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ABSTRACT

Evolution and genetics play a vital role in understanding biology and are widely recognised as unifying,
interdisciplinary concepts in biological research. This study has a dual objective. It first assesses pre-service
biology teachers’ (PSBTs) knowledge and misconceptions about evolution and genetics. Secondly, it
sought to compare these findings across different levels of study and among participants by gender. A
pragmatic, sequential, mixed-methods design was employed, involving 240 PSBTs in their 2nd, 3trd, and
4th years of pursuing a Bachelor of Education Science degree at one university in Ghana. The study
collected data from the Test on Evolution and Genetics Concepts (TEGIC), semi-structured interviews,
and document analysis. Descriptive, inferential, and descriptive-interpretive statistics were used to analyse
the data. The results indicated no significant differences in academic success in evolution and genetics
among PSBTs based on year of study and gender. Moreover, the findings revealed numerous
misconceptions among the participants on these concepts. Therefore, the study has implications for
stakeholders in biology education, suggesting the implementation of innovative teaching strategies,
including technology integration, conceptual map development, simulations, differentiated instruction, and
semantic feature analysis in the science classtoom to enhance students' conceptual understanding of
biology.
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Evolution and Genetics are essential to understanding biology (Dobzhansky, 1973; Martincova et al., 2022).
These concepts are widely acknowledged as a unifying, cross-disciplinary concept in biology research (Hanisch &
Eirdosh, 2020). Understanding genetics enhances the comprehension of evolution, a complex and frequently
misunderstood area of biology (Altunoglu & Seker, 2015). However, evolution and genetics are perceived as
challenging in school science curricula (Borgerding et al., 2015; Hanisch & Eirdosh, 2020), despite being central
science concepts essential to scientific literacy. Studies have shown that students and teachers have difficulty
grasping these concepts (Glaze & Goldston, 2019; Ozglir, 2013). Numerous studies have shown that
undergraduate students often lack sufficient knowledge and understanding of evolution and genetics (Buckberry
& Burke da Silva, 2012; Karatas, 2020), despite generally being considered more knowledgeable than high school
students and the general public (Gregory & Ellis, 2009; McFadden et al., 2007). This limited understanding of
key concepts in evolution and genetics is frequently linked to misconceptions and a range of cognitive and
religious influences (Adjapong, 2019; Grewe, 2025; Nelson-Ebimie et al., 2023; Rosengren et al., 2012).
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Alternative conceptions that conflict with the accepted scientific understanding continue to pose challenges in
science education (Elrod, 2008). Karatas (2020) explains that scientifically inaccurate ideas stored in long-term
memory can shape how new information is perceived and interpreted, as these ideas serve as a framework for
understanding and assigning meaning, even in emotionally charged contexts. Such flawed understandings often
persist in biology from high school to university, compromising students’ foundational grasp of key scientific
principles. As highlighted by Chisango et al. (2023), evolution, in particular, is a topic where these deeply rooted
misunderstandings are widespread, as evidenced by a substantial body of literature. These alternative views may
originate within formal education settings or be reinforced through informal social interactions. These
misconceptions, which can range in severity from simple misunderstandings to total rejection of theories
(McComas, 2006; Sadler, 2005), are frequently complex and deeply held, acting as major roadblocks to students'
comprehension of the precise scientific explanations of evolution and genetics that are provided in the classroom
(Shrestha & Bhattarai, 2022; Can & Soylu, 2025). It is, therefore, not surprising to find a vast body of literature
on alternative conceptions about evolution, genetics, and biology in general.

Although there is a substantial body of research exploring teachers’ conceptual understanding and prior
knowledge of evolution and genetics (Chisango et al., 2023; Karatas, 2020; Kirbaslar & Baris, 2016), limited
attention has been given to how pre-service biology teachers (PSBTs) comprehend these topics. Research
indicates that inaccurate conceptions can develop not only in early education but also persist into higher
education, making it critical to investigate PSBTSs’ thinking about these subjects and how they may influence their
future teaching. Uncovering PSBTS’ prior conceptions and misunderstandings is necessary for informing
targeted instructional strategies. However, there remains a notable gap in research regarding the nature and
origins of PSBTS' difficulties in grasping core concepts in evolution and genetics (Catney, 2022; Karatas, 2020).

Against this background, this study fills the gap in the literature by assessing PSBTs” academic knowledge and
misconceptions about evolution and genetics in a university of education in Ghana. The study used empirical
evidence to advocate for effective instruction at all levels of the educational ladder to enhance students’ academic
achievement in biology and eliminate the element of misconceptions.

The study was guided by the following research questions:

1. Do the academic achievement scores obtained by pre-service biology teachers on evolution and genetics
show any significant difference according to gender and year of study?
2. What misconceptions do pre-service biology teachers have about evolution and genetics?

THEORETICAL FRAMEWORK

The foundation of our theoretical framework is based on the Conceptual Change Theory (Posner et al., 1982)
and the Social Constructivism theory of learning (Vygotsky, 1962). Conceptual Change Theory, posited by
Posner et al. in 1982, is grounded in understanding how individuals restructure their conceptual knowledge,
particulatly in educational contexts. The theory proposes that effective learning occurs not merely through
acquiring new information but significantly through transforming existing mental models and misconceptions.
These processes involve radical accommodation, in which learners reject prior conceptions that contradict newly
acquired scientific understandings, thereby reconstructing their cognitive frameworks. This foundational concept
emphasises that learners must experience cognitive conflicts that motivate them to revise their misconceptions,
leading to deeper conceptual insight (Addido et al., 2022; Demastes et al., 1995; Posner et al., 1982).

Posner et al. (1982) outline four key conditions necessary for conceptual change: (1) the learner must
recognise that their existing conception is inadequate; (2) the alternative conception must be intelligible; (3) the
alternative conception must be plausible; and (4) the alternative conception must be fruitful, contributing to a
better understanding of phenomena. This model has been influential and applied across various domains of
science education, demonstrating its versatility in addressing student misconceptions that often persist due to
resistance to change stemming from prior knowledge (Addido et al., 2022; Chiu et al., 2016; Duit & Treagust,
2003).

In this study, Conceptual Change Theory as a lens acknowledges that identifying misconceptions is a critical
first step but that effective learning involves engaging PSBTs in a deliberate process of cognitive conflict. In
assessing PSBTs’ knowledge, the study examines the correctness of their ideas and the robustness of their
conceptual frameworks. Moreover, Conceptual Change Theory reminds us that emotional, motivational, and
epistemological factors influence learners' willingness to revise their conceptions (Sinatra & Pintrich, 2003). In
the case of evolution, for instance, acceptance of scientific explanations may be influenced by religious or
ideological beliefs (Barnes et al., 2017), meaning that purely cognitive interventions might not always lead to
conceptual change without addressing these broader factors.

Thus, by framing the study within Conceptual Change Theory, the research emphasises the need to diagnose,
confront, and reconstruct PSBTs' misconceptions about evolution and genetics in a structured, suppottive, and
reflective learning environment. Hence, we concur with Ohlsson's (2009) assertion that students do not simply
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restructure existing ideas but rather generate novel ones as their prevailing framework for explaining facts while
preserving previous concepts that may be dormant or disguised.

On the other hand, Constructivist theory posits that the learner actively constructs knowledge (Vygotsky,
1962) and that the generation of information and the creation of meaning are rooted in personal or social
experience. This implies that the constructivist theory emphasises that knowledge is not acquired passively but
actively built by the individual (Treagust & Duit, 2009), and that cognitive function is adaptable, allowing the
learner to create credible explanations of their experiences. Hence, constructivist teaching approaches consider
the students' existing knowledge when they enter a learning environment (Hare & Graber, 2007). Nevertheless,
caution should be exercised when implementing this approach, as students' efforts to understand unfamiliar
material may lead to misconceptions if the class is pootly guided. This study utilises the constructivist approach
to elucidate how PSBT's acquire knowledge of the concepts of evolution and genetics.

LITERATURE REVIEW

Teaching and learning of evolution and genetics

Teaching and learning genetics and evolution in Ghanaian schools remain significant concerns, mainly due to
the complexity of the content, inadequate teacher preparation, and sociocultural factors (Cofie et al., 2021).
Numerous studies conducted locally in Ghana and internationally have consistently shown that evolution and
genetics are particulatly challenging topics for teachers and students to grasp (Cofie et al, 2021; Deniz &
Borgerding, 2018; Siani & Yarden, 2020; Wilmot, 2020). Several factors have been identified as contributing to
these difficulties. These include the inherently complex nature of evolutionary concepts, limited content
knowledge among teachers, the influence of strong fundamentalist religious beliefs held by both learners and
educators, as well as the prevalence of essentialist and teleological thinking patterns that shape their
understanding (Friedrichsen et al., 2018, p. 273; Kyriacou et al., 2015; Stern et al., 2018, pp. 4-5). Genetics is
widely acknowledged as a conceptually challenging topic for students who consistently underperform on
assessments in this area (WAEC, 2024). Similarly, evolution presents pedagogical difficulties rooted in both a
lack of teacher content knowledge and deep-seated religious and cultural beliefs. In both topics, poor
instructional approaches have been identified as central to learners' struggles. Research shows that genetics
teaching in many classrooms continues to rely heavily on traditional methods that limit learner engagement and
foster misconceptions (Ngwenya, 2020; Wilmot, 2020), a trend that is mirrored in how evolution is often taught
in isolation, without connecting it meaningfully to broader scientific principles or evidence (Coleman et al., 2015;
Ngwenya, 2020).

Teachers’ pedagogical content knowledge (PCK) is critical in mediating how learners engage with genetics
and evolution. In both cases, a teacher’s depth of understanding directly influences the quality of lesson
planning, delivery, and classroom activities (Hadiprayitno, 2019; Wilmot, 2020). However, many Ghanaian
teachers lack both the content knowledge and pedagogical training required to teach these subjects effectively.
For instance, evolution was only introduced into the national curriculum in 2008, meaning many teachers
received no formal pre-service education on the topic (Holtman, 2010). This gap has forced them to teach
unfamiliar content using untrained methodologies, often leading to fragmented or superficial instruction
(Dempster & Hugo, 20006).

Compounding the issue, sociocultural factors deeply influence how both topics are received and understood.
In evolution education, teachers’ personal religious beliefs often conflict with scientific content, leading to biased
or incomplete instruction. Some teachers hold fundamentalist Christian or Muslim views that hinder their
acceptance and effective teaching of evolutionary theory (Naude, 2013). These beliefs may also discourage
classroom dialogue on sensitive issues such as human origins or racialised interpretations of hominid evolution
(Sutherland & L’Abbé, 2019). In genetics, while religious controversy is less prominent, the complexity of
abstract concepts and their invisibility in everyday experience make them difficult to grasp without active,
engaging teaching methods.

Prevalence of misconceptions about evolution and genetics among students

Misconceptions, also referred to as alternative conceptions, are deeply ingrained beliefs that learners hold
prior to formal instruction and often conflict with accepted scientific knowledge (Chi, 2005; Duit & Treagust,
2003). In evolution and genetics, such misconceptions are widespread and persistent across educational levels,
hindering meaningful learning and scientific reasoning (Matazu & Isma’il, 2024; Ojo, 2024).

Misconceptions often arise from a complex interplay of factors. External influences include the media,
textbooks, and societal beliefs, which can present misleading or simplified narratives about evolution and
genetics (Ferguson et al.,, 2022; Rice et al., 2015). For instance, many educational materials fail to adequately
explain the mechanisms of evolution, leading students to cling to simplified or erroneous notions, such as the
idea that humans evolved directly from monkeys or that evolution is a linear process aimed at perfection (Rice et
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al., 2015; Sanders & Makotsa, 2016). Furthermore, cultural beliefs, particularly those related to creationism, can
strongly influence students' acceptance of evolutionary theoty, leading to misconceptions that are resistant to
corrections provided in formal education (Ramadani & Ibama, 2020).

Internally, students' pre-existing notions, often formed in eatly childhood, can shape their understanding of
biological concepts. These intuitive beliefs may conflict with scientific explanations, making it difficult for
students to shift their understanding (Coley & Tanner, 2015). For example, concepts such as adaptation may be
misinterpreted through teleological reasoning, where students ascribe purpose to evolutionary changes rather
than recognising them as outcomes of natural selection (Gresch, 2020; Nielson et al, 2025). As these
misconceptions are often rooted in informal reasoning, they can persist even after formal instruction intended to
clarify and correct them (Coley & Tanner, 2015).

Evolution-related misconceptions include the belief that evolution is goal-directed or that individual
organisms evolve over their lifetimes, as well as confusion stemming from Lamarckian thinking and teleological
reasoning (Bishop & Anderson, 1990; Gregory, 2009; Kampourakis & Zogza, 2009). Learners often
misunderstand genetic mutation as purposeful and struggle with the population-level dynamics of natural
selection (Southerland et al., 2001). Classroom language and textbooks often unintentionally reinforce these
misconceptions (Sanders & Makotsa, 2016). A study by Yates and Marek (2015) revealed widespread
misconceptions about biological evolution among pre-biology high school students, indicating a pervasive issue
across K-12 education. Similarly, research involving Nigerian secondary school students indicated substantial
gaps in understanding key concepts such as natural selection and genetic variation, further corroborating the
prevalence of misconceptions within diverse educational contexts (Matazu & Isma’il, 2024).

In genetics, students frequently conflate genes with traits and misunderstand abstract processes like meiosis,
gene expression, and genotype-phenotype relationships (Duncan & Tseng, 2011; Lewis & Wood-Robinson,
2000). They often view dominant alleles as "stronger" and misinterpret Punnett squares deterministically
(Donovan & Venville, 2012).

Research conducted by Ojo (2024). showed that students exhibit significant misunderstandings in
foundational genetics topics. Misconceptions about the principles governing heredity and genetic transmission
underscore the need for more effective instructional approaches. Hence, Botes (2025) and Yaki (2022) advocated
the use of virtual reality (VR) and an integrated STEM approach to biology learning to help students engage with
the concept and understand it.

RESEARCH METHODOLOGY

Research design and participants

The study adopted a pragmatic, sequential, mixed-methods design (Dawadi et al., 2021), which is essential for
exploring academic achievement and misconceptions about evolution and genetics among science students. This
methodology integrates qualitative and quantitative approaches to provide a holistic understanding of these
concepts' prevalence, nature, and influencing factors of misconceptions (Andrews et al., 2012). Data from both
approaches corroborated findings and provided a comprehensive view through triangulation.

Sampling

The sample for the study was selected using purposive and convenience sampling for the quantitative study
and an extreme case sampling strategy for the qualitative study (Onwuegbuzie & Collins, 2007). The participants
(n=240) comprised a cohort of PSBTs majoring in Biology in the Bachelor of Science Education program at a
university of Education in Ghana. The sample included 240 students in their second, third, and fourth years of
study in the biology education department who had been taught the concept of Evolution and Genetics.

Instrumentation and procedure

The Test on Evolution and Genetics Concepts (TEGIC) was used to assess PSBTs” academic achievement in
evolution and genetics. The TEGIC was constructed based on Haladyna's (2018) study, which provided
guidelines for creating concept test items. The test questions were constructed based on the curriculum followed
by the biology education department at the sampled university. The test questions were organised into three
sections. Section A inquired about the demographic background of PSBTs. Section B of the test consisted of 20
multiple-choice questions on the concept of evolution. Finally, section C included 20 multiple-choice questions
on genetics.

Three experts in biology education evaluated the 40-question concept items for clarity and coherence. The
test was finalised by revising and modifying the wording of the questions. The test was then piloted with thirty
(30) third- and fourth-year PSBT's (who were not patt of the main study) to determine its reliability. Cronbach's
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alpha reliability coefficients were utilised to determine the test's reliability. A Cronbach's alpha of 0.75 was
achieved, indicating that the test items were reliable. Test items were then administered to the participants (levels
200 (second years), 300 (third years), and 400 (fourth years) PSBTs).

PSBTs were then interviewed on evolution and genetics to understand the subject and thoroughly identify
any probable misconceptions. The TEGIC test scores determined the sample for the interview. The researchers
selected respondents from the following achievement range: (i) low achievers (n=9; for level 200, 300 and 400),
(ii) middle achievers (n=9; for level 200, 300 and 400), and (iii) high achievers (n=9; for level 200, 300 and 400).
All interviews were conducted face-to-face. Interviews were scheduled based on the PSBTs” own free time and
set in a relaxed, comfortable environment, as suggested by Brinkmann and Kvale (2015).

The course structure and instruction

The Genetics and Evolution course for 20, 3rd and 4th-year PSBTs provides theoretical foundations in
Mendelian genetics and evolutionary biology, enriched with simple, practical activities to strengthen students'
understanding. Students are exposed to the fundamental mechanisms of inheritance, forms of genetics and
phenotypic variation, and the forces influencing these variations over time. The course also covers prevailing
theories and evidence of evolution, enabling students to analyse evolutionary sequences and their causes. Key
topics include Mendel’s principles, sex determination, linkage and crossing-over, chromosomal aberrations and
mutations, variations, introductory applied genetics, the chemical basis of genetics (DNA replication,
transcription, and protein synthesis), natural selection, theories of evolution, and speciation. Teaching is
delivered through lectures and practical activities.

Data Analysis

Data were analysed using the Statistical Package for the Social Sciences (SPSS) (version 28) to conduct a one-
factor ANOVA of the TEGIC test data. In addition, an independent-samples t-test was used to determine
gender-related changes in PSBTs” understanding of the key concepts of evolution and genetics.

The interview data were captured in an Excel spreadsheet, following the 12 questions posed, and analysed
using descriptive-interpretive analysis (Elliott & Timulak, 2021) to describe the interview data, which were
commented on to suit the purpose of the study. Possible misconceptions were identified after analysing the
PSBTs' responses to the interview questions. Responses were then classified as either correct or incorrect.
Incorrect responses did not satisfy the expected response or contained inaccurate statements. The PSBTS'
incorrect responses were then assessed to determine whether they represented alternative conceptions of factual
scientific truth, which were considered misconceptions. Direct quotations were also provided to give an adequate
definition and analysis of the findings, as Eldh et al. (2020) advised. Lastly, percentages were generated
comparing PSBT's' misconceptions based on gender. The datasets were then triangulated by utilising two ways to
examine the same phenomenon (PSBTs' understanding/knowledge of evolution and genetics concepts and their
misconceptions), and we evaluated the results in line with previous research. Document analysis was conducted
to determine the concepts of evolution and genetics taught at the institute.

Ethical considerations

One University is Ghana provided ethical approval for this study. Through an invitation letter and a direct
explanation in the lecture room, the goal of this study and the procedures for data collection, analysis, and
reporting were communicated to the PSBTs. Before they signed the consent form to participate in the study, the
PSBTs were allowed to ask any questions they might have. We used pseudonyms for all participants to ensure
the anonymity and confidentiality of our findings. Participants were informed that they could withdraw from the
study without providing a reason and that all acquired data would be kept confidential and anonymous. All
ethical concerns were addressed to ensure that no conflicts of interest compromised the validity (Atkins &
Wallace, 2012) or credibility (Corbin & Strauss, 2008) of the study.

RESULTS

Quantitative results

In this study, the changes in PSBTs’ misconceptions and academic achievement in genetics and evolution,
based on gender and year of study, were examined.

Table 1 provides the PSBTs’ profiles. There were a total of 240 PSBTs, comprising 196 males and 44
females. While all participating PSBTs were in their second, third, or fourth year of study toward a bachelor’s
degree in biology education, 80 out of the 240 PSBTs underwent a semester of school-based experience
(teaching practice).
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Table 1

Pre-service biology teachers’ profiles
Level Male % Female % Total %
200 65 27 15 6.3 80 33.3
300 70 29 10 4.2 80 33.3
400 61 25 19 8.0 80 33.3
Total 196 81 44 19 240 100

The findings of the research questions are presented below.

RQ1: Do the academic achievement scores obtained by the pre-service biology feachers on the Test on Evolution and Genetics show
any significant differences according to their gender and year of study?

In Table 2, the descriptive statistical distributions of PSBTs” academic achievement scores based on gender
and year of study are shown. Level 200 (M=19.388; §D=06.523). Level 300 (M=17.978, §D=6.581). Level 400
(M=16.050, $D=5.405). For gender, level 200, male (M=19.939 SD= 6.497) female (M=16.667, $§D=06.532).
Level 300, male (M=17.629, SD= 6.350) female (M= 20.400, $D=9.766). Level 400, male (M=15.951,
SD=5.255) female (M=16.368, SD=6.002). An independent t-test analysis was conducted to establish any
significant difference between the mean scores of the male and female. The results are presented in Table 3.

Table 2

Descriptive statistics of TEGIC scores by gender and year of study
Level/Gender N Mean score SD
Level 200 80 19.388 6.523
Level 300 80 17.975 6.581
Level 400 80 16.050 5.405
Level 200
Female 15 16.667 6.532
Male 65 19.939 6.497
Level 300
Female 10 20.400 9.766
Male 70 17.629 6.350
Level 400
Female 19 16.368 6.002
Male 61 15.951 5.255

From Table 3, no significant difference in mean scores was observed (t(238) = 0.56, p = 0.58), despite males
M = 18.17, SD = 6.04) obtaining a higher mean score than females (M = 17.59, SD = 7.04). This finding
demonstrates that there is no significant difference in conceptual understanding of evolution and genetics
between males and females.

A one-way ANOVA performed on Tables 4 and 5 revealed a statistically significant difference in TEGIC
scotes between at least two groups (I (2, 237) = [5.675], p <.004). Tukey's HSD Test for multiple comparisons
determined that the mean TEGIC score was significantly different between levels 200 and 400 (p = 0.003, 95%
CI =10.9918, 5.6873]). There were no statistically significant differences between levels 200 and 300 (p=0.332) or
between levels 300 and 400 (p=0.131).

Consequently, the average academic success rates of PSBT's in genetics and evolution indicate that they have
comparable levels of knowledge. No significant differences in academic success in evolution and genetics were
observed among PSBT's by year of study or gender.

Table 3
Independent sample t-test analysis on gender
Gender Variable N M SD t df Sig(tailed)
Male 196 18.17 6.04 0.56 238 0.58
Female 44 17.59 7.04

A one-way ANOVA was performed to compare the performance of the three PSBT levels (200, 300, and
400) on TEGIC scores. ANOVA results are presented in Tables 4 and 5.
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Table 4
Results of ANOV A of pre-service biology teachers’ TEGIC test scores according to year of study
Source Type I Sum of df Mean Square F Sig.
Squares
Corrected Model 449.0582 2 224.529 5.675 .004
Intercept 76077.204 1 76077.204 1922.875 .000
GROUPS 449.058 2 224.529 5.675 .004
Error 9376.738 237 39.564
Total 85903.000 240
Cortrected Total 9825.796 239
Table 5
Results of ANOV A of pre-service biology teachers’ TEGIC test scores according to year of study
) (J) GROUPS Mean Difference (I-J) Std. Sig. 95% Confidence Interval
GROUPS Error Lower Bound Upper
bound
Level Level 1.4125 .99454 332 -.9332 3.7582
200 300
Level 3.3375° .99454 .003 9918 5.6832
400
Level Level -1.4125 .99454 332 -3.7582 .9332
300 200
Level 1.9250 .99454 131 -.4207 4.2707
400
Level Level -3.3375° .99454 .003 -5.6832 -9918
400 200
Level -1.9250 .99454 131 -4.2707 4207
300

Qualitative results

What misconceptions do pre-service biology teachers have about Evolution and Genetics?

Table 6 shows the occurrence of misconceptions among PSBTs based on the six sub-concepts related to
evolution and genetics. Table 6 is divided into two main categories: genetics and evolution. For each category,
the sub-concepts are listed, and the number and percentage of individuals who have misconceptions about each
sub-concept are presented according to gender and year of study. In general, there are variations in the
prevalence of misconceptions across the different sub-concepts, study years, and genders.

Table 6
Pre-service biology teachers' misconceptions based on gender and year of study

2" Year 3" Year 4th Year
Female Male T%  Female Male T%  Female Male %
Concepts & Sub- n % n % n % n % n % n %
Concepts
Genetics
DNA replication 4 40 6 60 100 O O 10 100 100 4 40 6 60 10
0
Blood group 2 20 7 70 90 5 50 5 50 100 6 60 4 40 10
0
Genetic crossing 3 30 7 70 100 8 80 2 20 100 1 10 9 90 10
0
Evolution
Natural selection 7 70 3 30 100 1 10 7 70 80 5 50 5 50 100

Evolution of humans 6 60 0 0 60 2 20 70 90 60 3 60 90

BN
(@)}

Links between Genetic 8 80 1 10 90 3 30 7 70 100 6 60 1 10 70
& Evolution

Total number of 54 57 56 167
misconceptions

When the distribution of these misconceptions is analysed according to PSBTs year of study, 54
misconceptions were observed among PSBTs in their 2nd year of study, 57 misconceptions were observed for
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those in their 3t year of study and 56 misconceptions for those in their 4™ year of study. It was observed that
3rd-year PSBTs had the most misconceptions compared to the other groups. This could be because third-year
students often face increased academic demands and a higher workload than earlier years. Juggling multiple
courses and assignments can strain cognitive resources, making it challenging to retain information on topics
such as genetics and evolution equally.

For genetics, the highest prevalence of misconceptions found in the sub-concept of DNA replication among
the 2nd year PSBTs are the male with 6(60%) and the female with least percentage of 4(40%). In the 31 year,
misconception is prevalence in the male PSBTs more than the female with highest percentage of 10(100%) and
the females with no misconception 0(0%). Among the 4% year PSBT's, misconception is again higher in males,
with a percentage of 6(60%), than females with a percentage 4(40%). For blood groups as the second sub-
concept under genetics the highest prevalence of misconceptions among 2 year are the males with 7(70%)
having misconceptions and 2(20%) constitute that of the females with the least misconceptions. In the 3 year
PSBTSs, misconceptions are equal among the two genders with a percentage of 5(50%) for males and 5(50%) for
females respectively. Then again, the 4™ year PSBTs data, misconception is highest in the females with a
percentage of 6(60%) than the males 4(40%). For genetic crossing among the 2°d year PSBT's” misconceptions is
found highest in the males with a percentage of 7(70%) than the females with a percentage of 3(30%).
Misconceptions on genetic crossing as a sub-concept under genetics among the 3 year PSBTs are highest in
females, with 8(80%), than in males, with 2(20%). In the 4% year, misconception is said to be highest among the
males with 9(90%) and the females with 1(10%).

For evolution, the sub-concepts include natural selection, evolution of humans, and links between genetics
and evolution. The highest prevalence of misconceptions in natural selection among the 27 year PSBTs is found
among females with the highest percentage of 7(70%) and males 3(30%). In 314 year, misconceptions are highest
in males than in females, with 7(70%) and 1(10%) respectively. Misconceptions are said to be equal in the 4th
year among both genders, with 5(50%) and 5(50%) respectively. For the evolution of humans, the highest
prevalence of misconceptions is found among the 2nd year females, where 6(60%) have misconceptions,
compared to the males with no misconceptions. In the 3t year, the highest prevalence of misconceptions is
among the males with 7(70%) and the females 2(20%). In the 4% year, misconceptions are highest in the females
with 6(60%) than the males 3(30%).

For links between genetics and evolution, the highest prevalence of misconceptions was found among 2nd
year females, with a percentage of 8(80%) and among males, 1(10%). In the 3 year, misconceptions are said to
be highest among the males with 7(70%) than the females 3(30%). Lastly, misconceptions in the 4t year are
highest in females with 6(60%), as compared to males with 1(10%).

A convergence of the findings appears that there are some gender and study year differences in the
prevalence of misconceptions among PSBTs. However, it is important to note that the sample size is relatively
small, and the results should be interpreted cautiously. In addition, when the results are analysed according to
gender, 2nd, 3rd, and 4th-year females have a total of 30, 19, and 18 (46%) misconceptions, while 2nd, 3rd, and
4th-year males have a total of 24, 38, and 28 (54%) misconceptions, respectively.

Qualitative findings

The analysis of individual interviews provided more profound insight into PSBTs' misconceptions about
evolution and genetics. Through careful coding and thematic analysis, several recurrent patterns of
misconception emerged. These themes reflect specific scientific misconceptions and broader thinking patterns
that influence learning in genetics and evolution. The participants were given pseudonyms as PSBTL201 to
PSBTLA425 (PSBTL2s in level 200), (PSBTL3s in level 300) and (PSBTL4s in level 400).

The following key themes were generated and are discussed below:

a) Misconceptions of evolutionary mechanisms.

b) Misconceptions about genetic inheritance.

¢) Teleological and anthropocentric thinking.

d) The influence of prior knowledge and belief systems.

Each theme captures critical aspects of how PSBTs conceptualise core ideas in evolution and genetics,
offering valuable insights into areas that require targeted instructional support to facilitate conceptual change.

Sub-theme 1: Misconceptions of evolutionary mechanisms

This theme highlights the prevalent misconceptions held by PSBTs about the mechanisms and principles
underpinning evolutionary theory. The interviews revealed confusion between natural selection and adaptation, a
limited understanding of the role of genetic variation, and a tendency to view evolution as a linear, progressive,
and goal-directed process. Many PSBT's described evolution inaccurately as a process of increasing complexity or
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improvement of species over time. Evolution was often interpreted as a deliberate transformation, akin to
metamorphosis, and not as a result of random genetic mutations, environmental pressures, and differential
reproductive success. One PSBT has this to say: Ab...well, to me, evolution is about changes that organisms undergo,
beginning as a simple thing that gradually becomes more complex and may eventnally evolve into somewhat more complex: creatures
(PSBTLA425).

PSBTL425 response reflects the common misconception that evolution is a unidirectional process aimed at
complexity or improvement. This contradicts scientific understanding, which views evolution as non-linear and
driven by environmental factors, not progression toward better organisms. One PSBTL410 shared his view:
Human evolution is linear, with a clear progression from simpler organisms to more complex: ones and becoming more beantiful every
generation.

This comment indicates a belief that evolution has a predetermined goal or direction. The idea that humans
are the endpoint of a linear chain oversimplifies the branching nature of evolutionary history and reflects a human-
centred bias. PSBTL205 shared her sentiment: Natural selection itself is complex. How come nature selects some organisms
to survive while others do not? This means that natural selection will always lead to greater complexity. . .which means that natural
Selection is a random, deliberate, or purposeful process targeting unfortunate organisms.

PSBTL205’s narrative showcases multiple layers of misconception. She views natural selection as intentional
or moralistic and incorrectly associates it with complexity as a guaranteed outcome. This anthropomorphises
nature, treating it as an agent with intent rather than a mechanism based on environmental pressures and genetic
variation.

These findings indicate that PSBTs carry forward deep-rooted misconceptions about evolution, shaped by
prior knowledge, societal beliefs, and insufficient instructional scaffolding, which can pose a challenge to
effective science teaching,.

Sub-theme 2: Misconceptions about genetic inheritance

This theme captures the inaccurate beliefs held by PSBTs about how genetic traits are passed from one
generation to the next. These misconceptions involve confusion surrounding fundamental genetics concepts,
including dominant and recessive traits, gene expression, the structure and function of chromosomes and
chromatids, and the processes of mitosis and meiosis.

Throughout the individual interviews, several recurring misconceptions were identified. While such notions
are widely reported in the literature, they remain challenging to correct. One prevalent issue was the conflation of
closely related genetic terms, where PSBTs incorrectly assumed that terms like chromosome and chromatid, or
centrosome and centriole, were interchangeable. Moreover, there was a tendency among PSBTs to perceive
DNA replication and cell division processes as flawless, error-free mechanisms, which contradicts the scientific
understanding of mutation and genetic variation. Another common misconception was the oversimplification of
inheritance patterns, particularly about blood group inheritance, where PSBTs failed to recognise the co-
dominant nature of the ABO blood group system and the polygenic control of some traits. PSBTL301 narrated:
Ab...to me, I think since mitosis and meiosis all have to do with the cell dividing, I think the cells do not matke mistakes when they
start dividing. In other words, the process occurs free of errors.

This response reflects a misconception that cellular processes, particularly mitosis and meiosis, are perfectly
regulated and error-free. The PSBTL301 fails to recognise the possibility of mutations or errors during DNA
replication or cell division, which are critical for understanding genetic variation and some genetic disorders.
Another PSBT413 shared: To me, I do not actually find any difference between these terms. The chromosomes and chromatids are
essentially the same thing, and centrosomes and centrioles are essentially the same thing, and all are found in the nuclens of the cell.

This illustrates conceptual conflation, in which the PSBT fails to distinguish between structurally and
functionally distinct cell components. This misunderstanding can confuse understanding key genetic processes
like chromosome segregation during mitosis and meiosis.

PSBT419 concurred: Blood type is determined solely by the mother or the father’s blood type and not a combination of their
blood.

This response demonstrates a fundamental misunderstanding of Mendelian inheritance and co-dominance.
The PSBT assumes a one-parent blood type determination, neglecting both parents' genetic contributions and
the interaction between multiple alleles (A, B, O) in determining the child's blood group.

These findings highlight persistent and overlapping misconceptions about genetic inheritance among PSBTs.
The confusion between related terms and biological processes indicates that many PSBTs may memorise
definitions without fully understanding the concepts. This suggests a need for instructional strategies that
emphasise conceptual clarity, visual models, and interactive simulations to reinforce understanding.
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Sub-theme 3: Teleological and anthropocentric thinking

This theme captures participants' tendency to assign purpose, intent, or human-like reasoning to evolutionary
and genetic processes. It suggests that organisms change because they #eed 70 or that evolution happens with a
specific goal. Several PSBTs displayed teleological reasoning, revealing a fundamental misconception of
evolutionary processes' non-directional and non-purposeful nature. These participants often explained
evolutionary change as a conscious, need-driven process and some expressed beliefs that align genetic changes
with human desires or needs. These misconceptions indicate that intuitive and belief-driven reasoning still
strongly influences conceptual understanding despite formal instruction. This form of reasoning may stem from
everyday language, cultural beliefs, or prior learning that frames biological change in human-like terms.
PSBTL320 narrated: Giraffes grew longer necks becanse they needed to reach the tall trees for food. If they did not stretch, they
wonld die, so nature helped them to change and so evolved.

PSBTL320’s explanation implies that evolution is a purposeful response to a need, suggesting Lamarckian
thinking (use and disuse), which has been long debunked. It reflects a common teleological misunderstanding
and a failure to grasp natural selection as a non-conscious process driven by variation and differential survival.
Another PSBT has this to say: Humans are the most evolved becanse we are smarter and can control other animals. Evolution
made us the best species (PSBTL208).

PSBTL208 uses anthropocentric reasoning, viewing evolution as a ladder culminating in human superiority.
This interpretation reflects a progressivist misconception, which inaccurately presents evolution as a linear
journey towards perfection or intelligence. Another PSBT has this to say: I understand from the lessons so far that
animals change their genes over time when the environment becomes harsh to survive better PSBTL217).

This response shows a belief in intentional genetic change, implying that organisms can consciously modify
their genes in response to environmental stressors. This reflects a misunderstanding of how random mutations
and selection pressures work in evolution and blurs the line between individual adaptation and generational
genetic change.

Sub-theme 4: Influence of prior knowledge and belief systems

This theme covers PSBTs' prior knowledge and belief systems that influence their scientific understanding,
The data revealed that many PSBTs’ understanding of evolution and genetics was significantly influenced by
their personal belief systems, religious upbringing, and prior informal learning experiences. One PSBT lamented:
I believe that God specially created humans, so 1 find it hard to accept that we came from apes, as we have been taught and read from
textbooks for the past years of my schooling. This information does not match what 1 have always been taught in church
(PSBTL224).

PSBT’s response reflects an apparent religious conflict with the scientific theory of evolution. The PSBTS'
belief in special creation overrides the scientific explanation, indicating a faith-based resistance to evolutionary
concepts. The phrase what I have ahways been taught and read from textbooks suggests deep-rooted prior knowledge
that may hinder the acceptance or integration of new scientific perspectives. Another PSBT lamented: I bigh
school, we were told that evolution is just a theory, not something proven, so I never really took it seriously (PSBTL202).

This statement points to misinformation or oversimplified teaching during earlier educational experiences. In
a scientific context, misunderstanding the term #heory reflects a linguistic and conceptual misconception
reinforced by prior schooling. Another PSBT alluded: My parents always said that genetics means you look like your
parents, so I did not think it invelved DNA and all that complicated stuff we are learning at schoo/ (PSBTL214).

PSBTL214’s understanding of genetics is shaped by informal family knowledge, which lacks scientific depth.
The simplification of genetics to mere physical resemblance demonstrates how everyday explanations can lead to
conceptual misconception when not clarified or corrected in formal education.

DISCUSSIONS

The study aimed to assess PSBTs’ academic knowledge and misconceptions about evolution and genetics,
guided by two research questions. Regarding the first research question, the findings from Table 3 revealed no
statistically significant difference in conceptual understanding between male and female PSBTs, as indicated by
t(238) = 0.56, p = 0.58, despite males obtaining a slightly higher mean score. This suggests that gender does not
play a significant role in shaping academic success in genetics and evolution. Similarly, while a one-way ANOVA
(Tables 4 and 5) showed significant differences among year groups (F(2,237) = 5.675, p < .004), the post hoc
Tukey’s test revealed that only the difference between second-year (level 200) and final-year (level 400) students
was statistically significant. No significant difference was found between levels 200 and 300 or between levels
300 and 400. These findings collectively suggest that while some gains are made as students advance through
their studies, overall, PSBTs exhibit comparable levels of academic knowledge, highlighting persistent challenges
in fully mastering these concepts, leading students to cling to simplified or erroneous notions, such as the idea
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that humans evolved directly from monkeys or that evolution is a linear process aimed at perfection (Rice et al.,
2015; Sanders & Makotsa, 2016).

From the perspective of Conceptual Change Theory (Posner et al., 1982), these results suggest that despite
increased exposure to coursework, PSBTs may not be experiencing the deep restructuring of knowledge
necessary for genuine conceptual understanding. According to the theory, meaningful learning requires
dissatisfaction with existing conceptions and adopting new, intelligible, plausible, and fruitful scientific concepts.
The limited differences across levels imply that instructional strategies may not sufficiently promote
dissatisfaction with misconceptions or support the robust cognitive conflict necessary for conceptual change.

The second research question uncovered various misconceptions about evolution and genetics, which were
turther illuminated through thematic analysis. Four main themes were identified: misconceptions of evolutionary
mechanisms, misconceptions about genetic inheritance, teleological and anthropocentric thinking, and the
influence of prior knowledge and belief systems. These findings align with constructivist learning theory, which
posits that learners construct new knowledge based on prior experiences and ideas. As Coley and Tanner (2015)
emphasise, pre-existing intuitive beliefs often conflict with scientific explanations, making conceptual change
particularly difficult.

For instance, many PSBTs exhibited misconceptions regarding evolutionary mechanisms, viewing evolution
as a goal-directed process to produce more complex organisms. This finding is consistent with previous studies
(Ferguson et al,, 2022; Rice et al., 2015; Sanders & Makotsa, 2016) documenting widespread misunderstanding of
evolution as linear progression rather than an adaptive response to environmental pressures. Similarly,
misconceptions about genetic inheritance, such as the belief that acquired traits can be inherited, reflect deep-
seated intuitive reasoning and reveal how students struggle to differentiate between phenotypic changes and
genetic changes. The prevalence of teleological and anthropocentric thinking among PSBT's further underscores
the challenge of overcoming intuitive but scientifically inaccurate explanations. As Gresch (2020) and Nielson et
al. (2025) argue, students often attribute purpose or intention to evolutionary changes, which hinders their ability
to grasp natural selection and random genetic mutation. Moreover, external influences, including religious beliefs
and media portrayals, play a significant role in shaping misconceptions, as Ramadani and Ibama (2020) and Cofie
et al. (2021) noted.

These findings highlight critical implications for teacher education programs. To foster genuine conceptual
change, educators must design learning experiences that directly confront misconceptions, create cognitive
dissonance, and support students in constructing scientifically accurate understandings. Strategies grounded in
both conceptual change theory and constructivist principles, such as inquiry-based learning, concept mapping,
and reflective discussion, could prove effective in addressing persistent misconceptions about evolution and
genetics among pre-service biology teachers.

CONCLUSION AND RECOMMENDATIONS

This study examined the academic achievement of PSBTs by year of study and gender, and their
misconceptions about evolution and genetics to measure conceptual change in this demographic. The literature
establishes that learning is a process of conceptual change in which the student proactively revises and
reorganises their pre-existing knowledge. However, teachers need to help their students recognise their
preconceptions and offer them opportunities and motivation to modify them. In biology education, students’
prior knowledge can help promote conceptual change. The misconception arises from confusion between the
informal and scientific uses of scientific terms and concepts. Therefore, this study found no statistical difference
in PSBTs’ year of study or academic achievement. The study further established that there were no gender
differences in the academic achievement of PSBTs. However, the study found differences in PSBTS’
misconceptions according to gender.

A limitation of this study is that, although it involved 240 participants, they were all drawn from a single
institution. This restricts the generalisability of the findings. Including participants from multiple universities
would offer a broader, more representative understanding of misconceptions across diverse educational settings
in Ghana and, potentially, across Africa.

Nonetheless, the outcomes of this study carry significant implications for science educators in classroom
contexts. Firstly, the findings reveal that PSBTs” understanding of evolution and genetics is influenced by their
academic level and gender, often resulting in conceptual inaccuracies. Teacher educators can leverage this insight
to design targeted instructional interventions for specific evolution and genetics topics that students commonly
struggle with. Biology teachers need to begin by identifying learners’ pre-existing notions and misunderstandings
before applying learner-centred teaching strategies to foster conceptual clarity and deeper engagement.
Moreover, biology textbooks should undergo a thorough review and approval process by higher education
institutions ptior to being recommended for student use. Finally, researchers can further explore how students'
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comprehension of evolution and genetics develops, particularly how certain teaching materials or instructional
gaps contribute to persistent errors in understanding.

In general, we advocate expanding the scope of evolution and genetics beyond the boundaries of biology so
that teachers/lecturers in science-related disciplines can better interpret the broader cross-disciplinary
implications of contemporary science discourse.
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