content knowledge. The two teachers with inadequate pedagogical content
knowledge had inadequatontent knowledge. The inadequate pedagogical content knowledge
in some teachers was coined as one of the causes of a divide between the intended goals of the
competencéased curriculum and what is being implemented in schools. This research led to
thedesign of a model for improving teacher pedagogical content knowledge on Biodiversity.
This study recommends the use of the model b
study recommends education authorities to organise workshops on the derhahds o
competencévrased curriculum, positive teacher identity, content knowledge and pedagogical
content knowledge development. There is a need for teachers to shift from traditional
instruction to process oriented instruction if skills such as creatisiitical thinking and
problem solving are to be imparted to learners. Further research on pedagogical content
knowledge of Biology teachers in other topics is strongly recommended.
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CHAPTER ONE:

SETTING OF THE SCENE

1.0Introduction
This chaptepresents the background of study, statement of the problem, research objectives,
and research questions, significance of study, contribution, delimitations, as well as definition

of key terms.

1.1 Setting of the scene

In the year 2016, Zimbabwe introducedampetencévased curriculum. This was in response

to the <c¢larion <call for an i mproved approa
significance was the Nziramasanga Commission which advocated for the developmént of 21
century skills which include prdé&m solving, critical thinking and innovation among others
(CIET Report, 1999; Hooker, 2017). The introduction of Zimbabwe Agenda for Sustainable
SocioEconomic Transformation (ZIMASSET) by Zimbabwe government in the year 2013
further buttressed the neadibtroducea competencédased curriculum as it advocated for the
development of skills to solve deficiencies of the curriculum (Chitate, 2016). These
competences, which align themselves to Zimbabwe's existing national development strategy
NDS1, aiming aachieving an upper middiacome society by 2030, were included in the new

curriculum of competencies to solve a plethora of developmental challenges.

The competenebased curriculum contains various learning areas which are concerned with
the developmat of a conglomerate of skills. Among these learning areas is Biodiversity, the
subject under study. Inclusion of this topic in the curriculum helps solve the current
environmental issues faced by Zimbabwe. To this extent, curriculum change was therefore a
response to the dynamic needs of society through knowledge advancement (Muzira & Muzira,

2020).



However, the competendmsed curriculum requires a high level of teacher Pedagogical
Content Knowledge (PCK). PCK is a unique combination of content and@gylthat enables

teachers to capture, portray and share knowledge in ways that are understandable by learners
(Shul man, 1986) . |t comprises integrated ki
wisdom with respect to their teaching practice, that idagegy, learners, subject matter, and

the curriculum (Chopocet al, 2014). Such a knowledge domain allows teachers to impart the

required skills to learners.

1.2 Background of study

Curriculum implementation is one of the key concerns in the education system (Guerriero,
2014). Educators are concerned with choices made on teaching content and methods. This has
seen Zimbabwe introducing a competebesed curriculum in 2016. The competebased
curriculum aims to instil Z1 Century skills in learners. These include problem solving,
innovation, communication, information literacy, media literacy, technology literacy,
flexibility, leadership, initiative, productivity among other skil&uch skills place learners in

the jobcreator mode and may reduce the unemployment rate in the country. Equipping learners
with 215 Century skills also ensure sustainable use and value addition. However, educational
reforms typically impose new demands thre already complex and overloaded work of
teachers (Ni Shuilleabhain, 2015). Literature suggests that teachers respond to imposed
curriculum change by either embracing change, resisting, ignoring the change, or modifying
the curriculum, with the lattemo often being the norm (Christai al, 2004). Curriculum
implementation may be fraught with problems as it may not be done as intended. Often,
loopholes are observed which create a gap between the expectations of the designers of the
curriculum and whateally takes place within the classroom. Confirming this, Mulard

Stears (2017) observed a ralignment between the intended 2016 Competency based

curriculum and the one being i mplemented. Th



intendedcurriculum as one of the causes for lack of alignment. Mavhandyzan der Merwe

(2020) noted the divide between theory and practice as an enduring challenge attributed to the
disconnection between teacher knowledge and enacting in class. A lot afrdtbiems have

been made which include inadequate consultations, resource unavailability and lack of
textbooks in line with the curriculum, inadequate teacher orientation and capacitation.
Teachersdé attitudes towar ds ing teacherscanlfealthatr e f or
their content knowledge is inadequate, and their teaching experience does not qualify them for

this reform.

In the process of developing competent citizens in society, teachers have been seen to play an
active role in educatiohaeform (Chopooet al, 2013). Azad and Kalam (2013) posited that
teachers can create an enlightened human being through building capacities to enquire,
innovate, and develop the social value system. The teaching profession has been conceptualised
as a tinical practice profession which can be compared to the medical profession (Guerriero,
2014). This implies that decision making is a basic teaching skill, where decisions are regularly
made bythe teacher while processing cognitive complex information about the learner to
decide on alternatives for increasing understanding. The role played by teachers in
implementing the curriculum and in facilitating the development of students is considered a
indicator for success dhe economy, society, politics, science and technology development
(Nind, 2020). Hence, success of ttmmpetencdased curriculuns dependent on the quality

of teachers and their aaperation.

Changet al (2020) positedhat wthout PCK teachers may face challenges in teaching the
subject effectively and may teach wrong concepts. According to Shulman (1987), the most
useful forms of representation of ideas, most powerful analogue, illustrations, examples,
explanations and demsinations are essential in presenting and formulating the subject making

it comprehensible to others. Shulman concludes that teacher pedagogical content knowledge
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(PCK) is made up of attributes that a teacher possebstsguides studentowards
understading the specific content. As such, Shulman (1987) proposed PCK to reduce teacher

misconceptions.

Changetal.( 2020) highlighted that teaching shoul ¢
demonstration of his knowledge but also the ability to guidestheéents to understand the

cont ent meani ngfully. Teachers should be kn:
knowledge and use of instructional strategies but also the challenges and needs of the learners

in social, emotional, and academic consefdydin, 2012). Issues have been raised on the
content and pedagogical content knowledge of teachers. Teacher pedagogical content
knowledge (PCK) is a special combination of content and pedagogy that is uniquely
constructed by teachers and can be seenlase fAspecial o form of a t
knowl edge and wunderstanding. PCK is intense
encompasses both theories learned during teacher preparation as well as experiences gained
from ongoing schooling activitee The development of PCK is influenced by factors related to

the teacherds personal background and by the
subject matter, teachersé actions are deter:r
makingthis an essential component in teaching and learning. At the heart of effective content
teaching is the teachersé pedagogical <conten

in Biology is to be i mproved, powdacher séo PCK

1.3 Statement of the problem

Zimbabwe is faced with high levels of ecosystem depletion. This phenomenon has seriously
contributed to biodiversity losses. This relates to loghénprocesses which support life on
earth, humans included. The lack afety of animals and plants results in shortage of oxygen,
clean water and food. Ecosystem functions are supported by a viable ecosystem that contains

a vibrant biodiversity. Depletion of ecosystems has been attributed to clearing of the land for
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firewood agriculture, settlement, mining and veld fires among others. In the advent of
Zimbabwe's Vision 2030 and the realisation of demands of National Development Strategy
Number 1 (NDS1) (which strives to achieve an upper migddileme society by 2030), the

implementation of education 5.0 becomes a vital tool in solving this challenge.

The teaching of O0Biodiversityd in the most ¢
to biodiversity losses, hence significantly contributing to sustainable developméme of
countrybés economy. Whil st the understanding
lead to the necessitated maintenance of biodiversity, there seems to be no evidence of such
behavioural changes among the learners currently learning Biadloggchools. The
introduction of the competendmsed curriculum by the Ministry of Primary and Secondary
Education in 2016 that aimed to imparfZentury skills to learners should be seen to be a
stepping stone towards the critical environmental avesmgnespecially when it comes to the
maintenance of biodiversity. Even though the curriculum has purposely included such an
important topic to be taught in schools, teachers seem not to manage the teaching of the topic

in order to bring the expected impamt learners. There seems to be a mismatch between
teachersé pedagogi cal content knowl edge on
current demands of the competet@sed curriculum. Literature spells out the critical role of
teacher 6al pedagegt cknowl edge in achieving st
with a high degree of PCK tend to achieve the intended goals of the curriculum. Biology
teachers seem to lack this PCK on biodiversity. It is against this background that the research
intended to interrogate teachersbod l evel s o]

environmental issue.

1.4 Aim
Eval uat e t he 60 AD Level Mi dIl ands ur ban Bi ol

competencédased curriculum.



1.6 Significance of study

Thisst udy may encourage the teaching of the toc
manner that promotes learner understanding. Effective teachers have the capacity to help
students construct knowledge through tactful blending of content and ped&gobgyeachers

may effectively engage students in a way that prepares the students to apply scientific
principles and processes in decision making and in understanding the nature of the world.
Hence, learners may venture into various professions thateg¢haiknowledge of biodiversity

and use knowledge of biodiversity in sustainable use, conservation, and value addition.

Lifelong learning about biodiversity may promotes sustainable use, conservation of ecosystems
and, consequently, poverty eradicatiohisTmay improve the quality of life in communities

At present, biodiversity is declining rapidly due to human activities, and the loss of biodiversity

and deteriorating ecosystem services contribute to worsening human health, higher food
insecurity,incrasi ng ecosystemsd vulnerability to nat
Hence, this study may help in producing problem solving and innovative citizens that may help
restore our ecosystems and consequently improve food security and reduce Vitynerab

natural disasters.

Effective teaching of the topic, 6Bi odi ver si
This may improve the quality of ecosystems and promote tourism. An increase in tourism may
contribute to the national purse and accedet e achi evement of the cou

a middleincome economy by 2030.

This study seeks to guide stakeholders on measures that may be put in place to improve teacher
PCK, improve understanding of biology learners, and achieve the godls cbmpetence

based curriculum.



1.5Research Questions

The study sought to answer the following research questions

1. What does the 6A6 | evel Bi ology Curriculu
2. How do 6A6 Level ®etopicoOByotdemehsrsyd@ach
3. Why do 6A6 Level ®BeéetopicoByotdemehsersydennhth
4. What instructional model can be used to ioyar teacher PCK in Biodiversity?

1.7 Contribution

The outcome of this research led to the design of a PCKlrandempassing critical issues in

the teaching of Biodiversity. Fig 6.1 shows the designed mfmePCK for the topic,

@iodiversityd

1.8 Delimitations

This study was focussed on studying teacher pedagogical content knowledge in only one topic

in the Advanced level Biology curriculum. The selected topic of study was Biodiversity. The

study was confined to Midlands Urban High schools only. Selected stifdettie studyhere

A-Level Biology Students.

1.9 Limitations

The study could have involved an analysis cballbe v el bi ol ogy teacher so
curriculum but the researcherade to confine the study teachers chosen from the Midlands

urban ofZimbabwe. This was due to the limited time and resources available to the researcher.
However, an irdepth qualitative study of teacher PCK guaranteed the trustworthiness of the
research. The use of various triangulation methods ensured that the oéshksstudy

remained credible.

1.10 Definition of Terms
This section defines terms or concepts used throughout the study and gives contextual

information on how these noepts were used in this study.



Pedagogical content knowledge (PCKis a unique fusion ofontent and pedagogy to teach

different topics in a graspable manner to learners.

Twenty-first century skills are a broad set of knowledge, skills, work habits, and character
traits that are critically i mpor9.ahetwelfeo s ucc
21st century skills are critical thinking, creativity, collaboration, communication, information
literacy, media literacy, technology literacy, flexibility, leadership, initiative, productivity, and

social skills. These skills are intendedhelp students keep up with the faknging nature

of todayds society and modern mar ket s.

Biodiversity refers to the variety of life forms on earth. Ittiee variability among living
organisms from all sources, including terrestrial, marine, and atjuatic ecosystems and the
ecological complexes of which they are part; this includes diversity within speciesghetwe

species, and of ecosystems.

1.11Chapter Summary

This chapter has underscored the need for research on Biology teacher PCK andneas outl

the major elements dhe research. The research gap has been situated in the background of
study, problem statement as well as the significance of the study. The objectives and research
guestions have been outlined. It cannot escape notice thatudig like any other has its
delimitations and these have been elucidated in this chapter. The key words were defined so as

to lay a concrete basis for this study.

1.12 Organisation of the study

This study consists of the following six chapters:

Chapter 1: Introduction



The introduction presents the background of the study, the problem statement, the significance
of study, the objectives, and the research questions. Furthermore, the dnaptethe

delimitations and limitationef the study contributionand the definition of key terms.

Chapter 2: Literature Review

To determine what is known and unknown about the research questions posed, Chapter 2

examines literature. A knowledge gap was determined that the current research filled.

Chapter 3: Theoretical ard Conceptual framework

This chapter presents the theoretical and conceptual frameworks. These guided the path of the
research and grounded it firmly in theoretical constructs. The theoretical framework guides the
study to prevent deviation from the accejtieeories. The conceptual framework describes the

main concepts of the study and provides a visual display of how ideas relate to one another.

Chapter 4: Methodology

Chapter 4 discusses the research paradigm, résgesign population, sampleand samfing
techniques. A fulbdiscussion of the instruments and data collection procedures is given. The
chapter also presents an Analytical framework adopted for the study. Considerations made to
ensure credibility, dependability, conformability, and ethicalués are considered and

discussed in this chapter.

Chapter 5: Data presentation, analysis, and discussion

Data collected is presented, analysed and discussed in Chapter 5.

Chapter 6: Conclusions and Recommendations

This chaptepresentgonclusionsand reommendations.



CHAPTER 2

LITERATURE REVIEW

2.1Introduction

This study is on Pedagogi cal Content Knowl ed
and intends to explain how it influences the teaching and learning of the topic, Biodiversity in

t h e legelbidlogy competenebased curriculum. For this reason, it is necessary to review

both classical and contemporary scholarly and theoretical contributions related to this study.

This chapter therefore discusses literature on PCK and the teachingogithen Biodiversity

in schools; however, to advance understanding of teacher PCK in the teaching of science,
various definitions ascribed to curriculum, the science curriculum and the nature of science

will be discussed.

2.2 Curriculum

The word curricbm i s derived from a Latin word, 0cC
curriculum means a course to be 6rund by a
education. It can be equated to a tool in the hands of an artist to mould his material gccordin

to his studio, where the artist refers to the teacher while the materials stediats (Yang &

Li, 2022). Hence, a curriculum is a tool used by teachers to mould desired competences in
learners. Young (2018) viewed a curriculum as a structure thtgiosnot only the activities

of those involved, primarily teachers and students, but also sets a limit on what is possible to
learn in a school or any other educational institution. It is designed for a particular purpose
which, in this case is not ontyansmission of knowledge from generation to generation, but

also imparting 2% century skills to learners.
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Tirivangana (2019) highlighted that a curriculum is composed of all experiences children have
under the guidance of a teacher. These include iexoes that students obtain in classes,
workshops, playgrounds, and interactions with teachers. In this way, the curriculum focuses on

al |l facets of a Il earnerodés | ife during their
wholesome being (Silve2022). According to Taylor (2018p curriculumis the collection

of learning opportunities that a school plans and directs to achieve its educational objectives.
Tirivangana (2019) defined curriculum as a set of skills, concepts, and processesl#rds st

are expected to learn from kindergarten to university. As a result, a curriculum is a plan for
guiding learning in schools that is described in searchable documents. It entaifdaanpes,
standarebased sequence of activities in which studerdstjge and master material and appl

learning skills(Guerrero& Tor r es Ol av e, 2022) . It serves a
educators on what is required for effective teaching and learning to provide every student with

a rigoraus academic experienféang & Li, 2022).

The curriculum outlines the objectives, strategies, and tests that should be used to best promote
teaching and learning (Null, 2023). The standdrased scales or opportunities for teaching

and | earning ar e t hreulun's goals noust beuciedr & thg foranlofsa. A
sequence of skills to be addressed, as well as the scope and depth of knowgjeilgd of a

student (Yang &.i, 2022).

A curriculum consists of suggested strategies and materials that can be used ® iechiev
goals(Usmanova, 2023). Methods in a curriculum include instructional decisions, techniques,
practices, and routines used by teachers to involve all students in meaningful learning (Supriani

et al, 2022). These options aid in facilitating learniegn hanci ng the | earne
comprehend and apply content and skills. Differentiated methods are used to address the needs
and interests of students. Methods may be mo

against their objectives (Wamdal., 2021).
11



Curriculum materials are chosen instruments for implementing strategies and achieving the
curriculumbés objectives (Usmanova, 2023). Th
(Ellahi et al, 2019). Material selection should considet udent s6 1 nterests,
global perspectives, and all types of learners (Elahal, 2019). Finally, evaluation of a
curriculum is an orgoing method of collecting information from students alibeir learning

success (Yang &i, 2022).This provides several methods for demonstrating what the student
learns, understands, and can do with their experience and abilities. Assessment data is used to
make decisions about instructional strategies, teaching resources, and academic support

required to improve learning opportunities for students (Camyallips, 2020).

Muzira and Bondai (2020) noted four forms of the curriculum. These are tested curriculum,
taught curriculum, hidden curriculum, and learned curriculum. A tested curriculum is
represented in the state test, school system exam, and teaatiertest, @ording to Riddel

in Muzira and Muzira (2020). This curriculum appears to have the biggest influence on the
curriculum being offered because so much time is spent training and pgeparitents to
master the art of answering exam questions. However, the compbsseze curriculum and
Education 5.0 are in opposition to this curriculum since it places more emphasis on grades than

on applying what has been learnt.

The taught curriculunis the curriculum that the teacher delivers. It is the curriculum that is
operationalized in the classroom as the teacher adjusts accorttis@tiual situation (Muzira
& Muzira, 2020). As a result, what is learnt in class is put into practice bythenss, fostering
critical thinking in them and preventing them from simply becoming reflectors of other

peopl eds etdle281®). ( EI'| ahi

When students interact with their teachers and fellow students, they are also learning a hidden

curriculum (Calaco, 2020). Teachers should sgo@dexample for their students because they

12



influence lmw much of what they learftom what they do. Therefore, a hidden curriculum
should be carefully considered because it has the power to either strengthen or elakes s

(Hogdalet al,, 2021).

The learned curriculum is the most important of all (Fensham, 2022) because it is what students
learn. Due to their varied experiences and interests, students cannot always learn what is taught,
and this can result in a sigicant mismatch between what is taught and what is learnt. Students
will never be able to learn everything there is to know because learning is described as a

continual process (Chang & Kidman, 2019).

2.3Science Curriculum

A science curriculum is designed to assist children in developing fundamental scientific
concepts and comprehending biological and physical aspects of the universe. It is also the
means through which they acquire knowledge and understanding (Guerrero & ®r Ol av e,
2022). Its goal is to instil positive attitudes toward science and to inspire students to investigate
and understand how science and technology impact their livese{¥e&¢h2019). The science
curriculum is additionally created to give stutietine abilities to work scientifically as well as

to build and create artefacts (Magkal, 2022). The value of children starting with their own

ideas and learning through interactions with things and resources as well as their classmates is
emphasiseah the science curriculum (constructivist and collaborative approaches). As a result,
students may "develop” new knowledge and "invent" new concepts (DeBoer, 2019). Scientific
labour entails making observations and formulating hypotheses, making pregjiptaoming

and carrying out experiments with an emphasis on ethical research, documenting and assessing
results, sharing and debating observations, and adapting one's perspective to consider new
information (Yehet al, 2019). Researching and analysingnomon artefacts is a necessary

step in designing and developing to come up with workable answers to issues. It also

necessitates exploration.

13



2.4The Nature of Science

The Nature of Science (NoS) is a critical component of scientific literacy that stxsldatner
understanding of science concepts and enables them to make informed decisions about
scientifically based personal and societal issues. Research indicates that science teachers must
understand the nature of science to teach it (Yuenyong &-Dioa@020). It is difficult for

experts to define as it is for students to learn. The Nature of Science reflects 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 envimments, products, and approaches (Oh & Lee, 2023). It entails a
comprehension of science as a method of knowing. It is a foundation for learners' understanding
of how science is conducted, and Nature of Science components should be included in school
scierce programs. This helps learners develop accurate views of what science is, the types of
problems science can provide solutions to, how science differs from other disciplines, and the
strengths and limitations of scientific knowledge (Bell, 2008). Thi®erages learners to
participate in experimental activities and move from merely learning about science to
practising and knowing it. The Nature of Science is required to make sense of science and
technology artefacts and processes in daily life (Ducarr@@dvet, 2020). In the teaching and
learning of Biodiversity, this can ensure that teaching and learning activities encourage
conservation of biodiversity and natural resources. The Nature of Science stimulates
individuals to make informed decisions on iseeconomic issues, enables individuals to
understand the importance of science as a part of contemporary culture, and aids in the
development of an interpretation of scientific community norms that represent moral
commitments of societal importance. S¢ienf i ¢ | earni ng Nature of

subject matter easier to understand.
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Elements ofthe Nature of Science

The Nature of Science is tentativescientific knowledge is neither static nor conclusive,
despite being accurate and enduring. Rather, it is subject to change when new data or
interpretations of existing evidence become available (Akeefoal., 2019). Scientific
knowledge is neither fed nor perfect. Rather, it is open to revision in light of new evidence
or new interpretations of existing evidence.
its tentativenature. Since scientific knowledge is inherently uncertain, laws andabeoe

subject to change. By emphasising the tentative nature of science, teachers inspire learners to
approach scientific inquiry with curiosity, open mindedness to revise their understanding based

on new evidence and insights.

Science is empirical in mare (Mizrahi, 2021). Science's empirical nature indicates that it is
founded on and generated from observations of the world around us, from which interpretations
are created. To generate scientific knowledge, scientists rely on empirical evidence. Any
sdentific explanation must be consistent with empirical evidence, and new evidence allows the
revision of sientific knowledge (Gathong &hamrat, 2019). As such, during the teaching and
learning of science, learner activities that promote observationsnakihg inferences are
recommended. The empirical nature of science is critical in science teaching and learning as it
emphasises the use evidem@sed reasoning and experimentation to understand the natural
world. Such an approach helps learners develigad thinking skills, learn how to analyse

data and make informed decisions based on evidence. Empirical nature of science helps
learners understand that scientific knowledge is constantly evolving and subject to change as
new evidence is discovered. Bhasising empirical nature of science in teaching and learning

promotes scientific literacy and encourages students to become informed and engaged citizens.
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Studying science requires a high sense of imagination and creativity (@toate 2019).
Observéions describe what is seen while inferences are statements made about observed
phenomena from conjecture (Mizrahi, 202This challenges the misconception that there is
one universal way to do secsiceeoae¢ ] fc cam&nbhhypdbe
Couvet, 2020). All observations require interpretation and inference by scientists. To do this,
scientists require imagination and creativity to make inferential statements about what they see.

In fact, imagination and creativity are needed ingvera s pect of a scienti s
sense of observations, making the creative leap from data to possible explanation, coming up
with new ideas, designing investigations and looking at old data in a new light Eaahe
2019). In the teaching aneldrning of science activities that stimulate high sense of imagination
and creativity are commended. Teaching for understanding is critical as it prepares learners for
further learning and make them more imaginative, creative, effective, useful and trélevan

their communities.

Science is theory and subjectilaglen. This describes the numerous ways in which different
scientists view the same data sets. Without the observer's prejudice, it is impossible to make
fully objective assumptions and interprevais (Mizrahi, 2021). Individual scientists have their

prior knowledge, theoretical beliefs, experiences, cultural background, training, expectations
and biases, each of which will affect their obseoraiand conclusions (Ducarme@uvet,

2020). All obsevation is preceded btheory and conceptual knowledge. Science tries to
overcome this lack of pure objectivity through thaentific community, which scrutinises

scientific work and helps balance indivilua s ci ent i st sl&addérrean,i2008)gs ( Bel

Scientific awareness is created as part of a broader social and cultural contexe(Tama
2019). Politics, economy, power structures, religion, and philosophy are all social and cultural
elements that influence the knowledge generated (Mizrahi, 288tjal constructivist view

science knowledge as a personal and social construction that takes place within a social and
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cultural environment. (Stears, 2009). Teacher knowledge and understanding of the culturally
conditioned knowledge learners bring tossl@an facilitate effective learning (Mavuru, 2016).

It has also been noted that failure can be attributed to discontinuities between culture and school
(Heath, 1983). Therefore, both the context in which learning occurs and the learning

experiences thaearners bring to their learning environment are crucial.

2.5Curriculum Change andlmpact on Teaching andL earning

Human life is sbject to transition (Mondal &as, 2021). Awareness is expanding and culture

is evolving because of scientific and technological advancements. As a result, the curriculum
should be adjusted accordingly. One of the most significant characteristics of a curriculum is
that it is flexible(Law, 2022). For teachers and their classes, curriculum reform is a learning
experience. For better implementation of the competbased curriculum, a clear
understanding of change and a clear conception of the curriculum are needede{Hicks

2022) Policymakers, educators, and teachers; all need to understand the factors that influence

effective curriculunchange in schools (Anuradha®echer, 2023).

Curriculum change refers to altering the curriculum in some way to give it a new position or
direcion (Mondal & Das, 2021). This usually entails changing its ideology, such as its goals
and priorities, updating the material, revising its processes, and rethinking its evaluation
procedures. Curriculum change was described by Haretcak(2012) as théransformation

of curriculum schemes, such as their design, objectives, and content. Curriculum reform,
according to Dziweet al (2013) entails shifting attitudes, beliefs, skills, and relationships
rather than simply providing relevant technical knowkedAs a result, curriculum change can

be described as the creation, refinement, and renewal of a curriculum to meet the needs of a

changing society, as well as changing awareness of learners.
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Curriculum reform implementers must contribute to the chamg#eeicurriculum (Muzira &

Muzira, 2020). Teachers, as curriculum implementers and evaluators, must have a meaningful
role in decisions during curriculum change. One of the keys to a successful curriculum shift is
teacher involvement. This can be done tigtoworkshops on curriculum changes to help them
understand the new curriculum, as well as discussions on the conditions that must be met to
adopt and maintain the curriculum (Hancatkal, 2012). Hence, certain conditions must be

met if implementers aréo support and effectively implement change. Ornstin &Hunkins
(2010) highlighted that the educatorso6 att.i
negative results. Implementers should see the need for change, understand the purpose for

chang and what change involves for them to support it.

Many countries are undergoing curriculum reform because of their education systems which
are failing to meet the demasndf their economies (Muzira Bluzira, 2020). The competency

based curriculum was implemented in the United States of America, and it was thought that
the technique would increase the efficacy of classrooms, students, and educators, as well as
resolve society's concern about unsatisfigcresults in the creation of teacher education
programs (Leeds, 2017). In 1998, South Africa implemented a compeéianeg curriculum

in response to a severe shortage of engineers, technicians, and artisans in industry and trade
(Leeds, 2017). South Ata embraced the competerogsed progranin an effort to transform
peopl ebs perceptions and provide them with
the twentyfirst century. The competendyased curriculum was introduced in Rwanda in April

2015 (REB, 2015). Less academic, more realistic, more ddaléed, and more orientation to a
working environment and everyday life were needed by the updated Rwanda curriculum. The
competencdased curriculum was implemented in Zimbabwe in62Bi responseo the

difficulties that the education system was facing as a result of technological advancements, and
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the material in the curriculum which was no longer sufficient to accommodate the changes that

had occurred in society (Mistry of Primary and SecondaBducation [MDPSH, 2016)

For several teachers, implementing innovations necessitates familiarity with modern
curriculum topics as well as the ability to teach in novel ways. Many seasoned teachers, on the
other hand, are resistant to the changes (De Rf¥ig). This emphasises the importance of
designing new ils er vi ce courses t hat concentrate oI
appropriately changed (De Jong, 2016). Such workshops would try to close the distance
between theory and reality. Following thenkshops, teacher networks must be developed in
order to expand opportunities for teachers to share new teaching experiences and boost their
confidence (De Jong, 2016). To encourage teachers to beceoweneos, there is a growing

need to recognize them psofessionals withunique expertise (Bentrovato Rzikanyanga,

2022. Teachers must be recognized as practitioners with sgegtiekiperience for them to be
encouraged to become -owners of inventions (De Jong, 2016). Teacher PCK can be
improved through €K courses, interaction with collaborating teachers, teaching experience,
and reflectim, as Evenset al (2015) noted GonzalezGomez (2020) found that after an
intervention training program, awareness of the curriculum and teaching methods increased,

highlighting the importance of PCK courses.

Teachers iMathura (2019) are enthusiastic about curriculum reform and see it asgamgn

phase aimed at enhancing the curriculum and improving student learning. However, a variety

of factors, such as a lack pfofessional development and funding limit their efforts. Teachers

are expected to introduce curriculum reform and innovation crafted by external agents who
may or may not be familiar with the teacher:
contexti n which the innovation iIis to be applie
experiences and viewpoints into account could further complicate thecofteplicated nature

of implementation of something new.
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According to Mathura (2019), the aims are coemdable, and the curricula are generally well
established, but policymakers' attention and efforts are primarily directed toward the "what"
rather than the "how" of the desired educational development. Several other scholars have
established their ownrfdings (Ngwenya, 2019; Madondo, 2020; Getyal, 2021). For
example, Madondo (2020) observed that teachers in Zimbabwe lack adequate support in terms
of proper infrastructure, and schools lack human, financial, and material resources for effective
curriculum implementation. Goret al (2021) identified infrastructure, implementation,
teacher capability, and economic challenges as major obstacles to Zimbabwean educational
reform. Madondo (2020) suggedit hat t eacher s, par eniriclsded and s
in instructional preparation and implementation. According to Ngwenya (2019), attempts to
improve teachers have been made through numerous capacity building workshops whose
facilitators were not proactive. It is worth noting that, despite thecdifies, the teachers in
Zimbabwe have adopted the competebased curriculum. Teachers regard it as competency

based and seémpowering because students gain entrepreneurial skills.

To ensure the effectiveness of the implementation of the compdiased curriculum,
Ngwenya(2019)proposedh collaborative approach to resource mobilisation. Tshiredo (2013)
observed that teachers, especially those who did not receive training omieteacebased
curriculum changes during their tertiary education, believe it is unnecessary for them to change
the way they tach (Jenkins, 2020). Ngwenga (2019) noted that in Zimbabwe, most schools are
underresourced angdhortage of funding has a detental effect on the implementation of
curriculum change in science teaching and learning. Inadequate resources and a lack of human
capital make it difficult for subject advisors to provide relevant support. According to the
findings of Thiredo (2013), ingficient resources, lack of expertise and awareness, as well as

a lack of preparation for new curriculum growth, have a negative impact on science teaching

and learning in schools. As a result, Tshiredo (2013) suggested that the proposed curriculum
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creation and improvement be piloted before being adopted as proposed in the model for
successful science curriculum changes and developmdrthe school, circuit, and district
levels, it is also critical to have functional curriculum support forMgwenya, D19)
Science centres with wetiquipped laboratories would play a bigger role in successful science
teaching and learning in schools if they are built in every circuit (Ragahj 2019). During

a program transition, teachers' sefficacy levels usuly tumble (Jenkins, 2020). The lack of
teacher participation in the process, the hurried nature of the transition, the lack of aligned
textbooks to support the new curriculum, and the perceived lack of opportunities to improve
student mastery of the staards given the compressed instructional timelines; all contribute to

the decrease in teacher efficacy leidenkins, 2020)

One of the most significant roadblocks to introducing the new curriculum is a lack of sufficient
infrastructure (Jenkins, 2020)n ithe implementation of any curriculum, infrastructure is
critical. It is not possible to undertake an ICT curriculum, for example, if there is no ICT
infrastructure. Secondly, teachers overseamplementation of the program (Ramaatial,

2019). Theynust be prepared to incorporate new material into the curriculum. Now, not much
was done to iservice teachers. As a result, teacher preparation for the new program becomes
a challenge. The third challenge in implementing curriculum change conceudirzdtitssues
(Akala, 2021). Negative attitudes toward curriculum reform are a major issue. Rauple

be attached to old waymnd find it difficult totransition. Finally, the primary impediment to
curriculum reform is a financial one (Akala, 2021). Money is needed at any stage efithe n

curriculum's implementation.

2.6 The Zimbabwe Competence Based Curriculum
A competencybased curriculum is one thimicuses on what learners are expected to perform
rather than just what they are expected to know (MOPSE, 2016). It can be seen as a system of

instruction, assessment, feedback, -sefliection and academic reporting that is based on
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learners demonstratinthat they have learnt the knowledge, attitudes, motivations, self
perceptions and skills expected of them @lal, 2023). Such a curriculum is learreamtred

and adaptable to | earnersbo, educator so, and
the multifaceted results of a learning process (i.e., le@mgicable knowledge, abilities, and
attitudes) rather than focusing just on what learners are supposed to acquire in terms of
traditionally defined topic content (Jan, 2022). It indicates thatning activities and
surroundings are chosen so that learners may acquire and apply knowledge, skills, and attitudes

to reatlife circumstances (Jan, 2022).

The previous curriculum in Zimbabwe was developed during the colonial era and was primarily
intellectual in character with little practical application. It was exaoused and encouraged

rote learning and cramming. The outdated curriculum limited students' options in terms of
career pathways, and most students who were deemed failures at theveéDWbeld depart

the educational system without displaying any distinguishable ability or competency (MOPSE,

2016). It also did not address the needs of business or larger socioeconomic change.

Zimbabwe then developed a competebeged curriculum in whickearning is focused on
application. Emphasis is placed on the | earn
that will enable them to be productive community members. The compédiaseé curriculum

lay the groundwork for a human capital thall boost national productivity and innovation

across the board, particularly in agriculture and mining, resulting in increased growth in
associated industries and manufacturing. It places strong emphasis on STEM, information
technology, innovation, finecial literacy, and entrepreneurship, as well as patriotism and pride

in oneb6és country ( MOPSE, 2016) -based lwuericutuk i | | s
include problem solving, critical thinking, leadership skills, communication skills,
technologicalskills, enterprise skills, sethanagement skills, innovation, and lifelong and

continuous learning (MOPSE, 2018).
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The competenebased curriculum promotes a leargentred approach to teaching and
learning, in which learning revolves around learners heey tsearch for and find new
information (Jan, 2022). In the process of knowledge discovery, the teacher functions as a co
explorer and facilitator. The learner must demonstrate not only content understanding, but also
skills and competences. Schools musblee from simple structures to nerve centres that

connect teachers, learners, and communities (SE)2018)

2.7 Education 5.0

Zi mbatigher@sucati on system has been overhaul ec
goal of achievingn uppemiddle-incomesocietyby 2030.This has seen the introduction of
Education 5.0in 2018 (Togo & Gandidzanwa, 2021)Education 5.0 is a student centric
approach to learning that emphasises critical thinking, problem solving and collaboration skills
(Muzira & Bondai, 202). The goal of education 5.0 is to create a learning environment that
prepares students for the rapidly changing demands of the global economy and challenges of
the modern worldThe pillars forEducation 5.0 are teaching, community serviesearch,

innovation, and industrialization. The focus is on problem solving to add value. According to
Tagwira (2018), Zimbabwe relies on its intelligentsia, which includes scholars, innovators,
scientists, and the rest of academia to provide solutioisetanultifaceted problems that
society faces and to enhance citizensd qual.
providing students with the skills they need to become more creative in their approach to social
growth through the application tfinsformative science and technology to deliver goods and
services. According to Muzira and Bondai (20
focus from white and bluecollar jobs to engaging themselves as job creators, which would
helptoalevi ate the countrydés unempl oyment i ssue.
must engage and cultivate job creators and providers of industrial solutions (Chirume, 2020).

Critical thinking, imaginative thinking, innovativeness, an entrepreneuriaitaiity, and
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technical knowhow are some of the skills needed to provide national ecomopgcting
industrial solutions (Jayantbt al, 2020). Nurturing a job creator mentality necessitates close
collaboration with the community to recognize economijgasfunities, not just to educate, but

also to leverage those opportunities for small businesses and eventually companies that
contribute to the national purse and the lowerintpetinemployment rate (Ministry of Higher

and Tertiary Education, Science amdchnology Deelopment[MHTESTD], 201§. The
industrial solutions provider mode enables the educational system to reach out to businesses in
their neighbourhood, hear about their challenges, and seek out solutions for them (Ministry of
Higher and Tertiarfeducation, Science drifechnology Development, 20018y combining

the two forms, the unemployment rate and societal problems may be reduced while industry

efficiency is increased.

Learnersd desired compet enci ebssedacurgculuimeande | op e
Education 5.0 encourages learners to apply their gained competences to solve social challenges
and contr i butonomiogroivth MuzireadBandai ZD20). 8 competence

based curriculumbés tasks and projects are de
creativity, and critical thinking (Jayantlet al, 2020). It is without doubt that with proper
implementation of the competenbased curriculumral Education 5.0, the country will attain

amiddleincome economy by 2030.

2.8 Importance of Curriculum Change

The competenebased curriculum and education 5.0 programs aspire to generate citizens who
are both educated for life and responsible enougbritribute to societal harmony and hey

living standards (Muzira &uzira, 2020). Curriculum change is therefore responding to the
dynamic needs of society and allows for knowledge advancement (Muleya, 2020). The state
of knowledge is continually evolvin(Patekuret al, 2022). A lot of theories are being found

now that have not been recognized previously. This new knowledge should be made familiar
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to the students. As a result of this increase in knowledge, a shift in the curriculum is needed

(Muleya, 2@0).

Technology is developing in tandem with expertise (Erstaal, 2021). The use of different

methods in teaching and learning have changed the field of education, for example use of ICT.

As a result, the curriculum should be adjusted accordinglg.lener s needs, de
abilities are also evolving. (Pateket al, 2022). There is a significant contrast between the

needs of students in the twesigst century and those of previous generations. Likewise, their
interests and abilities have evedl. It is now mandatory to have a working knowledge of
computers. As a result, knowledge of ICT has become a requirement in the curriculum, which

was not so important before.

Curriculum change allows for the reconstruction of the program considerirenttgaching
methods (Jenkins, 2020). Now, the teaching approach is focused on the learner. Collaborative
learning, spaced learning, flipped classroom,-eafning and other innovative teaching
approaches are currently being used. The curriculum is béijogted to accommodate these
teaching approaches. Globalisation is the interaction and convergence between individuals,
businesses, and governments all over the world (Ramsey, 2012). This provides an opportunity
to observe how the program is taught imimas countries (Muleya, 2020). Then, one can
compare them based on what they are looking for. These comparisons allow for more
efficiency. The curriculum can always be modified in this way since curriculum researeh is on
going. Curriculum research is carded to develop the curriculum. Many new outcomes are
being discovered because of research. These study findings resul-designing of the

curriculum.

25



2.9The Roleof Teachersin Curriculum Implementation

Teachers are soci al reformers. They play a
task of adapting the curriculum to the evolving needs of the society in various ways @uncar

al., 2021). A teacher ensures that the subject is includise icurriculum considering societal

needs and requirements. It is the role of the teacher to understand their students as they are
guardians of their students. They are aware of the desires, skills, and attitudes of their students.
Students engage directhyith the teacher during the teachile@rning period. Teachers
communicate with the students via the curriculum. Consequently, teachers play a critical role

in developing the curriculum to meet the needs of the students (Tatddy2019).

Teachersi@ the curriculum implementers (Herodotetual,, 2019). The curriculum should be
applied after its revision. It is pointless to change the curriculum if it is not to be enforced. The
teacher oversees implementation of the program. In this way, he ctegriloucurriculum
reform. Teachers play a critical role in curriculum evaluation. The curriculum is assessed to
determine if there are any existing mistakes or gaps. This is how it is determined whether the
program should be altered or not. The teachersees curriculum evadtion (Tondeuet al.,

2019).

2.10Teacher Identity

Miller (2009) viewed teacher identity as influencing teachers regarding how individuals see
themselves, and how they enact their profession in their settings. Miller highliglatied th
identity is continuously caonstructed 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 social and institutional cotgefNoonan, 2019). Negotiation of
teacher professional identity is influenced by contextual factors outside of the teachers
themselves and their peervice education courses. These include workplace conditions,

curriculum policy, social demographics ofhsol and students, institutional practices,
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curriculum, teaching resources, and access to professional development (lzadinia, 2013).
Teacher identity refers to beliefs, values, and commitments an individual teacher holds towards
being a teacher. Teachereittity can be seen as what teachers know and do which is
continuously transformed through interaction in the classroom. Beauchamp and Thomas
(2009) pointed out that student teachers undergo a shift in identity as they move through
programs of teachereduca on and assume positions as teac
contexts. A further identity shift may o0cc.l

interactions within schools and the broader community.

Supporting science teacher identity is one way to deal with issues like leeffeety, self
confidence, and pedagogical material awareness (lzadinia, 2013). Teachers build their
identities as science teachers and deepen their understanding of siimal guoblems in
science through meaningful teaching experiences in teaching placements. Learning to teach
takes place in the context of social interaction in a teaching culture, where meekimg

and teacher roles are negotiated in and through pegQ@arpenteet al, 2019). 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 idetity. As a result, teaching entails a process of personal transformation,

or identity change into a specific type of teacher.

While scholars identify and quantify teacher identities in a variety of ways (Izadinia, 2013), a
growing body of evidence indicat¢here are at least three key characteristics. First, identities
are complex mechanisms involving experience, perception and reinterpretdtmt. is,

identity is not about who someone is, but rather who they are becoming. Second, it entails a
negotiaton between the person and a comprehension of the contexts in which he or she works.

Lastly, it needs human decisiomaking. Embracing a professional identity, such as that of a
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teacher, necessitates experiences in which one has some control and disgestione's

professional activities.

2.11Twenty First Century Teacher Attributes

Individuals are expected to update and adjust their competencies and keep their expertise
current because of the globalisation antl &intury developments such as perssadilbn and
commoditization of technologGosper& f ent hal er, 2014). The evol
complex learning needs necessitate a shift in education's current paradigm. A more versatile,
learnercentred model is needed, one that, among othegghinstils the habit of becoming
selfdirected lifelong learners. Other fundamental concepts include concentrating on
competencybased learning rather than esiegefits-all content delivery, shifting the position

of teachers to learning orchestrators #&mlners to active learners, as well as shifting the
emphasis from lower cognitive levels to higher cognitive levels that encourage creativity and
independent prdbm solving. Fisheet al (2011, p35) described innovation as "a novel idea

put into pradte that adds value to customers and society." Teachers are expected to be

innovative and to instil innovative skills in learners.

The 2F'century teachers can adjust to any situz:
requires one to adapt to the ewbianging tools and improvements introduced in schools

(Astuti et al, 2019). Smart boards are taking the place of chalkboards, and tablétking

the place of textbooks, and a 2tsnhtury teacher must be able to manipulate and use these
during teaching and learning. These teachers not only expect their students to be lifelong
learners, but they also expect it of themselves (Austi@i., 2019). They keep up with new
educational trends and technology, and they know how to modernise their old lesson plans
from previous years. A good teacher understands that learning about the latest gadget will
completely change their students' educatsanthey are not only up to date on the latest trends,

but also know how to master them (Fiskeral, 2011). A successful 2tsentury educator
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must be able to communicate and work well in a group setting. When you can share your ideas
and knowledge wit others, learning is thought to be more successful. The learning and
teaching process requires teachers to share knowledge and experience, as well as communicate
with and learn from others. A successful 2dssthtury educator considers their learners'regu

and the job prospects that will emerge because of their studies. Teachers make every effort to
ensure that no child is left behind, so they concentrate on educating today's children for the

future. They are not only advocates for their learners, batfal their practice.

A 21stcentury educator stands up for themseglaad their career (Sulaimanigmail, 2020).

They keep a close eye on what is going on in the classroom and discuss these problems head
on. They also speak out on behalf of their learns . Todayds cl assr ooms
learners who need someone to watch out for them, provide guidance, support, and a
sympathetic ear. Effective teachers share their experience and expertise with their students and
serve as role models for them (Fasbt al, 2011). Teaching in the twenfiyst century means

using todayb6s resources and technologies to
|l everaging everything important in today's w
economyas well as the opportunity to direct and prepare students for the future. In the teaching

of Biodiversity, a 2% century teacher is expected to focus on practical work and engage
learners so that they can apply the gained competences in their day iteeddpAstutiet al.,

2019).

Traditional teaching methods are stibed in most schools (Zafari &amal, 2019). The
traditional teacher uses chalk and a chalkboard to demonstrate the subject to students in the
traditional teaching style. Every crucial de&bout the subject is put on the whiteboard, and
students take notes from it. Students go over their notes again after the class and try to memorise
them. The primary goal of traditional education is to pass the examination @silit2019).

However there is a ongvay flow of information; teachers frequently talk incessantly without
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understanding the pupilsdé reactions or repl:i
and textbooks. The emphasis in teaching and learning is on tharmpdygday method rather
than practical components. There is a lack of interaction between the teacher and the pupils,

and greater emphasis on theory rather than practice afdesaiuations ((Fisheet al, 2011).

Lessons in traditional teaching are tezretentred, there is mass education (one size fits all),
everyone learns at the same rate, and learning takes place only in a classroom setting. However,
lessons are studepéntred, with mass customisation of instruction to meet individual
requirementsflexible pacing based on student capacities, and learning is not constrained to the
four walls of the classroom with 2is¢ntury innovative teaching approaches. Whereas in
traditional education, students apply a known solution to a problem, in a tfuestiyentury

lesson students come up with new solutions. Traditional education has little connection
between theory and practice, but 2dshtury teaching emphasises the integration of theory

and practice, critical thinking, and reabrld situdions (Zafai & Kamal, 2019).

2.12Constructivist Orientation to Science Teaching

Constructivist perceptions of teaching and learning have had a strong influence on science
education dring recent years (Fernando Marikar, 2017). The constructivist perception
emphases on teaching through engaging learners as active participants in learning and
supporting them as they make sense of new ideas by reflecting upon their experiences with the
phenomenon. Cakir (2008) highlightethat those teachers who aim to model sdient

reasoning in an effective fashion need to research and be informed about the constructive nature

of studentso6 | earning processes, model s, ar
learning recognizes that learners bring their knowledge of thielwod how the world works

into the classroom. For learners to make sense of new ideas, they use prior knowledge and

experiences as well as fisand knowledge gained from explorations of phenomena.
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Teachers holding a constructivist orientation perclEaeners as active participants in learning

and teachers as fatdtors of learning (Fernando Marikar, 2017). Through a constructivist

lens, learning opportunities are designed to engage learners first in explorations and, second,
to construct knowledgdérom their experiences. The constructivist orientation to science
teaching and learning is an active interaction between teachers andrde&Singh &
Yadavanshi, 2015). It is through this interaction that learners begin to make sense of their
experience with phenomena. Teachers with a constructivist orientation engage learners in
explorations of phenomena prior to introducing and explaining the phenomena to learners.
Adak (2017) observed that the constceontent i vi st
to higher levels of cognition in his study on the effectiveness of the constructivist approach on
academic achievement in science at secondary level. Therefore, application of constructivism
in teaching and learning entails active engagement ohdea by facilitators (teachers).
Learners are not tabula rasa (empty vessels); hence their prior knowledge is of significance for
building up new knowledge. A constructivist facilitator creates a learning environment that

promotes exploration and discoiesr by learners.

2.12.1Constructivist Instructional Model

Effective learning takes place when learners are active participants in learning, challenged to
make and test predictions, and support explanations with evidence (Singh & Yadavansh, 2015).
Ideas ag best introduced when students see a necessity or a reason for their use and this enables
them to see relevant uses of the knowledge to make sense of what they are learning. Science
educators have explained learning within the context of three categtveasmission,
maturation, and construction (Bybe¢ al, 2006). The constructivist perspective assumes
students to be active participants in learning. In contrast, the transmission perspective assumes
students to be empty vessels with the teacher ks, tethile the maturation perspective

assumes students will open to new knowledge as they mature (8yake2006). Effective
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instructional sequence follows the scientific process and provides students with an opportunity
to formulate and test hypothess(Rodriguez & Harron, 2019). RodrigwemHarron (2019)
presented a learning cycle that incorporated a stumterited theme of exploration prior to the
introduction of the concept. The 5E instructional model has constructivism as the theoretical
foundation and assumes that learners bring their own ideas, experiences, and prior knowledge
into the classroom and learn as active participants. The 5E instructional model consists of five

phases: Engage, Explore, Explain, Elaborate, and Evaluate.

Nawastheemt al. (2014) described the 5Es model as an innovative approach for constructive
classroom instructionlf learners are actively engaged in learning science, they redefine,
replace, and reorganise their initial explanations, attitudes, and skills (Bylse 2006).
Teachers facilitate learning through explorations of phenomena while students formulate and
test predictions, reflect upon observations and experiments with the phenomena to develop
explanations and apply new knowledge to novel situatioplsd@t al, 2006). The 5Es model

was remodelled by Rodriguez & Harron (2019) to a maker centred 5E learning cycle. Maker
centred learning was defined as a process of inquiry that draws on social constructivism and
involves social meaningaking rooted irthe interaction between learners, their experiences,
and their collaboration with peers (Rodriguez & Harron, 2019). In maker centred learning,
understanding is made more visible through the creation and sharing of tangible artefacts.
Engaging learners inmaker centred lessons instils valuable habits such as resilience,
collaboration and reflection referred to as a maker rsgtdMartin, 2015) and these valuable
habits are the competences that must be imparted to learners in competsatteurriculum.

The five phases of the maker centred 5E instructional model are described in the following

sections.
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Engagement

The teacher engages | earners through brief
phenomenon, stimulate curiosity, and reveal pri@mvdedge. This phase creates connections
between the previous and present learning experiences. The teacher makes connections
bet ween a new concept and | earnersd prior
relevant to learners (Singh &aduvansh, 208). Students become mentally engaged in the
concepts, processes, and skills to be learned and the role of the teacher is to present the situation
and identify the instructional t ask. By f
connections, the teher initiates the learning task (Adak, 2017). Activities in this phase include
posing a question, defining a problem, demonstrating a discrepant event and small group
discussions to stimulate and share ideas. Qarareh (2012) highlighted that historisat&ven

also be used, such as natural disasters. This stimulates late curiosity and motivates learners.
Rodriguez and Harron (2019) emphadisiee importance of engaging students in a maker
centred lesson. This is done through focusing on student identities as an important first step to

help learners build something that is personally meaningful.

Exploration

Before introducing the concept, the teacher challenges learners to explore, formulate, test
predictions, make observations, record data, and collaborate with peers to develop and test
alternative solutions. The teacher designs activities so that leamersalcommon concrete

experience upon which they continue building concepts, processes, and skills. To Singh and

Yaduvansh (2015), this phase aims to establish experiences that teachers and students can use

later for introduction and discussion of concept®cesses, and skills. This engages learners
in a common experience, emphasising scientific knowledge, processes, and skills (Adak,

2017). Probing questions have been seen to help learners clarify their understanding of major
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concepts and redirect thaimvestigation when necessary (Quarareh, 2012). Rodriguez and
Harron (2019) emphasised that during this stage in a maker centred lesson, the teacher supports

|l earnerso i1 terative de s-judgmental apace foff trealband eoca,t i o n
facilitates learner collaborations and sharing of ideas, asks questions on what learners are
creating as well as actively listening to th

material use and provides feedback, encouraging learners to asftetdesign.

Explanation

After the exploration, learners review, analyse, and interpret their observations and data. The
teacher focuses | earners6é attention on prec
experiences and affords opportunitiesiemonstrate their understanding of concepts, process

skills, or behaviours. Hence, learners may realise their prior ideas, provide explanations at best
and seek new ways to explain their observations. The teacher uses representations (e.g. models,
analog e s , Ssimul ations) to enhance | earner so
vocabul arvy, uni que to the concept, I's intro
(Singh & Yaduvansh, 2015). The teacher facilitates class discussions and enclearages

to share their ideas, experiences and observations developing explanations supported with
evidence (Lankford, 2010). More abstract concepts not easily explored in earlier activities are
introduced and explained (Quarareh, 2012). Rodriguez andnig®19) pinpointed the role

of the teacher during this phase in encouraging learners to explain concepts and designs in their
own words, highlighting important ideas provided by learners, asking questions that help
learners be specific in their explamats and providing opportunities for learners to showcase

their creations publicly both inside and outside the classroom.
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Elaboration

Learners are challenged to apply their knowledge of the concept to novel situations. Rodriguez

and Harron (2019) descritd¢he elaboration phase as a stage for development, expansion, and
progress. Through new experiences with the concept, learners draw upon knowledge collected

as they engage, explore, and explain phases to deepen their conceptual understanding, improve
ther skills, and expand their understanding of
understanding and allows them to practki#ls and behaviours (Singh &aduvansh, 2015).

The role of the teacher is to challenge learners to extend their kigmyf@dvide learners with

new experiences, expand their limits, and deepen understanding.

Evaluation

This phase encourages learners to reflect upon their knowledge and assess their own learning.

It provides opportunities for teachers to assess learnmy the effectiveness of their
instruction. Evalwuation of | earnersd concept
assessment has the potential to inform instructional decisions throughout the phases of th
instructional model. Singh &aduvansh (@15) noted that this phase encourages learners to
assess their understanding of key concepts and skills development. This is an important phase
as it provides closure and verifies learner understanding. It measures the effectiveness of
teaching methods, @aehers and teaching aids. There is also feedback, gratification and

motivation to learner@Rodriguez &Harron, 2019).

2.12.2 Constructivist Prediction, Observation and Explanation (Poe) Inquiry-Based

Learning Model

POE inquirybased learning model was & el oped to i mprove studen
performance (Hwangt al, 2017). The model concerns the importance of helping students to

resolve questions, guiding them to become aware of problem solving and leading them to

35



critical thinking. Inquiry is a process of s@lbrrection and seladjustment and has been noted

by Hwanget al. (2017) as a powerful way for learners to develop strategic thinking and to
master scientific content. In inquiyased learning, students camdscientific processes with
scientific knowledge. They think critically about evidence and explanations to develop their
understanding of science. In the POE model, students predict the outcome of an event or
situation and provide a justification for therediction, this provides opportunities for them to
clarify and justify theiown perception (Costet al.,2012). After making predictions, students

must then observe the action taking place. This can be through field work, simulations,
experiments omther hand®on activities. They then describe the possible divergences or
congruencies between their prediction and their observation (Erriska, 2019). If their predictions
are not correct, the learners are assisted by the teacher in changing theiopréchetiteacher
explains why the assumption is false. Thus, learners experience a change of concept from
wrong to correct. POE helps students with-selfrection and selfdjustment and improves

their performance. It helps with gradual elimination of stifiEe misconceptions. Then lastly,

there is the explanation phase where the teacher gives feedback to help the learners-make self
corrections (Erriska, 2019). Learners learn from their mistakes and concepts learnt this way
will not be easily forgotten. éhg et al. (2014) developed a POE strategy to facilitate
preschool ersdé acquisition of scientific conc
using POE model significantly outperformed their counterparts. @bstiu(2012) also found

out thatPOE inquirybased learning helped students eliminate scientific misconceptions and
improved their scientific learning performandrabawatet al. (2020) observed that learners
taught using POE had better cognitive, affective, and psychomotor skillsd 8tht s 6 s ci e |
process skills are improved using the POE model in teaching and learning. Process skills give
students the opportunity to live the process of finding a concept and excess process skills makes

students become active in thinking and skilledaining knowledge. In teaching the topic on
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Biodiversity, the use of POE can help i mprov
improve their scientific knowledge, eliminate misconceptions, and improve their science
process skills which carelp in sustainable management of biodiversity and conservation. The

POE learning model helps students convey their opinions and knowledge, so that they can
construct knowledge using prior knowledge and new knowledge gained in the leaouesspr

(Prabawdtet al, 2020).

2.12.3 Constructivist Problem Based learning (PBL)

The ProblemBasedLearningi s a constructivist tool used t
develops, improves, and builds creativity (Amadtaal, 2017). PBL provides an opportunity

for learners to develop high order thinking through analysis, exploration, and application of the
concept. The steps in PBL include identification or defining a problem, generation of
alternative solutions to the probie evaluation and finally implementation and follow up on

the solution (Amaliat al, 2017). PBL priorities engaging learners in complex real world
problems and making learners understand the issues that need to be solved, engaging learners
in learning to apply knowledge and skills in a variety of contexts, providing opportunities for
learners to learn and practice skills needed to live and work and providing opportunities
for students to learn and practise interpersondls sk groups. It includes reflection

activities that direct learners to think critically about the experience (€agla 2020).

To Afifi, Hindriana & Soetisna (2016), PBL aims to help learners develop knowledge and
technology based environntsnprepare students for the challenges of today's world, and solve
complex problems. It improves analytical and critical thinking skills, exploration, teamwork
and communication skills which are cornerstone skills throughout an individual's lifesgan. T
advantages of PBL are that it develops a variety of work skills, improves the enthusiasm,
creativity, and innovation of learners. It also improves the skills needed for a career in the

workplace, the effectiveness in learning, assists students ingobahlife problems, honing
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cognitive, manipulative and designing skills. Further, PBL, evokes curiosity and triggers
creative imagination as well as critical thinking (Sunardi & Hasanuddin (2019). Therefore,
PBL empowers learners with research skilleréiby enabling them to integrate theory and

practice as well as to apply knowledge and skills to develop viable solutions to problems. In
teaching the topic on Biodiversity this can be a valuable tool to ensure conservation of

biodiversity, ecosystem, arstistainable management.

2.13Weaknesse®f Constructivist Teaching Approaches

Constructivism models have generally been successful (Fatahath, 2022). However,
constructivistbased teaching encourages the introduction of discrepant and novel maekrials

met hods to capture studentsdéd attention and
teacher remains disciplined in the use of such materials, the classroom experience may devolve
into entertainment. Constructivist models operate based on tra@ppeithat students build
knowledge based on their prior knowledge. This may lead to confusion and frustrations as some
students may not be able to form relationships and abstracts between the knowledge they
already have and the knowledge they are learfinghemselves. Furthermore, extensive
training is needed for constructivism teaching (Fatietadl, 2022) and this may require costly

long term professional developmerit. may actually be expensive for the schools and

di srupti ve t olInsdditon,aetisalsodiffituleta custamisethe curriculum to
each studentdés needs in a class with an ave

will vary.

Constructivist teaching approaches require teachers to be experts in child deve(@vengn
2020). Teachers must be experts at observing
responses and make changes to the environment whenever students fail to make connections
between concepts. Hence, constructivist teaching approaclydsenaigficult to manage, and

need more pparation and time to implement.
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2.14The Nature of Teacher Pedagogical Content Knowledge

Pedagogical Content Knowledge is a unique combination of content and pedagogy that enables
teachers to capture, portray and share knowledge in ways that are articulable and meaningful

to learners. Pedagogical content knowledge is also knowcradis knowlelge (Chopoo,

Thathong & Hal i m, 2014) . It compri ses i ntegrate
accumulated wisdom with respect to their teaching practice pedagogy, learners, subject matter,
and the curriculum. The term PCK was coined by Shulman (1986)inttaxluced it as
teachersdo own special form of professional Kk
PCK as: Knowledge of instructional strategies thatkisowledge of useful forms of
representations of specific topics, powerful analogies, tifitisns, examples, explanations,

and demonstrations and kntavislerdgw!l ed g el eoafr nlee :

misconceptions and their influence on subsequent learning of frequently taught topics.

Magnussoret al. (1999) proposed five comporterto PCK namely: knowledge of aims and
objectives for teaching science (at a particular level), knowledge of the science curriculum
(goals and specific curricular programs), k
science topics, knowledgeofass s ment i n science (relevant as
to assess these aspects) and knowledge of strategies for teaching science topics (e.g. use of
representations, group work, fieldwork and simulation). Teacher PCK is one of the most
importantt act ors contri buting to st uetag 20173 BCKI ear ni
connects subject matter knowledge and teach
students. It is therefore a unique province of teachers and a prerequisitéetat sognitive

activation. High levels of PCK allows teachers to develop learning environments that
simultaneously <challenge and support studen

anticipate student difficulties and adaptively respond when studsmisunter problems.

39



Teachers therefore have a task to pack and present knowledge in such a way that the learners

can understand (Chan & Hume, 2019).

Two epistemological views of science PCK have been identified {@ssomeet al, 2008).

These are integtive and transformative views. The integrative view conceptualises science
PCK as a blend of different teacher knowledge domains, for example, content knowledge,
knowledge of the curriculum and knowledge of instructional strategies. Hence during teaching
teachers can integrate all their knowledge domains to create learning opportunities. In the
transformative view, other teacher knowledge domains are viewed as being transformed and
combined through experience into a form of knowledge which is science(Rgj{eton,

2006).

2.15The Roleof Pedagogical Content Knowledge

Welldevel oped PCK is the science teacherso abi
that are most difficult for learners to understand (Shulman, 1986). PCK plays a vitalthae in

planning of subject matter tme taught and learnt (Smith iale, 1999). It is also the teacher

in making choices on instructional approaches and strategies and in the process influences the
learning processes. PCK is subject and topic specific amchees develop appropriate
knowledge to teach the content in a particular way, hence, PCK enables teachers to understand
the alternative ways of representing knowledge so that it becomes comprehensible to learners.
Consequently, the teacher would idenafyalogues for example, demonstration, simulations

and manipulations and the most effective communication strategies suitable for the learners of

a particular background to understand.

Teachers with weltleveloped PCK can use suitable language, behaviauegolanations,
thereby making appropriate decisions in a particular science classroom setting (Gess

Newsome, 2001). PCK allows effective communication with learners which involve teachers
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setting up activities and questions that help learners to formanatexpress their own ideas
as well as listening to what other learners say. In that way teachers motivate learners and lead

them towards fruitful ideas.

Furthermore, teachers with welle vel oped PCK are capabl e of
misconceptions thiacan be barriers to learning and use several strategies to correct the
misconceptions (Mavuru, 2016). PCK also enables teachers to identify conceptual difficulties

that are likely to be experienced by their learners during the teaching of particulgtsa@mze

design strategies to tackle the difficult concepts.

Mavuru (2016) noted that PCK is essential for teachers to devise and use the pedagogical
resources appropriate to teach a particul ar
by the leel of higher PCK. Grossman (1990) assertdtht PCK is the most important
knowledge domain in classroom teaching. Day (2001) acknowdetlge importance of
teachers6é6 PCK when he described teachers as
tead in a changing and unpredictable environment where knowledge is constructed from

different sourcesrad viewpoints.

2.16Teacher Acquisition of Pedagogical Content Knowledge

Shulman (19861987) formulated a model of pedagogical reasoning which is a oycle
comprehension, transformation, instruction, evaluation and reflection. In the cycle, teachers
continuously learn and strive to improve the teaching and learning process throughout their
professional lives. This is achieved through actively engagingeipaping what they teach,

how they teach and why they should teach in a particular way (Mavuru, 2016).

During the comprehension stage, teachers conceptualise what they teach through
understanding the purposes, subject matter and ideas within and outsidisdipline

(Shulman & Richert, 1987). This is followed by the transformation stage, in which teachers
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prepare, select appropriate instructional strategies, select teaching material and activities and
tailor them to suit specific learners in the classrqg&mulman, 1987). During this stage, the
teacher chooses teaching material and strategies according to the learners' attributes such as

their ability, prior knowledge and culture.

The comprehension stage is followed by the instructional stage in whicdggugdal
approaches such as classroom management, presentation, class or group interactions and
guestions occur. At the evaluation phase, teachers determine whether learners understood
during the interactive teaching. The process of evaluation is an extesfsinstructional

process and not a way of grading learners (Wikstaadl., 1987).

The reflection stage is the last stage. During the reflection stage, teachers review, reconstruct,
re-enact and analyse their practice in order to become better teachers (De Jong, 2010). The
process of reflection is a key component to improving teachdityguBeachers can either
reflectin-action or reflecon action (Schon, 1987). When a teacher refl@ttaction, he/she

thinks about their teaching as they teach and this allows the teacher to make decisions during
instruction and respond to unexpecexnts (Schon, 1987). Reflection on action is when the
teacher thinks afteor before practice (Connelly &landinin, 1986). During the process of
reflection teachers determine the reasons for success or failure in their teaching. Consequently,
there comesghe stage of new comprehension, where the teachers start the cycle all over again
in a bid to improve practice. Teachers conceptualise new and better ways of presenting their

science lessons and a richer understanding of the concept is also gained.

Throudh such a cycle, teachers build upon their PCK as they develop new ways of
understanding and presenting the subject matter knowledge. As such, science teachers possess
varying levels of PCK which continuously develop throughout their teaching career. Hence,

classroom teaching experience is an I mportail
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build up their PCK from several sources which include preservice teacher training, professional
development ad teaching experience (Hume Berry, 2010). Teacherdsa acquire PCK
through interactions and i mitations of expel

involvement in professional conferences, teachevaorés and research (Kind, 2009)

2.17Factorsthat Influence Pedagogical Content Knowledge Chareg
PCK change is determined by several factors which include the nature of the topic, the context
in which the topic is taught, the way a teacher reflects on teaching experiences and educational

background among other things. The following sections givaldemn these factors.

2.17.1 Teacher 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 (Childs & McNicholl, 2017). This
body of knowledgeancludes 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. Clsil& McNicholl (2017) noted that whene ac her s 0
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 &dprogasures must be taken

to ensure that all science teachers have adequate content knowledge.

Shulman (1986) argued that teaching requires the teacher to be equipped with both content
knowledge (CK) and pedagogical content. Studies into science teasining that when

teachers possess subject CK expertise and the ability to represent this to their pupils (sound
PCK), they engage classes with activities that enable learning, for example, being able to

proficiently lead freeanging class discussions ofitent (Garnett &Tobin, 1988; Ro#t al,
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1986; Tobin & Fraser, 1990). Such teachers have ample awareness of common alternative

conceptions and scientific models that provide rich opportunities for their learners.

There is a direct correlation between teacr s 6 CK and effectivenes:
(Santay et al, 2014 Fitzgeraldet al, 2013 Alshehry, 2014). Contrary, poor CK results in low

self confidence in teaching science and consequently ineffective lessons (Kind, 2014). CK is

an important elenmd of science teacher efficacy because teachers cannot explain what they do

not know (Nowickiet al, 2013). Scantiness of content knowledge affects the ability of the
teacher to teach sciee effectively (Usajet al, 2011; Oh &Kim, 2013) since teachecannot

teach what they do not know.

Kind (2014) noted that maturity and further education contributes to fewer misconceptions in
teachers than students regardless of topic, otherwise the misconceptions are apparent in both
groups. Kind (2014) highligkd that poor content knowledge contributes to low -self
confidence for teaching science and{quality lessons; hence teachers need a broad and deep
subject specific knowledge to provide their
accurate knovedge is a vital component for good science teaching. Teachers need accurate,
deep, and rich science knowledge for effective teaching. This is gained not only from rigorous
academic studies but also from experience. Hence, teachers cannot help leamémtsa

they themselves do not understand.

2.17.2 Teacher knowledge of students

Teacher knowledge of students has been recognised as a noteworthy factor in promoting
effective instruction (Hill &Chin, 2018). Such knowledge is thought to enable diverse effective
classroom strategies. These include altering the pacing of instruction to Isuat studen
needs (Clark &eterson, 1986). Appropriate instructional groups can also be formed based on

knowledge of students (ShavelsonBbrko, 1979). In the Zone of Proximal Development,
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Vygotsky (1978) noted that there are things a learner can do without assistance, however,
learners may need the assistance of a more knowledgeable person to congiebeg veould

not do independently. Collaborative work can be effective particularly when learners of mixed
abilities are grouped together. This can only be accomplished with adequate teacher knowledge
of students. This knowledge of students enables temctee facilely assess students'
understanding and misunderstanding in the moment (Scletiakr2019). Hence, the teacher

can design instruction to address common misconceptions as well as tasks and questions to

further student understanding (An, Kulm\&u, 2004).

Hi | | and Chin (2018) viewed teachersé knowl
promoting effective instruction and students' learning. Such knowledge enables a variety of
effective classroom strategies, including adjusting the pacimgstfiction based on student

need, forming appropriate instructional groups, facilely assessing students' understanding and
misunderstanding in the moment and designing tasks to address common misconceptions and
guestions to furt h(8deineetal 2@18)tTeadhenexpdrteseas askilh di ng
in attending to studentsd strategies, i nt er j

appropriate instructional moves.

The teaching profession has been conceptualised as a clinical prastession (Guerriero,

2014). MerriarAWebster (2006) noted that clinical practice involves direct observation and
treatment of patients or clients and in this case, the learners. Successful outcomes in clinical
practice are dependent not only on the skiipwledge, and actions of the practitioner
(teachers), but also on the commitment and actions of the client (learners) (Cohen, 2005). Alter
& Coggshall (2009) further noted that in clinical practice, determining the most appropriate
course of treatment regas knowing an individual client (learner). This can be through
observation, questioning and other diagnostics or evidence collection techniques, as well as

knowing what research has shown to work with learners (clients) in similar situations. Hence,
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teaders need a deep understanding of their learners and excellent decision making. Decisions

are regularly made by the teacher while processing cognitive complex information about the
student and where appropriate decide on alternatives for increasing andegt Darling

Hammond (2006) posited that teachers must understand how children learn and how their

| earning styles vary. Thi s requires t hat 1
background, Il nterests and | eengths amddifficultey.] es a
Equipped with this evidence, the teacher uses his/her judgement to engage and motivate

|l earners and strategically build on students

Learners have educational experiences and personal stories that shape how they respond to
teaching and learning. Mabonga (2021) noted that prior knowledge is the information one has
before they acquire new ideas or concepts. This information is gatheeedime from
individual, societal and cultural influences. It ranges fromegxisting knowledge, belief skills

and attitudes which influence how learners attend, interpret, and organise incoming information
(Hallikari et al.,2007). The constructivist éory points out that humans construct knowledge

and meaning from their experiences, making learners have prior knowledge of significance in
teaching and learning. Consequently, it is important for teachers to prompt learners to recall
previous learning befe presentation of new knowledge. This can be achieved through
assessments, active learning and beginning of class activities. Thereafter, the teacher can

strategize how this information can inform pedagogy.

Accurate prior knowledge makes learners comfid&uring teaching and learning (Mabonga,
2021). Learners with adequate prior knowledge freely participate since they can construct a
relationship between their experiences and new information. Mak{@0g4a) further noted

that confident learners can mapageir problems, fears and maintain a positive attitude. Prior
knowledge has also been seen as an important factor in redesigning or modification of teaching

instructions to cater for learner needs and this enables learners to construct their own
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knowledge. Furthermore, prior knowledge makes learning meaningful. Learners have no
purpose to remember facts that have little meaning to their personality. Relation of a concept
to the real world encourages the learner, hence, the teacher must strive to ¢akthet
learner's personal and social background and organise the learning environment in a way that

the learners can ake connections (Wilson &urket, 1989).

Prior knowledge of the learners is essential since it allows the teacher to clear up any
miscanceptions. Learners may come into the learning environment with ideas that are incorrect.

Diaz (2017) stated that inaccurate knowledge could lead to misconceptions which may alter

|l earnersdé6 view of current i nf omentfytandcaorredt o b e

|l earnersd misconceptions befeba 008)pantdiuitng nev
that learners must unlearn misconceptions before learning new accurate knowledge. Teachers
must therefore inquire about what learners knowhm area concerned and guide them to

unlearn the incorrect information as they introduce new concepts.

2.17.3 Orientations toward science teaching

Orientation to teaching science is described by Magnuetsadn(1999) as "teachers' awareness
and beliefs bout the objectives and goals for teaching science at a particular level." The
teacher's science teaching orientation is a way of thinking about science teaching and learning.
Teacher orientation serves as a "road map" for deciding on learning goalsnenpie
curricular content, and assessing students' progress (Mageassd®99, p. 97). Kind (2034
presented nine orientations to science teaching as outlined by Magetséqi999). These

are academic rigour, didactic, activity driven, concepthange, discovery, process, inquiry,

and guided inquiry. Academidgour is described by Kind (2014s an approach to science
teaching that includes a variety of activities for verifying concepts, demonstrating connections
between concepts, and reprasanscience as a body of knowledge. Adting to Friedrichsen

et al (2010), an analytical rigour approach to science teaching is tecehieed, with the aim
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of presenting a specific body of information. To check on the relationship between concepts
andphenomena, students are faced with challenging problems and exercises, laboratory work,

and presentations.

Didactic orientation is teacheentred with the aim of transmitting scientific information
(Friedrichseret al, 2010). According to Kind (20)4adidactic orientation is one in which the
instructor says, demonstrates, describes, and asks students to check their understanding. The
instructor introduces the material and focuses on student recall. An activity driven orientation

to science teaching @ffs hand®n activities but may lackonceptual coherence (Kind, 2014
Discovery orientation is studenéntred, allowing students to experiment and discover
scientific ideas for themselves by pursuing their interests. During their study of the natural

world, students find trends in how the world functions (Friedricletext, 2010).

Conceptual change orientation has a goal of facilitating the development of scientific
knowledge by confronting students with contexts to explain that change rthize
corceptions. Kind (2014highlighted that it is a studenentred approach where the teacher

asks for childrends views and hel ps establis
thinking and or intuitive ideas. Project based orientation involvedests investigating

solutions to authentic problems. This approach to science education is consistent with the goals

of the competenebased curriculum and education 5.0. Science is represented as an
investigation in inquirybased learning, and studemti® required to examine problems and

evaluate their expertise. Finally in guided inquiry, students participate in investigations,
scaffolds |l earning to achieve studentsd i nd:¢
for investgation environments (iRd, 2014 Friedrichsenet al, 2010). he t eacher o
orientation to science teaching influences the competences that will be gained by the students.

To instil critical thinking, creative thinking, innovativeness and problem solving, innovative

teaching mdtods must be used. Key components determining science teaching orientation
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include the teacherodés beliefs about the pur

teaching and learning as well as beliefs about NoS. These components will be discossed bel

2.17.4 Teacheros beliefs about science teach
Teachers' beliefs are investigated as part of the process of determining how they conceptualise
their work, which is crucial to understanding their actions and decisions in the classroom
(Mansour, 2008). Some teachers see teaching as a means of passing on knowledge, while others
see it as a means of guiding children's learning or of fostering social ties. Bell and Gilbert
(1996) preserid two opposing viewpoints on the kind of teaching that oacur in each
classroom. According to the first, the commo
an expert is to deliver that knowledge directly to students in a logical order. The second
viewpoint holds that knowledge is created by individs|a, and t hat the teact
is to facilitate studentsdé ability to recons

a result, teacherso6 perspectives on scientif

Some teachers believe in teaching iy lecturing or giving direct instruction. Others
represent constructivist approaches of learning and teaching, through adopting cooperative
learning or inquiry. However, according to Mansour (2008), most science teachers are more
likely to combine elemants of several science teaching techniques. A teacher's view of science
education is more likely to include elements of numerous forms of instruction than to fit neatly

into a single model description. According to Tsai (2002), many instructors' tradlition
perspectives of teaching science, learning science, and the nature of science may derive from
a difficulty with their own school scientific experience. Science classes, laboratory exercises,
and associated activities in teacher education courses may have i nf or ced t hese

attitudes.
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In the same way, Trumbudind Slack(1991) felt that teachers fail to acquire constructivist
oriented conceptions about teaching and learning since they have all found success in the
present (i.e., traditionariented) educational systems. As a result, individuals may miss out

on potentially insightful constructivist learning and teaching concepts. Teachers' perceptions
of the learning science process, behaviours and mental activities engaged on the learner's
behalf, and what constitutes suitable and archetypal learning activities are all part of their views
about learning science. The most important question is how and in what manner &aualers

learn science. A "transmission view" is an underlying elemfemtertain view of learning that

can be observed to be implicit in some science education. When a teacher asks students
guestions or orders them to write, it is mostly for the purpose of determining if they have
received the teacher's information. A tearcWho uses the transmission mode sees themselves

as subject "authorities," praises learner performances if they meet discipline requirements and
regards the teacher's job as evaluating and correcting the learner's performance. An unstated
assumption maday the teacher under the "transmission view" is that students do not contribute
relevant ideas to lessons and that they merely behave as receivers of knowledge, adding the
material to their "memory bank." During teaching, pieces of information are thepdssed

from teacher to pupil. This viewpoint is expressed in a multitude of ways, including the way
teachers approach the material, the kind of teaching practices they use, and how pupils are
evaluated. The curriculum is viewed as a list of items todoght in the "transmission

perspective" of learning.

In contrast to the transmission viewpoint, there is a constructivist perspective on science
education and learning. In science education, a constructivist method considers students' active
participation in the building of knowledge rather than simply thensonal reconstruction of
previously constructed knowledge provided by the teacher or the textbook. Students learn more

about scientific inquiry and enhance their conceptual understanding through participating in
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scientific inquiry, if there is ample oppunity and support for reflection. Learning is
considered as the active production of knowledge in gradually growing networks of ideas
through interaction with others and things in the environment from a constructivist perspective
(Marshall, 1992). It ipossible that the purpose of science education is to generate individuals
who can think for themselves. Such individuals have some control over the meaning they assign

to events, as well as the ways in which they construct their lives and ideas.

Construtivism emphasises the autonomy of each individual's interpretation of his or her own
experience (Roth, 1994). The use of haodsnvestigative laboratory activities, a classroom
environment that provides learners with a high level of active cognitivelvement,
cooperative learning strategies, and the inclusion of test items that activate a higher level of
cognitive processes are all implications of constructivist views for the science classroom. The
main pedagogical implication is that teachers who igewstimulating and motivating
experiences that chall enge studentsd existi
teaching/l earning process can facilitate th
understanding (GiPérezet al, 2002). Acording to Watts (1994), science should be relevant

to students' everyday lives since this +wakld setting offers the roots from which their studies

should be pulled. It must be relevant to their interests and modern lifestyles, current events and

televsion news, as well as individuals and practices around the world.

2.17.5 Teacherausoffbseenceef s about N

Teachers' ideas on the nature of science can be expressedlasroom (Brickhouse, 1990).
The link between teachers' views on scienug laow students learn science reflects a larger
epistemological question of how scientific knowledge is formed, whether in a community of

scientists or in alassroom of students (Brook Bark, 2022).
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Science is described as knowledge that is sociallyyzextiby a community of scholars rather

than a collection of naturaborld truths by thesocially constructed scientific theories (Kuhn,
1970). Scientific knowledge is created to fu
this viewpoint (Toulmin,1982). The theories that scientists develop are instruments for
organising and interpreting information, solving problems that they deem relevant, and
assisting them in seeing new possibilities and challenges. Theories are assessed using widely
agreedupan criteria; the development and evaluation of theories are viewed as complicated
social processes rather than as routine, logical historical processes. According to this viewpoint,
science is a culture that possesses exceptionally powerful tools for temgireg the natural

wor |l d, and the purpose of science education

experience and the culture of science (Hawkins & Pea, 1987).

The relationship between observation and theory highlights that scientists' itaoret
commitments influence the observations they make as well as how thodaggdirare
interpreted (Brook & a r k 2022) . Chil drenbés conceptual
scientific observation in the classroom have a similar link; that is, whigineshface evidence

that contradicts their hypotheses, they may not notice the disagreement (Kuhn, 2012). They
can choose to ignore or manipulate evidence to match their views, or they can change their
theories to account for the evidence (Kuhn, 1989js ftritical to explore the relationship
between students' explanations and the facts so that students may make informed decisions
concerning theory and evidence (Kuhn, 1989). It is also vital to teach learners to be critical of
their own views and to creaalternative hypotheses. Because observation is tadewgn,

children do not always pay attention to what the instructor thinks is significant for them to see

in a science exercise. As a result, the teacher may need to emphasise key findings in science

experiments (Harlen & Symington, 1985).
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According to Kuhn (2012), scientific progress and its nature is best understood as a revisionary
rather than a cumulative process. Changes in science's techniques and goals which produce
new anomalous data sets goence this revisionary process, in which scientific hypotheses

are changed or replaced (Duschl, 1990). Similarly, children bring notions about how the world
works to scientific classrooms. In science, learning is more about changing preconceived

notions tkan it is about providing explanations where none previously existed.

2.17.6 Knowledge and beliefs about science curriculum

Patankar and Jadhav (2013) highlighted that a curriculum outlines what the learners will learn,
possibly guide on when the learneesiin the information from the lesson. It includes the
planned interaction of learners with instructional content, materials, resources, and processes
for evaluating the attainment of educational goals. Patankar and Jadhav (2013) identified the
teacher adie mediator between curriculum and students. Teacher curricular knowledge refers

to teacher understanding of the goals and objectives for student learning and the scope and
sequence of the scientific concepts to be taught (Neasome, Taylor, Carlson, W§on &

Stuhlsatz, 2017). It involves the ability to apply theoretical principles and behaviours
associated with planning, implementing and evaluating the curriculum (Niemela & Tirri,
2018). Teacher knowledge of curriculum consists of two categories tha imandated goals

and objectives and the specific curricular programs, resources, and materials (Maghusson

al., 1999) . Key components that influence the
teacherdéds knowl edge gcorepts tostheatopits andorglagirgthe v e s

concepts to other disciplines

2.17.7 Knowledge and beliefs about assessment in science
Kiperset al (2018) described assessment as a process by which knowledge or performance of
a learner is appraised and resulting judgments are made based on the consideration of evidence.

Education assessment involves teachers applying their understanding of housstadelop
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skills and knowledge, attitudes, and values in a subject domain (Edwards, 2013). This
component of PCK consists of knowledge of the dimensions of science learning important to
assess and knowledge of assessment strategies and methods threaugh whit udent s 6 | e
can be assessed (Magnussoml, 1999). Methods of effective assessment include informal,
formative, and summative evaluations implemented to reveal student understanding

i mpl emented to assess st uodceptst Esviards (R3) wewadt andi n
guality assessment as an integral part of good teaching practice and highlights that teachers
need to know on what to focus to ensure their assessment of students' learning is meaningful.

To teach science well, science teash@eeed to know what to focus on in order to ensure that
their assessment of student | ear ni RAggingi S me &
learning and development. The diversity of content and skills within science calls for

assessment capabilitibg teachers.

Edwards (2013) proposed a framework for quality assessments in science which focuses on
concurrent consideration of five areas, that is, teaching, students, evidence of learning, future
decision making and impact. Edwards (2013) highlighted teachers are better placed to

assess well if they consider the assessment components of their teaching during the planning
stages and articulate their range of intentions and goals for the lessons so that they can
communicate these to their studentsially assessment focuses on a student, that is it
addresses the intended students learning outcomes and is responsive to groupdaaindivi
feedback needs (Mellati& h a d e mi 2018). Teachers must t he
needs and develop thkils to be able to design assessment tasks. Quality assessment gathers
evidence of studentsdéd progress as a purposef
can be used by teachers to make interpretations and decisions about what an individaial know

and ableto do. Edwards (2013) further pointed out that quality assessment should focus on

impact on the curriculum and classroom culture, and a deep understanding of these impacts is
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essential for a more accurate appraisal. To MalatiKhademi (2018 eac her s6 as s e s
|l iteracy has a statistically significant 1 mp

awareness leads teaching into effective and motivated assessment designs.

2.17.8 Knowledge and beliefs about instructional strategies

General teaching strategies such as the learning cycles, which have broad application in
teaching within a scientific discipline (e.g. biology, chemistry, physics, etc.) are included in

this component of PCK. Top#&pecific strategies including ways to reggpt concepts

(models, diagrams, pictures, tables, and/or graphs) and engage students with instructional
strategies (investigations, experiments, demonstrations, simulations, problems or examples) to
facilitate student learning of specific concepts in moge(Magnussoet al, 1999) are also

included. Vosniadou (2007) noted that teachers need to develop and utilise instructional
strategies to promote studentsd metaconcept.LL

conceptual change.

2.18Importanceof | ncl usi on Of The Topic 6éBiodiver si
The Convention on Biolgical Diversity (CBD) underlinedbiodiversity as an indicator for
sustainability and recognizes communication, education, and public awareness as essential
elements fothe effective and successful implementationefthConventi onds ai ms
Scholz, 2022). Furthermore, the need for a biodiversity awareness programme is identified as

a national responsibility. For the improvement of such a programme, there &ddaane

cooperation between countries to build bridges and connect experiences and expertise.

Biodiversity is defined as Othe variability
inter alia, terrestrial, marine, and other aquatic ecosystemsharetological complexes of
which they are part: this includes diversity within species, between species and of etesyste

(Rohden &Scholz, 2022). At this moment in time, biodiversity is declining rapidly due to
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human activities such as harvesting, hdbitkestruction and modification, pollution,
overexploitation, and the introduction of exotic species (Wikstrom, 2016). Concerns have been
raised that the loss of biodiversity and deterioration of ecosystem services contribute to
worsening human health, highfood insecurity, increasing vulnerability of ecosystems to
natural disasters and lower material wealth. It also results in worsening of social relations by
damage to ecosystems highly valued for their aesthetic, recreational, or spiritual values, and
less freedom for individuals to control what happens and to achieve what they value (Boyle,
2015). The willingness of people to confront the loss of biodiversity depends on the monetary
value (e.g., as a source for medicines, ecotourism) andnacket vale such as ethical,
aesthetic value they attach to biodiversity. These values are not mutually exclusive, but may
vary both within and among cultures, which must be considered to achieve conservation
(Rohden &Scholz, 2022)Biodiversity is thus viewed asr@rmative conservation concept

which is linked to the idea of biological variation and its ecological, economic, ethical,
spiritual, and cultural valugdVikstrom, 2016) Inclusion of the topic on Biodiversity in the
curriculum ensures that learners ursi@nd and appreciate the dynamic aspect of biodiversity

and understand that species, habitats, and ecosystems change naturally over time. Learners get
to know factors that influence biodiversity and understand that human activity can damage or
enhance biogersity. Learners become more conscious of the impact of their own and other
peopl eds actions on Dbiodiversity and actior

biodiversity.

2.19Biodiversity Education

Wi kstrom (2016) notedntmtndtedmarnow@®ansc am ee
hence our secondary schools are an important place to enact effective biodiversity education.
Biodiversity education requires an innovative teaching and learning approach because the

framework of Education for Susteble Development (ESD), requires the construction and
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critical use of knowledge, critical analysis of the role of natural science, an awareness of the
scientific and nosscientific aspects, i.e., the benefits and values attached to biodiversity and
its canservation, as well as appropriate pedagogical settings fdepth discussion and

reflection (Boyle, 2015).

Biodiversity education should enable people to understand what biodiversity means, appreciate
the dynamic aspects of biodiversity and understinad species, habitats and ecosystems
change naturally over time, become more aware of biodiversity as part of their cultural and
spiritual (Peteet al, 2019), as well as economic heritage, be more aware of and understand
the significance of biodiversitiy their own environment and be able to define their own level

of interaction with it (Gayford, 2000), recognise the relationship between biodiversity and the
maintenance of quality of life (Lindermaiviatthieset al, 2009). Furthermore, biodiversity
edwation should enable one to know what factors influence biodiversity and understand that
human activity can both damage and enhance
own and other peoplebdbs actions ( biodwdrsitydi ng
(NavarrePerrez &Tidball, 2012), improve their skills in relation to biodiversity, including
those skills that enhance understanding and promote appropriate action, be aware of what
actions they can take to preserve and enhance biodivaasilyact on that awareness and
recognize that our ideas and understanding of biodiversity might also change over time

(Gayford, 2000).

Biodiversity education in schools should thus offer possibilities to learn about the different
meanings, interpretations, and uses of biodiversity, to observe and monitor biodiversity, to
critically investigate its conceptual use in environmental andigadldiscourse, and to discuss

the normative character of biodiversity (Lindermdvatthies et al, 2009). Biodiversity
education has been seen to foster a sense of environmental stewardship and responsibility. By

learning about the importance of biodiverslearners become more aware of the impact of
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their actions on the natural world and be inspired to protect it. In schools, biodiversity
education should include a wide range of exploratory learning activities and methods for
outdoor nature educatioBuch an approach is strongly appreciated by both learners and their

teachers.

2.20Teachingof The Topic, Biodiversity

Teachers in different context teach the topic, Biodiversity in various ways, depending on their
location, resources and student needss has been referred to as pkased education
(Sobel, 2004). Place based education is an educational approach that uses the local environment
and community as a tool to learn about biodiversity and other subjects (Sobel, 2004). In the
context of teacimg biodiversity PBE involves using local examples and teaching concepts
using local flora and fauna and ecosystems (Muir & Schwartz, 2008parning about
biodiversity in a local context makes the subject more relevant and engaging (Sobel, 2004).
Hands oractivities which include field works, outdoor activities and hands on expergcaant

also be used (Lieberman & Hoody, 1998). Handsxperiences and local examples enhance
students' understanding of biodiversity concepts (Muir & Schwartz, 2009). Corngmunit
involvement is an important tool to the teaching and learning of the topic, biodiversity (Smith
& Sobel, 2010). This fosters partnerships between schools and local communities, promoting
community engagement and stewardship (Smith & Sobel, 2010). Teaetmerollaborate with

local communities, organizations, and stakeholders to learn about biodiversity issues and
solutions (Smith & Sobel, 2010). Contextual learning can also be used to teach the topic,
Biodiversity as that connects biodiversity conceptsettworld issues and applications in the
local context and helps improve learner understanding of the topic Biodiversity (Knapp, 1996).
Place based teaching of biodiverdiigs been seen to improve learner critical thinking skills,

problemsolving, andcollaboration skills (Lieberman & Hoody, 1998).
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In Zimbabwe it has been noted that teachers in rural schools use local flora and fauna to teach
biodiversity, incorporating traditional knowledge and practical activities like tree planting and
animal observation (Mavhuet al, 2017). In urban schoolsaehers tend to focus on urban
biodiversity, exploring topics like urban wildlife, pollution, and conservation efforts in cities
(Chirisa et al, 2019). Teachers also follow the national curriculum, using textbooks and
structured lesson plans to teach bvedsity in schools (ZIMSEC, 2019). Teachers in
communities with indigenous knowledge incorporate traditional practices and beliefs about
biodiversity, highlighting the cultural significance of conservation (Mupeptbal, 2016).
Experiential learning islso used by teachers in Zimbabwe where they organize field trips to
national parks, game reserves, and botanical gardens, providingdraeaperiences with
biodiversity (Mwenyeet al, 2017). Some teachers use digital resources, online platforms, and

mohile apps to teach biodiversity, especially in urban areas (ebak 2020).

2.21Impact of PCK On Teaching And Learning

When teaching subject matter, teachersd act
depth of their pedagogical content knogde, making this an essential component of their
ongoing learning. Pedagogical content knowledge research links knowledge on teaching with

knowledge about learning.

PCK for Biology teachers was evaluated in Thailand and the study showed that the teachers
lacked adequate content knowledge and had difficulties in teaching the subject (Ehalpoo

2014). They noted an inability to design appropriate instructional and assessment activities and
recommended an urgent need tiogmethopstwentgance he b
the teaching and learning of Biology. Bravo and Cofre (2016) recommended professional
development programs to teachers. They observed a change in teacher PCK, a change in beliefs

and knowledge about best approaches and strategteadio Evolution, and about student
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learning difficulties and misconceptions on Evolution after a professional development

program.

In Swaziland, MthetweKuneneet al (2014) also found inadequate PCK in Biology teachers

in the teaching of genetics. Teachersoé6 indi
declarative and procedural content knowledge. The teachers used topic specific instructional
strategies such asmtextbased teaching, illustrations, peer teaching and analogues in diverse
forms but failed to use models and individual or group experiments to assist students internalise
concepts. Teachers | ack e-tklatedpreohceptiogphdthetwd st u d e
Kunene et al. (2014) noted that teacher PCK develops through university education,
professional development programs and experience in the classroom. This concurs with
Hadiyantiet al. (2014) who observed that experienced Biology teachers deratmusimore

PCK than prospective teachers. This emphasises the importance of experience in the
devel opment of PCK. Widodo (2016) studied ex
photosynthesis and noted that professional development programs shasldrid®CK rather

than separate content or pedagogy. Lucereiab (2016) assessed the impact of a PCK guided

lesson study intervention in Chemistry and noted that a PCK guided lesson study intervention
program was an effective method to develop thehteac 6 P CK competenci es
achievement in terms of conceptual understanding and problem solving and recommended the

use of the intervention program to Biology, Chemistry, Physics and Mathematics teachers.

Buma and Nyamupangeden(ft023) noted thathe teaching of genetics was not effective in

the promotion of scientifically acceptable understanding of genetic concepts. They used the
topic specific PCK to bridge the gap. PCK resulted in planning and teaching that was
pedagogically reasoned and ol quality and was perceived to enhance learning through
proficient sequencing of concepts, well thought out instructional representations and learner

prior knowledge. Mukaro and $s (2017) noticed a misalignment between the intended and
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the implemente Bi ol ogy Curriculum 1in Zi mbabwe. T
misinterpretation of the intended curriculum. Since the introduction of the updated curriculum

in 2016, the biology teachersdé PCK has not
evd uate the O6AO6 Level Mi dl ands urban Biology

curriculum as a measure to make curriculum implementation a success.

2.22Summary

This chapter has explored related literature to the topic of concern. LiterateachbarntPCK

and justification for inclusion of Biodiversity in the curriculum was discussed. Nevertheless,
there is no exclusive work as such that has been reported in the literature to the best of the
researcherds knowl edge tr PGK: for tha gompetendepsed e d B

curriculum in Zimbabwe. Thus, the study fills this gap.
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CHAPTER THREE

THEORETICAL AND CONCEPTUAL FRAMEWORK

3.1lIntroduction

This Chapter presents the theoretical and conceptual framework adapted for this study. In this
chapter, the theoretical and conceptual framework will be defined and explained, followed by
a presentation of existing theories on teacher PCK, after whialcagtmal framework for this

study will be presented. Theoretical and conceptual frameworks guide the path of a research
and ground it firmly in theoretical constructs. The two frameworks aim to make research

findings more meaningful and acceptable to te®dties in the research field of teacher PCK.

3.2Theoretical Framework

A theoretical framework is a guide for a research based on existing theory in a field of inquiry
that is related and/ or mirrors the hypesdls of study (Adonet al, 2018). It is theefore a

bl ueprint bor r eweeskarch mqubyuGrdnttaamon 2614) compared

it to a map or travel plan to a particular
theoretical framework guides a researcher to avoid deviatiom tihe limits of the accepted
theories and make the final contribution more scholarly and academic. The theoretical
framework presents and describes the theory which explains why the research problem under

study exists. It guides the choice of researchgiesind deepens the essence of study.

3.3 Conceptual Framework

A conceptual framework is a structure which the researcher believes can best explain the
natural progression of a phenomenon to be studied (Aetoat, 2018). It is therefore the
researcherds explanation of how the researc
framework describes the main concepts of a study in a logical structure and provides a visual

display of how ideas in a studglate to one@nother (Grant &sanloo, 2014). The conceptual
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framework shows a series of actions that the researcher intends to carry out in a study. Ravitch
and Carl (2016) considered a conceptual framework as a generative framework that reflects the
entire researchrpcess. It highlights the main variables of a study and explains the relationships

bet ween them. A conceptual framework represe
on how to explain a phenomenon. It maps out the actions required in the dainesastady,

given the previous knowledge of ot her rese
observations on the subject of research. The hexagonal conceptual framework was adapted for
this study. This conceptual framevk takes into cognisansex key constructs that determine

teacher PCK.

3.4 Adopted Theoretical Framework

A biology teacher differs from Biologist, not in terms of their content knowledge but by the

way in which teachers transform their content knowledge to support their teachingpked

complex and abstract concepts understandable to learners. Teachers have the ability to
transform their content knowledge through the integration of various components of PCK,
generate representations and design instructional strategies to engages stinde make

concepts understandable. Furthermore, assessment strategies used must effectively evaluate
students6é understanding, encourage their re
During the teaching of the topic biodiversity, the represimts, instructional strategies, and
assessments are designed specifically for that content and are topic specific. One cannot
underscore the value of learners in teaching and learning; hence teachers must understand
students as learners and be awarewfise nt s 6 mi sconceptions and po
associated with content. Park and Oliver (2008) emphasised the significance of teacher PCK
and pointed out that it is a necessary base for effective teaching. Teaching for understanding is
enhanced hr ough the teachersd classroom experi el

teacher between prior knowledge of learners and lesson content. Thus, PCK was coined out as
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an internal construct through which teachers codify their knowledge, content, tsiuden
instructional strategies, assessments, and curriculum into a retrievable form of knowledge for
application to new challenges (Loughmtral, 2004). PCK is discussed by looking at models
and factors that influence it and consequently influence leand®rstanding in the following

sections.

3.4.1 Knowledge of teaching held by experienced teachers

Specialised knowledgevhich teachers acquire through classroom practice has been equated
to the unique knowledge acquired in practice driven professimmsas medicine and law (Lee

& Luft, 2007). A unique knowledge base of teachers is developed through classroom
experience and allows teachers to engage in pedagogical reasoning and decision making that
promote learnig (Leeet al,, 2007). Loughraret al (2006)pointed outhat teacher knowledge

is not a solitary construct which resides within the individual but tends to be acquired and
developed through professional socialisation. Hence, teachers continue to learn on the job with
their knowledge grounded idaily experience. However, subject matter knowledge is critical

to good teaching.

Magnussoret al (1999) said teachers must be able to identify learner misconceptions and
without a strong knowledge base, identification of learner misconceptions wotltden

possible. Ziedler (2002) emphasised on the importance of teaching experience and states that
subject matter knowledge alone is insufficient for good teaching and that experience in the
classroom greatly i nfl ue n csabjectnatar&nowledgedntoa bi | i
a form more to be understood by learners. Hence, biology teachers have been differentiated
from biologists or educational researchers not necessarily in the quality or quantity of subject
matter, but in how that knowledgedsgansed and used (Cochranal, 1991). Cochraset al.

(1991) gave an example that experienced scie

from a teaching perspective and is used as a basis for helping students to understand scientific
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concepts while a scientistods knowledge basi s

used as a basis for construction of new knowledge.

3.4.2 Models of teacher knowledge

Shulman (1986) introduced a model of teacher knowledge which identifiegtialgged form

of knowledge unique to teachers and needed to successfully teach a concept in the most
comprehensible manner. This specialised form of teacher knowledge distinguishes teachers
from subject specialists and was coined out as PCK. Shulmaifigtettie three domains of

teacher knowledge as content knowledge, curriculum knowledge and PCK. He noted that as
PCK develops, teachers transform their Subj
understanding using the most powerful analogue, accugegteesentation and effective
instructional strategies. In his model, Shulman emphasises the importance of curriculum
knowledge i.e., knowledge of programs, resources, and instructional materials. Curriculum
knowledge supports the formulation of connectibnst ween topics and bui l
prior knowledge and provides necessary scaffolding for future learning. Shulman (1987)
posited that the development of teacher knowledge involves a dramatic shifting in teacher
thinking from a professional understiing of science content to an awareness of new ways to
organise, represent and engage students in science learning. Grossman (1990) expanded on
Shul manbés ideas and emphasised four gener al
subject matter, genglrpedagogical knowledge, knowledge of context and the centrepiece as
PCK. Grossman (1990) further identified three components of PCK as conceptions of purposes
for teaching subject matter, knowledge of students, instructional strategies, and curriculum.
Magnussoret al. (1999) expanded on models by Shulman and Grossman. The trio proposed a
PCK model similar to Grossman (1990) with two modifications i.e., the conceptions of
purposes were changed to orientation towards science teaching, and they also@aatbzetjk

of assessment as a component of PCK. Thus, Magnwetsah (1999) highlighted five
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components into their PCK model which will form the conceptual framework for this research.
These are orientation towards science teaching, knowledge and bdimis science
curriculum, knowledge, and beliefs about assessments in science, knowledge and beliefs about
studentso understanding of specific scienc

instructional strategies in teaching science.

3.4.3 Orientation to science teaching

Magnussoret al (1999) coined orientation to science teaching as the lens through which all
components of PCK are understood, interpreted, and integrated resulting in the unique form of
knowledge held by teachers. It acts as a concepta@l guiding decisions about learning

objectives, i mplementation of curricular mat

Magnussonet al (1999) referred to knowledge of t
understanding of the goals and objectiaed the scope and sequence of the scientific concepts

to be taught. Knowl edge of studentsd under st
the requirements for student learning of specific scientific concepts and potential learning
difficulties students may encounter. Knowledge of instructional strategies include topic
specific strategies, for example, ways to present concepts (models, diagrams, pictures) and
engage students in instructional strategies through investigations, experiments, daoms)strat

and simulations to facilitate learning. Knowledge of assessment consists of knowledge of
dimensions of science important to assess and knowledge of assessment strategies and methods
through which students' learning can be assessed. The five congarentfluenced by the

teacher's content knowledge and the context in which teaching is taking place.

Friedrischeret al (2011) defined science teacher orientation construct as an interrelated set of
beliefs consisting of beliefs about the purpose @érae teaching, beliefs about science

teaching and learning and beliefs about the NOS.-Sessome (2015) identified orientations
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as one of the amplifiers that enable teachers to pass their topic specific professional knowledge

through their lens, in coanction with their beliefs, prior knowledge and context.

The refined consensus model identified three domains of teacher professional knowledge as
collective, personal and enactment (Car&aehler, 2019). Collective PCK (cPCK) is a
specialised knowleddeeld and shared by a broader community, in this case cecieachers

(Shinaneet al, 2021). Personal PCK (pPCK) is the cumulative and dynamic PCK and skills of

an individual teacher that reflect the teac
with contributions of others. Enacting PCK (ePCK) is the unique knowledge that arteach

draws on during planning and teaching. Maz#beal. (2020) further introduced the idea of

reported PCK (rPCK) which is the knowledge that teachers portray in written or spoken format.
Carlson and Daehler (2019) highlighted that teachers' pPCK in tngastience is developed,

shaped, and refined over time through formal education, teaching experiences and professional

sharing. In the current study, enacted PCK was evaluated.

Topic-specific PCK is the understanding that offers the necessary knowledgbjectmatter
knowledge (SMK) transformation in a specific topic (Manga& Rollnic, 2011). The concept

of topicspecific PCK is based on the understanding that one of the main aspects in the
construction of PCK is the transformation of subjeettter khowledge. For teachers with high

quality PCK, each topic is transformed as teachers reason about its teaching (Shulman, 1987).
When a specific topic is thought through, certain topic specific components of PCK are
considered. T h e s e |ledgeethatlisetlzerkmowledgedof qonceptons akdn o w
preconceptions that students bring with them, curriculum saliency (the ability to identify the

big ideas of a topic, to sequence them and realise their importance), what makes the topic easy
or difficult to urderstand, representations including powerful examples and analogies and

conceptual teaching strategies (knowledge of teaching strategies most likely to be fruitful)
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(Rollnic et al, 2017; Mavhunga &ollnic, 2011; Mavhunga, 2018). The knowledge domain

in this topic specific PCK model was integrated in the current conceptual framework.

Park & Chen (2012) proposed a pentagonal PCK model in which teacher PCK was evaluated
using five components. These are orientations towards science teaching, knowleddgnof stu
understanding, knowledge of instructional strategies and representation, knowledge of science
curriculum and knowledge of assessment in science learning. The pentagonal model defines
PCK as an integration of components that are mutually related hoottaer. It presents the
components in a pentagonal form to emphasise the interrelatedness among them. This research
used the hexagonal PCK model, adapted from the pentagonal model and the topic specific PCK
model (Mavhunga & Rollnic, 2011). After goingttugh the PCK models from Park and Chen
(2012) and the topic specific PCK model by Mavhuagd Rollnic (2011), | developed a
hexagonal PCK Model by adding content knowledge as a sixth key construct contributing to

teacher PCK.

3.5 PCK Conceptual Model Usd In This Study

The hexagonal conceptual framework was used in this study. It considers six aspects as

determinants of teacher PCK as shown in Fig 3.1.
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Figure 3.1 Hexagonal PCK modelused in thisstudy

PCK is influenced bysix factors as illustrated in Fig 3.1. These are content knowledge,
orientations to science teaching, knowledge of the curriculum, knowledge of instructional
strategies, knowledge of student understanding and knowledge of assessment. These factors
are vieved as important in teacher PCK development, however this model emphasised the role

of content knowledge in PCK development and in the development of the other concepts.

3.5.1 Key construct 1: Content knowledge

Content knowledge is described by Chahgl (2020) as a body of knowledge and information

that teachers teach and that learners are expected to know. &aait4@014) noted a direct
correlation between teacher CK and effectiveness in teaching science. Insecure CK affects the
teacher's abilityo give appropriate and effective science teaching explanations. éfafa
(2023) noted that scantiness of CK affects
because teachers cannot teach what they do not know. Teacher content knowiddgaced

by the five factors identified in Fig 3.2 as concept coverage, appropriateness of concepts,
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scientific accuracy of concepts, links with NoS and links with other concepts (Carpendale &

Sy
.‘.

Figure 3.2. Determinants of teacher content kowledge(Carpendale & Hume, 2019)

Hume, 2019).

3.5.2 Key construct 2: Teacher knowledge of the curriculum

This hexagonal conceptual framework underscores the significance of teacher knowledge of
the curriculum. Teachers as the magligbetween the curriculum and the learners need a deep
understanding of the goals and objectives for learning science, the scope and sequence of
scientific concepts as well as resources and materials needed for effective science teaching and
learning. Ths saves as a map giving the teacher direction during the teaching and learning of
science. Fig 3.3 shows the factors influencing teacher curriculum knowledge, that is, the
appropriateness of goals and objectives, interconnections with other topics armtheith

disciplines (Carpendale &ume, 2019).

70



Figure 3.3 Determinants of teacher knowledge of the currialum adopted (Carpendale

& Hume, 2019).

3.5.3 Key construct 3: Science teaching orientations

The hexagonal conceptual framework outlines the need for solid orientations to science
teaching for development of high levels of teacher PCK, and the relationship between their
knowledge, beliefs and practice (Abell, 2004). Science teaching orientatioas fiters and
amplifiers in shaping teachersé overall cl
teaching was rooted in the constructivist point of view in which learners are active participants

in their learning. Teaching and learning must allearners to make sense of new ideas by
reflecting upon their experiences with the phenomenon. During lesson observation, for
example, researchers may evaluate the lesson against the 5Es model, i.e., if the teacher
managed to engage, explore, explain, alateoand evaluate, or PBL, or POE inqtigsed

learning among other constructivist models. Science teaching orientations are determined by
the teacheroés beliefs about the purposes of

about science teacatg and learning ashown in Fig 3.4 (Carpendale Bume, 2019).
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w

Figure 34 Key constructs for science teadnhg orientations (Carpendale & Hume, 2019)

3.5.4 Key construct 4: teacher knowledge of student understanding

Teacher knowledge of students has been recognised as a noteworthy factor in promoting
effective instruction (Hill & Chin, 2018). Such knowledge is thought to enable diverse effective
classroom strategies, which include altering the pace of instructianitots t he st udent
(Clark & Peterson, 1986) and creation of appropriate instructional groups based on knowledge
of students. The teaching profession as a clinical practice profession calls for determination of
the most appropriate course of treatmenefach learner and requires knowing every individual
learner. This can be through observation, questioning and other diagnostics or evidence
collection techniques, as well as knowing what research has shown to work with learners in
similar situations. Hete, teachers need a deep understanding of their learners and excellent
decision making for quality PCK. Teachers must recognize learners' prior knowledge, difficult
concepts, and misconceptions. Teachers must be able to ask questions to extend learner
undestanding, as well as use the variations in students' understanding to guide instruction as

shown in Fig.3.5 (Carpendale Bume, 2019).
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Figure 3.5 Determinants of teacher knowledge of students understanding (Carpendal

& Hume, 2019).

3.5.5 Key construct 5: Teacher knowledge of instructional strategies

Teachers need t o devel op and utilise i nst
metaconceptual awareness and engage in learning to promote conceptual change. These
include any type of learning technique a teacher uses to help students gain a better
understanding. Such instructional strategies allow teachers to make the learning experience fun
and encourage students to take a more active role in their educationsaddtésminant of

teacher PCK. Fig 3.6 shows that there is a need for appropriate sequencing of concepts, use of
strategies that allow learner understanding and use of relevant examples or representations that

stimulate studet understanding (CarpendaleHume, 2019).
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Figure 3.6 Determinants of teacher knowledge of instrugbnal strategies (Carpendale &

Hume, 2019).

3.5.6 Key construct 6: Knowledge of assessment
For effective science instruction, science teachers need to know what to focus on to ensure that

their assessment of student | ear ni RAggingi s me
learning and development. Education assessment involves teachersngappigir
understanding of how students develop skills and knowledge, attitudes, and values in a subject
domain (Edwards, 2013). This component of PCK consists of knowledge of the dimensions of
science learning important to assess and knowledge of ass¢ssna¢egies and methods
through which studentsd | eetaal,d999) @s showminfipe as s

3.7.
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Figure 3.7 Determinants of knowledge of assessment

This research has four objectives, to determineitkee ds of t he O06Ab6 | evel
to establish the 60Ad6 | evel Biology teachers
exhibit observed levels of PCK and to design an instructional model for teaching the topic,
Biodiversity. To respondbtobjective 1, anhd e pt h cont ent anal ysis of
syllabus was carried out. Having established the demands of the syllabus, lesson observations
were used to establish teacher PCK. Questionnaires for teachers and learners, as wwdl as teac
interviews were used to cross validate findings from lesson observations (Carpendale & Hume,

2019) as shown in Fig 3.8.

Figure 3.8 Activities that were carried out to meet research objectives

75



3.6 Summary

The chaptedefined and explained the theoretical and conceptual framework. The theories in
teacher PCK were discussed and a conceptual framework for this research was mapped based
on the main constructs of the teacher PCK. A series of activities the researcherakndere

also highlighted.
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CHAPTER FOUR

RESEARCH METHODOLOGY

4.1 Introduction

This chapter discusses the research paradigm, reseasoyn doopulation, sample, and
sampling techniques. A full discussion of the instruments and data collctoadures is

given. The chapter also presented an outline of the data analysis process, limitations, and the

ethical considerations.

4.2 Research Paradigm

A research paradigm is described as a collection of shared beliefs and agreements among
scientistsregarding how problems should be understood and addressed (Kuhn, 2012). The
word paradigm is used in educational research to describe a lesear¢ s oworl dv
(Mackenzie &nipe, 2006). This worldview informs the context or perception of research data

by providing a viewpoint, reasoning, school of thought or collection of common beliefs. It is
made up of abstract beliefs and values that form how a researcher perceivesadhaswvell

as how he or she interprets and behaves in it (Kivunja, 2017). When someone claims that a
framework determines the researcher's worldview, they are referring to the abstract values and
concepts that form how a researcher sees the worldpieterit, and acts within it. It is the

frame of reference from which a researcher examines the universe. It is the conceptual lens
through which the researcher explores the methodological aspects of their research project to
evaluate the research techreguo be used and the data to be analysed. Paradigms are therefore
human constructs that deal with first principles that indicate where the researcher is coming
from to create meaning from data. Thus, paradigms are significant because they include beliefs
and dictates that influence what should be studied, how it should be studied, and how the study's

findings should be interpreted for scholars in a particular discipline. A researcher's
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philosophical orientation is the paradigm. Epistemology, ontology,adetbgy, and axiology

are the four components of a paradigm (Kivu
reality? What is the nature of the fAknowabl e
is used to describe how we come to know somgthimow we know lte truth or reality

(Cooksey &Mc Donal d, 2011) . Epi stemol ogi cal gues
something? What is the nature of the relationship between the knower (inquirer) and known

(or knowable)? Methodology is the term used to rrete the research design, methods,
approaches and procedures used in an invest:]
do you go about finding it out? How should the inquirer go about finding out knowledge?
Axiology refers to ethical issues that mibe considered when planning a research proposal
(Kivunja, 2017) It involves defining, evaluating, and understanding concepts of right and
wrong behaviour relating to the research. This research adopts an interpretivist research
paradigm. It focuses onterpretation of @ments of study (AlharahshehR&us, 2020). It is a
sociological method of research in which an action or event is analysed based on the beliefs,

norms and values of the culture in which it takes p{Eoeunja, 2017)

4.3 Qualitative Research

To understand ideas, thoughts, or perceptions, qualitative research includes gathering and
evaluating nomumerical data (e.g., text, video, or audio) (Maxwell, 2012). It can be used to
gain indepth understanding of an issue or to generate n@andsideas. Qualitative analysis

is used to learn about people's perspectives on the environment. Although qualitative analysis
has a variety of methods, they all concentrate on maintaining rich meaning when analysing
data (Mannaxt al, 2020). Since afindings, perceptions, and evaluations are filtered through
their own personal lens, qualitative researchers often refer to themselves as "instruments"” in
science. Qualitative research is a form of social inquiry that examines how people perceive and

makesense of their lives and the world around them (Cres®well, 2007). The goal is to
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investigate people's actions, perceptions, emotions, and experiences, as well as what is at the
heart of their lives. The interpretive approach to social reality lchterpretation of human

lived experiences form the foundation of qualitative research. Qualitative study is €eontext
dependent, so researchers must be aware of their surroundings. Researchers immerse
themselves in the natural environment of those whiogaghts and emotions they want to
investigate. Qualitative researchers concentrate on the emic viewpoints, the perspectives of the
people participating in the study, and their experiences, definitions, and interpretations
(DeJaeghere, 2020). They explaemalyse, and interpret (Cresswell al, 2007). The
researcher and the subject of the study have a close friendship that is founded on dignity.
Qualitative researchers are interested in learning how people create meaning, or how they make

sense of the emonment and the interactions they have in it.

PCK is subjective, context specific and not readily communicated bl demonstration
(Nind,2020 . Teachers6 PCK is, to a |l arge extent,
(De Jong, 2016). Whe PCK is about translating content knowledge to become knowable to
students, researching PCK also involves a process of translation to make it knowable, hence
gualitative research methods can unveil the tacit teacher PCK. Lee and Luft (2008) pointed out
that a case study approach is appropriate to capture PCK and this enables instructional decision
making tobe explored in situ (Oleson Blora, 2014). Hence, the present research adopts the
gualitative approach to research as it is appropriate in expldinmg t eacher 6s PCK
on Biodiversity. In this qualitative approach, the research used gqualitative methods which
include interviews, questionnaires and observations. All these are informed by the constructs
within the conceptual framework, Fig 3\Mhich states that there are six factors influencing
teacher PCK that is, content knowledge, knowledge of students, knowledge of the curriculum,
orientations to science teaching, knowledge of assessment and knowledge of instructional

strategies.
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4.4 CaseStudy Research Design

A case study is an empirical inquiry that investigates a contemporary phenomenon within its
reaklife context where boundaries between the phenomenon and context are not clear, and in
which multiple sources of evidence are used (2012 2018). A case study is an approach to
research that focuses on gaining a@pth understanding of a particular entity or event at a
specific time. A case study is therefore a general term for the exploration of an individual or
group or phenomenon. B B systematic inquiry into an event or a set of related events which
aims to describe and explain the phenomenon of interest. It gives a comprehensive description

of an individual case and its analysis, that is, the characterization of the case amathe ev

Case studies are used to analyse and describe, for example, a person individually. The unit of
analysis can vary from an individual to a corporation. The case study is useful to employ when
there is a need to obtain andepth appreciation of an iss, event, or phenomenon of interest

in its naturalreatlife context (Hollweck &Yin, 2014). It involves determining what the
investigated case may be and not about defining populations and selecting appropriate samples
(Starman, 2013). Case studies alltaw the researcher to closely examine data within the
specific context (Zaina, 2007), in most cases a case study selects a small geographical area or
a very limited number of individuals as the subjects of study. They are highly useful in
exploring and imestigating contemporary relifie phenomena through detailed analysis of a
limited number of events or conditions and their relationships. It is a unique way of observing
any natural phenomenon which exists in a set of data subjects in detail. Zaina (2007
highlighted that a researcher can adopt a single or multiple case study design depending on the
issue in question. Yin (2018) noted three categories of case studies namely exploratory,
descriptive, and explanatory. An exploratory case study is set lorexny phenomenon in

the data which serves as a point of interest to the researcher, while descriptive case studies are

set to describe the data as they occur and finally the explanatory case studies examine the data
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closely both at surface and deep lete explain the phenomenon in the data. This study

adopted a singl e c¢a<KonsBiodivdrgitywasstudibdi ch t eacher

4.1.1Advantages of case study design

Data is examined within the context of its use, within the situation in which théyatakes

place (Hollweck & Yin, 2014). For example, in studying teacher PCK in Biodiversity, the
researcher will have to observe and record lessons in the environment the teacher deems
necessary to teach the topic from. In terms of intrinsic, instruahemtd collective approaches,

case studies allow for both quantitative and qualitative analysis. The detailed qualitative
analysis accounts produced in case studies not only help to explore or describe the data in a
reatlife environment, but also help ®xplain the complexities of redéife situations which

may not be captured through experimental or survey research (Yin, 2018).

4.1.2Disadvantages of case study design

Yin (2012) pointed out that case studies are accused of lack of rigour. The invesiigeabe

sloppy and allow equivocal evidence or biased views to influence the direction of findings and
conclusions. Case studies also provide little basis for scientific generalisation since they use a
small number of objects (Hollweck & Yin, 2014). Tt@mmon question asked is how can you
generalise from a single case? Another shortcoming of case study design is the fact that they
are long, difficult to conduct and produce massive amounts of documentation. The danger
comes when the data is not manageti@ganised systematically. However, case study design
allows for the deployment of diverse instruments (2018). These include content analysis,

observations, questionnaires, and interviews.

4.5Population
A population is defined as all members of avefl-defined class of people, events, or objects.

It is a collection of specified groups of human beings or oflmaman entities such as objects,
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educational institutions, time units and geographical areas drawn by individuals. The study
population consit ed of 060A6 Level Bi ology teachers a

researcher is based in Midlands; hence choice of Midlands urban was a cost cutting measure.

4.6 Sample
The research was a qualitative study focusing on gaining-@egth unérstanding of teacher

PCK.Thesampl e consisted of four O0A6 Level Bi ol

4.7 Sample Selection

Sampling is the process stlecting a representative p&mm the populationThis study

employed prposive samplinga nonprobability sampling technique, to select participants to

select Biologyfour teachersand their learnersPurposive sampling allowed for intentional
selection of O6A06 | evel Bi ol ogy teachers with
willin gness to share their teaching practices and experigagsa.et al. (2023) noted that

purposive sampling is used to gather information rich sources related to the phenomenon under

study, hence the four teachers were selected as information rich sources.

4.8 Pilot Study

The purpose of the pilot study was to test the suitability of instruments and to provide the
opportunity to modify the instruments if necessary. The pilot was conducted with participants
from a school that did not participate in the redeaftie purpose was to identify shortcomings

of the questionnaires and observatguide before administration to the actual participants of

the research. In the initial questionnaire, teachers complained that the questionnaire was too
long. Some of the teaers did not find time to complete the whole questionnaire. The
researcher with the help of the supervisor had to identify key questions according to the

constructs from the conceptual framework and reduce the number of questions.
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The interview was not foted as it was difficult to anticipate how the teachers would respond
to the different items of the interview schedule. Some questions arose as a follow up to the
guesions posedbefore. However, a thorough discussion of the items included in the interview

schedule was done with the assistance of my supervisors and other experienced researchers.

4.9 Methodology

A qualitative research approach was used. The case study reseagow@desadopted, and the
unit of analysis was Biology teacher PCK. T
syllabus, content analysis was used. Thereafter, five consecutive lesson observations were
made for each teacher and relevant data was cdptisieg an observation guide formulated
using the six key constructs in the Analytical framewbdssons were audio recorded to allow

for play back and capturing of all dafBeacher interviews and questionnaires as well as learner
guestionnaires were adnistered to ensure reliability of data. Interview guides and
guestionnaires were also constructed using the six constructs in the Analytical framework.
Learner questionnaires were administered to authenticate the data collected from lesson
observationsnd teacher interviews. The use of these various data collection instruments was

intended to cross validate the findings and improve the trustworthiness of the research.

4.10Data Collection Procedure

Data collection refers to the systematic gathering aedsuring of information of research
interest, which enables the researcher to answer stated research questions (Creswell, 2009; Vos
et al, 2013). To ensure that the research questions are properly answered, emphasis should be
placed on ensuring accuraiad honest collection of data. The capturing of quality evidence

can then translate into rich data analysis which will allow the construction of a convincing and

credible anwer to the research questions.
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The data collection procedure involved sevemdtical stages to ensure conformity to the
principles of research. The researcher requested for an ethical clearance from the Bindura
University of Science Education ethics committee, and it was granted. The researcher then
requested for permission to caout research from the Ministry of Primary and Secondary
Education. After the permission was granted, the researcher went on to request for permission
to carry out research from Midlands Education Provincial office and the respective district
offices inwhich the teachers are stationed. After the permission was granted, the researcher
requested for permission from the school heads and the teacher participants. The researcher
explained to all participants that their participation was voluntary and tlyataléd with draw
anytime they felt they could no longer continue. Confidentiality was guaranteed to all
participants and the participants signed the consent forms. A pilot study was carried out to test
the suitability of the research instruments and thewad the researcher to modify the

instruments. This was done at a school that did not participate in the study.

Following the pilot study, data was gathered using a variety of techniques. In this regard, the
researcher’s first of data collection instrumn@as content analysis of the syllabus with regards

to the topi¢ Biodiversity,to ascertain its needs. This was followed by five consecutive lesson
observations. After the lesson observations, the researcher interviewed each teacher
participant. Teachend learners were then asked to complete their respective questi@nnaire

The data coll ection process considered Cresw
by the researcher closely linked to the research, hence, instruments were deslyaedosé
introspection of the conceptual framework and the research questions. The data was analysed

by a PCK analytical framewk formulated from Carpandle Eume (2019)

Table 4.1 below shows a synopsis of the relationship between the methodologgeardir
guestions and the kind of data generated to answer the research questions. An attempt was
made to match the respective method of dalacton to the data collected.
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Table 41 A synopsis of the methodology and data celttion instruments

Research question | Method Instrument Data

Curriculum Wh at do e s| Contentanalysis | Content analysis 06A6 | evel ai

demands level Biology using a rubric objectives, aims and
Curriculum demand objectives of the topic
of the topic Biodiversity, concepts
biodiversity? covered, skills and the

emphasis given to the
concepts, instructional
media and strategies
recommended for teaching
Biodiversity.

PCK How do 6 A|Lesson Observationguide [ Teacher sé co
Biology teachers observations knowledge, knowledge of
teach the topic _ _ Teacher the curriculum. knowledge
Biodiversity? Questionnaires | questionnaire of learners, knowledge of

Interview Learner Estrulctéonatlbstrategms,
questionnaire howledge bassessment
and science teaching
Teacher interview | orientations
guide

PCK Why do 6 A|Lesson Observation guide | Datacollected was used to
Biology teachers observation i ) come up with propositions
teach the topic, Teach Interview guide to explain why teachers
Biodiversity in the | '€acher oo teach the topic in the way

uestionnaires
way they do? workbooks Q they do.
Questionnaire
Interview

PCK What instructional | Content analysis | Observation guide | Data gathered from all data
model can be used ) ) collection instruments,
to improve teacher Lgsson i Interview guide discussions and conclusion

; observations ;
E_Clg_m Lo Questionnaires ¥vas usehq to ?193|gn_a mode
lodiversity~ Interviews or tgac |_ngt e topic,
Biodiversity.
Questionnaires

4.11Discussionof Techniques AndInstruments

4.11.1 Document analysis

A systematic technique for assessing documents in the form of printed or electronic resources
is knownas document analysis (CorbinSraus, 2008 Data must be reviewed and evaluated

in qualitative research to gameaning, comprehension, and empirical knowledgeallow

for triangulation, document analysis is frequently supplemented with other qualitative research
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methods such as interviews, observation, and questionnaires. The researcher can corroborate
across dat sets by reviewing information acquired through several instruments, which reduces
the risk of bias on the researcher's part. Triangulation protects a study's conclusions from being

dismissed as a result of a single method, single source, or singlégatast

Bowen (2009) pointed out that document analysis is less time demanding because it requires
data selection rather than data collection. When compared to other methods of data collection
for research, document analysis is more cost effective. Do¢areroompass a wide range of

events and situations. The researcher must skim, read, and interpret the document while using
document analysis as a data collection method. It is hecessary to use a combination of content
and thematicanalysis techniques (Muka & Stears, 2017). Content analysis entails

categorising information in accordance with the research issues to be addressed. Thematic

analysis is the process of grouping data into themes to address a specific research topic.

Corbin and Straus (2008) emgieed the relevance of a researcher's ability to distinguish
between relevant and irrelevant material. However, certain papers may provide insufficient
information because they were not meant for research purposes, and some documents may be
classified, reglting in limited access and the lack of linguistic skills of the person who created

the document. Despite these flaws, document analysis continues to be significant sources of

information that can help researchers solve research problems.

Bowen (2009) emipasised that, though documents can be a valuable source of data, researchers
should examine them critically and use caution when using them. Documents should not be
regarded as exact, comprehensive, or accurate accounts of events. Bowen cautioned scholars
against copying and pasting phrases and portions from texts into their studies, instead they

should establish the document's significance and contribution to the topic at hand. The
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legitimacy, reliability, accuracy, and representativeness of selected dnturshouldbe

determined by researchers.

4.11.2 Content analysis

Content analysis is a research instrument used to determine the presence of certain words,
themes, or concepts within some given qualitative data. By content analysis, researchers can
guantify and analyse meanings and relationships of certain words, themes, or concepts (Roller
& Lavrakas, 2015). Content analysis rests on the assumption that texts are a rich data source
with boundless potential to reveal treasured information about ptereand can either be
manifest content analysis or latenhtent analysis (Kleinhekset al, 2020). Manifest content
analysis is concerned with data that are easily observable both to researchers and the coders
who assist in their analyses, without tieed to discern intent or identify deeper meaning
(Kleinhekselet al, 2020). Latent content analysis on the other hand is most often defined as
interpreting what is hidden deep within the text (De keal, 2023). In this case, manifest
content analysis was applied to analyse the syllabus demands of the topic Biodiversity. To
analyse the content for the topic Biodiversity using content analysis, the text was coded, or
broken down, into manageable code catiesg for analysis (i.e., codes or concepts). Hence,

themes were used to address the Research Question 1.

4.11.3 Observation

Observation is a method of gathering information through observing people, events, or physical
gualities in their natural envirorent. Direct or indirect observation is possible. Direct
observation occurs when the researcher observes processes, interactions, or behaviours as they
occur, whereas indirect observation occurs when the researcher observes the outcomes of
processes, behadrs, or interactions (Creswell, 2013). Observations can be overt (subjects are
aware they are being watched) or covert (subjects are unaware they are being watched) (do not

know they are being watched) (Feketeal, 2021). As the name implies, obserwatis a
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method of gathering facts through observatB®ecause the researcher must immerse herself
in the setting where her respondents are while taking notes and/or recording, observation data
collecting is classified as a participatory study. Observatgonbe structured or unstructured

as a data collection approach (Tight, 2022).

Data is collected using certain variables and on a predetermined schedule in structured or
systematic observation. Unstructured observation, on the other hand, is cariredroapen

and unstructured manner, with no predetermined variables or goals. The advantages of
observations include direct access to study phenomena, high levels of application flexibility
and creation of a permanent record of events (Tight, 2022). Gitiser,on the other hand, has

the disadvantages of requiring more time, having a high level of observer bias, and having an
impact on primary data, in the sense that the presence of an observer may alter the behaviour
of sample group elements. It is wortbting that the observation data collection approach may

be linked to some ethical concerns. One of the most basic ethical considerations for researchers
is to obtain fully informed permission from research participants. At the same time, if sample
group nembers are informed of the observer's presence, their behaviour may change, which

could have a detrimental impact on the research validity.

For this research, the researcher carried out five lesson observations for the selected teachers
teaching the topi8iodiversity. The position of the researcher was a complete observer who
entered the setting but remaining detached from the activities and social interactions of the
research participants. A structured observation guide allowed for the researcheurt® aihpt
important aspects according to the conceptual framework. This enabled the researcher to
respond to research question 2, how do O6A06 |
The lesson observation guide was constructed using the sixokeyructs of the aweptual

framework, Fig 3.1.
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4.11.4 Interviews

Interviews are adaptable data collection tools that make use of a variety of sensory inputs, both
verbal and nonverbal (Husband, 2020). It is aomene conversation with an individual tha

uses a series of questions to elicit detailed responses. An interview is a conversation in which
one person (the interviewer) elicits information from another person (the subject or
intervi ewee) . Il nterviewer r ec onterdiesvprodresses. e s pon
It allows the interviewer to probe for greater depth or explanation (Fetleal, 2021).
Interviews provide people the opportunity to express themselves in their own words. Frowns
or any other gestures can also be captured as erpretitudes or opinions by researchers.
The information gathered must be transcribed to be analysed (Hatiglgr2020 Structured,
semistructured, and unstructured research interviews are the three basic categories of
interviews (Harrisoret al, 2020). Interviews provide more-tepth data from the interviewee

since they allow the interviewee to be probed about their values, beliefs, attitudes, and
preferences through direct interactions with the interviewer (Foley, 208g)interviewer, on

the other hand, must be conscious that interviews take time and require careful preparations.
Interviews are also prone to prejudice on the part of the interviewer, and participants may not
feel at ease with them in some instances. As a result, to trianthéatiata, interviews must

be used in conjunction with other types of data gathering tools.

In unstructured interviews opemded inquiries are asked by the interviewer (Cadteal,

2011). Both the interviewee and the interviewer must maintain their camgas they freely
communicate to generate data for the study. The interviewer asksoged questions to
which the interviewee has complete freedom to react. The direction of the interview is set by
both the interviewer and the interviewee; therefdres not predefined. Questions cannot be

standardised since they may generate unexpected data that is highly beneficial to the
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investigation. Although the degree of inquiry can be modified to suit a given environment,

unstructured interviews are time ins&ve and difficult to analyse.

Semistructured interviews incorporate unstructured and structured interviewing techniques, as
well as closed and opeanded questions. Core questions are prepared ahead of time to guide
the interview's direction, which igucial to maintain the interview's focus (Husband, 2020).

Participants, on the other hand, are free to elaborate on pertinent facts to the question.

Focus group interviews entail group discussion and hence may be unable to provide structure
to the group. Rh data, on the other hand, can come from the interaction of the group's
members (Cohemt al, 2007). The benefit of this form of interview is that it can uncover
concerns that were missed in individual interviews. Individuals are encouraged to thihk abo

things they might not have considered during individual interviews because of the encounter.

Stimulated recall is a study strategy that invites participants to recollect their concurrent
thoughts during an event when encouraged by a video sequencatierdand of visual or

audio recall. Stimulated recall is a subtype of introspective research methodologies that taps
into participants' observations on mental processes and has philosophipalyandiogical

roots (Mackey &Gass, 2005). Benjamin Bloons icredited with the first description of
"stimulated recall" in 1953, which he characterised as a way for recaingpnes, according

to Slough &Chamblee (2007). Stimulated Recall has been utilised in numerous studies to
examine classroom practice amderaction (Sime, 2006; Stough, 2001). Stimulated Recall
interviews are utilised to get a better understanding of how working memergtep (Beers

et al, 2008. One advantage of this method is that participants can justify their decisions. In
recall sessions, using multimedia sources provides the advantage of replaying and
reintroducing clues that were present throughout the task (Sime, 2006). Stimulate@lRecall

allows for the incorporation of realorld context. When used in conjunction with "well
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develod research designs' (Mackey&ass, 2005; Sime, 2006) and a recall session held as

soon as possible after the incident, it is a helpful tool.

This study sed semi structured interviews. Semi structured interviews allow for open ended
responses from participants for in depth information. The interview guide was constructed

using thekey constructs in theonceptual framework.

4.11.5Questionnaire

A questionmire is a tool for gathering and recording information on a topic of interest.
According to Anderson (2004), questionnaires are one of the most extensively used data
collection instruments in research, and they can be used to examine behaviour, attiafde, b
traits, and a variety of other variables. A questionnaire is a set of written, logical questions that
are provided to respondents (Sharma, 2022). Respondents write what they believe is the most
appropriate response to the question on a piece ef p8plfdistribution and seiftollection

of surveys is recommended to achieve a high return rate. Low response rates are common with
posted questionnaires. Questionnaires should always have a specific goal in mind that relates
to the research questionsn®of the benefits of using questionnaires in research is that most
people are familiar with them, and only a small percentage of people may require assistance in
filling them out (Harrisonet al, 2020). In the majority of circumstances, completing the
guestionnaire is simple and quick. The questionnaire, on the other hand, must be
straightforward in order for research participants to find it easy to complete.
Questionnaires/surveys also have the advantage of reaching out to many people at once.
However, here are certain drawbacks to using surveys. For example some respondents may
refuse to take the survey because they do not want to give information that they believe will
benefit them. Respondents may provide misleading information in some instancesa(Shar

2022). If the researcher forgets to ask a crucial question, it is impossible to go back and ask it
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after the questionnaire has been sent out to the respondents. The main flaw is that respondents

can interpret questions in ways that differ from whatrésearcher expects.

In the present study, questionnaires were designed for the teachers and students that helped the
researcher to respond to research questions 2 and 3. Data collected was triangulated with data

from observations and interviews.

4.12Data Presentation
Data was presented using thentesived from the key constructs in the conceptual framework.

Tables with narrations and verbatim were used to present data.

4.13Data Analysis

Six key constructs were identified as teacher content knowldohgeyledge of students,
knowledge of assessment, science teaching orientations, knowledge of the curriculum and
knowledge of instructional strategies. These formed the basis for data analysis. The Analytical
framewok was adopted from Carpandlerlume (2019. However, for all the key constructs,
sub-constructs have been identified that are a prerequisite to the development and analysis of
each key construct. These were used to evaluate the teacher level of each key construct.
Analysis of individual key corteucts were done separately and used in the evaluation of

teacher PCK.

Teacher so6 | ev el consiutts veere categodsked as lImied, oasie, proficient,

and advanced according to the teachathéds abi
analytical table for the key construct. The
were categorised as inadequate, adequate, and advanced, based on the observed levels of the

sub-constructs as shown in the evaluation tables for eachdestruct.
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4.131 Analysis of content knowledge

Table 42 Analytical framework for teacher content knowledge

Content knowledge

features of the five
kingdoms.

Use diagnostic
features to divide
kingdoms into
phylum.
Taxonomic hierarchy
Binomial
nomenclature
Sociceconomic
importance of the
five kingdoms

Identifying organisms
using diagnostic
features of the five
kingdoms.

Use diagnostic
features to divide
kingdoms into
phylum.

Taxonomic hierarchy
Binomial
nomenclature
Sociceconomic
importance of the five
kingdoms
Conservation

Constructs Limited Basic Proficient Advanced
Concepts Misses any Covers just the Covers just the Covers the content
coverage concepts content stipulated by| content with slight and applies the
stipulated bythe | the syllabus. application to day to | concepts to day to
syllabus Identifying organismg day lives. day lives.
using diagnostic 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

No alignment of

Little alignment of

Adequate alignment

Close alignment of

of the explanation
of the concepts

inaccurate but
did not address
the concepts

which loosely
addresses the
concepts

accurate with only
small inaccuracies
seen, or they were to
brief

of concepts in concepts in lesson | of concepts in lesson
concepts lesson conceptsn lesson

Scientific Explanations Explanations were Explandions were Explanations were
accuracy were mostly Somewhat inaccurat§ mostly 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

(S

No links made
to NoS and/or
Sl

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

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

Many of the
possible links to
NoS and/or Sl are
made

Adapted from (Carpendale & Hume, 2019)
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Table 43 Criteria for evaluation of content knowledge (Based on the conceptual

framework)
Level of Content| Advanced Adequate Inadequate
knowledge
Concept coverage | Advanced Proficient, Basic Limited
Appropriateness o| Advanced Proficient, Basic, Limited
concepts
Scientific accuracy| Advanced Proficient, Basic Limited
Links made with| Advanced Proficient, Basic Limited
other concepts
Links made with| Advanced Proficient, Basic Limited
NOS
4.132 Analysis of teacher knowledgeadt udent s understanding
Table44Anal ytical framework for evaluating
understanding
PCK indicator: Knowledge of student understanding
Limited Basic Proficient Advanced
Teacher recogniseq No facilitation of Facilitates Facilitates Exposed lea n e
and acknowledges | discussions that discussions that discussions that misconceptions
possible student expose | eexpose Legexpose | e|through
prior knowledge, misconceptions misconceptions. misconceptions. discussions
difficult concepts, | Learners are spoen| Confronts some of | Confronts most of | Confronts all of
and misconceptiong fed with the them by providing them by expanding| them by
necessary prior standardised and rephrasing expanding and
knowledge. definitions. further rephrasing
further.
Confirms
| earners
understanding
Teacher uses No Acknowledgement of| Some Many instances
identified variations| acknowledgement | variations in student | acknowledgment of| where teacher

in student
understanding and
learning to guide
instruction

and/or se of
variations in studen
understanding and
learning to guide
instruction

understanding or
learning, but not usec
to guide instruction

variations in studen
understanding or
learning are uskto
guide instruction

acknowledged
variations in
student
understanding or
learning and used
these to guide
instruction

Teacher uses
questioning to
probe or extend
student

understanding

No questions are
used to probe or
extendstudent
understanding

A few questions are
used to probe or
extend student
understanding

An adequate range
of questions are
used to probe or
extend student
understanding

Many and varied
guestions are use
to probe or extend
student
understanding

(Carpandk & Hume, 2019)

The teac

adequate

her 6 s |

, and

evel

advanced

s of

constocts as summarised in table 4.4.
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Table 45 Criteria for evaluation of teacher knowledge of student¢Based on the

conceptual framework)

Level of Teacher knowledge of
students

Inadequate

Adequate

Advanced

Teacher recognises ar
acknowledges possible stude
prior  knowledge, difficult
concepts, and misconceptions

Limited

Proficient, Basic

Advanced

Teacher uses identifie
variations in studen
understanding and learning |

Limited

Proficient, Basic

guide instruction

Advanced

Teacher
probe or
understanding

uses questioning
extend

studen|

Limited

Proficient, Basic

Advanced

4.133 Analysis of teacher knowledge of the curriculum

Table 46 Analytical framework for teacher knowledge of the curriculum

PCK indicator:

knowledge of curriculum

to other topics

concepts was also
logical. Adequate
interconnections
made with other
topics

Construct Limited Basic Proficient Advanced
Knowledge of No overall Limited knowledge | Adequate Highly
goals and knowledge of goals| of goal and knowledge of goals| knowledgeable
objectives and objectives objectives and objectives
Explains irrelevant
concepts.
Leaves out
important concepts
in the topic.
Interconnection of| Sequencing of all | Relevant key ideas| Relevant concepts | Explains concepts
concepts with key ideas is are discussed but | are explained and | giving them the
other topics Illogical. The not given attention | given enough attention they
interconnections equally. attention. Most of | deserve.
between concepts | Sequencing has the key ideas are | All concepts are
are not explained. | illogical placing of | sequenced sequenced
No cannections most of the key logically. The logically, in the
made with other ideas. Limited interconnection order of
topics. connections made | between most importance.

Also explains the
interconnections
between all
concepts. Much us
of interconnections
with other topics

Interconnection
with other
disciplines

No connections
made to other
disciplines

Limited
interconnections
made withother
disciplines

Adequate
interconnections
made to other
disciplines

Much use of
interconnections
with other
disciplines

Adapted from (Carpendale & Hume, 2019)
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Table 47 Criteria for Evaluation of teacher knowledge of the curriculum (Based on the

conceptual framework)

Level of Teacher knowledge of| Inadequate Adequate Advanced
the curriculum

Knowledge of goals an{ Limited Proficient, Basic Advanced
objectives

Interconnection of concepts ai| Limited Advanced
of concepts with other topics Proficient, Basic

Interconnection  with  othe| Limited Proficient, Basic Advanced
disciplines

4.134 Analysis of teacher knowledge of assessment

Table 48 Analytical framework for teacher knowledge of assessment

W PCK indicator : Knowledge of assessment

Limited Basic Proficient Advanced
Appropriate Inappropriate Limited /few Adequatedimensions Highly appropriate
dimensions of | dimensions dimensions of | assessed dimensions assessed
science to assessed science
assess assessed
Appropriate Inappropriate Limited/few adequate Highly appropriate
methods of methods of
assessment assessment

Table 49 Criteria for evaluation of teacher knowledge ofassessment (Based on the

conceptual framework)

Level of Teacher knowledge of| Inadequate Adequate Advanced
assessment

Appropriate  dimensions g Limited Proficient, Basic Advanced
science to assess

Appropriate methods o Limited Proficient,Basic Advanced
assessment
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4.135 Analysis of teacher knowledge of instructional strategies

Table 410 Analytical framework for teacher knowledge of instructional strategies

PCK indicator: Knowledge ofinstructional strategies
Limited Basic Proficient Advanced
Appropriate Explains new Teachers ask Teacher asks few | Teacher asks higher
sequence for concepts without | closed ended higher order order questions.
teaching exploring and guestions. questions Expands confrontation
concepts developing prior | Confronts Expands of misconceptions and
knowledge misconceptions | confrontation of confirms
Concepts are but does not misconceptions but| understanding.
sequenced expand does not confirm All key ideas are
illogically, and explanations. understanding. sequenced logically as
interconnections | Key ideas are Most key ideas are | well as the links
are not explained.| explained in almost sequenced | between them
isolation as well | logically with links. | consecutive concepts.
as their
interrelatedness.
Relevant No examples Examples Examples and/or | Relevant
examples and/or And representations Examples and/or
and/or representations | representations | used have some representations used
representations | used to engage | used that do not | relevance but that appear
are with concepts appear to be appear pedagogically effective
used in the Lesson is highly | pedagogically pedagogically Generally, learner
lessons, teachercentred. effective Limited | limited. centred lesson.
which appear to involvement of Evidence of
be learners. encouraged learner
pedagogically involvement.
effective at
portraying the
concept
Use of strategie§ No use of Limited use of Adequate use Much use of
that allow for strategies that strategies tht of strategies strategies that
metacognition | allow for allow for that allow for allow for deep
metacognition metacognition metacognition levels of
metacognition

Adapted from (Carpendale & Hume, 2019)

Table 411 Criteria for Evaluation of teacher knowledge of instructional strategies
(Based on the conceptual framework)

Level of teacher knowledge of Inadequate Adequate Advanced
instructional strategies

Appropriate sequence for Limited Proficient, Basic Advanced
teaching concepts

Relevant examples and/or representati| Limited Proficient, Basic Advanced
are used in the lessons, which appear t

pedagogically effective at portraying th

concept

Use of strategies that allow fq Limited Proficient, Basic Advanced
metacognition
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4.136 Analysis of science teaching orientations

Table 412 Analytical framework for teacher knowledge of science teaching orientations

W PCK indicator : Science teaching orientation
Limited Basic Proficient Advanced
Beliefs about | No knowledge | Limited Adequate Highly appropriate and
purposes of | on purpose of knowledge on illustrated during lesson
teaching teaching science purpose of delivery
science teaching
science
Beliefs about | inapprgriate limited adequate Highly appropriate
science
teaching and
learning
Beliefs about | inappropriate limited adequate Highly appropriate and
NOS illustrated during lesson

Adapted from (Carpendale & Hume, 2019)

Table 413 Criteria for Evaluation of teacher knowledge of science teaching orientations
(Based on the conceptual framework)

Level of teacher knowledge ofl Inadequate Adequate Advanced
science teaching orientations

Beliefs about purposes ( Limited Proficient, Basic Advanced
teaching science

Beliefs about science teachir Limited Proficient, Basic Advanced
and learning
Beliefs about NoS Limited Proficient, Basic Advanced

Evaluatioso f t he t e a c hkeyrcdnstrucksevere used dofevaludidbe teacher
level of PCK. The teacher levels of PCK were categorised as Advanced, Adequate and

Inadequate. Table 4.14 was designed and used to evaluate teacher PCK for this study.
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Table 414 Criteria for evaluation of teacher PCK (Based on the conceptual framework)

Teacher 6s P|Inadequate Adequate Advanced
Content knowledge Inadequate Adequate Advanced
Knowledge of students | Inadequate Adequate Advanced
Science teaching Inadequate Adequate Advanced

orientations

Knowledge of| Inadequate Adequate Advanced
assessment
Knowledge of| Inadequate Adequate Advanced

instructional strategies

Knowledge of  the Inadequate Adequate Advanced
curriculum

4.15Rigour of The Study

One of the key strengths of case stutidke richness of the information they provide (Gibbert

et al, 2008). Gibberet al.(2008) also observed that both the strengths and weaknesses of case
studies lie in the eye of the beholder. Cobeal (2007 and Aryet al (2006) suggested that
rigour is an important requirement in qualitative research, as it gives credibility to the research.
lllustrating rigour in quantitative research is easier as there are standardisedupes

whereas rigour in qualitative reseatds less standardised procedures (Pratt, 2008).

In qualitative research the term trustworthiness is often used as a measure of rigour in place of
validity and reliability as is the case with quantitative studies. Researchers such as Silverman,
(2010; 2013 have demonstrated how qualitative research can deal with issues relating to
rigour. The notion is supported by researstseich as Schwandtal.,(2007); Aryet al (2006)

and Cohenret al (2007) who are of the view that rigour in qualitative reseaam be

determined by the credibility, dependability, conformability and transferability of the study.

4.16Credibility of The Study
The established confidence in the findings of the study about context, research design,

participants and the methodology used in the research give credibility to the case stuaty (Ary
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al., 2006; Silverman, 2012013). Mabry (2009) argued that the uséri@ingulation helps to
enhance the credibility of the study. In this study, triangulation was achieved using various data
collection methods which included content analysis, lesson observations, teacher interviews,
teacher questionnaires, as well as leargeestionnaires in order to produce-depth
understanding of the phenomenon under study. The interrogation of the data collected using
different techniques helped to build a deeper and broader view of the study. The lesson
observations gave an initialsight into the enacted PCK. Triangulation of data from lesson
observations, interviews and questionnaires gave an insight into the general teacher topic
specific PCK for Biodiversity. Just as Mabry (2009) argued that there is need for a critical
review of work on the study. The researcher had all instruments reviewed by experienced
researchers and every stage of the study was constantly critically reviewed by supervisors.
These reviews helped in providing a continuous focus on the research questionstedrec

and the best way to move towards finding answers to the initial questions posed.

4.18Dependability of The Study

Schwandet al.,(2007) stressed that there is a close link between credibility and dependability
and argued that, in practice, a demsiation of the former may imply ensuring the latter. In

this research dependability was achieved using overlapping methods in data gathering and
analysis. The research design in this study constituted a prototype which could make the reader
of the reseah understand the methods used and their effectiveness. Yin (2008) and Denzin&
Lincoln (2005) regarded the use of multiple data collection methods in a case study as
paramount since it allows triangulation which in turn gives the required richness, aleghth,
breadth of the research. In this research emphasis was placed on the triangulation of data to

ensure rigour.
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4.19Confirmability of The Study

Denzin and Lincoln (2005) regarded confirmability of a qualitative research study as residing

in the effortby the researcher to attain objectivity. The researcher is expected to ensure that the
findings depict the experiences and ideas of the participants rather than the interests of the
researcher. To ensure this, detailed reasons for the selection of pescesked in every part

of the research are given. The researcher also ensured that the procedure and the interpretation
of the findings were free from bias as triangulation was used to corroborate the findings, a
notion also held by Argt al (2006). The @searcher also ensured that the findings emerged
from the data gathered and not from personal opinions. A personal audit trial was done in the
form of a table depicting the research questions in relation to the data collection instruments as

well as the m#hods used.

4.20Ethical Issues

Ethics in research studies entail the need to take into consideration the informed consent of the
participants, confidentiality, anonymity as well as privacy of those involved as participants in

the research (McMillan &chumacher, 2010). To ensure that the research conformed to the

et hical demands®d researcher obtained an et
Committee (Appendix 1) to conduct the research before working with the participants.
Permission was alggranted to carry out research in the Zimbabwean secondary schools from

the Ministry of Primary and Secondary Education (Appendix 2), who then informed the
headmasters of the schools in which the study was to be carried out about the intentions of the

reseach through a written communication to the schools.

The Provincial Education Director gave permission to the researcher to go to schools and
conduct research through an authorization letter (Appendix 3). The researcher made an initial
visit to the four sbools and further requested permission from the school head after explaining

how data was going to be collected without
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headmasters filled in a consent form (Appendix 4). The headmasters acted-jprarecbs,

hence their permission also served as consent for the learners. Teachers who participated in the
research had to give their consent (Appendix 5) before participating through signing consent
form. All participants were informed that their participation walsintary and that they could
withdraw any time they felt they could not continue participating in the research. The

researcher also guaranteed the confidentiality of the participants in the research.

Before entering the classrooms for observation, theh&zacexplained my presence and
intentions to the learners to create a normal environment for data collection. The researcher
only visited the lessons as per timetable of the schools to ensure that the setting remained as
normal as possible. The names @& fgarticipants were not used in the research report. Instead,

pseudonyms of participants were used in the research.

4.21Summary

This chapter discussed various important issues on data collection. A synopsis of the research
methodology was given. This ilucled describing research design and the paradigm followed

in the study. The methodological approach used in this study; case study was discussed. The
reason for a pilot study was given and explanation on the selection of participants was given.
Data colletion methods were detailed to show the logical order of how data collection
occurred. A plan of how data were to be analysed was designed which guaranteed focus on
answering the research question. The issue of trustworthiness of the research was ¢aplained
prove authenticity of the qualitative research findings. Chapter five presents the findings and

discussion.
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CHAPTER 5
DATA PRESENTATION AND ANALYSIS

5.1Introduction

This chapter presents and analyses data for the four teacher particijp@nkgyconstructs

from the hexagonal PCK conceptual framework, including subject knowledge, knowledge of
students' understanding, knowledge of instructional strategies, knowledge of curriculum,
knowledge of assessment, and science teaching orientations, wett® usganise the data.
Enactel PCK for the Biology teachers was assessed. This is the specific knowledge and skills
utilised by an individual teacher in his/her classroom setting, with a particular learner or group
of learners with the goal for those lears to learn a particular concept. Enactment is viewed

as the knowledge and reasoning behind the act of teaching when interacting directly with the
learners and the act of planning instruction and reflection on instruction and learner outcomes.
The data fom lesson observation was triangulated with data from teacher interviews and

learner questionnaires.

5.2 Characterisation of Teacher Participants

5.2.1 Ms Rose

For purposes of anonymity, the first teacher participant was given the pseudonym Ms. Rose.
Ms. Rose is a holder of an MSc Food Science and nutrition, BSc Biological Science, and a
Diploma in Education. According to the qualifications given, Ms. Rose ikfigdato teach

Bi ology up to 6A6 |l evel. She has taught Bi ol
and acknowledges receiving several orientations to teaching the comgedsedecurriculum

which include syllabus interpretation and teachingthads, particularly the learnreentred

teaching methods. She recognizes the need for field trips in the teaching of Biodiversity. Ms.
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Rose has access to some resources recommended by the syllabus, particularly access to ICT.

Ms Rose teaches at a Boardstool in town.

5.2.2 Ms Candy

The second teacher participantdés pseudonym |
Science Education Honours Degree in Biology. She has experience in teaching Advanced level
Biology for over 20 years. Ms. Candy acknowledges that she received seaigiagys and

workshops as orientations to the competdveged curriculum. The orientations covered all

learning areas including psychomotor skills, use of practical work in teaching and learning,
entrepreneurship, and problem solvings Candy teaching at day school in town and has

access to a laboratory, ICT facilities and artificial ecosystems.

5.2.3 Mr Dee

The pseudonym for the third teacher participant is Mr. Dee. He is a holder of a Bachelor of
Science Education Degree in Biology. From the quatifics given, Mr. Dee is qualified to
teach Biology up to O6A6 Level. He has exper
twenty years. Mr. Dee has not received any form of orientation to the compbtsemt
curriculum.Mr Dee teaches at a day schaolown and has access to a laboratory, ICT facilities

and artificial ecosystems.

5.2.4 Mr Lazz

The fourth teacher participant was given the pseudonym Mr. Lazz. Mr. Lazz is a holder of a
Bachel or of Science Honour s O DradgateeDglomarin Bi ol ¢
Education. He has experience in teaching
Lazz did not receive any form of orientation for the competéased Biology curriculuntHe

teaches at a school day school in town that has &afalop and ICT facilities.
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Research question 1Wh a t

biodiversity?

does t

5.3 Demandsof The Topic On Biodiversity

To

Biology syllabus section on Biodiversity. A rubric for content analysis was designed and used

to illustrate the concepts, frequency of mention of a concept and the expected teaching and

answer

research

he

guest.i

0Ab |

on 1,

evel

Bi ol ogy

data was

learning activities. Table 5.1 shows the rubric on content anabydisd topic on Biodiversity.

Table 51 Rubric for content analysis of topic Biodiversity

Objective Competences Concepts Freque | Activities Comment
ncy
Identify Observation Concept of 3 Identification of | The gllabus requires
organisms using biodiversity organisms. learners to identify
diagnostic Identification orgarisms using
features o (Definition, Use variety of | diagnostic featuredNo
Communication | species organisms to special mention is done
i o diversity, define to the concept of
Critical thinking | Genetic biodiversity and | Biodiversity, though this
diversity, and the different marks the beginning of
ecosystem forms of the chapter and is of
diversity) biodiversity great importance for
understanding of all
concepts.
Observation classification 10 Use of Emphasis is given to
dichotomous key| classification of
Identification to guide organisms. This is of
o activities in importance as it allows
Communication classification learners to understand
- - diversity better andiel
Critical thinking in the igentification ar?d
conservation of living
organisms.
Use diagnostic | Observation Diagnostic 7 Use of Useof diagnostic
features to features dichotomous key| features is the key to
divide kingdom | Identification to guide classification of
into phyla o activities on organisms.
Communication classification
inference
Observation Taxonomic 4 Activities to The syllabus highlights
hierarchy demonstrate the need to outline the
communication taxonomic taxonomic hierarchy.
hierarchy
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Observe the Observation Binomial 4 Activities on Emphasis is placed on
rules of nomenclature naming discussing the rules of
binomial Communication organisms using | binomial nomenclature.
nomenclature | binomial
inference nomenclature
Inference Importance of | 2 lllustration or This is a silent concept
use of binomial activities to in the syllabus; however
Problem solving | nomenclature demonstrate emphasis must be place
N o importance of on the importance of the
Critical thinking binomial use of binomial
nomenclature nomenclature.
Describe the Problem solving | Sociceconomic | 24 Use of videos, More emphasis is given
sociceconomic importance/valu ppt or any other | on the socieeconomic
importance of | Critical thinking | e addition activities to show| importance of the five
the five . the kingdoms.
kingdoms Innovation socioeconomic
L importance of
communication the Skingdoms.
Problem solving | conservation 10 Field trips Conservation is a cross
cutting theme that must
innovation Discussion on be emphasised
measures that | throughout the topic
can be putin
place to
conserve.
Activities can be
carried out in the
communitiego
conserve
ecosystems
Observation Threats to 0 The syllabus does not
biodiversity bring out issues of
Communication threats to biodiversity.
Critical thinking
Problem solving
Innovation Restoration of | O The syllabus is silent on
biodiversity ways through which
Critical thinking biodiversity can be
restored.
Problem solving
The 6A6 Level Zl MSEC syl l abus outlines

kingdom classification system and use of diagnostic features to further classify the kingdoms

into phylum. Furthermore, it emphasises the teaching of the taxonoenardmy, binomial

nomenclature, and the socioeconomic importance of the five kingdoms. Emphasis is placed on

value addition and conservation. However, no emphasis is placed on the threats to biodiversity

and the restoration of biodiversity.
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Table 52 Recommended learning activities

Recommended activities Suggested resources

Observing organisms Samples of organisms.
ICT tools

Classifying organisms into five kingdoms Samples of organisms.

Dichotomous key

Collecting anctlassifying organisms Samples of organisms.

Dichotomous key

Outlining the taxonomic hierarchy ICT tools

Discussing the rules of nomenclature ICT tools

Discussing the socieconomic importance of the fiv] ICT tools
kingdoms

Table 5.2 shows that sample organisms are needed when teaching about Biodiversity, this can
be made possible through collection of samples and through field trips to places like botanical
gardens. The table also highlights the importance of ICT in thhitepof the topic, and this

can be through using videos and images to show organisms. From table 5.2, the syllabus

requires the use of constructivist teaching and learning approaches.

Research questions 2 and 3

(@)

How do A fogy lteacheeslteadB thapic Biodiversity?

Why do 6Ad6 Level Bi ol ogy teachers teach abou

To respond to resear clevel Bolegy teacloers deach the tbpcw d o
Bi odiversity?) and r esear clbgyteachesstegachahe to@c ( Why
Biodiversity the way they doZfive consecutive lesson observations were made, data from the
lesson observations was triangulated with data from teacher interviews and questionnaires and
from learner questionnaires. Theaytical franework consisted of 6 key concepts which were

assessed individually. A lesson observation guide was constructed using the hexagonal

107



conceptual framework and used during lesson observations. An interview guide and

guestionnaire were also constructed usimghéxagonal conceptual framework.

5.4 Evaluation of Teacher Content Knowledge

Five subconstructs for teacher content knowledge were identified in the content knowledge
Analytical framework, these are concept coverage, appropriateness of conceptsjcscientif
accuracy of explanations, connections made with other concepts, or connections made to the
Natureof Science The teacher 6s | eongrucs wdreocategeriged as o f |
i mited, basi c, proficient, ality o exhithitvcartain e d a c

attributes indicated in the Analytical framework.

The teacheros | evels of content knowl edge v
advanced based on eval uat i on songrbicts fohteachere ac h e
content knowledge. Pseudonyms for the teacher participants are Ms. Rose, Ms. Candy, Mr.

Dee, and Mr. Lazz.
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knowl ed

Knowl edge

5.4.1 Analysis of Ms. Roseds content
Table53Anal ysi s of Ms. Ro s eBidive®sityn t e n t
Construct Observed attributes Level
Concept coverage Ms Rose covered just the content stipulated by the syllabus| Proficient
She identified organisms using diagnostic features of the
kingdoms.
Used diagnostic features to divide kingdoms into phylum.
Taxonomic hierarchy.
She defined binomial nomenclature, gave examples ang
significance of using binomial nomenclature
Socioeconomic importance of the five kingdoms.
Conservation
Appropriateness of | Adequate alignment of conceptslessons. Proficient
Concepts
Scientific accuracy | Explanations were mostly accurate with only small inaccurg Proficient
seen
of explanations
of the concepts
Links made to other | Some of the possible links and connections were made Proficient
concepts
Links made to the| No links made to NoS and/or Sl Limited

nature of science
(NoS) and/or
scientific inquiry

Concept coverage

Table 5.3 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, defincandept and

describing the different types of biodiversitg., genetic diversity, species diversity and

ecosystem diversity. The organisms were classified into kingdoms using the diagnostic features
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and further into phylum. Ms Rose outlined the taxorminnerachy, described using examples

the 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 cover ed. cddtecoverage wasl sated fRoficielet Gisce all dhe
concepts stipulated by the syllabus were covered and the teacher further looked at issues of
conservation and sustainable use. She outlined the purpose of teaching the topic at the
beginning of each lessoRindings from the lesson observations tally with the findings from

the teacher questionnaires and interviews. Ms. Rose highlighted the need to conscientize
learners on the importance of all forms of life, placing emphasis on sustainable utilisation and
improving livelihoods through sustainable use. Due to these attributes Ms. Rose is at the

Proficient level in concept coverage.

Appropriateness of concepts

Table 5.3 shows that Ms Rose taught appropriate concepts in line with the content analysis of
the sylldbus. 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 organisms into kingdoms and further classificatiophiyito was

done. Hence, Ms Rose taught the appropriate concepts with adequate alignment. 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 in igigdearners during the lesson and to
assess their learning progress. Objectives also help teachers to be cognizant of the goal of their
instruction so that the lesson be purposefully designed to achieve the se€Cgoakquently,

Ms. Rose was at Profemt level regarding appropriateness of concepts covered on

Biodiversity.
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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 ractéwstic of all
organisms in kingdomnimalia. However, there ar@nimals, for example in phylunoRfera,

that lack cephalization. If teachers believe that they have higleféeticy, they may not be

aware that they must continually improve theiresce content knowledge. 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 tacher made connections with the digestive, circulatory, and skeletal systems, while links
were made with transport systems, reproduction in plants and photosynthesis during discussing
the plant kingdom. The data tallies with data from learner questioenaiteen 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 scienaa seientific enquiryNatureof Scienceentails 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 ifinanerely learning about science to practising and knowing

it. Consequently, Ms. Rose was rated Limited on links made to NoS.
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The Analytical framework for content knowledge was used to avale

knowledge Ms Rose had adequate content krexige.

Ms

Roseds

5.4.2 Analysis of Ms Candyods content knowl
Table54Ms. Candyb6s Content knowledge on Biodi
Sub-construct Observed attributes Level
Concept coverage | Covered just the content with slight application to dageyp lives | Advanced
Identifying organisms using diagnostic features of the
kingdoms.
Use diagnostic features to divide kingdoms into phylum.
Taxonomic hierarchy.
Binomial nomenclature.
Sociceconomic importance of the five kingdoms
Conservation
Restoration
Application in day to day lives
Afppropriateness Adequate alignment of concepts in lesson Advanced
0
Concepts
Scientific Explanations were mostly accurate with only small inaccurg Proficient
accuracy seen, or they wer®o brief
of the explanation
of the concepts
Links or | Many of the possible links and connections are made Advanced
connections made
to other concepts
Links made | Some of the possible links to N@&d/or S| are made Proficient
(implicit or
explicit) to the

nature of science

(NoS) and/or
scientific inquiry
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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 andise of diagnostic features to divide kingdoms into phylum.
Taxonomic hierarchy, binomial nomgature, socieeconomic importance of the five
kingdoms and conservation, issues of restoration and application of concepts in day to day life
were covered. Theonicepts taught tallied with all the concepts in the content analysis, hence

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
examplein the first lesson Ms Candy introduced the concept of biodiversity and discussed the
definition and the different types of biodiversityg., genetic diversity, species diversity and
ecosystem diversity. She then moved on to discussing why it is empartstudy 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 few inaccuracies seen, for exémeptoncept

of alternation of generations was explained very well in lesson three, but thertesferred

t o it aationdflgeneraii@dbvhile the sporophyte generation was referred to as the
Gaprophyté This can distort learner understargisince a saprophyte is an organism that is

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.
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Links and/or connections made to other concepts

Many of the possible links and connections are made, for example, the teacher emphasised the
need for conservation, restoration of ecosystems and use of knowledge learnt in value addition
and entrepreneurship throughout kegsons. 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 aaserved, used in value addition and economic recovery of the country. As

shown in table 5.4, Ms. Candy was rated Advanced.

Links made to the nature of science

Someof the possible links to the fowere made. Several organisms were brought to class
during he lesson on classification of organisms into the five kingdoms. Through practical
activities in pairs, learners were asked to identify the diagnostic features and classify organisms
into their kingdoms. Ms Candy demonstrated understanding of the factoacepts of the
topic and the discipline. I n Ms Candyods | es
were mainly through the process of scientific inquiry tiglopractical activities and sheas

rate proficient as shown in table 5.4

The Analyticalf r amewor k f or content knowledge was u
knowledge. From table 5.4 above, it can be noted that Ms Candy ranged from proficient to
Advanced, in all her ratings in the sabnstructs, hence Ms Candy had adequate content

knowledye.
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5.4.3 Analysis of Mr Deeds content knowl edge

Table55Anal ysis of Mr Deeds content knowl edge ¢

Sub-construct Observed attributes Level

Concept coverage Missed many concepts stipulated by 1 Limited
syllabus

Appropriateness of Little alignment of concepts in lesson Basic

concepts

Scientific accuracy Explanations were somewhat inaccurate, wl Basic

) loosely addressed the concept
of the explanation

of the concepts

Links and/or connections| No possible links and/or connections made | Limited
made toother concepts

Links made (implicit or | No links made to NoS and/or SI Limited
explicit) to the nature of
science (NoS) and/ol
scientific inquiry

Concept coverage

All lessons were carried out throutgarner presentations, during which the teacher prohibited

learners from asking questions. This is what Mr Dee said at the beginning of the lessons.

AWe expect no interruptions during the pres

interjections, queési ons wi |l |l be asked at the end of t he

However, the teacher did not give time for questions at the end of the presentations but instead

moved on to the next presenter.

Several concepts were not taught. For example, in the first lesson, the prdséned the
term biodiversity, and no mention was made to the types of biodiversity. The diagnostic

features of the five kingdoms were given and classification of organisms into kingdoms was
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done, however no further classification into phylum was dooeio®conomic importance of

the five kingdoms were 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 attribuls, Dee is at a Limited level regarding the

concepts of biodiversity.

Appropriateness of concepts

Concepts taught were appropriate, but inadequate as most concepts were not covered. Adequate
alignment of concepts was noticed in learner presentationse@aerstly, Mr. Dee is at 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 readingprepared notes during the presentations which can negatively impact learner
understanding. Accordingly, Mr. Dee is at Basic level regarding the scientific accuracy of

biodiversity concepts.

Links and/or connections made to other concepts

Few links weranade 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 Limited level nggardi

links made with other concepts.
Links made to the nature of science
No links were made to the NoS in all the observed lessons, learnersfsdaach other using

the lecture method. Even though the organisms are present in every ecosystem, no practical
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activity was done. The teacher showed a lack of knowledge on processes used to establish new

knowledge in science. Therefore, Mr. Dee was rated Limited regarding links made with NoS.

Mr Dee did not have either a scheme of work or a lesson plan. Thereonasdence of

planning. When asked why he was not planning, this is what Mr Dee had to say:

0l just donot

have my scheme of

actually planning to fail.?®o

wWor

k, but pl

From this statement, the research dedubat Mr Dee knew the importance and consequences

of not planning but still did not plan. Analytical framework for content knowledge was used to

identify the content knowledge level of Mr Dee. It was noted that Mr Dee had inadequate

content knowgdge forteaching orBiodiversity.

5.4.4 AnalysisoMr Lazzo6s Content knowl edge

Table5.6 Anal ysi s

of Mr Lazz6s content

knowl edge

concepts

Sub-construct Observed attributes Level
Concept coverage Missed some concepts stipulated byshkabus Limited
Appropriateness of Little alignment of concepts in lesson Basic

Scientific accuracy

of the explanation

Explanations were somewhat inaccurate, wh
loosely addressed the

Basic

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

concept(s)
of the concepts
Links and/or connections made| No possible links and/or connections made Limited
to other concepts
Links made (implicit or explicit) | No links made to NoS and/or SI Limited
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Concept coverage

Mr Lazz missed some concepts stipulated by the syllabus. For example, 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 adiliti@local context

were not taught. Hence, Mr Lazz6s concept C (
workbooksi.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 hetvas

planning, this is what Mr. Laz had to say,

fiScheming 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. | think there should be

another way which&en i nvol ve only evaluation than pl ar

When asked how he ensures efficient lesson delivery and concept coverage without planning

for the lesson, this is what Mr. Laz had to say,

filt depends on the experience of the teacher, when someone experienced, there is no
need for scheming. | think scheming is necessary when on attachment, if it is to be done, maybe

it must be done for the first three years af

From the responses given by Mr. Lazz, tesearcher 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 confidence to

comment on student presentatiombis could be attributed to not only lack of planning and
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preparing 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 concpts covered were appropriate, though there was little alignment of the concepts
covered. From the student presentations, learners just presented the concepts assigned to them
without linking to previous concepts presented by other students. Accordingliiakris at

Basic level regarding the appropriateness of concepts on biodiversity.

Scientific accuracy of the explanation of the concepts

The concepts presented were accurate and alignment of concepts was noted from the student
presentations. The presersteshowed 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

biodiversiy.

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 scienBabsequently, Mr. Lazz is at Limited level

regarding the links made to the NoS.

An analysis of Mr Lazz»O6s content knowl edge
in table 5.7 and the content knowledge Analytical framework, it was noted that Mhadzz

inadequate content knowledge.
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5.4.5 Comparison of teacher
Table57Compari son of teacher participantso
Concept Ms. Rose Ms. Candy Mr Dee Mr Laz Comment
Concept Coveredthe Covered the | Did not teach | Did not teach | Ms. Rose and Ms.
coverage stipulated stipulated some some Candy covered the
content. No content and concepts. concepts. stipulated cacepts.
applications to | applications However, Ms. Candy
dayto-day life | were made to made applications tg
were made. day to day the | earn
lives. day lives. Mr Dee
and Mr Lazz skipped
some concepts.
Appropriate | Adequate Adequate There was Little Concept alignment
ness of alignment of alignment of | little alignment of | was noted for Ms.
concepts concepts noted.| concepts alignment of | concepts. Rose and Ms. Candy
noted. concepts. however, there was
little alignment of
concepts for Mr Dee
and Mr Lazz.
Scientific Explanations Explanations | Some Some Ms. Rose and Ms.
accuracy of | were mostly weremostly inaccurate explanations | Candy gave accurats
concepts accurate. accurate. explanations | were explanation, while
noted inaccurate Mr Dee and Mr Lazz
gave some
inaccurate
explanations
Links made | A few links Many links No links made | No links made| Ms. Rose made mor
to other were made to | were made with other with other links to the other
concepts otherconcepts. concepts concepts concepts, whilst a
few links were made
by Ms. Candy, No
links were made by
Mr Dee and Mr
Lazz.
Links made | No links were A few links No links made| No links made| A few links were
to NoS a« made to NoS were made to NoS to NoS made to the NoS by
scientific Ms. Candy, whilst
enquiry the other 3 teachers
made no link to NoS
and the scientific
enquiry.
Content Adequate Adequate Inadequate Inadequate Ms Candy and Ms.
knowledge Rose had adequate

content knowledge,
whilst Mr Dee and
Mr Lazz had
inadequate content
knowledge.
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Table 5.7 summarises the level of each teacher in themwiricts of content knowledge
Teachercontent knowledge ranged from inadequate to adequate. The researcher noted that all
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 referr¢kdedessons

progressed. When asked why they were not planning, this is what Ms. Rose had to say,

Al dondt have any scheme or | esson plan; | u
or wrote a lesson plan. If you really want the scheme for yesearch, | can just write the

section on Biodiversity for youbo

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

AWith experience, | now know how to deliver my lessons effectively without a scheme or lesson

planbutsi ng the syll abus and my notes. 0

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,

ol Uus e magxpetierca o lensuregthat the lessons go on very well. | do plan, but just
dondét write it down. That's why there were s
the ecosystem and used to guide instruction.

When asked during the interview why hasanot planning, this is what Mr. Laad to say,

AScheming and planning are | aborious, gi verl
everything and the teacher is asked to scheme again while the syllabus is there. | think there

should be anotherway wiic can i nvolve only evaluation t he
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Upon requesting permission to conduct research from one of the headmasters, this is what the

head said,

APl ease do not bother my teachers, dondét you

Such a remark from an adnistrator, who has the ultimate responsibility opetvising the
teachers and thechool at large was an indicator of a poor working environment where it was

possble that minimunteaching and learning activities were taking place.

5.5Evaluation of Teacher Knowledgeof Student Understanding

The teachero6s |l evels of knowledge of student
adequate, and advanced. The Analytical framework shown in table 4.4 was used and shows
that the teacher level of studé understanding 1is determined
recognize and acknowledge student prior knowledge, difficult concepts, and misconceptions.
The teacher must be able to use the identifi
to guideinstruction as well as use questioning to probe or extend student understanding.
Comparisons were made between the teacher's level of knowledge in-tenstriocts in the

Anal ytical framework and eval unddrstadingshownf t he
in table 4.5 Data for teacher participants was presented independently, though comparisons

between the teachers were made.
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5.5.1 Analysis Ms Roseds knowledge of studen

Table58Ms Rasna@&r standing of studentsd under st al

Sub-construct Observed attributes Level
Teacher recognises an Facilitates d scussi ons t ha| Proficient
acknowledges possible stude misconceptions.

prior knowledge, difficult

concepts, and misconceptions Confronts most of them by expanding a
rephrasing further

Teacher uses identified variatiol Acknowledgement of variations in stude Basic
in student understanding arn understanding or learning, but tnased to
learning to guide instruction guide instruction

Teacher uses questioning to prd An adequate range of questions are use( Proficient
or extend student understanding| probe or extend student understanding

Recognition and acknowledgement of possible student prioknowledge, difficult

concepts, and misconceptions

Ms. Rose acknowledged possible student prior knowledge. A questtkemnswer session was

carried out at the beginning of each lesson from which the teacher would build on the lesson
from the ideasthe t udent s had. This tallied with the
responses. When the eighteen students were asked if their teacher considered the knowledge
they had when teaching, they all responded yes. The data from the lesson observations and
learner questionnaire tallied with the data collected from the interview with Ms. Rose and from

the teacher questionnaires. When asked if learner prerequisite knowledge affected her lesson

planning, Ms. Rose responded,

6Yes, | ear ni ng eaarganisedesequentially,@r frent kmawh t unknown or
from simple to complex, hence, | had to probe for what the learners knew at the beginning of

each | esson. 0
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She facilitated discussions and confronted most of the misconceptions by explanations and
corrections. For example, when she was teaching about bryophytes, one student pointed out

that they lack roots, and she was quick to correct the learner.

0Bryophytes |l ack true roots; bryophytes have

Ms. Rose idetified learner misconceptions through interaction with learners in class as the
learners participated. This tallied with the data collected from the questionnaires and

interviews. When asked how she identifies learner misconceptions, Ms. Rose responded,

orhrough pupil feedback when | ask questions, during interactions in class discussions and

through weekly assessments in class.

Ms. Rose corrected the identified misconceptions in class by revisiting the concept and
explaining the misconception. Thiswhat Ms Rose said during the interview, when asked

how she addresses the identified misconceptions:

0Al I |l earner misconceptions are corrected th

work, remediation and concept revisiting and explanations.

This tallied with the data from the learner questionnaires, when asked if they had any
mi sconceptions prior to yeshe Aedswhen uBbé&ed:
mi sconceptions wer e fcroormm etchtee dt e aad H e rrobss peoxnpllec
discussions.When asked in what ways students influenced her teaching decisions, this was

Ms Rosebds response,;

0At the beginning of the | essons | ask quest
lessons | continue to use questions to gledeners and to identify areas of difficulty. This

gui des the class discussions and my expl anat
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From her response, one can tell the emphasis she placed in learner prior knowledge and learner
understanding throughout the lessd@onsequently, Ms. Rose was rated Proficient on

acknowledging possible student prior knowledge, difficult concepts, and misconceptions.

Use of identified variations in student understanding and learning to guide instruction

Ms. Rose acknowledged thariations in student undeastding and learning even thoutliis

was not used to guide instruction. No variations were made to instruction to suit various levels

of Il earner understanding. Despite theeobseryv
just used PowerPoint presentations to explain concepts, no practical activities, field work or

any other teaching method was used. Subsequently, Ms. Rose was rated Basic at the use of

identified variations in student understanding and learning to gustieiction.

Use of questioning to probe or extend student understanding

Adequate range of questions were used to probe or extend student understanding in all the
observed lessons. This tallied with the teacher responses in the interview quoted above, it i
clear that Ms Rose values the role of questioning and probing. Hence, Ms. Rose was rated

Proficient at questioning or probing to exte

Ms Rosed0s | evel of studentsd undakframewarkhdi ng

shownin table 4.4 andtable4d&6nd she had adequate knowl edge
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5.5.2 Analysis of Ms Candyds knowledge of st

Table59Ms Candy 6 knowl edge of Botiwediggnt sd6 under st

Construct Observed attributes Level

Teacher recognises and Exposed | earner sd miAdvanced
acknowledges possible student | discussions
prior knowledge, difficult

concepts, and misconceptions

Teacher uses identifiadariations | Some acknowledgment of variations in Proficient
in student understanding and student understanding or learning are used

learning to guide instruction guide instruction

Teacher uses questioning to prol An adequate range of questions are used tq Proficient

or extend student understanding| probe or extend student understanding

Recognition and acknowledgement of possible student prior knowledge, difficult

concepts, and misconception

Ms. Candy facilitated discussions that exposed leam&onceptions and confronted all the
misconceptions with explanations, probing and paraphrasing. She recognized that the learners
had prior knowledge, hence, the introductions included a set of questions used to derive and
activate learner prior knowledgfrom which the lesson was expanded. For example, on
introducing the topic, she asked, Awhat i s

fivariety of plants and animals on eadth

This was Ms. Candydés response,

AYes, it includes the variety of ptanand animals, however, let's break down the word, Bio

means | ife and diversity means variety, so w

The second studemtdivespongye iwag hefi variety of
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The teacher 60%e s e gyob Bisdwarsityasshe vafiety of life forms on earth,

not just plants and ani mal s. 't includes oth

Throughout the observed lessons, Ms. Candy identified misconceptions and difficult concepts

and confonted all of them by expanding and rephrasing further. This tallied with the data from
learner questionnaires. When asked if the teacher considered their prior knowledge, they all
responded) y es8he further confirmed beechquestonsatd un d
the end of the lesson and through classwork and tests. Accordingly, Ms Candy was rated
Advanced at acknowledgement of possible student prior knowledge, difficult concepts, and

misconceptions.

Use of identified variations in student undestanding and learning to guide instruction

Some acknowledgment of variations in student understanding or learning are used to guide
instruction. Learners were given work to research on and present to class. However, as the
learners presented the teachesuld interject sometimes and explain identified difficult
concepts. For example, during classification of plants into phylum, learners were having
challenges in understanding the features of bryophytes and Ms. Candy had to interject during
the presentatiorand used pictures to explain features of bryophytes. Likewise, during
classification of organisms into kingdoms, Ms. Candy took over after the presenters and used

a dichotomous key an@msiple organisms to explain thiassification.

When asked in whatiays students influenced her teaching decisions, this is what Ms Candy

had to say,

AfWhenever I f eel | earners ar e nrhods. Sametonesrlst and

take over fronthe presenter and explain the concepts when | notice that stuatentsiving
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challenges in understanding. | even bring in pictures and other teaching aids to ensure that

students wunde

rstand. 6

From her response, Ms Rose valued learner understanding and used varied methods to

stimulate learner understanding. Therefore ®mndy was rated Proficient in using identified

variations in student understanding and learning to guide instruction.

Use of questioning to probe or extend student understanding

An adequate number of questions were asked to probe and extend studerianoiidgrs

Hence, t he

teacher

was rat ed

Prof

i Cci

ent at

view of the levels of the three constructs, Ms. Candy had adequate knowledge of student

understanding.

student

under st an

543Anal ysis of Mr Deeds knowledge of
Table 510Mr Deeds knowl edge of student
Construct Observed attributes Level
Teacher recognises an No facilitation of discussions that expog Limited
acknowledges possible studg | ear ner mi sconcept.i

prior knowledge, difficult

concepts, and misconceptions

Learners are spoeied with the necessar
prior knowledge

Teacher uses identified variatio
in student understanding a
learning to guide instruction

No acknowledgement and/or use of variatig
in student understanding and learning to gy
instruction

Limited

Teacher uses questioning to prg
or extend student understanding

No questions are used to probe or ext
student understanding

Limited

Recognition and acknowledgement of possiblestudent prior knowledge, difficult

concepts, and misconceptions

There was no facilitation of discussion to expose learner prior knowledge or misconceptions.

At the beginning of the presentations. This is what Mr. Dee said.
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AWe expect n during thé presentagonsiinterss of questions or any other

interjections, questions willdasked at the end of the presentations

From his statement, the teacher prohibited any form of discussion, and consequently,
throughout the lesson, learners madespntations and no questions, or any form of
contributions were made by the other learners or the teacher himself. The learners seemed
abseniminded as their colleagues were presenting. Hence, there was no way the teacher could
identify the learner's pricknowledge, misconceptions, and difficulties. The findings from the
observations tallied with the responses from the teacher questionnaires. When asked if the

|l earner's prerequisite knowledge affected hi
Thisimplies that prior knowledge, areas of difficulties and misconceptions were not identified
and made use of during the | essons. The obse

asked if the teacher considers their prior knowledge, 80% of thgnoresd e d, 6 no 6.

Learners are not tabularas (empty vessels); hence their prior knowledge is of significance for
building up new knowledge. A constructivist facilitator creates a learning environment that
promotes exploration and discoveries by learr@rsjever, Mr. Dee did not engage learners

to expose the prior knowledge. Subsequently, Mr. Dee was rated Limited at recognising and

acknowledging possible student prior knowledge, difficult concepts, and misconceptions.

Use of identified variations in studet understanding and learning to guide instruction

No acknowledgements were made to the variations in learner understanding and learning to
guide instruction. The teacher just gave learners areas to research on and present. This was the
mode of instructionwhether learners understood or not, no questions or interjections were
allowed. However, when the presentations ended, learners were dismissed and there was no
time for them to ask questions. When asked why he prohibited learners from asking questions,

this is what Mr Dee had to say.
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OWe are behind in ter ms eedfoensune thdt mdraicenceptearee r a g e

covered during the lessoBs.

This was an indication that the teacher was just worried about concept coverage and not if the
learmersunder st ood or not. Consequentl vy, the teec

variations in student understanding and learning to guide instruction was at Limited level.

Use of questioning to probe or extend student understanding

No questions were ad by the teacher to probe or extend learner understanding. When asked

in what ways students influenced his teaching decisions, this is what Mr Dee said,

OPresent at i o-cestrechteaehingamethar dhat rerecourages learners to research,

presentand har e i nformation. 0

This shows that besides giving out objectives to students for learners to present, he does not
consider learners during teaching and learning. Hence, the teacher's knowledge of questioning
to probe or extend student understanding \agedrLimitedAnal ysi s of Mr Deeo:
of student understanding using table 4.4 and table 4.5 of the analytical framework showed that

Mr Dee had inadequate knowledge of student understanding

130



544Anal ysis of Mr Lazzd6s knowledge of student

Table511Mr Lazz knowledge of studentsd understa

Construct Observed attributes Level
Teacher recognises and No facilitation of discussions that expose | Limited
acknowledges possible student || ear ner mi sconcept.

prior knowledge, difficult Learners are spoefied with the necessary

concepts, and misconceptions | prior knowledge.

Teacher uses identified variation] No acknowledgement and/or use of variatig Limited
in student understanding and in student understanding and learning to gu

learring to guide instruction instruction

Teacher uses questioning to prol No questions are used to probe or extend | Limited

or extend student understanding| student undrstanding

Teacher recognises and acknowledges possible student prior knowledge, difficult

concepts, and misconceptions

There was no facilitation of discussions to expose learner misconceptions. Learneifedpoon
each other during the lessoMghen asked if learner prerequisite knowledge affected his lesson
pl anning, he responded 6énobd. This was very

When asked how he identified learner misconceptions, this is what Mr. Laz had to say,

ABy usdtnigomueand | etting the | earners do the

From the response above, the researcher deduced that the teacher never identified the learner
misconceptions and seemed not interested in the teaching process. The data tallied with the
data collectedrbm the learner questionnaires, when asked if the teacher considered their prior
knowledge all respondedln.o 6Hence t he teacherbés | evel of

possible student prior knowledge, difficult concepts, and misconceptions was atiLimite

Teacher uses identified variations in student understanding and learning to guide

instruction
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There was no acknowledgement of student variations in understanding, hence this did not guide
instruction. Consequent | y jatiobshnetuderd indelstandiogs | e v

and learning and using them to guide instruction was Limited.

Teacher uses questioning to probe or extend student understanding

No questions were asked to probe or extend student understanding. When asked in what ways

students influence his teaching decisions, this is what Mr Lazz said,

0l give the | earners the objectives to resea

From his response, Mr Lazz did not consider learners during teaching and learning. He only

gave presentations and nevensidered learner understanding during instruction. Hence, the

|l evel of teacher knowledge of questioning to
An analysis of Mr . Lazz6s knowledge of stu
comparison of hisevels of the three constructs atable 4.5 Hi s | evel of

understanding was inadequate.
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545Compari son

of

teacher

participants?o

k nowl

Table512Compari son of t emedoamce parti ci pantso
Sub-construct | Ms Rose Ms Candy Mr Dee Mr Laz Comment
Teacher Identified Exposed learner | Did not Did not Ms Rose and Ms
recognises and | learner prior prior knowledge, | facilitate facilitate Candy
acknowledges | knowledge, difficult concepts | discussions to | discussionsto | acknowledges the
possible student| difficult and expose prior expose prio significance of
prior concepts, and | misconceptions | knowledge, knowledge, prior knowledge
knowledge, misconceptions | through question | difficult difficult in student
difficult through andanswer concepts, and | concepts, and | learning, while
concepts, and | question and sessions and misconceptions.| misconceptions.| Mr Dee and Mr
misconceptions | answer and facilitated Instead, he Lazz seemed not

facilitated discussions or prohibited to worry about the
discussions to | changed teaching| learners from prior knowledge,
explain difficult | methods to asking difficult concepts,
concepts and to| enhance learner | questions. and
clear understanding. misconceptions
misconceptions.
Teacher uses th{ Acknowledges | Teacher used the| Did not use Did not use Ms Candy used
identified the differences | variations in differences in differences in the identified
variations in in student student students' students' differences to
student understanding, | understanding to | understanding tq understanding tq guide instruction,
understanding tq however, did guide instrution. | guide guide while Ms Candy
guide not use them to instruction. instruction. did not. Mr Lazz
instruction guide Mode of Mode of and Mr Dee were
instruction instruction was | instruction was | in the class as
always student | always student | spectators as the
presentations. | presentatios. learners made
presentations
without them
commenting.
Teacher uses Used a wide An adequate No questions No questions Ms Candy and Ms
questioning to | range of range of questiongy are used to are used to Rose used a wide
probe and questions to were asked to extend student | extendstudent | range of questions
extend student | probe and extend students' | understanding. | understanding | to extend student

understanding

extend student
understanding

understanding.

understanding,
however Mr Dee
and Mr Lazz did
not ask questions
during their
lessons.

Teacher
knowledge of
students
understanding

Adequate

Adequate

Inadequate

Inadequate

Ms Candy and
Ms Rose had
adequate
knowledge of
student
understanding,
while Mr Dee
had inadequate
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Table5. 12 ummari ses the teacher sd Iablesysadwsthabthe st ud
t e a c lewlrobstudent understanding ranged fromadequate to adequate. Two teachers,
Ms Rose and Ms Candy had adequate knowledge of student understanding, while Mr Dee and

Mr Lazz had inadequate knowledge of students understanding.

5.6 Evaluation of Teacher Knowledgeof the Curriculum

Teacher knowledgef the curriculum was evaluated using the Analytical framework shown in

table 4.6 and table 4.Three sukconstructs were noted as contributing to teacher knowledge
of the curriculum. These are knowledge of goals and objectives, interconnection ofteoncep

with other topics and interconnection with other disciplines.

5.61 Analysis of Ms Rose knowledge of the curriculum

Table513Eval uati on of Ms Roseb6s knowledge of th

Sub-construct Observed attributes Level

Knowledge of goals and objective| Laid down lesson objectives at th Advanced
beginning of each lesson af
covered all curriculum objectives ¢

biodiversity.

interconnection of concepts wit Interconnection of Concepts wit proficient

other topics other topic
interconnection with othe| A few connections made with oth{ Proficient
disciplines disciplines

Relevant concepts were explained and sequenced logically. Adequate connections were made
to other topics such as ecosystems and conservation as shown in table 5.14. However,
limitations in the competences that must be imparted to the learners were hetedintlude

problem solving, critical thinking and innovation. This was due to the methods of teaching used
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by the teacher. The lessons were mainly exam oriented and at some point, used typical

examination questions. Ms. Rose had adequate knowledgeafrtiwilum.

5.6.2 Analysis of Ms Candyds knowl edge
Table514Ms Candy6s knowledge of the curri
Sub-construct Observed attributes Level
knowledge of goals and objectives Demonstrated knowledge of gog Advanced
and objectives of the curriculun
Shared objectives with the learn
and stated the skills expected
develop in the learners.
interconnection of concepts wil Adequate connections were ma] Advanced
other topics with other topics during learng
presentdons
interconnection with othe| Connections made by learng Advanced
disciplines during presentations to issues

conservation, sustainable ug
restoration learnt in other learnir|

areas

of

cul

t

um

Ms. Candy was highly knowledgeable of the goals and objectives of the topic as shown in table

5.15. Concepts were logically sequenced and explained very well. Interconnections between

concepts, topics and disciplines were made. Teacher was cognisameddiseof the syllabus

and topic during her teaching, several organisms were brought to class during classification,

and the teacher had no access to ICT and pointed out that she could have used videos to show

some organisms but had no access and insteaglit pictures of those organisms that were

beyond her reach. Ms. Candy showed awareness of various instructional materials, teaching

procedures, and learning objectives necessary for effective teaching of the topic. The data

tallies with responses frofearner questionnaires, when asked how they were going to use the
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information | earnt d ur i ncgnsetvdtien, valwepadddign ande s p o n
sustainableuse. Thi s i s an indicator that problem s

imparted to the learners. Ms. Candy had advanced knowledge of the curriculum.

5.6.3 Analysis of Mr Deeds knowledge of the

Table515Eval uati on of Mr Deeb6s knowledge of the

Sub-construct Observed attributes Level

knowledge of goals and objectiveg Objectives of the curriculum wen Basic
shared with learners.

interconnection of concepts wif Few connections werenade with| Limited

other topics other topics during learng
presentations

interconnection with othe| A few links were made to othq Limited

disciplines disciplines.

Relevant key ideas were discussed but not given enough attention. Key concepts were just
given inpresentations without use of any resources to facilitate learning. Knowledge of the
objectives was demonstrated as shown in table 5.16. However, some goals of the curriculum
were not achieved. These include imparting skills such as problem solving aadl ttvirking.

Critical methods that instil such skills were not used. These include field work, practical and
other hand®n activities. Links were made to other topics, and a few made to other disciplines.
Mr Dee had inadequate knowledge of the currigulthis tallies with the responses from the
learner questionnaire. When asked the skills that they will use in their day to day lives, they all
responded, identification and classification of organisms. This illustrated that key skills needed

inthelearne s 6 d a ives ivare ndtamparted to them.
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5.6.4 Analysis of Mr Lazzdéds knowledge of the

Table516Mr Lazz6s knowledge of the curriculum

Sub-construct Observed attributes Level

Knowledge of goals and objective{ Teacher well knowledgeable on th{ Basic
goals and objectives of the
curriculum. Shared objectives with
the learners as a guide to learner
presentations.

interconnection of concepts with | Interconnections of concepts were| Limited

other topics noted during learnegresentations.
interconnection with other A few connections made with othe| Limited
disciplines disciplines

Mr. Laz had inadequate knowledge of the curriculum. He had adequate knowledge of goals
and objectives. Relevant key ideas were disulis$he students made few interconnections

with other topics during their presentations, for example reference was made to issues learnt in
ecology and conservation, and however, few connections were made to other disciplines.
However, despite having theéwledge of the objectives, limited knowledge of the goals of
science were exhibited since all lessons were through learner presentations and no practical
activities were done that instil problesolving and critical thinking skills. Such skills are
necessry in the students6é day to day | ives. He

curriculum.
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5.6.5 Comparison of teacher knowledge of the curriculum

Table 517 Comparison of teacher knowledge of the curriculum

Key construct

Knowledge of the curriculum

Sub- Ms. Rose Ms Candy Mr Dee Mr Lazz Comment
construct
knowledge of | Laid down lesson| Demonstrated | Objectives of | Teacher well All the teacher

presentations

goals and objectives at the | knowledge of | the knowledgeable on | participants had
objectives beginning of each| goals and curriculum the goals ad knowledge on
lesson and objectives of | were shared | objectives of the goals and
covered all the curriculum.| with learners. | curriculum. Shared | objectives,
curriculum Shared Methods used| objectives with the | however, Ms
objectives on objectives with| did not learners as a guide| Candy
biodiversity. the learner and| enhance to learner demonstrated
However, stated the skill§ development | presentations. greater
methods used did| expected to of critical Methods used did | understanding
not trigger develop in the | thinking and | not enhance of the needs of
development of | learners, used | problem development of the curriculum.
critical thinking teaching solving. critical thinking and
and problem methods to problem solving
solving. stimulate
development
of critical
thinking and
problem
solving.
interconnectio | Interconnection of| Adequate inadequate Few Ms Rose and
n of concepts | Concepts with connections connections | interconnections of | Ms connected
with other other topic were made were made concepts were concepts to
topics with other with other noted during learne| other topics.
topics during | topics during | presentations.
instruction learner
presentations
interconnectio | A few Connections | A few links A few connections | Ms Rose and
n with other connections made made by were made to | made with otbr Ms Candy
disciplines learners during disciplines connected

concepts to
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with other

disciplines

to issues of
conservation,
sustainable
use, restoratior]
learnt in other

learning areas

other

disciples.

other
disciplines,
though Ms
Candy
demonstrated

excellent skills

in connecting
concepts to
other learning
areas, which
included
Geography,
Business
studies,

Accounting.

Teacher Adequate Advanced Inadequate Inadequate Ms. Candy had

knowledge of Advanced
the knowledge of

curriculum the curriculum

Table 5.18 summarises findings on teacher knowledge of the curriculum. The table shows that
teacher knowledge of the curriculum ranged from inadegteatadvanced. The teacher
participants with inadequate knowledge of the curriculum demonstrated inadequate knowledge
of the goals of the competenbased curriculum, while the teacher with advanced knowledge

of the curriculum, Ms Candy demonstrated knowtdfjthe needs of the competence based
curriculum, not only in the objective but also in teaching methodologies that stimulate the

development of the 2century skills.

5.7 Evaluation of Teacher Knowledge Of Instructional Strategies
Teacher knowledge of instructional strategies was evaluated using the Analytical framework
shown in table 4.10. Teacher knowledge of instructional strategies is influenced by the

appropriateness of the sequence of teaching concepts, use of relevant xample
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representations which are pedagogically effective at portraying the concept and use of

strategies that allow for metacognition.

5.7.1 Analysis of Ms Rosed6 knowledge of inst

Table 518 Ms Rose knowledge oinstructional strategies

Key construct Knowledge of instructional strategies

Sub-construct Observed attributes Level

Appropriate sequence of concepts Concepts logically sequenced | Proficient
such a way that enhanced leari
understanding.

Relevant examples ofl Examples and representations w¢ Basic
representations that al pedagogically effective
pedagogically effective 3
portraying the concept

Use of strategies that allow f¢ Few strategies were used th Bastc
metacognition allowed metacognitian

The teacher used PowerPoint presentations during teaching classification and the five
kingdoms. PowerPoint presentations had some pictures of the organisms. Most key ideas were
sequenced logically. The examples/ representations used had some relevaappeared
pedagogically limited. There was limited use of strategies that allow for metacognition. Though
the PowerPoint presentations were used to engage learners, there was limited use of strategies
that guide learners construct their own knowleddme fHpic Biodiversity requires field work,

project based learning and practical work to help learners construct their own knowledge,
however, these methods that stimulate critical thinking and prestdving skills were not

used, and the teacher could bat least brought model organisms to class. When asked to

evaluate her teaching methods, this is what Ms. Rose had to say.

fiBiodiversity must be taught through field works and practical, however we do not have

adequate resources for practical and fi&ldrk .
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Findings from the | earner questionnaire tall/l
the understanding of the topic could have been improved, the learners felt that the topic
bi odiversity coul d higleog practecahnd fieldaworgshd Hoevset v eurs,i
some plants, animals, fungi, monerans and protista are locally available. Such organisms could

have been brought to class and enable teachers to facilitate learning.

Most of the organisms are available in our ecosystems and bauk been used to guide

learners in classificatioMs. Rose had adequate knowledge of instructional strategies

5.7.2 Analysis of Ms Candydé knowledge of ins

Table5.19Ms . Candy 0 s instuctional stchtggees o f

Key construct Knowledge of instructional strategies

Sub-construct Observed attributes Level

Appropriate sequence of concepty Concepts well sequenced and Proficient
explained

Teacher asked high order questior

Addressed misconceptions

Relevant examples or Relevant and pedagogically Proficient
representations that are effective examples
pedagogically effective at
portraying the concept

Use of strategies that allow for Strategies learner centred Proficient
metacognition
Allow metacogition

A few high order questions were asked by the teacher. Key ideas were logically sequenced,
and relevant examples and representations were used that were pedagogically effective. In all
the lessons sample organisms were brought to class and used to guidtions Where the
organisms were not found locally the teacher used pictures in textbooks, for example
bryophytes and sponges. Plate 5.1, Plate 5.2 and Plate 5.3 are the pictures of some of the plants
used in classification of Kingdom plantae. The teagae students an area to research and
present. Students used the plants to trigger discussions on the diagnostic features of the several
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phyla. The lessons were learfeantred and the teacher was also actively involved in guiding
learners as the presations progressed. This is what Ms. Candy said during the presentations

to promote discussions.

fiCan | stop you a little bit, remember you are leading a discussion. You are not giving people

answer s, | want everyone to be involved. 0

This made the presamtchange the mode of instruction delivery from spoon feeding to use of
guestions to guide instruction. There was adequate use of strategies that allow for

metacognition. Ms Candy had adequate knowledge of instructional strategies.

Plate 5.1 Coniferophyta: Sample plant used inclassification and identification of

diagnostic features by Ms Candy.
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Plate 5. 2 Filicinophyta: Sample plant used in classification and identification of

diagnostic features by Ms Candy.

Plate 5.3 Angiospermophyta: Sample plant used in classification and identification of

diagnostic features by Ms Candy
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5.7.3 Analysis of Mr Destatesgek nowl edge of 1inst

Table 5.20Mr Deeds knowledge of instructional str
Key construct Knowledge of instructional strategies
Sub-construct Observed attributes Level
Appropriate sequence of concepty Concepts logically sequenced Limited

No exploration of prior knowledge

No identification and clarification
of difficult concepts

Relevant examples or No examples or representations | Limited
representations that are used to engage learners
pedagogically effective at
portraying the concept

Use of strategies that allow for No strategies were used that allow Limited
metacognition metacognition

Concepts were logically sequenced; however, the teacher did not explore prior knowledge, no
use of examples or representations to engatiecancepts. The lessons were stueitred

in the sense that students made the presentations, however, as students presented, there was a
need to engage with the media to guide each other and discover new knowledge. In the
observed lessons, the studetttok the role of a traditional teacher, to give information. There

was no use of strategies that allow for metacognition. Teacher mentioned limited resources
during lesson delivery as a limitation. However, most of the sample organisms are found in
everycommunity and to worsen the situation, there were specimens of several animals in the
laboratory that neither the teacher nor the presenters referred to during the lesson. Attached are
photos of preserved samples of animals in the laboréRiaye 5.4, Rte 5.5, Plate 5.6 and

Plate 5.7) This tallies with the questionnaire response from learners, when asked, what
methods could have improved their understanding, they all respoaded, e | d t ri ps,
pictures, or nieathleddenwohsted inagemuaie knovdedg® of instructional

strategies.
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Plate 54Pr eserved animals in Mr Deef6s | aboratory

Plate 5.55Pr eserved ani mal s i n MdurinyéstrGcdionl abor at or vy
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Plate 56Pr eserved animals in Mr Deedbds | aboratory

Plate557Pr eserved animals in Mr Deeds | aboratory

The researcher felt the teacher could have availed these samples and many more in the
environment to guide learners build new knowledge. Teachers should think of resources locally

available instead of creating constraints by wanting to visit the botayacdén or national

parks when the concepts can be effectively taught away from the suggested sites. However,
funds and other conditions permitting a visit to such places can motivate learners and enhance

learning. Consequently, Mr Dee had inadequate kedgé of instructional strategies.
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5.7.4 Analysis of Mr Lazzds knowledge of
Table5.21Mr Lazz06s knowledge of instructional
Key construct Knowledge of instructional strategies
Sub-construct Observed attributes Level
Appropriate sequence of concepty Concepts sequenced logically Basic
No exploring learner prior
knowledge
Teacher did not identify, expose,
and explore difficult concepts
Relevant examples or No use of examples or Limited
representations that are representations pedagogically
pedagogically effective at effective
portraying the concept
Use of strategies that allow f¢ No strategies were used for learn Limited
metacognition understanding and development.
Mr . Lkrowlédge of instructional strategies was limited. The mode of instruction was

st

limited to student presentations. The syllabus stipulates that during teaching Biodiversity there

is need for use of sample organisms and ICT, however this was not donetderaigerved

lessons. There was limited use of strategies that allow for metacognition. When asked in the

guestionnaire on methods students felt could have improved their understanding of the topic,

t he

st udentfeld tps,ividdo @and usdd ;pi &€t ur es

o Studenh e

org

presentations can facilitate an active learning environment, however, teachers used learners as

a mode of delivering traditional instruction.
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5.6.5 Comparison of teacher knowledge of instructional strategies

Table 5.22 Comparison of teacher knowledge of instructional strategies

Key construct

Knowledge of instructional strategies

knowledge of
the
instructional
strategies

Sub-construct | Ms. Rose | Ms Candy Mr Dee Mr Lazz Comment
Relevant Concepts | Concepts well Concepts Concepts All teacher
examples or logically sequenced and | logically sequenced participants
representations | sequenced | explained sequenced logically logicaly
that are in such a sequenced
pedagogically | way that Teacher asked No exploration | No exploring concepts.
effective at enhanced | high order of prior learner prior However, Ms
portraying the | learner questions knowledge knowledge Candy used high
concept understand ) order gquestions,
ing. Addressed No Teacher did not | jgentified
misconceptions | identification identify, expose,| misconceptions,
and clarification | and explore and addressed
of difficult difficult them.
concepts concepts
Relevant Examples | Relevant and No examples or| No use of Ms Candy and Ms
examples or and pedagogically representations | examples or Rose used
representations | representat| effective used to engage | representations | examples and
that are ions were | examples learners pedagogically | representations,
pedagogically | pedagogia effective however, Mr Dee
effective at Iy and MrLazz did
portraying the | effective not use any
concept examples to
stimulate
understanding.
Use of strategiey Few Strategies learner| No strategies No strategies Ms Candy used a
that allow for strategies | centred were used that | were used to variety of
metacognition | were used allow learner strategies to allow
that Allow metacognition | understanding | for metacognition,
allowed metacognition and followed by Ms
metacognit ) development Rose. However,
ion. e.g practical Mr Dee and Mr
activities, Lazz did not and
e.g use of | discussions, seemed not
powerpoint| sample interested in the
presentatio| organisms, process of
ns with pictures teaching
pictures
Teacher Adequate | Adequate Inadequate Inadequate Ms Rose and Ms

Candy
demonstrated
adequate
knowledge of
instructional
strategies whilst
Mr Dee and Mr
Lazz had
inadequate
knowledge.
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Table 5.22 shows a comparison of

straegies. The level of teacher knowledge of instruction strategies ranged from inadequate to

adequate.

5.8 Evaluation of Science Teaching Orientations

Factors affecting teacher knowledge of science teaching orientations were identified as the
beliefs about poses of teaching science, beliefs about science teaching and learning as well

as beliefs about thedtureof Sciencein the Analytical framework shown in table 4.12 and

table 4.13.

5.8.1 Analysis of Ms Rosebd6 orientat

Table 5.23Ms Roseds

orientations

0O teachi

Key concept

Science teaching orientations

Scienceas illustrated by lack of exposur
of learners to the methods of scientific
enquiry

Sub-construct Observed attributes Level
Beliefs about purposes of teachii Demonstrated adequate knowledge of | Proficient
science purpose ofeaching science. Referred t¢
problems in society during discussions
though the teaching methods used did
allow imparting of problem solving and
innovation
Beliefs about science teaching a Adequate knowledge of science teachi| Proficient
learning and learning. Inc@perated issues of
conservation, value addition
Beliefs about NoS Limited knowledge about &tureof Basic

Ms Rose demonstrated adequate knowledge of the purpose of teaching science. During her
lessons she referred to current issues in the society, for example land degradation, destruction
of habitats, extinction of organisms and climate change. She allowdddnissions on how

such problems affect biodiversity and how they can be solved. However, the teaching method
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used by Ms Rose (powerpoint presentations and discussions) limits the development of
problemsolving and critical thinking skills. Learners colldve been exposed to practical
activities, field work and videos. Ms Rose illustrated her beliefs that science teaching can solve
societal problems by laying out solutions to the issues in society during her discussions.
However, Ms Rose had limited knaadge of NoS since all the lessons were conducted through
presentations and discussion. From the content analysis, the syllabus emphasises the need for
practical and field work. Science is founded or derived from observations of the world around
us. No pratical, field work or projecbased learning was done. This shows the teachers limited

knowledge of the process of scientific inquiry.

The researcher also noted that Ms Rose had no scheme of work or lesson plan. Teacher used a
notebook and downloaded PoWeint presentations for the lessons. Lack of planning
manifested in delay in starting of the lessons due to failure to use the projector. This showed
that on an ordinary lesson, without anyone observing the lessons, the teacher did not use the
PowerPoint pesentations and the projector. When asked about the workbooks, this is what the

teacher had to say

~

Al donét have any scheme or | esson plan; | u:
or wrote a lesson plan. If you really want the scheme/éarr research, | can just write the

section on Biodiversity for youo

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

AWith experience, | now know how to deliver my lessons effectively without a scheme or lesson

planlut wusing the syll abus and my notes. 0

Science is a practical subject that requires planning. lgadkioning limited the teacheuring

lesson delivery. Ms Rose had adequate orientations to science teaching.
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5.8.2 Analysisof MsCanggid s or i enteadeteachmng t o s ci
Table5.24Ms Candyés orientations to teachi
Key concept Science teaching orientations
Sub-construct Observed attributes Level
Beliefs about purposes of teachil lllustrated that she believestience| Advanced
science teaching should impart critica
thinking, problem solving an
innovation
Beliefs about science teaching a| Solving societal issues Advanced
learning
Hunger, poverty, land degradatio
habitat destruction
Beliefs about NoS lllustratedthat she believes scientifi Advanced
method requires observatio
experimentation, induction, criticg
analysis

Ms . Candyobs b

el i efs about

purposes of

ng

S

illustrated during lesson delivery. She emphasisedhe need for conservation and value

addition throughout her lessons. This was her introduction to lesson three.

Al 6m sorry on

Friday | was

not around.

SCi

ci en

went

myself. It was a wedding, not muchato. It was well organised, and everything was there. This

showed that they had money to plan the wedding. So, | asked theleigeshe got the money,

since she only graduated last year. She said | started a mushroom project in January. So, she

is growing mushrooms and generating a lot of money. So, | said this is awesome, you are using

knowledge of biodiversity to get incomayill take photos to show my students. Remember |

sai d we must

be able to us

e knowl edge

t

o

ma k

In her introduction she gave a tangible example of the value that one can get by using the

knowledge obtmed from Biodiversity. This maglso motivatethe learners to venture into

several income generating projects from the knowledge gained from science.
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Ms. Candy focused on issues of conservation throughout her lessons. She believes science is
taught so that people can apply the knowledge for bettewhentiety and ecosystems which

is commendable. This is what Ms. Candy said in one of her lessons.

fiRemember | said all the organisms we are using must be released back into the ecosystem,

why. Who can give a reason why we released them back into tlyese¢o® m? 0

The response fr om donaintainfthe tbdlaace of ¢ha ecosgsierms Ms.s |,

Candy r es p o nYestd cobsgrveshany, to prgventthem from getting extinct

However, the teacher was cognisant of the fact that the learnersovsgiréor an examination
and guided them on how to answer questions. One salient observation was that participant

teachers aimed to assess studentsod understan

This was Ms. Candyo0s resgivemieythe leaoners dlringtgemavisiani ¢ f

of the practical test.
ALegi'vse features that we can observe, on dia

Ms. Candydés beliefs about NoS were highly ap
All the five observed lessons were learoentred, and the lessons scaffolded from engaging,
exploring, explaining, elaborating and evaluating, 5Es constructivist model. Such a
constructivi st strategy can i mprovelseft udent
cognition. Ms Candy demonstrated that she was good at initiating discussions, reinforcing

important concepts, and navigating through all her lessons.

Ms. Candy had no scheme of work or lesson plan. She used the syllabus and her notebook for
the lesons. This shows the need for supervision. When asked why she did not have schemes

of work and lesson plans, this was what Ms. Candy said.
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o1 use my teaching experience to ensure tha

dondot wr ihatswhy therelwene severallorganisms during the lessons collected from

1

the ecosystem and used to guide instruction.

The researcher noted that though she did not have lesson plans and the scheme of work, yes
there was some form of planning for her lessdil lessons involved some form of practical

activities. Ms Candy was rated Advanced at her orientation to science teaching.

5.8.3 Analysis of Mr Deeds orientations to s

Table 5.25Mr De e 6 s o rdcienoettemdchingppns t o

Key concept Science teaching orientations

Sub-construct Observed attributes Level

Beliefs about purposes of teachil No knowledge about the purpose| Limited
science teaching science. Believes
teaching for the examination

Beliefs about science teaching al Traditional mode of instruction Limited
learning
Beliefs about NoS No knowledge about NoS Limited

Only lecture method used

Prohibited discussions

Mr Dee had limited sciendeachingorientations. He illustrated no knowledge the purpose
of teaching science, has inappropriate beliefs about science teaching and learning and
inappropriate beliefs about NoS. The observed lessons were mainly traditional lessons
delivered by the students, where one student, the presenter,rieh&@owledge to the rest
of the class. When asked what the critical science ideas in his lessons were, this is what Mr.

Dee had to say.

Al mportance of the various kingdoms, there
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This statement clearly shows that the teachesdo&®t know t he purpose of
Bi odiversity. The teacheros failure to explz¢
because the teacher did not know. It is true that teachers cannot explain to students what they

do not know. Issues afonservation, restoration of ecosystem and value addition were not

mentioned. The teacher also used learner centred student presentations, however, there was no

active participation or engagement of | earne
ast he significance of teaching the topic, bio
60so that students develop interest in Biodiyv

The teacher was not aware of the need for development of critical thinking skills, problem

solving skills and innovation for eradication of poverty and sustainable use. When asked what

(@)}

his role was in the | esson, t his was Mr De e

O6Facilitator, educator, evaluator and counse

However, Mr Dee seemed to know what his role inlene® lesson was but could motecute

his rol e. Mr Deeds science teaching orientat
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5.8.4 Analysis of Ms Rosed6 orientations to

S

Table 5.26Mr Lazz6s orientations to science teach

Key concept Science teaching orientations

Sub-construct Observed attributes Level

Beliefs about purposes of teachij Exam oriented Limited

science

Beliefs about science teaching a| No knowledge demonstrated Limited

learning

Beliefs about NoS No knowledge on NoS Limited
Traditional instruction used

Mr. Laz was limited in science teaching orientations. He illustrated no knowledge of the
purpose of teaching science. He has limited beliefs about science teaching and learning.
Inappropriate belief about the nature of science were illustrated. Teacher used learner
presentations throughout his lessons, but he was not part of the lessons as he never contributed
towards learner understanding. When asked what his role was in the lesson, in both the
interview and questionnaire, the teacher said his role was to facilitate or guide the learners,
while the role of the learners was to research, present and ask questions. Student presentation
is a useful and enjoyable mode of learning that exposes the tstialehe skills of
communication, presentation, as well as to content understanding. However, the researcher has
attributed the failures by the teacher to keep up with the demands of being a facilitator to the
teacher identity that has developed in himellagn the personal and professional experiences.

Upon requesting permission to conduct research from the head, this is what the head said.

APl ease do not bother my teacherd dondt you

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.
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Mr Lazz had no deeme of work, lesson plan or any evidence of planning. When asked why he

was not planning, this was Mr Lazzds respons

fiScheming and planning is laborious, given that the syllabus has the objectives and everything
and the teacher is asked to scheme agédiile the syllabus is there. | think there should be

another way which can involve only evaluatio

From Mr Lazz6s response the researcher noted

profession. Mr Lazz had inadequate orientationscience teaching.
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5.8.5 Comparison of teacher orientations to science teaching

Table 5.27 Comparison of teacher science teaching orientations

Key construct

Science teaching orientations

Sub-constructs | Ms Rose Ms Candy Mr Dee Mr Lazz Comment
Beliefs about| Demonstrated | lllustrated that she | No knowledge| Exam Teacher
purpose of | adequate believes science about the oriented beliefs
teaching knowledge of teaching should purpose of ranged from
science the purpose of | impart critical teaching exam
teaching thinking, problem | science. oriented to
science. solving and Believes in imparting
Referred to innovation teaching for critical
problems in the thinking and
society during examination problem
discussions, solving
though the skills. Ms
teaching Candy
methods used demonstrated
did not allow excellent
imparting of beliefs on the
problem soling purposes of
and innovation teaching
science.
Beliefs about| Adequate Solving societal Traditional traditional Teacher
science knowledge of issues mode of mode of partic
teaching and| science teaching instruction instruction beliefs about
learning and learning. Hunger, poverty, science
Inco-operated | land degradation, teaching and
issues of habitat destruction learning
conservation, ranged from
value addition traditional
mode of
instruction,
where
learners are
spoon fed to
learning for
solving
societal
problems.
Beliefs about| Limited Illustrated that she | No knowledge| No Teacher
NoS knowledge believes scientific | about NoS knowledge | beliefs
about NoS as | method requires on NoS rarged from
illustrated by observation, Only lecture Traditional
lack of exposure| experimentation, | method used | Traditional | instruction to
of learners to | induction, critical o instruction | the scientific
the methods of | analysis Prohibited used enquiry
scientific discussions through
enquiry observation,
experimentati
on, and
critical
analysis.
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Orientations to | Adequate Advanced Inadequate Inadequate | Ms Candy
science had advanced
teaching orientations
to science
teaching, Ms
Rose had
adequate
science
teaching
orientations
and Mr Dee
and Mr Lazz
had
inadequate
science
teaching
orientations.

5.9 Evaluation of Teacher Knowledgeof Assessment

5.9.1 AnalysisofMRos e b6s knowl edge of assessment

Table5.28Ms Roseds knowledge of assessment

Key concept Knowledge of assessment

Sub-construct Observed attributes Level

Appropriate dimensions of scien( Assessment of prior knowledg Basic
to assess through question and answer

Assessment of learner understand
during lessons through questions g
answer

Understanding of concepts usif
homeworks and test

project

Appropriate methods of assessme Oral assessment Basic
Written assessments

Projectbased assessment

Ms Rose had adequate knowledge of assessment. Ms Rose asked questions at the beginning of
each lesson to assess learner prior knowledge. During the lessons, questions were also asked

to evaluate learner understanding and probiag done to stimulate learner understanding.
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Homework was given as well as a test at the end of the topic. However, the assessments done
were mainly on recall of the concepts learnt during the lessons. No practical assessments were
done by Ms Rose. Howevat the end of the topic, the teacher asked learners to collect two
samples of organisms, classify them, and give the economic importance of the organisms and
explain how the organisms can be used in va

work (Plate 5.8 and Plate 5.9)

Plate 5.8 Project based assessments made by Ms Rose

Plate 5.9 Project based assessments made by Ms Rose
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The data collected in observations tallies with the fitata the teacher interview. When asked

during the interview how she knows if students have learnt, this is what the teacher had to say.

fil measure learner understanding during the lesson using the responses learners give to the
guestions. The students alswoite classwork and tests. Furthermore, the project assigned to

them i s also used as an assessment t ool O

When asked why there were no practical activities during the lessons and as an assessment tool,

this is what Ms Rose had to say.

60Yes, we aepactidalsared fiedd wdrk, however, there are no resources. | would
have loved visiting the botanical garden and the national parks, but the funds here do not

permit that. o

However, most of the resources required for practical activities on Biodyarsitavailable
in nature and the teacher could have used the locally available materials. Ms Rose had adequate

knowledge of assessment.
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5.9. 2

Table 5.29Ms

Anal ysi s

Candyo6s

of Ms

lassesswierd d g e

Candyods

knowl edge

of

Key concept

Knowledge of assessment

Sub-construct

Observed attributes

Level

Appropriate dimensions of scient
to assess

Assessment of prior knowledg
through question and answer

Assessment of learner understand
during lessons througfuestions and
answer

Understanding of concepts usil
homework and test

Observation,  analysis,  criticg
thinking through practical test

Proficient

Appropriate methods of assessme

Oral assessment
Written assessments

Practical assessment

Proficient

of

as

Adequate dimensions of science were assessed. Ms. Candy placed great value on learner prior

knowledge and began all lessons with a set of questions to evaluate what the learners knew and

used it to build on new knowledge. During lessons, Ms Candy asdeaseer understanding

by asking a wide range of questions. Classwork exercises were given to learners at the end of

the lesson to assess learner understanding of the concepts covered during the lessons. Theory

test was given at the end of the topic to eatd learner understanding on the topic. Teacher

also administered a practical test, in which learners were given several specimens and asked to

observe and answer questions. Attached are photographs taken during the practical exercise

(Plate 5.10, Plate.b1 and Plate 5.12)
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Plate 5.100rganisms used by Ms Candy in practical exercise

Plate 5.110rganisms used by Ms Candy in practical exercise
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Plate 5.120rganismsused by Ms Candy in practical exercise.

The data collected tallies with the interview and questionnaire data. When asked on how she

evaluated learner understanding, Ms Candy said

Orhrough questions asked during the lessons, homework and tests aspyvelllas t i1 cal t es

Ms Candy demonstrated adequate knowledge of assessment.
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5.9.3 Analysis of Mr Deed0s knowledge of asse

Table 5.30Mr Deeds knowledge of assessment

Key concept Knowledge of assessment

Sub-construct Observed attributes Level
Appropriate dimensions of scien{ Assessed concepts covered Limited
to assess

No practical skills

Appropriate methods of assessme Concepts assessed through h/w ¢ Limited

test

No assessments were made during leglgtimery, since learners were just presenting without
meaningful discussions or the teacher asking questions to evaluate learner understanding. The
teacher evaluated understanding through written exercises and test, hence assessing only one
dimension, thexy. There is a need for assessments to be made in practical work, however, this
was not done. Practical and projbetsed assessments could have been used to help instil
problem solving skills and innovative skills in learners. Mr Dee had inadequate kigevwdé

assessment.
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5.9.4 Analysis of Ms Lazzoés knowledge of ass

Table5.31Mr Lazz6s knowledge of assessment

Key concept Knowledge of assessment

Sub-construct Observed attributes Level
Appropriate dimensions a$cience| Concept coverage Basic
to assess

Practical skills

Appropriate methods of assessmeg Homework and test Basic

Practical test

Adequate dimensions were assessed. He assessed students through homework, tests and a
practical exercise in which leamsewere given specimens to identify, classify and compare.
This covered both practical and theory. Ho we
understanding during lessons as he played a very pastevé teacher must take the role of

an assesso. This helps the teacher to diagnose s
understanding throughout the learning experience and guide instruction, as well as to measure

the understanding and knowledge at the completion of the learning experientezMad

adequate knowledge of assessment.
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5.9.5 Comparison of teacher knowledge of assessment

Table 5.32 Comparison of teacher knowledge of assessment

Key construct

Teacher knowledge of assessment

Sub-constructs | Ms Rose Ms Candy Mr Dee Mr Lazz Comment
Appropriate Assessment of Assessment of | Assessed Concept All teacher
dimensions of | prior knowledge | prior knowledge| concepts coverage | participants
science to through question | through covered assessed
assess and answer question and Practical | theory
answer No practical | skills concepts. This
Assessment of skills was a simple
learner Assessment of recall of
understanding learner concepts
during lessons understanding covered. Ms
through questions | during lessons Rose, Mr Lazz
and answer through and Ms Candy
guestions and assessed for
Understanding of | answer observation,
concepts using critical
homeworks and Understanding thinking skills
test of concepts through either
using project based
homeworks and or practica]
test tests.
Observation,
analysis, critical
thinking throudn
practical test
Appropriate Oral assessment | Oral assessmen| Concepts Homework | Ms Rose and
methods of assessed and test Ms Candy
assessment Written Written through h/w made oral
assessments assessments andtest Practical assessments
. _ test through asking
Project based Practical questions
assessment assessment during the
lessons. All
the
participants
gave written
homework and
tests. Mr Dee
had no form of
practical
assessment
Knowledge of | Adequate Adequate Inadequate Adequate | Except for Mr

assessment

Dee, all the
teacher
participant
showed
adequate
knowledge of
assessment
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Table 5.32 gives a comparison of participan
knowledge of assessment ranged from inadedoa@#equate. Three of the teacher participants
had adequate knowledge of assessment while one, Mr Dee had inadequate knowledge of

assessment.

5.10Teacher Pedagogical Content Knowledge
Table 5.33 illustrates eac hconseguatsihteerhexpgamalt i ci p
conceptual framework and the subsequent level of teacher PCK. Teacher PCK ranged from

inadequate to adequate.

Table 5.33 Summary of teacher PCK

Key Construct | Ms Rose Ms Candy Mr Dee Mr Lazz Comment

Content Adequate Adequate Inadequate | Inadequate | Content knowledge

knowledge ranged from adequate to
inadequate

Knowledge of | Adequate Adequate Inadequate | Inadequate | Knowledge of students

students understanding ranged
from adequate to
inadequate

Science Adequate Advanced Inadequate | Inadequate | Science teaching

teaching orientations raged from

orientations advanced to inadequate

Knowledge of | Adequate Adequate Inadequate | Adequate Knowledge of assessmer

assessment ranged from adequate to
inadequate

Knowledge of | Adequate Adequate Inadequate | Inadequate | Knowledge of

instructional instructional strategies

strategies ranged from adequate to
inadequate

Knowledge of | Adequate Adequate Inadequate | Inadequate | Teacher knowledgef the

the curriculum curriculum ranged from
adequate to inadequate

Teacher PCK | Adequate Adequate Inadequate | Inadequate | Teacher PCK ranged
from adequate to
inadequate
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5.11Summary Of Findings

Content analysis of the topi c-basddcBricbuchivaser si t
usedtoanswaresear ch questionl: What does the O0AOb
of the topic biodiversity? Concepts, objectives, competences, learning maaterd activities

were taken note of. The concepts included the concept of biodiversity, forms of biodiversity,
classification, taxonomic hierarchy, binomial nomenclature, secamomic importance of the

five kingdoms and conservation. Competences iredudobservation, identification,
communication, critical thinking, problem solving and innovation. The syllabus recommends

a wide range of learning materials and activities to ensure the imparting of the skills noted
above. These include activities on cotleg, observing, and classifying organisms. The
syllabus further recommends discussions and activities on binomial nomenclature and socio
economic importance of the five kingdoms. Additionally, discussions and Hoanaistivities

on issues of value addin and conservation are recommended. The syllabus recommends the
use of locally available materialsuch as sample organisms, ICT tools such as videos,
PowerPoinpresentations, pictures, and simulations. A constructivist approach to teaching and

processoriented instruction is recommended to ensure imparting of the specified skills.

To respond to the second research quessiomw do O AOG Level Bi ol ogy
topic Biodiversity? A topic specific PCK conceptual framework (hexagonal model) was
implemented from which an Analytical framework for PCK was crafted. The six constructs
used to respond to the research question were content knowledge, orientations to science
teaching, knowledge of student understanding, knowledge of assessment, knowlgage of
curriculum and knowledge of instructional strategies. Evaluation of the teacher participants

revealed the following.

Teacher content knowledge ranged from inadequate to adequate. Ms Rose and Ms Candy had

adequate content knowledge for the topic Biodiitg. They taught all the concepts stipulated
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in the syllabus. Adequate alignment of concepts was noted, and most explanations were
accurate. However, Mr Dee and Mr Lazz had inadequate content knowledge. The two teacher
participants did not teach some cepts. Little alignment of the concepts was noted, and some

inaccurate explanations were given. No links were made to NoS and the scientific enquiry.

Varying levels of teacher knowledge of students' understanding was noted. Two teachers had
adequatknowledge of student understanding; Ms Rose and Ms Candy, while the other two
teacher participants; Mr Dee and Mr Lazz, had inadequate knowledge of student understanding.
Ms Rose and Ms Candy identified learner prior knowledge, difficult concepts, and
misoonceptions. Lessons were built upon prior knowledge. They facilitated discussions to
explain the difficult concepts and misconceptions. Ms Candy further used the variations in
student understanding to guide instruction. Ms Candy and Ms Rose used nuniesiisg

to probe learners and extend student understanding. However, the teacher participants with
inadequate knowledge of students' understanding, Mr Dee and Mr Lazz, did not expose
studentsé6é prior knowledge, d i fnédescotiimstructiono n c e p t
were not guided by the students' understanding. The teachers did not use questioning or probing
to extend | earner understanding. Traditional

lessons.

Teacher participants ranged from iegdate to advanced knowledge of the curriculum. Ms
Candy had advanced knowledge of the curriculum. She demonstrated knowledge of the goals
and objectives of the competerdgsased curriculum. All her lessons were focused on
development of skills. Adequaterarections were made to other topics, disciplines and placed
emphasis on sustainable use, value addition, conservation, and restoration. Ms Rose had
adequate knowledge of the curriculum. Objectives were given to the learners for research and
presentationshbugh the methods used did not stimulate development of the required skills.

Connections were made to other topics and a few to other disciplines. Mr Dee and Mr Lazz
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had inadequate knowledge of the curriculum. Despite knowing the objectives, the teachers

failed to use teaching methods that stimulate development offloe@tury skills in learners.

Ms Rose and Ms Candy had adequate knowledge of instructional strategies, while Mr Dee and
Mr Lazz had inadequate knowledge of instructional strategies. Tbleeteparticipants with
adequate knowledge of instructional strategies (Ms Rose and Ms Candy), logically sequenced
concepts during lesson delivery. Examples and representations used were pedagogically
effective. These include powerpoint presentations, jeadciactivities and discussions.
However, Mr Dee and Mr Lazz had inadequate knowledge of instructional strategies. Though
concepts were logically sequenced, no examples or representations were used. The mode of

instruction was traditional and did not allanetacognition.

Science teaching orientations ranged from advanced to inadequate. Ms Candy had advanced
science teaching orientations. She illustrated the purpose of science teaching, and knowledge
of science teaching and learning. Her mode of instructiwing all the observed lessons was
process oriented. Learners were actively involved in the construction of knowledge.
Emphasised on issues of conservation, value addition and on development 6f¢batady

skills. She illustrated proficient belieisf NoS. Ms Rose had adequate science teaching

orientations while Mr Dee and Mr Lazz had inadequate science teaching orientations.

Ms Rose, Ms Candy, and Mr Lazz had adequate knowledge of assessment. Appropriate
dimensions of science were assessed usingpppate methods of assessment. Mr Dee had

inadequate knowledge of assessment.

From the assessment of the six constructs and using the PCK Analytical framework (table
4.14), two teacher participants had adequate PCK for the topic Biodiversity, thaCiandg
and Ms Rose. While the other two teacher participants had inadequate PCK for the topic

Biodiversity.
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5.12Discussion
This discussion examines the key findings from the study. Findings are discussed using the
key constructs of the conceptual framewdtkdings on the demands of the curriculum were

also discussed.

5.12.1 Demands of the curriculum

Content analysis shows that most concepts and skills required for conservation, sustainable use
and value addition were included in the syllabus. Emphag$ated on classification and
socioeconomic importance of the five kingdoms. Classifying biodiversity helps learners to
develop a range of thinking skills and build the foundations for later prefbdving. The

visual memory and discernment involved, ahd ability to identify patterns, relationships,
similarities, and differences, assist in development of profsielng sklls (Reydon, 2021).
Reydon (202) further pointed out that those classifications play an important role in everyday
practices and hpl learners manage the diversity of living organisms, for example,
distinguishing between poisonous mushrooms and edible mushrooms, between naturally
occurring fauna and invasive species. Hence, classification serves to make diversity
manageable, to the extt that without suitable classificatory systems, scientific investigations

seem impossible.

The recommended methods are constrigttapproaches and ensuring thatactive learning
environment is maintained during the teaching of the topic, BiodiverBitg constructivist
perceptios focused oneaching through engaging learners as active participants in learning

and supporting them as they make sense of new ideas by reflecting upon their experiences with
the phenomeno(Fernando&ar i kar, 2017). The constructi vi
that learners bring their knowledge of the world and how the world works into the classroom.
Learners use their prior knowledge and experiences as well akdimdtknowledge gained

from exlorations of phenomena. Constructivist teachers perceive learners as active

171



participants in learning and teachers as f@atdrs of learning (Fernando Blarikar, 2017).
Through a constructivist lens, learning opportunities are designed to engage |Bestnigrs
explorations and, second, to construct knowledg® their experiences (Singh¥adavanshi,

2015). It is through this interaction that learners begin to make sense of their experiences with
phenomena. Teachers with a constructivist orientatiogage learners in explorations of
phenomena prior to introducing and explaining the phenomena to learners. Adak (2017)
observed that the constructivist strategy c:
levels of cognition in his study on the effeeness of the constructivist approach on academic
achievement in science at secondary level. Therefore, application of constructivism in teaching
and learning entails active engagement of learners by facilitators (teachers). Learners are not
tabularas émpty vessels)hence their prior knowledge & prerequisiten building up new
knowledge. A constructivist facilitator creates a learning environment that promotes

exploration and discoveries by learners.

The syllabus recommends the use of mostly localgilable materials for the teaching and

learning of the topic, Biodiversity.indermannaMatthieset al. (2009) noted that every area

consists of rich and diverse ecosystems with unique flora and fauna. Bagarinao (1997) pointed

out that first hand expemees generate awareness about our ecosystems and heart towards
conservation and preservation of our environment. Exposing learners to problem areas will
help motivate learners and allow them to appreciate science as a relevant and useful subject.
Use of ewdence in creating explanations is a learoemtred and inquiry based mode of
instruction that help develop 2tentury skills in learnerdNavarrePerrez &Tidball, 2013.

Localization and contextualization help learners enjoy sciefcde.e anal leswlked O0AO

Biology syllabus is learner centred and placed based and fulfil the demands of a curriculum.
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5.12.2 Teacher content knowledge

Ms Candy and Ms Rose had adequate content knowlddig@ever, when compared to Ms.

Rose, though Ms Candy had morentemt knowledge than Ms Rodds. 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 Biotversity 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 opportunit®sioteworthy number of

ss udies have found a connection between tea:

mastery of subject matter (Alshehry, 2014; Fitzgeedldl.,2013; Santaet al, 2014).

To meet todayds standards, teachandfexibmtost wund
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. Ozden (2008)d that content knowledge had a

positive influence on effective teaching practice. Equally, many researchers such as Halim and
Meerah(2002), Ozden (2008)oncluded thatantent knowledge had a positirdluence on
pedagogical content knowledge. Bo2804) 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 teachHowever, poor CK results in low self confidence in scientific teaching

and conequently in low quality lesson(ind, 2014). Content knowledgefafts how a teacher
interpretghe content goals, the way the teacher hears and responds to questions from learners,
and the teacherodéds ability to eepdachermwite!| ear |
adequate content knowledge interpret 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.
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The adequate content knowleddelee two teachers could have been due to the fact that they
attended several workshops on the competeased curriculum. This concurs with Anteti

al. (2016) who noted that workshopping increases the teacher's content knowledge. Regular
and continual wrkshops targeting specific sensitive challenging content areas may lead to
teachersdé developing coping abilities to te:
needs of pupils. Kind (2014) identified-gervice education on science teachers asobithe
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 observed in the form
of prepared notes for the learners. Hence, planning may be cahoéiae having contributed

to adequate content knowledge. The lesson planning process allows for teachers to evaluate
their own knowledge with regards to the content to be taught (Reed & Michaud, 2010).
Nyamupangedengu (2015) noted planning as a preregtosffective teaching of any course.

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
teacherswere that they did not plan and they used student presentations without even
commenting on the presentations. The researcher felt the inadequate content knowledge
resulted in lack of confidence to comment on student presentations. This could be attributed

not only to lack of planning and preparing for the lessons but also to lack of commitment to the
profession and | ack of motivation. Niemela a
understanding of the facts and organisation of the subjeettebcher needs to understand how
knowledge is constructed and why certain facts are accepted in that discipline. Niemela and
Tirri (2017) further pointed out that the better the CK a teacher has, the better probabilities
there are to develop a good lew#l PCK. It, therefore, follows that the lower the content

knowledge the less chances there are to develop a good pedagogical content knowledge.
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Teachers must be aware of their lack of content knowledge to remedy their insufficiency and
avoid passing mismceptions to thelearners (Catalano, Asseltal3urkin, 2019). If teachers

believe that they have high seifficacy, they may not be aware that they must continually

i mprove their science content knowledge. Shu
other disciplines as part of CK. Mr. Laamd Mr. Dee did not relate the subject matter to other
concepts and disciplines. However, Niemela and Tirri (2017) pointed out that there is no
assurance that the teachers can link concepts to other disciplines. This may be because in
teacher training, thelecturers may be specialists in one area, hence teachers lack exposure to

other disciplines and thus 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 anadtinessaf CK
affects the teachersdé ability to deliver sci
instruction is cultivated from a comprehensive and profound understanding of science CK.
Teachers must therefore be aware of their lack of obrkeowledge to remedy their
insufficiency and avoid passing misconceptions to their learners (Catlahd@019). It was

also noted that the two teachers with inadequate content knowledge never attended any
workshops or orientations on the updatedicutum. Workshopsgre used to explore a specific

topic, transfer knowledge, solve identified problems, or create something new @rdlyi

2016). Teacher Training Workshops help teachers in developing and learning new strategies
for teaching, classroormanagement, technological advancement and improving content
knowledge. Hence, workshops provide overall continuous growth opportunities to the teachers

to make the best use of their abilities.

The researcher noted that all the teacher participants rexhames of work and lesson plans.
However, Ms. Rose had a notebook, 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 Ministromary and Secondary Education. Likewise,
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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 Deeand MrLazz did not have anform 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 usd 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
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 effica
the issue of planning, it shows he is aware of what must be dmng ot 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 teaatmitent knowldge (Rusznyak &Valton, 2011). To

Reed and Michaud (2010), lesson planning proedissvs teachers to evaluate their own
knowledge witlhregards to the content to be taught. If a teacher must teach a particular concept

and is not definite of the contentetlbeacher becomes aware of such an inadequacy during
planning and can take the necessary steps to acquire the necessary information (Koberstein
Schwarz & Meisert, 2022). Hence, | esson pl ar
own knowledge and aoge any information needed during the lesson, thereby improving

teacher content knowledge.

5.12.3Teacher Knowledgeof Students Understanding
Teacher | evel of studentsé wunderstanding f
i nadequate t o adequat e, having t wo teacher

understanding and the other two with inadequate knowledge of students' understanding. Ms
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Rose and Ms. Candy had adequate knowledge of
exhibited more knowledge of students than Ms. Rose. The knowledge of students is a
significant factor in promoting effective instruction (Hill & Chin, 2018). The twachers
probed learners at the beginning of each lesson for prior knowledge. Mabonga (2021) noted
that it is important for teachers to probe learners to recall previous learning before presentation
of new knowledge. Constructivists point out that humamsstruct knowledge and meaning

from their experiences. Hence, if learning is to take place, a link between the known and the
unknown is obligatory. Mabonga (2021) posited that accurate prior knowledge boosts learner
confidence during teaching and learnirgearners with adequate prior knowledge freely
participate since they can construct a relationship between their experiences and new
information. Confident learners manage their problems, fears and maintain a positive attitude
necessary for efficacy dugnlearning. Furthermore, prior knowledge makes learning
meaningful. As noted by Wilson and Burket (1989), learners have no purpose to remember
facts that have little meaning to their personality. Hence, relating a concept to the real world

motivates the larners.

Probing for prior knowledge enabled Ms. Candy and Ms. Rose to identify learner
misconceptions and correct the inaccurate information through concept revisiting,
explanations, and remediation. As Diaz (2017) asserted, prior knowledge of the lpaetksrs

to be cleared up of any misconceptions since the inaccurate knowledge could lead to more

mi sconceptions which may alter | earneetsd6 vi e
al. (2008) also pointed out that learners must unl@aigtonceptions before learning new

accurate knowledge.

Ms Candy used the prior knowledge and identified areas of diffi¢aliguide instruction,
however,Ms . Rose did not. For exampl e, during |

facile assessment cftudent understanding and noted difficulties in understanding. She
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interjected several times and explained difficult concepts and at some point, changed mode of
instruction to demonstration using pictures
(2021 observations that prior knowledge is an important factor in redesigning or modifying
teaching instructions to cater for learner needs thereby enabling learners to construct their own
knowledge. This also tallies with Merriale b st er 6 s ( 2taCléiral paactigeu e d t
involves direct observation and treatment of patients or clients and in this case, the learners.
Hence, Ms Rose observed her learners during instruction and from her diagnosis, modified
instruction to improve learner understandingtiBachers, Ms. Candy and Ms. Rose used a

wide range of questions to probe understanding and to extend students' understanding. Probing
guestions help students acquire new knowledge and make thinking visible paving way for
critical thinking (Damayanti, 2ZP). The critique of each answer makes it easier for the student

to correct his/her mistake until they rbatie correct generalisation. Dayanti(2022)noted

that the question is a stimulus encouraging students to conceive and construct a topic enabling

a high level of thinking. Arslan (2006) pointed out that questioning is the strongest tool at the
teacherdés disposal that teaches students how

by asking probing questions to learners.

Mr. Dee and Mr. Laz had inadequate knowledge of students. There was no facilitation of
discussions to expose learner prior knowledge, misconceptions, and difficult concepts.
Furthermore, no probing questions were asked to stimulate critical thinking. Andirake

(2010) dentified circumstances where prior knowledge can inhibit student learning as when it
is inactive, insufficient, and inaccurate. They noted that students do not automatically draw on
prior knowledge. Despite the student having adequate prior knowledgas ifgnored or
overlooked, this does not help learning of new concepts and the students may struggle learning
new concepts despite them having adequate prior knowledge. Hence, the need to activate prior

knowledge through questioning or class activitietha beginning of each lesson. Ambrese
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al. (2010) further noted that when inadequate, prior knowledge may hinder student learning,
therefore, it is the role of the teacher to design ways to bridge the gap in prior knowledge to

facilitate learning of n@ concepts.

Inaccurate prior knowledge has been seen to impede new learning, resulting in more
misconceptions (Ambrossat al, 2010). This tallies with DiPietretal 6 s ( 2008) obs e
that learners must unlearn misconceptions before learning newagecdunowledge. Prior
knowledge has also been seen as a crucial factor in redesigning or modification of teaching
instructions to cater for learner needs enabling learners to construct their own knowledge
(Mabonga, 2021). Consequently, failure by Mr Ded anMr . Lazz to expose
knowledge acted as hindrances to learning of new concepts. Additionally, failure by the two
teachers to probe learners during the lesson durithibited critical thinkingin learners.

Questions are seen as a stimuém;ouraging students to comprehend and construct a concept

enabling high level of thinking (Dharmayanti, 2020). Deficiency of critical thinking skills in

|l earnersd i mpact on both the | ecffiereferencetohe i n
thebpic,Bi odi versity, this i mpacts on iversitgini ndi vi
valueadditionand ol vi ng societal problems. Oneds abil

may also be suppressed by poor critical thinking skills leadingiddiversity loss and

ecosystem depletion.

Inadequate knowledge of students’ understanding can be attributed to lack of orientation of the
two teachers to the updated curriculum, lack of planning and inadequate content knowledge,
hence the teachers lackednfidence to probe learners in the presence of the researcher.
Excellent science instruction is cultivated from a broad and deep understanding of science
content knowledge (Hellet al, 2012; Tretteet al, 2013). Lack of motivation may also result

in poor lesson delivery.
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5.12.4Science Teaching Orientations

Ms Rose and Ms Candy demonstrated adequate orientations to science teaching. Magnusson
et al. (1999) coined orientation to science teaching as the lens through which all components
of PCK are understood, interpreted, and integrated resulting in the unique form of knowledge
held by teachers. The teacher 6andNo@drageiding abou
tools in instruction delivery. Ms. Rose showed proficient beliefs about NoS and purposes of
teaching science. Emphasis was made on value addition and entrepreneurship. Such teacher
beliefs influence use of learneentred teaching stegies. Makexcentred learning is defined

as a process of inquiry that draws on social constructivism and involves social meaRking

rooted in the interaction between learners, their experiences, and collaboration with peers
(Rodriguez & Harron, 2019)n makercentred learning, understanding is made more visible
through the creation and sharing of tangible artefacts. Engaging learners inceiked

lessons instils valuable habits such as resilience, collaboration and reflection referred to as a
makermindset (Martin, 2015) and these valuable habits are the competences that must be

imparted to learners in the competeibased curriculum.

Ms. Candydés beliefs about NoS were highly ap
All the five observd lessons were learreentred, and the lessons scaffolded from engaging,
exploring, explaining, elaborating and evaluating, 5Es constructivist model. Nawastheen,
Puteh and Meerah (2014) described the 5Es model as an innovative approach for constructive
classroom instructionlf learners are actively engaged in learning science, they redefine,
replace, and reorganise their initial explanations, attitudes, and skills (Byhle2006). Adak

(2017) observed that the constructivist strategy can improverstuded mast ery of ¢
higher levels of cognition in his study on the effectiveness of constructivist approach on
academic achievement in science at secondary

initiate and navigate.
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Mr Lazz and Mr Deelemonstrated inadequate orientations to science teaching. Lessons were
conducted through student presentations, however, there was no active participation of
learners. Hence, the mode of instruction was traditional. Student presentation is a useful and
enjoyable mode of learning that exposes the student to the skills of communication,
presentation, as well as content understanding (Rodriguez & Harron, 2019). The role of the
teacher in a studewentred lesson is to reinforce, extend, initiate and navidaieelf &
Meerah, 2014). It is through playing these four roles that the teacher becomes a facilitator of a
lesson. In the observed lessons, the two teacher participants were not facilitating the lessons
but were passive. The facilitator takes the role tontam the focus of the learning, guides the
process, resolves challenges and provides appropriate feedback to each learner and to the
group. However, the researcher has attributed the failures by the teachers to keep up with the
demands of being faciltars to lack of content knowledge, hence, the teachers were not

confident to guide the class in the presence of the researcher.

Science teaching orientations have been seer
overall classroom behavio(¥artin, 2015) Episodic memories are the past experiences that
affect the teacherodos way of | esson delivery
received as a child due to episodic memory. It has also been noted that differences in belief
systems mayead to teachers with the same content knowledge teaching a science topic
differently (Adak, 2017) Hence, changing from one curriculum to another involves adjusting

and accommodating knowledge into a new style of delivery.

5.12.5Knowledge of Assessment

Deficiency of knowledge of assessment was noted in one of the teacher participants, Mr Dee.
Mr Dee assessed through homework and theory tests only. It was noted that some of the tests
were simple recall and did not stimulate critical thinking and analydlkdlls in learners. There

is a need for orientations on the dimension of science assessment. If the corvipetedce
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curriculum is to evaluate the imparting of probtepoiving skills to learners, then methods of
assessment must include practical agésitand projeebased assessments. Edwards (2013)

views gquality assessment as an integral part of good mode of instruction. Edwards further
highlighted that for teachers to teach science well, science teachers need to know what to focus
ontoensurethahtei r assessment of stwudent | earning i
onrgoing learning and development. The diversity of content and skills within science calls for
assessment capabilities by teachers. Edwards (2013) proposed a framework ifgr qual
assessment in science with focus on concurrent consideration of five areas that is teaching,
learners, evidence of learning, future decision making and impact. Edwards (2013) highlighted
that teachers are better placed to assess well if they corfsgdasgsessment components of

their teaching during the planning stages and articulate their range of intentions and goals for
the lessons so that they can communicate these to their students. Quality assessment focuses
on a student, that is, it addresses ititended student learning outcomes and is responsive to
group or indivdual feedback needs (Mellatil&hademi, 2018). Teachers must therefore focus

on their studentsodé needs and develop the ski

assessment gathers evidence of studentsodo pro

5.12.6Knowledgeof Instructional Strategies

Knowledge of instuctional strategies include topic specific strategies for example, ways to
present concepts (models, diagrams, pictures) and engage students in instructional strategies
e.g., through investigations, experiments, demonstrations, simulations, and fieldowork
facilitate learning. Concepts in Biodiversity require learners to actively engage with organisms
involved, design activities or projects for value addition using biodiversity, use of videos and
pictures where organisms or processes cannot be demansgtratass. However, Ms. Candy
managed to engage her learners in some of the mentioned activities, Ms. Rose used PowerPoint

presentations with pictures while Mr. Lazz and Mr. Dee failed to engage their learners in any
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form of activity. Results tallyith Lugosi and Uribe (2022) observation that not all teachers
implement activdearning strategies in a way that maximises student outcomes due to variation
in the teaching knowledge instructors draw from. However, Freetan(2014) revealed that

active leaning is more effective at promoting the development of conceptual understanding
and scientific thinking skills than traditional instruction. Student presentations can facilitate an
active learning environment; however, it was noted in this study thaietessare using learners

as a mode of delivering traditional instruction. Teachers assign presentations and learners read
what hey will haveresearched on to the class without any form of discussion. Active learning
often falls short of its potential whéns implemented in ways that do not fully support student
learning (Dancyet al, 2016). As such, poor implementation of student presentations may act

as an impediment to effective teaching and learning.

High school teachers should plan their lessons more practical way to enhance not only

| ear ner s 6 alearnertachidvemehbt Oagnew Sgotaw, 2019). Science lessons
Sshould extend studentsd knowledge of the na
ideas, theories and models found $gientists as useful in explaining and predicting it
(Abraham, 2009). Hence, teaching science naturally involves showing learners things, or
putting them in situations where they can see for themselves. Israel (2014) noted that practical
work hassignifiaent positive effects on | earnerso per/

practical activities has a negative effect o

Humans perceive reality and their surroundings using their senses, with thefeissen
representing the most diverse source of information of the world around us (&inaky

1999). This implies thavisualisationand the manipulation of objects have incredible value in
teaching and learning. Therefore, haoasactivities as jgposed to traditional instruction
enhance | earnersd achievement and attitude t
that science teaching cannot be effective without learners being interested in it. Field work and
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other hand®n activities contbute to the cultivation of this interest. Moreover, the way
practical teaching is planned and conducted must be well thought out so that it can boost the

|l earnersodo attitude. The amount of practical
student6 view of science and their achievement.
and analytical skills among others2&entury skills. If secondary schools must lay down the
foundation for future scientists, doctors, engineers, teachers, aicticar sessions must be

conducted as effectively and efficiently as possible.

5.12.7Knowledgeof The Curriculum

Ms Rose and Ms Candy illustrated adequate knowledge of the curriculum. Relevant concepts
were explained and sequenced logically. Methodsistfuction used by Ms Candy and Ms

Rose stimulate the development of'2entury skills. Ms Candy uses the practical activities,

while Ms Rose uses pictures on powerpoint presentations to explain concepts. TeMullis

(2016) the goal of the sciencergaulum is to instil positive attitudes towards science and to
inspire students to investigate and understand how science and technology impacts their lives,
however this component was deficient i n Mr
knowledge is ofmportance to teachers as curriculum implementers. The curriculum identifies

the learning outcomes, standards, and competences that students must be able to demonstrate
(Charalambous &lill, 2012). It acts as a map for students and teachers to follotveopath

to academic success. Hence, lack of teacher curriculum knowledge misguides learners and

leads to the curriculum failing to achieve its goals.

5.12.8TeacherPCK

Ms. Candy and Ms &se had adequate PCK @&modiversity. The two teacher participants
illustrated adequate content knowledge for the topic. Shulman (1987) pointed cesichats

need to understand tsebject matter deeply and flexibly so that they can help learners create

useful cognitive maps, relate ideas to one another, and addsessa@ptions. Teachers need
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to see how ideas connect across fields and to everyday life. A noteworthy number of studies
al so suggested a direct correlation between
effectiveness in delivering science instian (Alshehry, 2014; Fitzgeralét al, 2013).
Consequently, the two teacher participants managed to use the prior knowledge of learners,
teaching aids gathered from the ecosystem, curriculum knowledge, knowledge of instructional
strategies, knowledge aissessment and her constructivist teaching orientation to ensure
blending of content and pedagogy into a form adapted to diverse interest and abilities of

learners.

Mr Lazz and Mr Dee had inadequate PCK for Biodiversity. The low or inadequate PCK can be
atributed to not planning and preparing for the lessons. They lacked adequate content
knowledge for the topic. Teacher content knowledge is an essential component of teacher
effectiveness (Diamoneét al, 2013; Garrett and Steinberg, 2014; Johnsbral, 2012;

Nowicki et al, 2013). A noteworthy number of studies suggest that there is a direct correlation
bet ween teachersd science content knowl edge
instruction (Alshehry, 2014; Fitzgeraét al, 2013; @ntai et al, 2014). It was also reported

that i1ts scantiness affects the neemstruetionce of
(Usaket al, 2011), because teachers cannot teach what they do not know (Netvelki

2013). It is accepted that excellent science instruction is cultured from a broad and deep

understanding of science content knowledge (Hellal, 2012; Tretteet al, 2013).

The two teacher participants with adequate PCK received orientatitims de@mands of the
competencédased curriculum through several workshops. However, the other two with
inadequate PCK did not receive any form of orientation to the demands of the competence
based curriculum. Lack of orientation to the demands of the cemgeiased curriculum
renders the teacher incompetent. The competkased curriculum requires teachers to impart
215 century skills to learners. The belief system of teaching for teachers who were not oriented
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still resides in the traditional past, ytetichers are expected to impart problem solving skills

through interactive, learner centred practical approaches to help learners keep up with the
lightningpace of todayodos modern society and mark
innovations necessits familiarity with modern curriculum topics as well as the ability to

teach in novel ways. De Jong (2016) noted that many seasoned teachers are resistant to the
changes. Hence, there is a need for designing neserince courses that concentrate on

ensuing that teachers' PCK is appropriately changed (De Jong, 2016). Such workshops would

close the distance between theory and reality.

The research revealed that all the teacher participants had no schemes of work and lesson plans.
Ms Rose and Ms Candy hadtebooks and PowerPoint presentations, which show a certain
level of planning. Inadequate PCK was therefore attributed to lack of planning. There was no
form of planning done by the teacher participants with inadequate PCK. This is a manifestation
of lack of supervision at all levels ranging from departmental level to national level. Planning
entails the process of setting objectives and determining the means to achieving the objectives.
It entails deciding in advance what is to be taught and how to teaein, to teach, who is to

be taught and the evaluation of learner learning. It has been seen to enhance teaching and
learning by establishing set standards to be followed by teachers. Planning provides for
effective utilisation of human and material restas used in imparting knowledge in schools

as well as direction for teaching and learning. Planning for a lesson makes the t&zanimimg)
encounter valuable and productive, while no planning leads to a wasteful and unproductive
lesson. Shulman (1986; 8B) noted that PCK is acquired through a cycle of pedagogic
reasoning t hroughout a teacherso i fe. Th
transformation, instruction, evaluation and reflection (Mavuru, 2016). However, execution of
pedagogical reasamj can only occur as the teacher continuously plans and executes his/her

plan in a bid to improve practice. Hence, lack of planning may result in poor or no pedagogical
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reasoning and consequently in poor or inadequate PCK. De Jong (2010) the refleggon sta
helps the teacher review, reconstructenact and analyse their practice to become better
teachers. The lesson planning process allows for teachers to evaluate their own knowledge with
regards to the content to be taught (Reed and Michaud, 201@cletewith a plan, then, is a

more confident teacher (Jensen, 2001). The teacher is clear on what needs to be done, how, and
when. The study findings tally with Mu@gdChi noonekads (2015) findi
not employ a variety of teaching metlspdhey do not prepare a variety of media for use in
teaching and learning and their instructional materials are limited to textbooks and syllabi.
They recommended school heads to supervise teachers so that proper scheming, planning, and

teaching is done.

It was also noted that teacher attitude affected topic specific P@r. Lazz and Mr Dee
showednegative attitudes towards teaching and had inadequate PCK. Romylos (2018) noted
that teachersd perceptions of heihatitudetowadds nt i t i
change and the implementation of an innovative teaching practice. He further noted that being

an effective and confident teacher is subject to the development of professional identity.
Beijaard et al (2007) affirmedt h a't t e @aptioe of ghir ppotessional identities

influences their efficacy.

5.13Summary
Data on teacher participants PCK was presented, analysed and discussed according to the six
key constructslt was noted that two teachers had adequate PCK, whist the other two teachers

had inadequate PCK. A discussion of the possible causes of the teacher PCK was given.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 Introduction

This chapter focuses on cdnsions made from the findings on teacher PCK in Biodiversity of

the selected four teacher participants in Midlands urban. Furthermore, the chapter gives
recommendations to stakeholders in an attempt to bridge the gap between the intended goals

of the comptencebased curriculum and what is being implemented in schools.

6.2 Conclusion

What does t he d&#culurhdemand of tBa tapic, biadiyersiBy?

How do 6A6 | evel bi ol ogy teachers teach the
The O06A6 | euriedum demandsocgnyekiised teaching of biodiversity. It places
emphasis on the use of constructivist methodologies which are packaged with learner centred
strategies aimed at bringing awareness to the practical application of skills and knowledge in
solving societal challenges. The need, therefore, for teacher identity and strong belief systems
about teaching cannot be overemphasised. This calls for alvee e | oped PCK amo
Level biology teachers. The PCK entails a contiaged assessment tivatils strong skills in

learners, which in turn results in behavioural changes so that they can participate in the
production of goods and services.

Why do 6 A dogylteacherd teaghithe topi@iodiversity in the way they do?

My findings which answethe first two research questions were based on interpretation of data.
However, a deeper interpretation i s requiredc
the topic in the way they do. | will present my conclusions in the form of propositions. A
number of reasons have been seen to explain why teachers teach Biodiversity the way they do.

These include lack of content knowledge, teacher identity, inadequate knowledge of NoS,
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teacher orientations to science teaching, and teacher understandingafietencédased

curriculum.

Proposition 1

Teacher content knowledge influenceswhag teachers teach the todgipdiversity. Teachers

with adequate content knowledge interpret the goals better, explain concepts clearly and ask
good questions. Sucteachers respond to questions asked by the learners in a more
understandable manner to enhance learner understanding. However, teachers with inadequate
content knowledge, fail to interpret the goals, lack confidence and cannot ask questions to

enhance leaer understanding. Their belief systems influence the way instruction is delivered.

Proposition 2

Diversity of teacher identities influence the way teachers teach the topic, Biodiversity.
Teachers who reside in the traditional modes of instruction fagedearnecentred teaching
methods which instil Zicentury skills. However, the 2tentury teachers use learvantred
modes of instruction thereby imparting thé'2&ntury skills required by the competerimsed

curriculum. Teacher belief systeraect their choice of teaching methods.

Proposition 3

Teacher understanding of NoS has an impact on how teachers teach the topic, Biodiversity.
Teachers with an #depth understanding of NoS use the scientific enquiry, through
experiments and activitid«so gui de | earners to discover new
systems reside in procesgented instruction. However, the belief system for teachers with
inadequate NoS is still in the traditional past. Such teachers use lecture methods and fail to
create a conducive environment for learners to share knowledge through discussions, hence,

poor acquisition of knowledge and skills.
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Proposition 4

Teacher orientations t o science teaching g
Biodiversity. Teacherswit a constructivist orientation to
prior knowledge and use the identified prior knowledge to develop the lessons. Such teachers
identify learner misconceptions and challenging concepts as the lessons progress and address
them through explanations or activities that help improve learner understanding. Their teaching

methods allow learners to do haraisactivities and to build new knowledge.
Proposition 5

Teacher understanding of the competepased curriculum impacts ohow the topic,
Biodiversity is taught. A good understanding of the competéased curriculum allows the
teacher to use teaching methods that enable the imparting of skills to learners. Such teachers
use hand®n activities to guide learners during thearl@ng process. Their modes of
assessment allow them to assess all skills. However, teachers with a poor understanding of the
competencdased curriculum, fail to use teaching methods that allow imparting'agetury

skills.
RQ 4 What instructional model can be used to improve teacher PCK in Biodiversity.

In response to theesearchguestion, what instructional model can be used to improve teacher

PCK for the topic, Biodiversity, a model was designed (Fig 6.1).

Model for development ofteacher PCK for the topic, Biodiversity

Curriculum implementation for the topic on Biodiversity is a function of interpretation. It is
the role of the teacher to interpret and implement the curriculum. Findings from this study

confirm that inadequate PCK on Biodiveysi$s an impediment to the attainment of goals for
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teaching the topic. This thesis therefore proposes a model for enhancing teacher PCK for

Biodiversity to map the way for attainment of the goals for the topic.

L < st > ¢l
PCK Teacher 21* century skills - Teacking '
‘ identity teaching methods . materials
N < | methods
_ \, | | p
X \ | | / y
N < N\ 8 | / p %
N X \ | B-g
\\ \‘n v v ¥ 5
e 5 : -
4| Workshopping Planning
(Staff development)
S "Visi I'- Pedagogical
Supenlsmil \ / g gog
MRS Acquisition of teacher PCK | -~ | reasoning
N 'y
A
On topic, Biodiversity
¥ )
Constructive/positive Correct interpretation and
Teacher identity Implementation of the
curriculum

\ |
) ¥

Achievement of the intended goals

On Biodiversity

Figure 6.1 Model for teacher PCK for the topic, Biodiversity.

The model identifies a number of factors that stimulate the acquisition of PCK for the topic,
Biodiversity. These include planning, staff development, pedagogical reasoning and
supervision. Comprehensive plangibefore instruction is a necessity. Teachers must use the
topic objectives to plan for the content, methods and materials. During planning the content to
be covered, teachers may notice deficiency in content on their part and research on the concept

befare instruction. This increases the teacher content knowledge for Biodiversity. There is a
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need to use the knowledge of learners (for example, their prior knowledge and background) to
plan for the teaching methods and materials to be used in the teacHingaamng. This
improves not only the teacher's knowledge of instructional strategies but also the teacher's

knowledge of students' understanding.

Pedagogical reasoning must be applied by teachers during the teaching of the topic on
Biodiversity. This impoves teacher PCK for the topiBjodiversity. This model for PCK
acquisition considers the Shulman (198887) model of pedagogical reasoning which is a
cycle of comprehension, transformation, instruction, evaluation and reflection. In this newly
designé model, teachers are expected to continuously learn and strive to improve the teaching
and learning process. This is achieved through actively engaging in preparing what they teach,
how they teach and why they should teach in a particular way. Repeakes! afypedagogical

reasoning during eehing the topicBiodiversity improves the teacher PCK on Biodiversity.

Staff development programmes and workshops on the demands of the topic, Biodiversity in
the competenebased curriculum, positive teacher idgntand PCK development are basic

needs for teacher acquisition of PCK for the topic, Biodiversity. Furthermore, the model
emphasises the need for teacher supervision. This allows teachers to be assisted on areas of
weaknesses to ensure quality teachirgylaarning. Acquisition of teacher PCK leads to correct
interpretation of the curriculum on Biodiversity and develops teacher identity. This may
consequently result in the achievement of the intended goals for the topic, Biodiversity in the

competencévasel Biology curriculum.

6.3 Recommendations
This study recommends the use of the designed model for improving teacher PCK for the topic,

Biodiversity. The model may also be used in other Biology topics and other science learning
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areas to improve teaching algrning. Further research is recommended on how the model

can be improved and used in other contexts.

This study recommendstaff development programmes and workshops on the demands of the
competencéased curriculum, positive teacher identity, ammhtent knowledge and PCK
development. The Ministry of Primary and Secondary Education should create a policy which
obliges schools, districts, and provinces to ensure that staff development is mandatory for
science teachers. It could be ministry policgtghromotion to higher grades for teachers should

be based on the staff development programmes they would have attended together with the

other arms of professional development systems.

Various institutions of higher learning are involved in the trgrohbiology teachers for both
O-Level and ALevel curricula. The research recommends that they utilise the outcomes of this
research in improving teacher identity as a critical component in PCK. Findings from this
research bear testimony to the urgentrteeaddress the current teaching and learning practices
in A-level Biology. There is also a need for addressing issues to do with the teaahgseim

and motivation. This mapelp develop constructive teacher identity required to insfil 21

century sklls in learners. It malso help bridge the gap in skill development in learners.

There is a need for a handbook for teaching boetle@| and ALevel Biologytopics which
outlines which science process skilbould be taught and how these should heha
Instruction should be designed carefully and systematically considering the nature of science
(NoS). What should be included in this handbook should promote the teaching of science as a
process. The handbook should be systematically reviewed tdénahy changes that will have
occurred. Where possible it is important to contextualise the practical activities in order to

boost interest among learners. The practical tasks should involve situations which are relevant
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or of interest to the learners. $ua handbook may promote a shift from traditional instruction

to process oriented instruction and consequently lead to the developmettehfiiy skills.

This study strongly recommends supervision of teachers at all levels from school, district,
provincial and national level. This may help to ensure planning and efficacy during instruction.
Subject inspectors must be actively involved in supervision of their specific subjects to ensure

that the intended goals of the curriculum are achieved.

6.4 Summary
The chapter presented the conclusions and recommendations in an attempt to improve teacher
PCK and bridge the gap between the intended and the implemented compekstte

curriculum.
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Appendix4: Headmasters consent form

Headmaster's Consent form

PhD Dissertation: Advanced Level Biology Teachers” Pedagogical Content Knowledge in
Teaching and Leaming of the Topic, Biodiversity: A Case of selected Midlands Urban High
Schools.

My name is Jane M Kaifa. I am rescarching on Biology teacher PCK in Midlands urban High
schools, Ultimately, my work will provide an insight on how the topic Biodiversity is taught
and why it is taught that way.

Participation
Participation in the stedy will result in the panticipant agreeing to:

1. Allow 1eachers and students to participate in this rescarch.
2. Allow the researcher to observe and record at least three lessons,

Confidentiality

The school's, weacher and learner's identities will be kept strictly confidential, Pseudonyms
will be used in all published documents and the name and focation of the school will not be
revealed, Only the researcher will know the participant’s identity. The data collected during
the study will be stored in a secured arca, Teachers and leamers may choose to end the
participation at any given time during the study and at that time all related data will be
destroyed,

Consent i

Please read the consent statement below and sign if you agree to participate in the study.

I have read the information presented above and do hereby agree to participate in the study.

Signature; = ~da
Date: G2 alzat .[ L A
| 10 SEP 2021
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Headmaster’s Consent form

PhD Dissertation: Advanced Level Biology Teachers’ Pedagogical Content Knowledge in
Teaching and Learning of the Topic, Biodiversity: A Case of selected Midlands Urban High
Schools.

My name is Jane M Kaifa. I am researching on Biology teacher PCK in Midlands urban High
schools. Ultimately, my work will provide an insight on how the topic Biodiversity is taught
and why it is taught that way.

Participation
Participation in the study will result in the participant agreeing to:

1. Allow teachers and students to participate in this research. '
2. Allow the researcher to observe and record at least three lessons.

Confidentiality

The school’s, teacher and learner’s identities will be kept strictly confidential. Pseudonyms
will be used in all published documents and the name and location of the school will not be
revealed. Only the researcher will know the participant’s identity. The data collected during
the study will be stored in a secured area. Teachers and learners may choose to end the
participation at any given time during the study and at that time all related data will be
destroyed.

Consent -

Please read the consent statement below and sign if you agree to participate in the study.

I have read the information presented above and do hereby agree to participate in the study.
Signature: l—g ?

Date: el :7 Li / %‘ ]

& 0

-
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Headmaster’s Consent form

PhD Dissertation: Advanced Level Biology Teachers® Pedagogical Content Knowledge in
Teaching and Learning of the Topic, Biodiversity: A Case of selected Midlands Urban High
Schools.

My name is Jane M Kaifa. I am researching on Biology teacher PCK in Midlands urban High
schools. Ultimately, my work will provide an insight on how the topic Biodiversity is taught
and why it is taught that way.

Participation
Participation in the study will result in the participant agreeing to:

1. Allow teachers and students to participate in this research.
2. Allow the researcher to observe and record at least three lessons.

Confidentiality

The school’s, teacher and learner’s identities will be kept strictly confidential. Pseudonyms
will be used in all published documents and the name and location of the school will not be
revealed. Only the researcher will know the participant’s identity. The data collected during
the study will be stored in a secured area. Teachers and learners may choose to end the
participation at any given time during the study and at that time all related data will be
destroyed.

Consent
Please read the consent statement below and sign if you agree to participate in the study.

I have read the information presented above and do hereby agree to participate in the study.

i~ —=

Signature: L%

Date: LILCILE .o

\

22009 \

) 23301/2, 22

._._
-0
[
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Headmaster’s Consent form

PhD Dissertation: Advanced Level Biology Teachers’ Pedagogical Content Knowledge in
Teaching and Learning of the Topic, Biodiversity: A Case of selected Midlands Urban High
Schools.

My name is Jane M Kaifa. I am researching on Biology teacher PCK in Midlands urban High
schools. Ultimately, my work will provide an insight on how the topic Biodiversity is taught
and why it is taught that way.

Participation
Participation in the study will result in the participant agreeing to:

1. Allow teachers and students to participate in this research.
2. Allow the researcher to observe and record at least three lessons.

Confidentiality

The school’s, teacher and learner’s identities will be kept strictly confidential. Pseudonyms
will be used in all published documents and the name and location of the school will not be
revealed. Only the researcher will know the participant’s identity. The data collected during
the study will be stored in a secured area. Teachers and learners may choose to end the
participation at any given time during the study and at that time all related data will be
destroyed.

Consent
Please read the consent statement below and sign if you agree to participate in the study.

I have read the information presented above and do hereby agree to participate in the study.

Ay PRy
Signature; -Z{ccee it sz A,

Date: 02/" Z/ .

p.0. BO% 15, SH

E 3 3;252-6621
ZlMBABWc TEL:O

e
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Appendix5: Signed consent forms for teacher participants

Consent form for teacher

PhD Dissertation: Advanced Level Biology Teachers’ Pedagogical Content Knowledge in
Teaching and Learning of the Topic, Biodiversity: A Case of selected Midlands Urban High
Schools.

My name is Jane M Kaifa. I am researching on Biology teacher PCK in Midlands urban High
schools. Ultimately, my work will provide an insight on how the topic Biodiversity is taught
and why it is taught that way.

Participation
Participation in the study will result in the participant agreeing to:

1. Allow the researcher to observe and record at least three lessons.

2. Aninterview after the lesson observations.

3. Allow researcher to observe and carry out document analysis of the teacher’s work
books.

4. Completing a questionnaire.

Confidentiality

Teacher identities will be kept strictly confidential. Pseudonyms will be used in all published
documents and the name and location of the school will not be revealed. Only the researcher
will know the participant’s identity. The data collected during the study will be stored in a
secured area. Teacher may choose to end the participation at any given time duripg the study
and at that time all related data will be destroyed.

Consent
Please read the consent statement below and sign if you agree to participate in the study.

I have read the information presented above and do hereby agree to participate in the study.

Signature: QLOCMT‘O
Date: ‘%—Oq—gl
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Consent form for teacher

PhD Dissertation: Advanced Level Biology Teachers’ Pedagogical Content Knowledge in
Teaching and Learning of the Topic, Biodiversity: A Case of selected Midlands Urban High
Schools.

My name is Jane M Kaifa. I am researching on Biology teacher PCK in Midlands urban High
schools. Ultimately, my work will provide an insight on how the topic Biodiversity is taught
and why it is taught that way.

Participation
Participation in the study will result in the participant agreeing to:

1. Allow the researcher to observe and record at least three lessons.

2. An interview after the lesson observations.

3. Allow researcher to observe and carry out document analysis of the teacher’s work
books.

4. Completing a questionnaire.

Confidentiality

Teacher identities will be kept strictly confidential. Pseudonyms will be used in all published
documents and the name and location of the school will not be revealed. Only the researcher
will know the participant’s identity. The data collected during the study will be stored in a
secured area. Teacher may choose to end the participation at any given time during the study
and at that time all related data will be destroyed.

Consent
Please read the consent statement below and sign if you agree to participate in the study.

I have read the information presented above and do hereby agree to participate in the study.

Signature: w‘/g
Date: | /0?[’0\/
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Consent form for teacher

PhD Dissertation: Advanced Level Biology Teachers’ Pedagogical Content Knowledge in
Teaching and Learning of the Topic, Biodiversity: A Case of selected Midlands Urban High
Schools.

My name is Jane M Kaifa. I am researching on Biology teacher PCK in Midlands urban High
schools. Ultimately, my work will provide an insight on how the topic Biodiversity is taught
and why it is taught that way.

Participation
Participation in the study will result in the participant agreeing to:

1. Allow the researcher to observe and record at least three lessons.

2. Aninterview after the lesson observations.

3. Allow researcher to observe and carry out document analysis of the teacher’s work
books.

4. Completing a questionnaire.

Confidentiality

Teacher identities will be kept strictly confidential. Pseudonyms will be used in all published
documents and the name and location of the school will not be revealed. Only the researcher
will know the participant’s identity. The data collected during the study will be stored in a
secured area. Teacher may choose to end the participation at any given time duri‘ng the study
and at that time all related data will be destroyed.

Consent
Please read the consent statement below and sign if you agree to participate in the study.
I have read the information presented above and do hereby agree to participate in the study.

Signature: o

& | no] o

Date:
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Consent form for teacher

PhD Dissertation: Advanced Level Biology Teachers’ Pedagogical Content Knowledge in
Teaching and Learning of the Topic, Biodiversity: A Case of selected Midlands Urban High
Schools.

My name is Jane M Kaifa. I am researching on Biology teacher PCK in Midlands urban High
schools. Ultimately, my work will provide an insight on how the topic Biodiversity is taught
and why it is taught that way.

Participation
Participation in the study will result in the participant agreeing to:

1. Allow the researcher to observe and record at least three lessons.

2. Aninterview after the lesson observations.

3. Allow researcher to observe and carry out document analysis of the teacher’s work
books.

4. Completing a questionnaire.

Confidentiality

Teacher identities will be kept strictly confidential. Pseudonyms will be used in all published
documents and the name and location of the school will not be revealed. Only the researcher
will know the participant’s identity. The data collected during the study will be stored in a
secured area. Teacher may choose to end the participation at any given time duri‘ng the study
and at that time all related data will be destroyed.

Consent
Please read the consent statement below and sign if you agree to participate in the study.
I have read the information presented above and do hereby agree to participate in the study.

Signature: o

& | no] o

Date:
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Appendix6: Lesson observation guide

Name of institution: Bindura University of Science Education
Name of researcher: Jane M Kaifa
Class Observation Schedule

Teacher:

Lesson Components to be analysed Coding

limited | basic | proficient

Advanced

Content knowledge

Concepr coverage

Appropriateness of

concept(s)

Scientific accuracy
of the explanation

of the concept

Links and/or
connections made
to other concepts
Links made
(mplicit or
explicit) to the
nature of science
(NoS) and/or
scientific inquiry

< knowledge of
curriculum
appropriale knowledge of goals
and objectives

Interconnection made with other
topics

Interconnection made with other
disciplings

% Knowledge of learners
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Teacher recognises
and acknowledges
possible student
prior knowledge.
difticulr concepts,
and
misconceptions

Tcacher uscs
identified
variations in
shudent
understanding and
learning to guide
mstruction
Teacher uses
questioning to
probe or extend
student
understanding

%+ Kknowledge of
instructional strategies

Appropriate sequence for

teaching concepts

Relevant examples
and/or
representations are
used in the lessons.
which appear to be
pedagogically
effective at
portraying the
concept

Tse of stralegies
that allow for
metacognition

< Knowledge of
assessment

1. Dimensions of science to
aAS5ES5

2 Methods of assessiment

-

< Science teaching
orientation
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1. Beliefs about purposes of

teaching science

2. Beliefs about science teaching

and leaming.

3. Beliefs about NOS

Footnotes/ key

PCK indicator: Subject matter knowledge
Limited Basic Proficient Advanced

Appropriatencss | No aligniment Little Adequate Close
of of concept(s) alignment of alignment of alignment of
conccpt(s) in lesson concept(s) in conccptis) in concepi(s) in

lesson lesson lesson
Scicntific Cxplanation(s) | Cxplanation(s) | Cxplanation(s) | Cxplanation(s)
accuracy were mosily were were mostly were accurare.
of the inaccurate, somewhat accurate with which
explanation which did not inaccurate. cnly small addresses the
of the conceptis) | address the which loosely 1NACCuracies concept with

concept(s) addresses the seen, or they no

concept(s) were 100 brief inaccuracies
Links and/or No possiblc Tew of the Somc of the Many of the
connections links and/or possible links possible links possible links
madc conncctions arc madc, but and and
to ather are made nof connected cannections connections
concepts with are mads are made

explanations
Links made No links made | Few of the Some of the Many of the
(implicit or to NoS and/or | possible links possible links possible links

explicit) to the
naturc of
science

(NoS) and/or
scientific
lquiry

SI

to NoS and/or
SIarc made

to NoS and/or
ST arc madc

to NoS and/or
SI arc madc
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PCK indicator: Knowledge of student understanding

limited Basic Proficient Advanced
Teacher No recognition Recognises Recognises Recognises
recognises or some possible and and
and acknowledgement | student prior acknowledges acknowledges
acknowledges | of knowledge. some possible most/all
possible student | possible difficult student prior possible
prior student prior concepts, knowledge. student prior
knowledge. knowledge, and/or difficult knowledge.
difficult difficult misconceptions | concepts. difficult
concepts, concepts, and/or concepts,
and and/or misconceptions and/or
misconceptions | misconceptions misconceptions
Teacher uses No Acknowledgem | Some Many
identified acknowledgement | ent acknowledgment | instances
variations in and/or use of of variations in | of where teacher
student variations in student variations in acknowledged
understanding | student understanding student variations in
and understanding or learning, but | understanding student
learning to and learning to not used to or learning are understanding
guide guide guide used to guide or learning and
instruction nstruction instruction mstruction used these to

guide
instruction

Teacher uses No questions A few An adequate Many and
questioning to | are used to questions are range of varied

probe or extend | probe or used to probe questions are questions are
student extend student or extend used to probe used to probe
understanding | understanding student or extend or extend
understanding student student
understanding understanding
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PCK indicator:

Knowledge of instructional strategies

Limited Basic Proficient Advanced
Appropriate No overall Some flow Suitable flow Clear flow
sequence for flow between between between between
teaching concepts and concepts and concepts and coneepts and
concepts the sequence the sequence the sequence sequence

confuses allows some allows allows

students concept satisfactory effective

building to concept concept
oceur building to building
occur
Relevant No examples Examples Examples Relevant
examples and/or and/or and/or examples
and/or representations | representations | representations | and/or
representations | used used that do used have representations
are not appear to some used that
used in the be relevance. but appear
lessons. pedagogically appear pedagogically
which appear to effective pedagogically effective
be limited
pedagogically
effective at
portraying the
concept
Use of No use of Limited use of | Adequate use Much use of
strategies strategies that strategies that of strategies strategies that
that allow for allow for allow for that allow for allow for deep
metacognition | metacognition | metacognition | metacognition | levels of
metacognition
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PCK indicator: knowledge of curriculum

Limited Basic Proficient Advanced
Knowledge of | No overall Limited Adequate Highly
goals and knowledge of knowledge of kmowledge of knowledgeable

objectives goals and goal and goals and
objectives objectives objectives

Interconnection | No connections | Limited Adequate Much use of
with other made with other | interconnections | interconnections interconnections
topics topics made with other | made with other with other

disciplines disciplines fopics
Interconncction | No conncctions | Limited Adcquatc Much usc of
with other made to other mterconnections | interconnections interconnections
disciplines disciplines made with other | made to other with other

disciplines disciplines disciplines

<+ PCKindicator: Knowledge of assessment
Limited Basic Proficient advanced
Appropriate Inappropriate Limited /few Adequate Highly
dimensions of | dimensions dimensions of | dimensions appropriate
science to assessed science assessed | assessed dimensions
assess assessed
Appropriate Inappropriate Limited/few adequate Highly
methods of methods of appropriate
assessment assessment
<+ PCKindicator: Science teaching orientation
Limited Basic Proficient advanced
Beliefs about No knowledge | Limited Adequate Highly
purposes of on purpose of knowledge on appropriate and
teaching teaching science | purpose of illustrated
science teaching science during lesson
delivery
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Beliefs about inappropriate limited adequate Highly

science appropriate

teaching and

learning

Beliefs about inappropriate limited adequate Highly

NOS appropriate and
illustrated

during lesson

250




Appendix7: Teacher interview guide

Title: Tnierview guide for the teacher
Institulion: Bindura University of Science Edncation
Name of Tnferviewer: Jane M KATFA

1. How do vou think the lesson went?

Knowledge of leancrs

-

In what ways did students influcnee yeour teaching decisions today?

Knowledge of insiructional stralegies

3. How did the teaching strategies help vou achieve your goals?

4. Was there a time during instruction when you changed your plan? Tell me more about
thal.

Knowledge of the curriculum

5. Dud the activities help you aclueve the purpose you wntended? Why do you say that?

=

Whar were the critical seience 1deas in today’s lesson?
Knowledge of assessment

7. How ilo vou know when vour sidents inderstamd?

[=]

In what wav do you assess students learning?

Orientalions (v science leaching

9. What do vou perceive as the tzacher’s role in a rvpical lesson?
10. What do vou perceive as the students’ role in a tvpical lesson?

11. How do vou think students learn science best?

251



Appendix8: Teacher Questionnaire

Name of institution: Bindura University of Science Education
MWame of researcher: Jane M Kaila
Qnestionnaire for teachers

My name 1s Jane M Kaifa. 1 am studying for a Doctor of Philosophy Degree n Biology
education with Bindura University of Science Education. I am carrying out a rescarch entitled
Advanced Level Biology T'eachers’ Pedagogical Content Knowledge of the Topic,
Biodiversity: A Case of selected Midlands Trban High Scheols. The data gathered will be
used strictly for academic purposes and will not be disclosed to anvone. Your identity will
remain confidential. Your participation is voluntary and should you fzel like withdrawing
from participation at any stage, you arc frce to do so.

Your cooperation will be areatly appreciated.
Instructions

Indicate your answers to questions/items 10 by ticking in the appropriate box or by filling in
the spaces provided.

SECTION A: Personal information

1. Indicate your gender by ticking the appropriate box.

Male

Female

2. Indicate vour teaching qualification.

Diploma in Edncation
BScEd in Biology
MScFEilin Riology
Other (specify)

3. Tor how long have you becn teaching *A’ level RBiology?
Lcss than 5 years
S-10 vears
11-20 wears
Above 20 years

Section B
Orienlativn (v (he vomprelence based curriculum

4. Did you recerve any form of crientation to teaching the competence based Biology
curriculum?
Yes
No
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