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ABSTRACT 

This study investigates the comprehension of microbiological 

concepts among students and identifies areas for improvement in 

microbiology education. The participants comprised 56 second-

year learners (17 males, 39 females) studying microbiology as part 

of their BSc Biology program at a university in South Africa’s 

Eastern Cape.  A survey was conducted to assess respondents' 

accuracy in answering ten questions covering various aspects of 

microbiology, including definitions, classifications, historical 

figures, and applications in different disciplines. The results of the 

survey on microbiology knowledge revealed that respondents 

performed best in identifying Antonie van Leeuwenhoek, with an 

accuracy rate of 85.7%. Conversely, they performed worst in 

accurately identifying the reasons to study microbiology, with 

only 10.7% of responses being accurate. The results reveal varying 

levels of accuracy, with notable strengths in historical knowledge 

and identification of infectious diseases. However, deficiencies 

are observed in taxonomical classifications and understanding of 

interdisciplinary applications. Strategies for addressing these gaps 

through targeted educational interventions, curriculum 

development, and innovative pedagogical approaches are 

discussed. Overall, this study underlines the importance of 

ongoing efforts to enhance microbiology education and prepare 

students for the complexities of the field. 
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INTRODUCTION 

Microbiology stands as a cornerstone in the realm of biological sciences, offering a profound 

understanding of the microscopic world that surrounds us. It also serves as the cornerstone of 

biological sciences education. From unravelling the mysteries of infectious diseases to 

harnessing the power of microbial organisms for biotechnological advancements, the field of 

microbiology encompasses a diverse array of disciplines and applications (Gautam, 2023). In the 

context of higher education, a comprehensive grasp of microbiological concepts is essential for 

students pursuing degrees in biological sciences, providing them with a solid foundation for 

further exploration and specialization. Understanding microbiology holds particular significance 

for students pursuing a Bachelor of Science (BSc) in Biology, as it forms an integral component 

of their academic and professional development. Microbiology's direct relevance to numerous 

career paths aligns closely with the diverse interests and aspirations of BSc Biology students. 

Whether they intend to specialize in healthcare, pharmaceuticals, agriculture, environmental 

science, or biotechnology, a solid understanding of microbiology is indispensable (Fagunwa & 

Olanbiwoninu, 2020). Through the evaluation of learners' comprehension of microbiology, 

educators ensure that BSc Biology students acquire the requisite knowledge and skills to 

navigate these career paths effectively. Proficiency in microbiology not only equips students 

with the scientific principles necessary for addressing current challenges but also prepares them 

for emerging issues in these dynamic fields (Fahnert, 2016). 

Several studies have highlighted persistent educational gaps in microbiology training, 

ranging from insufficient integration of laboratory skills and real-world applications to 

superficial coverage of core concepts (Brownell et al., 2014; Fahnert, 2016; Marbach-Ad et al., 

2019). These deficiencies can hinder students’ critical thinking, conceptual understanding, and 

preparedness for multidisciplinary scientific challenges. Theoretical frameworks such as 

constructivism offer valuable insights into these challenges. Constructivist learning theory posits 

that learners actively construct knowledge through experience and reflection, emphasizing the 

importance of meaningful engagement with content rather than rote memorization (Piaget, 

1970; Vygotsky, 1978). This perspective showcases the need for microbiology instruction that is 

inquiry-based, contextual, and student-centred. Yet, many undergraduate programmes 

continue to rely heavily on didactic teaching approaches that do not foster deep learning or 

conceptual change. 

Moreover, by fostering critical thinking, problem-solving abilities, and interdisciplinary 

perspectives, proficiency in microbiology cultivates the essential attributes needed for success 

in scientific careers (Osman et al., 2013). BSc Biology graduates, ultimately, this research seeks 

to contribute to the enhancement of biological sciences education by promoting a deeper 

understanding of microbiology and its pivotal role in addressing global challenges. By equipping 

learners with a solid foundation in microbiological principles and applications, we venture to 

empower the next generation of scientists to tackle emerging issues in health, agriculture, and 

environmental sustainability with confidence and proficiency. The main aim of this study is to 
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evaluating learners understanding of microbiology applications in general biological science 

degree.  

Research Objectives 

• To determine learners’ basic and current knowledge on microbiology 

• To assess learners’ recognition of microbiology’s relevance within various biological 

disciplines related to their degree 

• To examine learners’ understanding of how microbiology integrates with other fields of 

biology such as zoology, botany, and entomology 

• To identify gap in knowledge and understanding of microbiology 

LITERATURE REVIEW 

Microbiology’s Role in Education and Global Stewardship 

Microbiology, at its core, invites us to explore a world invisible to the naked eye but fundamental 

to all life forms. This field has radically transformed the way we understand disease, health, 

ecosystems, and even our own identities as human beings (Schneider, 2024; Timmis et al., 

2024). Microorganisms were once seen solely as agents of decay or illness, but today they are 

recognized as critical partners in sustaining life (Melby et al., 2025). They digest our food, enrich 

our soils, cycle nutrients, and even influence our mental health through the gut-brain axis. Wills 

(2022) note that microbiology has played a transformative role in revealing these connections, 

shifting the narrative from fear of germs to appreciation of microbial ecosystems. This shift is 

particularly important for students who are beginning their journey in biological sciences—it 

encourages them to view microorganisms not as mere lab subjects, but as complex, essential 

contributors to life. 

What makes microbiology so engaging especially for undergraduate students is how it 

blends mystery with relevance. The awe of discovering a previously unknown microbe under 

the microscope is matched by the realization that such discoveries could lead to life-saving 

antibiotics or sustainable farming techniques (Wilson & Ho, 2023). Timmis et al. (2024) highlight 

how this dual role—curiosity-driven exploration and practical application—makes microbiology 

uniquely positioned within biological education. For students, learning microbiology often 

becomes the first encounter with research that directly addresses global challenges. It’s a 

discipline that helps them see the connection between microscopic processes and macroscopic 

realities. This perspective nurtures not just scientific literacy, but also a sense of global 

citizenship and responsibility, preparing them to become not only scientists but stewards of 

both human and environmental health. 

The Role of Microbiology in Higher Education 

In the context of higher education, especially within a Bachelor of Science (BSc) in Biology 

program, microbiology is not just another subject—it’s a gateway. It introduces students to the 

complexity and interconnectedness of life at the microscopic level. Gautam (2023) notes that 

microbiology plays a pivotal role in equipping students with foundational knowledge across 
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multiple branches of biology, such as genetics, molecular biology, and environmental sciences. 

For many, their first microscope session—peering into a drop of pond water teeming with life—

sparks the realization that biology is as much about the invisible as it is about the visible. This 

revelation often becomes a turning point, transforming abstract textbook knowledge into 

tangible curiosity. 

More importantly, the way microbiology is taught today has evolved to reflect the 

changing landscape of science education. Gone are the days of purely theoretical lectures and 

“cookbook” lab exercises (Fahnert, 2017). Increasingly, universities are embracing inquiry-

based, student-centred learning. In Australia, for instance, large-scale programs such as the 

Authentic Large-scale Undergraduate Research Experience (ALURE) at the University of 

Queensland have introduced real research into microbiology classrooms (Auchincloss et al., 

2014; Kappler et al., 2017). These initiatives engage students in original investigations—such as 

analyzing soil microbes for novel antibiotic compounds or profiling local microbiomes—giving 

them a genuine taste of scientific discovery. Such experiences have been shown to boost 

student engagement, confidence, and critical thinking (Osman et al., 2013). For BSc Biology 

students, this shift transforms microbiology from a passive learning subject into an active 

exploration, preparing them not only for postgraduate studies but also for meaningful careers 

in research, healthcare, agriculture, and beyond. 

For many students, the microbiology classroom and lab become transformative spaces—

where science becomes tactile and curiosity takes shape. The experience of growing bacterial 

colonies or using a microscope to observe the life within a single drop of water often leaves a 

lasting impression. These hands-on engagements allow students to move beyond rote 

memorization into authentic exploration. Students begin to ask deeper questions: Why do 

microbes behave differently in different environments? How can we use them to solve 

environmental problems? Can microbes be allies in medicine rather than threats? This inquiry-

driven learning fosters a deeper connection to the discipline. It also brings a sense of 

relevance—what they learn in class today could contribute to developing a life-saving vaccine 

or a soil-enriching biofertilizer tomorrow. In this way, microbiology doesn’t just inform students; 

it inspires them. 

Moreover, the early integration of microbiology into the undergraduate curriculum sets 

a strong tone for lifelong scientific engagement. As students’ progress through their degree, 

they draw on microbiological knowledge repeatedly—in physiology, biochemistry, 

biotechnology, and environmental biology (Buthelezi & Mpuangnan, 2024; Fahnert, 2017). Even 

for those who do not specialize in microbiology, its influence persists throughout their academic 

journey. It helps them build interdisciplinary bridges and fosters a mindset that is holistic rather 

than fragmented. By framing microbiology as a foundational and integrative science, 

universities empower students with the confidence and competence to navigate and contribute 

meaningfully to a variety of scientific and societal domains. 
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Microbiology as a Career Catalyst 

Microbiology is more than an academic requirement—it’s a career catalyst that opens doors to 

diverse and evolving professional pathways. Its relevance spans healthcare, pharmaceuticals, 

agriculture, environmental conservation, biotechnology, food safety, and public health (Goel et 

al., 2024). For BSc Biology students, this broad applicability allows them to align their academic 

experiences with their personal interests and career aspirations. As noted by Fagunwa & 

Olanbiwoninu (2020), a foundational knowledge of microbiology is indispensable for those 

entering roles such as medical laboratory technologists, environmental scientists, microbial 

ecologists, or biotechnologists. In this regard, microbiology acts as both a compass and a 

toolbox: it points learners toward a wide range of career opportunities while equipping them 

with practical and analytical skills essential in the workforce. 

What further strengthens microbiology’s impact is its alignment with global and local 

priorities. The increasing burden of antimicrobial resistance, emerging zoonotic diseases, food 

security challenges, and the need for sustainable agriculture are all areas where microbiologists 

are urgently needed (Zhang et al., 2024). BSc Biology graduates who have been exposed to 

applied microbiology are better positioned to respond to these challenges with innovation and 

evidence-based strategies. Proficiency in microbiology also increases employability, as 

employers in both public and private sectors often seek candidates who can apply 

microbiological techniques in clinical diagnostics, industrial fermentation, environmental 

monitoring, or genetic engineering (Akinsemolu et al., 2023). This relevance to real-world 

problems makes the discipline not only intellectually stimulating but also socially impactful. 

Moreover, microbiology fosters transferable skills that are highly valued across 

disciplines. Students trained in microbiology learn to think critically, analyze complex data, 

manage laboratory protocols, and communicate scientific findings clearly. These competencies 

are just as important in policy development and science communication as they are in research 

laboratories. For instance, a graduate who may not pursue a bench science role can leverage 

their microbiology background in science journalism, regulatory affairs, or public health 

advocacy. Microbiology nurtures both scientific rigor and curiosity—two essential ingredients 

for lifelong learning and adaptability. This flexibility ensures that students are not confined to 

narrow job titles but instead prepared for dynamic, interdisciplinary careers. 

Finally, exposure to microbiology can be transformative at the personal level. Students 

often report that learning about the microscopic world enhances their awareness of issues like 

hygiene, disease prevention, and environmental stewardship in daily life. This personal 

empowerment is often the seed from which deeper civic engagement or scientific leadership 

grows. Whether working in a remote clinic, developing vaccines, restoring polluted ecosystems, 

or shaping biosafety policies, graduates who understand microbiology carry with them a critical 

awareness of how small organisms influence large-scale outcomes. Through this lens, 

microbiology becomes more than a career—it becomes a lifelong lens for understanding and 

improving the world. 
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Cultivating Scientific Thinking and Real-World Skills 

One of the most valuable contributions of microbiology education lies in its ability to develop 

students' scientific thinking. Rather than simply memorizing facts about microbes, students are 

encouraged to ask questions, generate hypotheses, design experiments, analyze data, and draw 

evidence-based conclusions. This scientific process, embedded in microbiology training, fosters 

a mindset that goes beyond the classroom—it promotes curiosity, critical analysis, and logical 

reasoning. According to Fahnert (2016), this approach nurtures independent learners who are 

capable of making informed decisions and solving problems systematically. In today’s 

information-rich but often misleading world, these are crucial life skills, not just academic 

outcomes. Microbiology, with its hands-on experiments and data interpretation, thus serves as 

a training ground for broader intellectual development. 

Moreover, microbiology uniquely prepares students with real-world technical skills that 

are directly applicable to research, industry, and public health contexts. Through practical lab 

work—such as culturing bacteria, performing antimicrobial susceptibility tests, DNA extraction, 

microscopy, or environmental sampling—students learn techniques used in clinical and 

industrial microbiology laboratories (Buthelezi & Mpuangnan, 2024). These practical 

competencies are increasingly valued by employers, especially in settings like diagnostic labs, 

pharmaceutical manufacturing, agricultural biotechnology, and water quality testing (Ezemba 

et al., 2025). In addition, students often work in teams, manage lab notebooks, interpret 

ambiguous results, and present findings—mirroring the dynamics of professional scientific 

environments. This combination of technical proficiency and experiential learning bridges the 

gap between theory and application. It also boosts student confidence, enhances employability, 

and reinforces the value of microbiology education as a foundation for both scientific and 

societal contributions. 

Assessing Understanding to Enhance Learning 

To ensure microbiology education is effective, educators must regularly assess students' 

understanding—not as a punitive measure, but as a tool for growth. Thoughtful assessment 

helps identify gaps, refine teaching strategies, and support student learning in meaningful ways 

(Zhai, 2021). Whether through lab reports, case-based learning, or project-based assessments, 

evaluations can reveal how students apply microbiological concepts to real-life scenarios. As 

Fahnert (2016) argues, effective teaching in microbiology must evolve alongside global scientific 

trends and student needs. In doing so, we ensure that learners are not just absorbing facts, but 

developing a deep, functional understanding of the subject. 

Assessment in microbiology education serves a dual purpose: it not only evaluates 

students’ grasp of complex concepts but also plays a critical role in reinforcing and deepening 

their learning. Traditional assessments, such as written exams and quizzes, provide a snapshot 

of students’ theoretical knowledge. However, to truly capture the depth of understanding 

required in microbiology, educators are increasingly adopting diverse assessment strategies. 

These include practical exams, lab reports, research projects, and reflective assignments that 
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encourage students to apply concepts in real-world contexts. According to Osman et al. (2013), 

such formative assessments promote active learning by encouraging students to integrate 

theory with practice, fostering higher-order thinking skills such as analysis, synthesis, and 

evaluation. Effective assessment design thus becomes an essential pedagogical tool that drives 

continuous learning, identifies gaps in knowledge, and informs targeted instructional 

interventions. 

Beyond measuring academic achievement, assessment in microbiology also nurtures 

essential scientific competencies such as critical thinking, problem-solving, and communication 

(Timmis et al., 2024). For instance, practical assessments that require students to interpret 

experimental data or troubleshoot unexpected results mimic real-life scientific challenges, 

helping students develop resilience and adaptability. Peer assessments and group projects 

foster collaboration and the exchange of diverse perspectives, preparing students for 

multidisciplinary teamwork in their future careers. Furthermore, integrating technology—such 

as virtual labs, online quizzes with instant feedback, and interactive simulations—enhances 

engagement and provides immediate insights into student performance (Alam, 2023). By using 

varied and dynamic assessment methods, educators can create a more inclusive and supportive 

learning environment that motivates students to take ownership of their learning journey and 

builds a solid foundation for lifelong scientific inquiry. 

Empowering Students to Address Global Challenges 

Microbiology is not confined to labs and textbooks—it plays a key role in solving some of the 

world’s most pressing challenges. From climate change to food security, antimicrobial resistance 

to pandemic preparedness, microbial science is central to global sustainability (Timmis et al., 

2024). Educators who teach microbiology are not just imparting knowledge—they are nurturing 

future scientists, innovators, and problem-solvers. When students understand how soil 

microbes can improve crop yields or how gut bacteria influence health, they begin to see 

themselves as part of the solution. Fagunwa & Olanbiwoninu (2020) emphasize that 

microbiology education must instill not only knowledge, but also a sense of responsibility and 

possibility. 

Microbiology education plays a pivotal role in preparing students to confront some of 

the most pressing global challenges of our time. Infectious diseases, antimicrobial resistance, 

food security, environmental degradation, and climate change are complex problems deeply 

intertwined with microbial processes (Zhang et al., 2024). By understanding microbiology, 

students gain insight into the underlying mechanisms that drive these issues—such as how 

pathogens evolve resistance to drugs or how soil microbes contribute to sustainable agriculture. 

This scientific knowledge empowers students to think critically about solutions that are 

grounded in evidence and innovation. As Fagunwa & Olanbiwoninu (2020) note, equipping 

biology graduates with strong microbiological foundations enhances their ability to develop 

interventions that are not only effective but also sustainable and socially responsible. 
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Moreover, microbiology education fosters a global and interdisciplinary perspective that 

is essential for addressing challenges that transcend borders. Students learn to appreciate the 

interconnectedness of human health, ecosystems, and microbial diversity (Timmis et al., 2024). 

This awareness cultivates a sense of responsibility and urgency, motivating students to engage 

in research, policymaking, and community outreach aimed at improving public health and 

environmental sustainability. Through projects, internships, and collaborations, students 

experience firsthand how microbiological applications from developing vaccines to 

bioremediation techniques can have tangible impacts on communities worldwide (Zhang et al., 

2024). Ultimately, by empowering students with knowledge, skills, and ethical grounding, 

microbiology education helps nurture a generation of scientists and citizens ready to lead and 

innovate in the face of global challenges. 

Conclusion: Reimagining Microbiology Education for the Future 

In sum, microbiology is more than a requirement for a biology degree, it is a transformative 

discipline that shapes how students view the world and their place in it. By emphasizing its 

applications, fostering scientific curiosity, and assessing understanding in meaningful ways, we 

can elevate the impact of microbiology education. This literature review supports the core aim 

of this study: to evaluate learners’ comprehension of microbiology within the context of a 

general biological sciences degree. Ultimately, by strengthening microbiology education, we 

empower students to meet the demands of modern science and contribute solutions to the 

ever-evolving challenges of health, agriculture, and the environment. 

RESEARCH METHOD 

Participants 

The target group consisted of second-year learners who was enrolled for microbiology course 

under Bachelor of Science (BSc) programs in Biology in the eastern cape of South African 

university. A total of 56 learners (17 male and 39 female) completed the survey between the 

09th and 25th of September 2023. Participation was voluntary, and learners had the option to 

decline. 

Research Design  

This study employed a cross-sectional survey design, which involved collecting data at a single 

point in time to assess the current level of microbiology understanding among second-year BSc 

students. The cross-sectional approach is widely used in educational research for its ability to 

provide a snapshot of participants’ knowledge, attitudes, or behaviours without requiring long-

term follow-up (Creswell & Creswell, 2018; Levin, 2006). A deductive research approach was 

applied, as the study was grounded in established microbiological educational frameworks and 

aimed to test specific assumptions about learners' comprehension based on standardized 

content taught in Bachelor of Science programmes (Bryman, 2016). A mono-method 

quantitative strategy was used, utilizing a structured self-administered questionnaire 

distributed online via Google Forms. Quantitative research allows for objective measurement 

https://scholar.google.com/citations?user=4IeelMIAAAAJ&hl=en&oi=sra
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and statistical analysis of variables, making it particularly suited for evaluating educational 

outcomes (Cohen, Manion, & Morrison, 2018). The questionnaire was designed to align with 

the curriculum content, microbiology textbooks, and national educational standards. It included 

ten closed-ended questions categorized on an accuracy scale: Accurate, partially accurate, and 

inaccurate. This format allowed for uniform grading and facilitated straightforward quantitative 

analysis of student performance. The survey research method was selected for its cost-

effectiveness and ability to reach a relatively large sample quickly and efficiently (Dillman, 

Smyth, & Christian, 2014). Given the geographic and logistical constraints of the study setting—

a university in the Eastern Cape, South Africa—this approach enabled broad data collection with 

minimal resource expenditure. 

A structured questionnaire was designed by the research team to assess learners' 

understanding of microbiology, with content validity confirmed through expert review and a 

Cronbach’s alpha coefficient of 0.82 indicating good internal consistency. The questions were 

designed based on course syllabi, textbooks, and educational standards in microbiology. The 

learners were invited via Google Form questionnaire link and submit it promptly, within one 

week. The learners have the option to decline participation in the study. The first section 

consists of the declaration and demographic data, followed by questions around learners 

understanding of microbiology applications in general biological science. This study follows a 

positivist paradigm, since it aims to empirically assess learners’ understanding of microbiology 

using a structured questionnaire. Positivism relies on observable and measurable facts, rejecting 

metaphysical explanations. It has significantly influenced various fields, including physics, 

mathematics, and accounting, where quantitative methods dominate research practices (Wati, 

2024). Conversely, critiques of the positivist paradigm highlight its limitations, particularly in 

social sciences where human experiences and subjective interpretations are essential. 

Furthermore, it employs quantitative research methods, such as statistical analysis, to derive 

conclusions from data (Castrillo, 2024). Positivism posits that science is the only valid form of 

knowledge, emphasizing the need for empirical verification (Wati, 2024). In disciplines within 

natural sciences, positivism aids in understanding natural phenomena through empirical data 

collection (Castrillo, 2024). The study assumes that knowledge can be measured quantitatively 

through responses based on predetermined course syllabi and educational standards. To 

enhance content validity, the questionnaire items were reviewed by two microbiology lecturers 

and one curriculum specialist, who assessed the relevance, clarity, and alignment of the 

questions with key learning outcomes (Haynes et al., 1995). It consisted of two sections: 

Demographic Information & Consent Declaration, Microbiology Knowledge Assessment 

Data Collection Process 

To collect the data, a Google Forms link was shared with the learners through their university 

emails and class WhatsApp group. The questionnaire started with a brief introduction and a 

consent section, which students had to agree to before continuing. They were given one week—

from 9 to 15 September 2023 to complete the form at their own pace. A reminder message was 
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sent halfway through the week to encourage more responses. All responses were automatically 

recorded online, and access to the data was limited to the research team to ensure privacy. 

Data Analysis 

Following data collection via Google Forms, responses were exported to IBM SPSS Statistics 

(Version 28) for analysis. The dataset was first cleaned to remove any incomplete entries, and 

variables were coded according to predefined categories (Accurate, Partially Accurate, 

Inaccurate). Descriptive statistics, including frequencies and percentages, were generated to 

summarize learner responses to each question. These outputs allowed for a clear understanding 

of trends in microbiology knowledge across different topic areas. Tables were then formatted 

for reporting purposes and cross-checked for consistency with the raw data.  

Ethical Considerations 

Participation was voluntary, and students had the option to decline without consequences. Data 

was collected anonymously to protect participants’ identities, and informed consent was 

obtained before participation. The study adhered to ethical research guidelines to ensure 

confidentiality and integrity. 

FINDINGS 

The investigation probed the depth of knowledge among participants regarding fundamental 

concepts within microbiology, spanning historical, taxonomical, and practical dimensions. The 

analysis of responses (shown in Table 1) to individual questions provided insights into the 

accuracy and comprehensiveness of respondents' understanding across a spectrum of 

microbiological topics. In elucidating the conceptual framework of microbiology, respondents 

displayed varying degrees of proficiency. Notably, 59% demonstrated accurate comprehension, 

whereas 30% exhibited partial accuracy and 11% conveyed misconceptions. This nuanced 

distribution highlights the necessity for targeted educational interventions to ensure a 

comprehensive grasp of microbiological fundamentals. Furthermore, inquiry into the major 

classifications of microbiology revealed a notable divergence in respondent proficiency levels. 

While 44.6% provided accurate taxonomical classifications, a considerable portion, comprising 

42.9%, misidentified or demonstrated partial accuracy, highlighting potential gaps in 

foundational knowledge within this domain.  

Conversely, the examination of historical figures within microbiology yielded more 

promising results, with 85.7% accurately identifying Antonie van Leeuwenhoek. This robust 

demonstration of historical acumen indicates a commendable familiarity with seminal figures 

and their contributions to the field. Exploration into the identification of infectious diseases 

beyond HIV and TB unveiled a relatively high level of proficiency among respondents, as 73.2% 

provided accurate designations. This suggests a commendable awareness of prevalent 

infectious agents, albeit with discernible areas for improvement. The analysis of microbiology's 

interdisciplinary applications elicited nuanced responses, revealing variegated levels of 

comprehension across different domains.  While 60.7% accurately delineated microbiological 
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applications in zoology, a mere 32.1% demonstrated similar proficiency in the context of 

entomology. Similarly, in botany, 55.4% accurately portrayed microbiological applications, 

signifying varied levels of interdisciplinary integration within the respondents' understanding. 

Moreover, the examination of penicillin's origin emphasized a moderate level of proficiency, 

with 51.8% accurately attributing its source. However, a substantial proportion, constituting 

44.6%, exhibited inaccuracies, indicative of potential areas for focused educational intervention. 

Collectively, these findings elucidate both strengths and deficiencies within respondents' 

comprehension of microbiological concepts. While certain areas, such as historical figures and 

infectious disease identification, showcased commendable proficiency, others, including 

taxonomical classification and interdisciplinary applications, revealed opportunities for targeted 

educational interventions to enhance conceptual clarity and interdisciplinary integration within 

the realm of microbiology education.  While respondents demonstrated solid knowledge in core 

areas—such as microbiology history (85.7% accurate) and infectious disease identification 

(73.2%), their grasp of interdisciplinary applications varied widely. Understanding of 

microbiology’s role in zoology (60.7%) and botany (55.4%) was moderate, but entomology 

lagged significantly (32.1% accurate). This disparity is likely rooted in curriculum design: many 

undergraduate programmes treat microbiology as a stand-alone subject, with limited 

integration into other biological disciplines (Alexander et al., 2024; Vasquez, 2022). Vasquez 

(2022) highlighted that even culturally responsive microbiology curricula often remain confined 

to microbiological topics, lacking cross-disciplinary connections that contextualize the science 

in broader ecological systems. Similarly, Alexander et al. (2024) demonstrated that 

interdisciplinary CUREs (Course-Based Undergraduate Research Experiences) significantly 

improve students' self-efficacy and application skills by engaging them in multifaceted 

microbiological research that spans organismal and ecological realms  

Furthermore, a recent study on entomology education revealed that virtual tools like 

iNaturalist can boost student interest and observational skills in insect biology, but such tools 

must be deliberately integrated into microbiology curricula to build transferable understanding. 

Without intentional links such as case studies on microbial pest control or microbial influence 

on pollinators students are unlikely to connect microbiological concepts to these 

interdisciplinary domains. According to project-based learning research, authentic, context-

driven experiences are essential for reinforcing such connections (Xue et al., 2023). In summary, 

the observed gaps in interdisciplinary comprehension likely stem from disciplinary silos, limited 

exposure to contextualized learning, and insufficient pedagogical tools that bridge microbiology 

with fields like entomology, botany, and zoology. Addressing these issues would require 

curriculum redesign to include integrated learning experiences, co-taught modules with allied 

departments, and research-based activities that explicitly highlight the applied nature of 

microbiology across biological sciences. The alignment between the research objectives and 

survey responses is summarized in Table 2 (see appendix), which outlines how each objective 

was addressed through specific questions and highlights key findings related to learners' 
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understanding of microbiology. Overall, the findings reveal a mixed level of knowledge among 

participants stronger in historical and basic definitions, but weaker in taxonomical 

understanding, interdisciplinary applications, and conceptual depth. These results highlight the 

need for more structured support in certain thematic areas within the microbiology curriculum 

to bridge observed knowledge gaps and enhance relevance across biological disciplines.  

 DISCUSSION 

To address the identified gaps in microbiological understanding, the discussion may centre on 

implementing strategies such as targeted educational interventions, curriculum development, 

and innovative pedagogical approaches.  Firstly, while active-learning strategies such as flipped 

classrooms and interdisciplinary projects have been shown to enhance microbiology learning 

globally, their implementation in South African universities faces structural barriers. Many 

institutions, particularly historically disadvantaged ones, struggle with inadequate lab 

infrastructure, overcrowded classrooms, and limited access to digital tools, constraints that can 

impede hands-on and collaborative pedagogies (Woldegiorgis, 2022; Chomunorwa et al., 2023). 

Without addressing these foundational limitations, scaling up such interventions may remain 

aspirational rather than actionable. 

Secondly, the digital divide—accentuated by socioeconomic and geographic disparities—

poses a significant impediment to equitable microbiology education. Students from rural or low-

income backgrounds often lack reliable internet access, devices, and digital literacy skills, which 

were particularly evident during the COVID-19 shift to online learning (Tamrat & Teferra, as cited 

in 2022 studies; Woldegiorgis, 2022). This digital inequity likely contributes to students’ limited 

engagement with technology-enabled learning tools, such as virtual labs or simulations, which 

can support understanding of interdisciplinary microbiology applications. 

Lastly, linguistic and foundational educational challenges further compound student 

difficulties. With many entering university as first-generation learners from under-resourced 

schools, students often have limited prior exposure to scientific English and microbiological 

terminology (CHE, 2021; Du Plessis & Mestry, 2019). This barrier hinders comprehension of 

concept-heavy topics like interdisciplinary microbial roles in botany, zoology, or entomology. 

Effective reform should therefore include scaffolded learning, multilingual support, foundation 

modules, and localized digital resources such as simulations or case studies focused on South 

African microbial applications to foster academic success within the local context. 

Curriculum development activities could pivot towards the integration of active learning 

strategies, practical laboratory experiences, and real-world applications of microbiology to 

augment student engagement and understanding (Aparna et al., 2020; Khan et al., 2024; Nyutu 

et al., 2018). By incorporating practical exercises, case studies, and interdisciplinary projects into 

the curriculum, educators could afford students opportunities to apply theoretical knowledge 

within authentic contexts (Hester et al., 2018), thereby fostering deeper comprehension and 

retention of key concepts as evidenced by the survey's findings. In addition, innovative 
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pedagogical approaches, such as the implementation of flipped classrooms, problem-based 

learning modalities, and collaborative inquiry methodologies, represent viable avenues to 

engender active student engagement and nurture critical thinking skills (Angshurekha et al., 

2020; Cortez et al., 2023. Nichat et al., 2023). By pivoting away from traditional lecture-centric 

instruction towards interactive and student-centred learning paradigms, educators could foster 

environments conducive to knowledge construction, problem-solving, and conceptual mastery, 

as implicated by the observed disparities in comprehension across various aspects of 

microbiology. 

Moreover, the integration of technology-enabled learning platforms, virtual simulations, 

and multimedia resources stands to enrich student learning experiences, catering to diverse 

learning modalities and preferences (Saini, 2016). The assimilation of interactive digital tools 

and resources into the curriculum could enhance accessibility, facilitate self-directed learning, 

and engender heightened engagement with microbiological concepts, as corroborated by the 

survey's outcomes. Collectively, the adoption of targeted educational interventions, curriculum 

refinements, and innovative pedagogical methodologies holds promise in addressing the 

discerned deficiencies in microbiological understanding, empowering students to attain 

heightened levels of proficiency, and cultivating enduring appreciation for the multifaceted and 

interdisciplinary nature of the discipline. Findings from the study could inform curriculum 

development efforts by highlighting areas where emphasis should be placed to improve overall 

understanding and competency in microbiology. This could involve revising course content, 

incorporate active learning strategies, or integrating real-world applications to enhance 

engagement and comprehension. For example, Winter and his colleagues (2023) have 

pioneered a new hub-and-spoke biology curriculum centred on interdisciplinary laboratory 

practical sessions, aimed at bolstering student employability through hands-on experiences and 

collaboration across disciplines. 

In integrating microbiological principles within interdisciplinary contexts, emphasizing 

the necessity for enhanced interdisciplinary collaboration and education to foster a 

comprehensive understanding of microbiology's applications. Interdisciplinary collaboration 

and education are pivotal for nurturing a comprehensive understanding of microbiology's 

diverse applications within contemporary scientific exploration (Garcia et al., 2022). 

Microbiology, as a multidimensional discipline (McDonald et al., 2023), intersects with various 

scientific realms, including zoology, botany, entomology, and medicine. Thus, facilitating 

interdisciplinary collaboration becomes indispensable in unlocking the full potential of 

microbiological research and its practical implications. The intricate interconnections inherent 

in biological systems emphasize the necessity of enhanced interdisciplinary collaboration in 

microbiology.  

Moreover, conventional disciplinary boundaries often confine students' exposure to the 

interdisciplinary nature of microbiology, leading to fragmented knowledge and limited 

comprehension of the broader implications of microbial research. This may entail incorporating 
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interdisciplinary coursework, facilitating collaborative research projects, and providing 

experiential learning opportunities that bridge theory and practice. The results could also serve 

as a foundation for future research undertakings aimed at exploring factors influencing 

knowledge acquisition in microbiology, assessing the effectiveness of educational interventions, 

or investigating trends in microbiology education over time. Overall, the study aims to provide 

meaningful insights into the current state of microbiology education, identify areas for 

improvement, and propose strategies for enhancing the learning experience and competency 

of students in this field. 

CONCLUSION 

In conclusion, this study provides valuable insights into the current state of microbiology 

education, elucidating both strengths and areas for improvement among respondents. The 

analysis of survey results revealed varying levels of accuracy and comprehension across 

different aspects of microbiological concepts, highlighting the need for targeted educational 

interventions and curriculum enhancements. By leveraging innovative pedagogical approaches 

and integrating practical experiences, educators can effectively address identified gaps and 

foster deeper understanding among students. Moving forward, continued efforts in curriculum 

development and educational innovation are crucial to cultivate a robust understanding of 

microbiology and prepare students for the dynamic challenges of the field. This study has 

several limitations, including a relatively small sample size drawn from a single university, which 

may limit the generalizability of the findings. Data collection relied solely on self-administered 

online questionnaires, which could affect response accuracy and completeness due to lack of 

supervision and varying internet access. Additionally, the study measured mainly declarative 

knowledge and did not incorporate practical or performance-based assessments. Some 

research objectives were addressed indirectly without applying statistical tests to explore 

relationships, limiting the depth of interpretation. Lastly, the cross-sectional design captures 

only a snapshot of learners’ knowledge, without assessing changes over time. Despite these 

limitations, this study provides valuable baseline data on microbiology knowledge among 

undergraduate students and highlights critical areas for educational improvement and 

curriculum development. 
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APPENDIX 

Table 2. 

Alignment of research objectives with survey items, key findings, and analytical approach 

Research Objective 
Survey 
Questions/Indicators 

Summary of Findings 
How It Was 
Addressed 

1. To determine 
learners’ basic and 
current knowledge 
of microbiology 

Q1: What is 
microbiology? Q2: Major 
classifications Q3: 
Antonie van 
Leeuwenhoek Q8: Source 
of penicillin 

Moderate 
understanding 
observed: 59% defined 
microbiology correctly; 
85.7% identified 
Leeuwenhoek; 44.6% 
answered 
classifications 
accurately. 

Addressed through 
descriptive analysis of 
foundational 
microbiology 
concepts with 
accuracy percentages. 

2. To assess learners’ 
recognition of 
microbiology’s 
relevance within 
various biological 
disciplines related to 
their degree 

Indirectly inferred from 
Q5–Q7 on microbiology’s 
applications in zoology, 
entomology, and botany 

Learners showed 
varied recognition: 
60.7% accurate in 
zoology, 55.4% in 
botany, and 32.1% in 
entomology, reflecting 
differing levels of 
perceived relevance 
across disciplines. 

Addressed by 
analyzing accuracy of 
responses on 
microbiology’s 
relevance in related 
biological fields as an 
indicator of 
recognition. 

3. To examine 
learners’ 
understanding of 
how microbiology 
integrates with other 
fields of biology such 
as zoology, botany, 
and entomology 

Q5: Use in zoology Q6: 
Use in entomology Q7: 
Use in botany 

Varied understanding 
was evident; stronger 
grasp in zoology and 
botany applications 
compared to 
entomology. 

Addressed 
descriptively by 
evaluating learners’ 
explanations of 
microbiology’s 
interdisciplinary 
integration without 
inferential statistics. 

4. To identify gaps in 
knowledge and 
understanding of 
microbiology 

Q4: Infectious diseases 
Q9: Reasons to study 
microbiology Q10: Fields 
in microbiology 

Significant gaps found, 
particularly low 
accuracy in reasons for 
studying microbiology 
(10.7%) and 
knowledge of 
microbiology fields 
(34%). 

Addressed by 
highlighting the 
proportions of 
incorrect and partially 
correct answers to 
pinpoint knowledge 
gaps. 

 

 

Table 1: Summary of Microbiology Knowledge Assessment Results 
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Questions Category Number of 

Responses 

Percentage 

1. What is microbiology? Accurate 33 59% 

Partially Accurate 17 30% 

Inaccurate 8 11% 

2. What are the major classifications of 

microbiology? 

Accurate 25 44.6% 

Partially Accurate 7 12.5% 

Inaccurate 24 42.9% 

3. Who is Antonie van Leeuwenhoek? Accurate 48 85.7% 

Partially Accurate 2 3.6% 

Inaccurate 6 10.7% 

4. Name an infectious disease besides 

HIV and TB? 

Accurate 41 73.2% 

Partially Accurate 10 17.9% 

Inaccurate 5 8.9% 

5. How can you use microbiology in 

zoology? 

Accurate 34 60.7% 

Partially Accurate 7 12.5% 

Inaccurate 18 26.8% 

6. How can you use microbiology in 

entomology? 

Accurate 18 32.1% 

Partially Accurate 3 5.4% 

Inaccurate 35 62.5% 

7. How can you use microbiology in 

botany? 

Accurate 31 55.4% 

Partially Accurate 4 7.1% 

Inaccurate 21 37.5% 

8. What is penicillin medication made 

from? 

Accurate 29 51.8% 

Partially Accurate 2 3.6% 

Inaccurate 25 44.6% 

9. What are the three reasons to study 

microbiology? 

Accurate 6 10.7% 

Partially Accurate 5 8.9% 

Inaccurate 45 80.4% 

10. What are the different fields within 

the field of microbiology? 

Accurate 19 34% 

 

 

 


