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The teaching and learning of Biochemistry involve understanding the chemical processes that 
regulate  essential  biological  functions.  This  study  investigated  teaching  possibilities  and 
conceptual  learning  gaps  regarding  enzymes  in  higher  education  through  an  analysis  of 
previous studies and the administration of a questionnaire to undergraduate students in a  
Chemistry Teacher Education program and a Biological Sciences Teacher Education program. 
The results indicate difficulties, particularly in students’ understanding of specific concepts such 
as enzyme functions, classifications, and interactions. High levels of absent, confused, and 
unknown understanding were identified. These findings directly affect the teaching process and 
pose  a  challenge  for  university  instructors,  as  reflected in  the  limited number  of  studies 
exploring enzyme instruction, particularly at the higher education level. We concluded that the 
relationship  between  undergraduates’  conceptual  understanding  difficulties  and  didactic 
possibilities warrants further exploration to promote reflection on pedagogical practices aimed 
at overcoming these difficulties and expanding the pedagogical repertoire of Biochemistry 
instructors.
KEYWORDS: Higher Education; Teacher Education; Learning Difficulties; Learning Problems; 
Chemistry.

Ensinar e aprender sobre enzimas na 
graduação: possibilidades e desafios na 
docência em bioquímica

RESUMO

O ensino e a aprendizagem de Bioquímica envolvem a compreensão de processos químicos que 
regulam funções biológicas essenciais. Neste estudo, foram investigadas as possibilidades de 
ensino e as lacunas conceituais de aprendizagem sobre enzimas no ensino superior, a partir da 
análise  de  estudos  realizados  anteriormente  e  da  aplicação  de  um  questionário  com 
graduandos de um curso de Licenciatura em Química e de um curso de Licenciatura em Ciências 
Biológicas.  Os  resultados  apontam dificuldades,  sobretudo,  na compreensão de  conceitos 
específicos como, funções, classificações e interações enzimáticas, por parte dos estudantes. 
Altos índices de compreensões ausentes, confusas e desconhecidas foram verificados. Tais 
resultados impactam diretamente no processo de ensino e configuram-se como um desafio 
para  a  ação  docente  dos  professores  universitários,  que  se  evidencia  diante  dos  poucos 
trabalhos que abordam o ensino de enzimas, especialmente no ensino superior. Conclui-se que 
a  articulação  entre  as  dificuldades  de  compreensão  conceitual  dos  graduandos  e  as 
possibilidades didáticas é um ponto a ser mais explorado, de modo a promover a reflexão sobre 
as práticas pedagógicas para a superação de tais dificuldades e a ampliação do repertório  
docente dos professores de Bioquímica.
PALAVRAS-CHAVE: Ensino Superior; Formação de Professores; Dificuldade de Aprendizagem; 
Problemas de Aprendizagem; Química.
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INTRODUCTION

The teaching of biochemistry in undergraduate programs plays an important 
role  in  student  development  because  it  involves  interdisciplinary  knowledge 
(Almeida et al., 2014; Balinha & Wyse, 2023) that contributes to students’ under-
standing of biological  processes at  the molecular  level.  This  includes chemical 
phenomena occurring in living organisms and the study of biomolecules such as 
proteins, carbohydrates, nucleic acids, and lipids, as well as their structures, func-
tions, metabolic pathways, and regulatory mechanisms (Albuquerque et al., 2012; 
Silveira & Rocha, 2016). 

In this context, the topics covered in Biochemistry courses include, for exam-
ple, the properties of water, buffer systems, amino acids, enzymes and enzyme 
kinetics, as well as vitamins and the metabolism of these biomolecules, providing 
a broad and integrated view of the field (Instituto Federal  Catarinense,  2022; 
Universidade do Estado de Santa Catarina, 2017).

Among the various topics addressed in Biochemistry, the study of enzymes 
stands  out  because  these  molecules  are  essential  for  catalyzing  biochemical 
reactions  and maintaining  vital  processes.  Enzymes are  biomolecules  that  are 
either proteins or RNA molecules and that catalyze specific chemical reactions by 
reducing  the  activation  energy  required  to  convert  substrates  into  products 
(Nelson & Cox, 2014). In addition, they are involved in nutrient degradation, energy 
conversion, and macromolecular synthesis. Enzymes are widely used in chemical 
engineering,  food technology,  and agriculture,  with  therapeutic and industrial 
applications, as well as applications in various scientific and technological fields 
(Nelson & Cox, 2014). 

Thus, understanding enzyme structure, mechanism of action, and regulation 
is relevant to various fields, particularly the Biological Sciences and Chemistry, and 
extends beyond theoretical aspects to encompass biotechnological, industrial, and 
medical applications. Understanding enzyme kinetics requires knowledge of the 
concepts of enzymes and catalysis. Catalysts are substances that can increase the 
rate of a chemical reaction without being consumed. Enzymes, in turn, are proteins 
that belong to this group and regulate and accelerate reactions in living organisms 
(Seibert & Tracy, 2014).

In the context of Chemistry, the study of enzymes plays a fundamental role, as 
engineered enzymes offer a  sustainable solution for  the synthesis  of  complex 
organic molecules and enable the degradation of plastic waste and chemicals, 
thereby contributing directly to the development of new materials and biotech-
nological processes (Buller et al., 2023). 

In the field of Biological Sciences, understanding enzymes is fundamental both 
to understanding biological processes and to developing new strategies, such as 
EnzyACT, a deep learning strategy that combines graph techniques and protein 
embeddings to predict changes in enzymatic activity following mutations (Li et al., 
2024). Despite this importance, Xavier et al. (2023) discuss the difficulties or aver-
sion that undergraduate students in Biological Sciences often experience toward 
courses in the exact sciences, which are partly related to the teaching method-
ologies and strategies used by instructor. 

Enzyme kinetics is an essential component of the curriculum in undergraduate 
programs in Chemistry and Biological Sciences, particularly for students interested 
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in research areas (Her et al., 2015). Incorporating such approaches can contribute 
to  a  broad and integrated understanding of  the topics  addressed,  stimulating 
critical thinking and the ability to make connections across different disciplines.

Despite this importance, many students hold misconceptions about the nature 
of enzyme-substrate interactions, maintain naive views of the active site, and lack 
an  understanding  of  energetically  oriented  interactions  (Linenberger  &  Bretz, 
2015). Consequently, misconceptions arise regarding how enzymes and substrates 
interact during an enzymatic reaction, leading to a simplified or incorrect under-
standing of this process. This can hinder students’ learning of these concepts in 
Biochemistry and cause conceptual distortions that interfere with learning pro-
gression, highlighting the need for reflection on teaching practices and, conse-
quently, on teacher education. Thus, identifying and documenting students’ diffi-
culties in learning chemical concepts can serve as an important strategy for plan-
ning and organizing activities carried out with students (Marani et al., 2017). 

Students frequently perceive Biochemistry as a highly complex discipline with 
content that is  difficult  to grasp, primarily due to the wide range of chemical 
structures and reactions that are often presented in an abstract manner and dis -
connected from professional practice (Albuquerque et al., 2012; Alcantara et al., 
2022; Andrade et al., 2017; Silveira & Rocha, 2016). This difficulty intensifies when 
the discipline is taught in the early semesters of undergraduate programs, a period 
when students do not yet have a solid foundation for relating theoretical concepts 
to concrete applications in their future professional practice. Similarly, teaching 
this content can present challenges, especially when it is approached in a purely 
theoretical manner and disconnected from practice.

Teaching and learning become challenging when they involve abstract con-
cepts, which can compromise students’ understanding in higher education (Al-
brecht & Oliveira, 2020; Galieta, 2020; Cunha, 2011). Other factors, such as “diffi-
culty  in  completing  courses  in  specific  areas”  and  “lack  of  interest”  (Silva  & 
Figueiredo, 2018), corroborate discussions of the obstacles encountered in this 
context, highlighting the challenges experienced by both faculty and students and 
the complexity of the teaching and learning process.

Many of the difficulties related to content in higher education originate in high 
school (Amaral et al., 2024). One of the main learning difficulties in biochemistry is 
associated with gaps in students’ high school education, highlighting persistent 
challenges in their comprehension and learning (Andrade et al., 2017). This phe-
nomenon may be related to gaps in foundational education, unengaging teaching 
methodologies, or the increasing complexity of content addressed at more ad-
vanced levels of education. 

A study of 622 higher education students enrolled in programs that share a 
biochemistry  course,  including  Chemistry  and  Biological  Sciences,  found  that, 
among the most complex topics in biochemistry, biosignaling (33.3%), enzymes 
(32.5%), and metabolic integration (27.5%) were among the most challenging for 
students to understand (Andrade et al., 2017). 

Given changes in students’ profiles, there is a clear need to transform teach-
ing strategies (Albrecht & Oliveira, 2020; Cunha, 2011). In this context, it is essen-
tial to develop and incorporate new strategies that promote the integration of 
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knowledge,  taking into account the evidence and perspectives emerging from 
recent research. 

Against this backdrop, the present study was designed to identify didactic 
possibilities related to the topic of enzymes and to characterize some challenges 
associated with students’  learning difficulties in a biochemistry course offered 
within a Chemistry teacher education program and a Biological Sciences teacher 
education program at a public university in Santa Catarina, Brazil.

METHODOLOGICAL APPROACH

This study is a qualitative investigation focused on understanding subjective 
aspects of a specific context involving teaching and learning, which cannot be 
reduced to mere quantification and/or the operationalization of variables (Minayo, 
2009). The study represents a segment of a master’s research project and com-
prises two fundamental  components:  the characterization of studies exploring 
didactic strategies for teaching Biochemistry concepts and the administration of a 
questionnaire to identify conceptual difficulties faced by undergraduate students 
in learning these concepts.

The literature search was conducted through the CAPES Journal Portal (Coor-
dination for the Improvement of Higher Education Personnel) to identify articles 
exploring strategies and approaches to teaching Biochemistry, both from a general 
perspective and specifically in relation to enzymes. The following search terms 
were used: “Enzimas” AND “Ensino” OR “Ensino de Química” OR “Ensino de Bio-
química” (“Enzymes” AND “Teaching” OR “Chemistry Teaching” OR “Biochemistry 
Teaching”). Selection was based on previously established inclusion criteria: the 
study had to be a scientific article, published between 2004 and 2024, peer-re-
viewed,  and focused on teaching and learning  in  Chemistry  and Biochemistry 
within the Brazilian context.

Initially, titles, abstracts, and keywords were evaluated to identify articles that 
met the established criteria. Subsequently, the preselected articles were read in 
full to identify the main aspects of each text. To address the objectives of the study, 
we sought to identify knowledge gaps, understood as aspects of the topic that had 
not yet been sufficiently explored. For the analysis, the articles were organized by 
authorship, title, year of publication, and focus of the study.

In the second stage, a questionnaire was developed, validated, and adminis-
tered to 22 students from two classes in teacher education programs, one in 
Chemistry (8 students) and the other in Biological Sciences (14 students), to assess 
their knowledge of enzymes and identify their conceptual difficulties. The ques-
tionnaire was organized into three sections, as presented in Tables 1, 2, and 3.  
Notably, all respondents had already completed the Biochemistry course in their 
respective undergraduate programs.
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Table 1

Diagnostic Questionnaire (DQ): Personal Characterization and Perceptions

Questions: Part I
1. Name 
2. Age 
3. Biological sex
4. In which school system did you complete high school?

( ) State; ( ) Federal; ( ) Private.
5. How long ago did you complete high school? 

( ) 1 year or less; ( ) 2 years; ( ) 3 years; ( ) 4 years; ( ) 5 years or more.
6. How long ago did you take the Biochemistry course in your undergraduate program?
7. Identify Biology and Chemistry concepts that were important for your learning in the 
Biochemistry course during your undergraduate studies.
8. Which topics did you find most challenging when learning about Biochemistry?
9. What are the main difficulties you faced when studying enzymes? 

Source: Prepared by the authors (2025).

Table 2

Diagnostic Questionnaire (DQ): Conceptual Aspects

Questions – Part II
10. What is a substrate?
11. What are enzymes?
12. Explain the relationship between enzyme action and activation energy in a chemical 
reaction.
13. What is the function of an enzyme's active site?
14. What are the classifications (names of the classes) of enzymes?
15. What is the optimal pH for an enzyme?
16. How do temperature and pH affect enzyme activity?
17. How are amino acids classified based on their R groups (or side chains)?

Source: Prepared by the authors (2025).
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Table 3

Diagnostic Questionnaire (DQ): Applied Contextual Aspects

Questions – Part III
18. Describe the biochemical processes that lead to the browning of a banana, even when 
it is stored at low temperatures.
19. When a wound is cleaned with hydrogen peroxide (H₂O₂), bubbling occurs at the site 
of the wound because the cells in the area contain peroxisomes. Explain this phenomenon 
and its relationship to enzymes.
20. Pepsin is an enzyme present in gastric juice, which is produced by the glandular cells 
of the stomach. Explain how pepsin acts during protein digestion and relate its activity to 
changes in pH in the presence of gastric juice.
21. During a high fever, the human body experiences a significant increase in temperature, 
and in isolated cases, body temperature can exceed normal levels, reaching 42 °C. This  
condition can affect proteins in the body. Explain how this condition can influence protein 
function.
22. DNA replication in eukaryotic cells is a highly coordinated process that requires the 
action of multiple enzymes and proteins to ensure accurate and complete replication of 
the genome. Regarding the enzymes involved in DNA replication, describe the respective 
functions of DNA topoisomerase, DNA polymerase, DNA helicase, DNA ligase, and DNA 
primase.
23. Describe the functions of enzymes in the production of ethanol from biomass, high-
lighting their role in obtaining ethanol as a biofuel.

Source: Prepared by the authors (2025).

The questionnaire was administered in person via Google Forms, in accor-
dance  with  the  ethical  procedures  approved  for  this  study  (CAAE 
61121822.5.0000.0118).  Participants  were provided with  details  about  the re-
search and signed an Informed Consent Form. To ensure the privacy and protec-
tion of the individuals involved, participant names were replaced with pseudo-
nyms.

The data analysis and processing were based on Content Analysis (Bardin, 
2016), organized into three main stages: I) Pre-analysis, involving the “floating 
reading” of all the material; the “selection of the material corpus” based on inclu-
sion and exclusion criteria for the dialogues or responses analyzed; and the “for-
mulation of hypotheses” for possible questions (Bardin, 2016; Valle & Ferreira, 
2024); II) Exploration of the material, involving the “coding” of questionnaire or 
dialogue responses into units of registration with meaning for the analysis, fol-
lowed by the “categorization” of these units (Bardin, 2016; Valle & Ferreira, 2024); 
and III) Processing and interpretation of results, comprising the “analysis of cate-
gorized data” and the “inference of patterns” based on the results, seeking to 
relate the identified categories to the questions initially formulated and, finally, 
the “final interpretation” of the results within the context of the study, attributing 
meaning to them (Bardin, 2016; Valle & Ferreira, 2024). Based on this Content  
Analysis framework, NVivo 14® was used for data categorization and qualitative 
analysis, using the coding labels presented in Table 4.

Finally, the data were organized and quantified in Microsoft Excel® spread-
sheets, allowing for a structured analysis and categorization through the quantifi-
cation of the identified difficulties, with the aim of qualitatively interpreting the 
results and identifying the most significant aspects.
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Table 4

Markers Used for Coding Responses

Marker Código Definition
Full Conceptual Understanding CCT Responses that are completely correct.

Incomplete Conceptual Understanding CCI
Responses that are incomplete and lack 

one or more central aspects.

Confused Conceptual Understanding CCC
Responses that show confusion be-

tween concepts or contain contradic-
tions.

Absent Conceptual Understanding CCA
Responses that are completely incorrect 

and/or out of context.

Unknown Conceptual Understanding CCD
Responses in which participants stated, 
“I don’t know,” “I don’t remember,” or 

“We haven’t studied this.”.
Confused, Absent, and Unknown Conceptual 

Understanding ACD
Grouping of the CCC, CCA, and CCD 
markers to synthesize the final data.

Source: Prepared by the authors (2025).

RESULTS AND DISCUSSION

As a result of the characterization of studies on the teaching of Biochemistry, 
15 articles were identified that met the inclusion criteria defined in the method-
ology of this study. The articles were organized according to year of publication, 
author-ship, title, journal, educational level addressed in the discussion, and type 
of instructional strategy explored. Table 5 presents the main aspects of the articles 
considered eligible.
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Table 5

Studies Discussing the Teaching of Biochemistry

Year Authors Article Title* Journal

2022 Bevilaqua et al.
Bioluminescent demonstration of ATP using 

recombinant firefly luciferase in bioenergetics 
practical classes

R1-EM

2022 Monteiro et al.
Inquiry-based teaching in Chemistry classes: 
Building argumentation through the problem 

“Why do bananas turn brown?”
R2-EM

2021 Gonçalves.
Experiencing Biology: A proposal for a practi-

cal class on catalase enzymatic activity R3-EM

2021
Mendonça 
&Fontana.

Variation in vitamin C concentration in orange 
juices stored under different light and temper-

ature conditions
R4-EM

2021 Freire et al.
Analysis of creatine kinase enzyme activity 
and the CK-MB isoenzyme: Simulation for 

remote teaching
R1-EM

2020 Martins et al.
The role of computational models and analo-
gies in learning the drug-enzyme interaction 

process in modeling-based teaching
R5-EM

2020 Pastore & Piro-
vani. Shall we learn about enzyme action? R6-EM

2019a Almeida & 
Bossolani-Kiill.

Three-dimensional modeling: Reflections of 
future Chemistry teachers on the teaching and 

learning of enzyme-substrate interaction
R1-EM

2019b Almeida & 
Bossolani-Kiill.

Construction of 3D-printed models as a strat-
egy for learning the concept of enzyme-sub-

strate interaction
R7-EM

2015 Oliveira et al. A construction game for collaborative learning 
of glycolysis and gluconeogenesis R1-EM

2014 Almeida et al. From enzymes to sensory analysis: Report of 
an interdisciplinary practical class R1-EM

2014 Clerici et al. Enzymatic browning: A practical class R1-ESM

2013 Tauceda et al.

The study of the cell through enzyme-related 
problem situations: A proposal for meaningful 

learning within the conceptual fields frame-
work with high school students

R8-EM

2011
Pinheiro & 
Pompilho.

Teaching enzymes: A low-cost experimental 
approach

R1-EM

2006 Clerici et al. Carbohydrate digestion using commercial 
digestive enzymes: A practical class

R1-EM

Legend: EM = Higher Education; ES = Secondary Education; ESM = Higher and Secondary Education. 
R1 = Journal of Biochemistry Education; R2 = Revista Insignare Scientia (RIS); R3 = Revista Brasileira 
do Ensino Médio; R4 = Revista Thema; R5 = Re-vista Brasileira de Pesquisa em Educação em Ciên-
cias; R6 = Health and Biosciences; R7 = Investigações em Ensino de Ciências; R8 = Enseñanza de las 
Ciencias (Online). *Titles were translated into English.
Source: Prepared by the authors (2025).

Some of the identified articles adopt an approach centered on experimenta-
tion, based on the general premise of providing situations that foster inquiry-based 
practices related to the study of enzymes (Almeida et al., 2014; Clerici et al., 2006; 
Bevilaqua et al., 2022; Gonçalves, 2021; Clerici et al., 2014; Monteiro et al., 2022; 
Pinheiro  &  Pompilho,  2011).  Several  studies  criticize  the  traditional  teaching 
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model,  which remains centered on the teacher. The inquiry-based approaches 
identified in these studies extend beyond the classroom, encouraging students to 
construct more consolidated knowledge that is not limited to the academic envi-
ronment but can also be applied in situations beyond this context.

Games  constitute  an  alternative  teaching  strategy  that  can  contribute  to 
knowledge acquisition and foster greater student interest in and acceptance of the 
teaching and learning process (Alcantara et al., 2022). The data indicate a trend 
toward  diversifying  teaching  methodologies  and  strategies  (Figure  1)  through 
more participatory and inquiry-based practices. These practices incorporate tech-
nological  resources  and  strategies  such  as  experimentation  and  gamification, 
which may enhance student learning and stimulate the development of critical and 
analytical skills.

Figure 1

Focus of the articles

Source: Prepared by the authors (2025).

Some studies present teaching approaches, such as experiments, simulations, 
and inquiry-based activities (Almeida et al., 2014; Pastore & Pirovani, 2020; Mon-
teiro et al., 2022), that encourage students to actively participate in the learning 
process. One study, for example, proposes an experiment using proteolytic en-
zymes to help  undergraduates  better  understand biochemical  reactions,  high-
lighting the importance of a teaching approach that fosters student participation 
in the learning process (Almeida et al., 2014).

Several studies highlight that experimental activities (Bevilaqua et al., 2022; 
Clerici  et al., 2014; Clerici  et al., 2006; Gonçalves, 2021; Mendonça & Fontana, 
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2021;  Pinheiro  & Pompilho,  2011),  including  low-cost  approaches  (Gonçalves, 
2021;  Pinheiro  &  Pompilho,  2011),  constitute  valuable  resources  for  bridging 
theoretical concepts and concrete situations. These experiments not only allow 
students to observe evidence related to biochemical processes but also promote a 
deeper understanding of the topics addressed.

Other studies have explored the integration of digital  tools and visual  re-
sources, such as Paint and PowerPoint, for simulating experiments (Almeida & 
Bossolani-Kiill, 2019a; Almeida & Bossolani-Kiill, 2019b; Freire et al., 2021; Martins 
et al., 2020). These studies suggest that the use of technology can facilitate the 
understanding of  complex processes,  such as enzymatic mechanisms,  through 
dynamic visual representations.

Another approach identified in one of the studies is gamification, used as a 
pedagogical tool through games aimed, for example, at teaching metabolic path-
ways. This approach offers an engaging and collaborative alternative. Gamification 
can increase undergraduate students’ engagement with Biochemistry, while also 
fostering collaborative learning and making the visualization of concepts more 
accessible (Oliveira et al., 2015).

Several  studies  propose  innovations  while  also  critiquing  the  traditional 
teaching model. This highlights the need to move beyond teacher-centered peda-
gogical practices and expand initiatives that promote inquiry and experimentation. 
Solving complex problems can foster greater student engagement and facilitate 
conceptual understanding (Tauceda  et al.,  2013).  Many of these inquiry-based 
approaches emphasize the integration of different areas of knowledge. For exam-
ple, in an experiment exploring vitamin C concentration in orange juice, concepts 
from Chemistry and Biochemistry can be taught in a contextualized and interdis-
ciplinary manner (Mendonça & Fontana, 2021).

Experimentation constitutes an important component of the teaching and 
learning process (Galieta, 2020), as it can contribute to knowledge construction by 
bringing students closer to the phenomena under study and encouraging their 
active participation in educational activities. Among the pedagogical possibilities 
within the educational context,  practical-experimental  activities allow teachers 
and students  to integrate theory and practice (Galieta,  2020),  while  revisiting 
previously addressed knowledge and analyzing evidence that contributes to the 
understanding and validation of scientific concepts.

Critical reflection on the pedagogical approaches employed in teaching com-
plex topics, such as enzymes, is therefore essential. Despite advances in the field, 
studies that analyze student learning and explore teaching perspectives capable of 
fostering greater undergraduate engagement remain relatively scarce, particularly 
in the context of higher education. This gap points to the need for a deeper anal-
ysis of how undergraduate students actually learn about enzymes in Biochemistry 
courses, with the aim of understanding how meanings are constructed throughout 
this process and identifying potential conceptual difficulties or gaps in their edu-
cation. Such discussions can inform pedagogical practices that are aligned with the 
needs of undergraduate students.

From this perspective, the students’ responses to the questionnaire adminis-
tered in this study indicated that enzyme functions were the primary difficulty in  
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both programs, with three mentions in the Chemistry program, as shown in Figure 
2.

Figure 2

Primary difficulties of undergraduate students related to enzymes

Source: Prepared by the authors (2025).

Some students reported having encountered no difficulties when studying 
enzymes in the Biochemistry course (absence of difficulties), while the remaining 
students mentioned, with equal frequency, that their main difficulties involved 
aspects related to Structures, the Nomenclature of Enzymatic Compounds, Enzy-
matic Reactions, and the ability to Relate Learning to everyday experiences (two 
mentions each). In addition, other topics considered challenging were mentioned 
less frequently, including Catalysis and Enzyme Inhibition, Differentiating Enzymes, 
Structures, Chain Lengths, Cycles, Current Difficulties, and Reactions.

Regarding the conceptual and applied questions, it is possible to identify the 
topics in which difficulties are concentrated and conduct a detailed analysis of 
student performance. Analysis of the distribution of these categories across dif-
ferent topics indicates that most undergraduates face considerable difficulties with 
many key concepts (Figure 3) and in applying these concepts to real-world situa-
tions (Figure 4).
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Figure 3

Percentage Classification by Frequency in Conceptual Questions  

Source: Prepared by the authors (2025).



Page | 13

ACTIO, Curitiba, v.11, n.3, p. 1-19, sep/dec. 2026.

Figure 4

Percentage Classification by Frequency in Applied Questions

Source: Prepared by the authors (2025).

Responses classified as CCT occurred among a minority of students, indicating 
a  low  frequency  of  responses  consistent  with  Full  Conceptual  Understanding 
across the topics assessed. Only a few topics in the Chemistry program, such as 
“Substrate,” “Optimal pH,” and “Proteins and Temperatures,” yielded more than 
two responses classified as CCT. In the Biological Sciences program, “Substrate” 
and “Enzyme” were the topics with the highest number of CCT responses, with 
four undergraduate students in each case. Nevertheless, the distribution of the 
remaining responses indicates the presence of conceptual difficulties in these and 
other topics. Moreover, some concepts, such as “Function of the Active Site,” 
“Classification of Enzymes,” and “Relationship between Enzymes and Peroxides,” 
did not yield any responses classified as CCT, indicating an absence of responses 
consistent with Full Conceptual Understanding in these topics.

CCI was the most frequent category among the responses from undergradu-
ate students in the Chemistry program, indicating that many students demonstrate 
some degree  of  understanding  but  still  have  conceptual  gaps.  This  pattern  is 
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evident in topics such as “Substrate,” “Enzyme,” and “Pepsin’s Role.” These data 
suggest that, although many students have a general understanding of the terms, 
their understanding of the assessed concepts remains partial and marked by gaps. 
In the Biological Sciences program, the frequency of responses classified as CCI 
indicates topics in which students demonstrate partial  understanding,  but not 
sufficient to explain the concepts in depth. Topics such as “Function of the Active 
Site,” “Relationship between Temperature and pH,” and the concept of “Enzyme” 
were frequently observed in this category. This indicates that, despite some fa-
miliarity with these concepts, there remains a need to deepen students’ under-
standing of them.

In the Chemistry program, the highest frequencies of difficulties were ob-
served in the ACD category. Some topics, such as “Enzyme Classification,” “Amino 
Acid Classification,” and “Relationship between Enzymes and Peroxide,” showed a 
high frequency of responses classified as ACD, indicating confused,  absent,  or 
unknown conceptual understanding. These results indicate that students’ main 
difficulties are related to the classification and understanding of more complex 
concepts, such as the relationships between enzymes and other substances. Un-
derstanding enzyme classifications, as observed in the topics “Enzyme Classifica-
tion” and “Amino Acid Classification,” is challenging for undergraduates, as no 
responses in these topics were classified as CCT. In addition, enzymatic processes, 
such as “Relationship between Enzymes and Peroxide” and “Pepsin Relationship,” 
also prove challenging. These areas show a high proportion of responses in the 
ACD category,  suggesting significant  difficulties in  understanding the concepts 
assessed.

For the Biological Sciences program, the high frequency of ACD responses 
highlights the topics in which undergraduates experience the greatest difficulties. 
Among these topics, “Relationship between Enzymes and Peroxides,” in which all 
undergraduates  demonstrated  confusion  or  lack  of  knowledge,  and  “Enzyme 
Classification,” with 13 responses classified as ACD, stand out. Other topics, such 
as “Optimal pH” and the “Browning Process,” also presented significant difficulties. 
These results  suggest  that  undergraduates  have considerable  difficulty  under-
standing both enzyme function and classification, as well as enzymatic processes 
influenced by variables such as pH and temperature. Some specific topics warrant 
particular attention because of the predominance of responses in the ACD cate-
gory. The topics “Enzymes and Biofuels” and “Pepsin and Amino Acid Classifica-
tion” deserve special attention, as they concentrate responses classified as ACD. 
These results indicate greater difficulties among students in these topics.  One 
possible explanation, which warrants further investigation, is that students per-
ceive these topics as more abstract or less familiar. This reinforces the relevance 
of investigating differentiated teaching strategies, such as experimental activities 
or the use of multimedia resources that illustrate the biological interactions and 
functions involved.

The results highlight difficulties in understanding fundamental concepts re-
lated to enzymes, including their functions, classifications, and interactions, as well 
as in applying these concepts to the situations assessed. The predominance of 
responses classified as ACD and CCI indicates that a significant proportion of un-
dergraduates demonstrated absent,  confused, unknown, or incomplete under-
standing of the topics investigated. Furthermore, the low frequency of responses 
classified  as  Total  Conceptual  Understanding  (CCT),  with  averages  of  19%  in 
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Chemistry and 8% in Biological Sciences, reinforces the presence of conceptual 
difficulties in both groups. Differences between the programs were also observed, 
with a higher frequency of ACD responses among Biological  Sciences students 
across several topics. These differences point to the relevance of investigating, in 
future studies, possible relationships with students’ educational experiences and 
with the ways in which these concepts are addressed in their respective programs.

In view of these results, it is important to examine the relationship between 
the difficulties identified and the teaching strategies employed in higher education 
programs, as well as to reflect on university teacher education, with the aim of 
recognizing students’ learning difficulties as a starting point for planning and im-
plementing classroom activities.

FINAL REMARKS

This study highlighted, in the literature, the use of experimentation, techno-
logical resources, and gamification as potential alternatives for making the teach-
ing of enzymes more engaging and fostering learning. 

The  study  also  identified  difficulties  among  higher  education  students  in 
learning  enzyme-related  concepts,  highlighting  challenges  that  directly  affect 
knowledge acquisition and instructional practice. High rates of Confused, Absent, 
and Unknown Conceptual Understanding (CAU) were observed, with averages of 
43% in Chemistry and 64% in Biological Sciences, as well as rates of Incomplete 
Conceptual Understanding (CCI), averaging 38% and 29%, respectively.

The implications of these findings point to the need for Biochemistry instruc-
tion grounded in practices that promote inquiry and collaborative learning, both 
to  stimulate  students’  interest  and  engagement  in  class  and  to  help  address 
learning difficulties. 

In this context, critical reflection on university instructor preparation and on 
the incorporation of the instructional strategies and pedagogical possibilities re-
ported in the literature into their formative processes is warranted. This includes  
investigating the extent to which these strategies and pedagogical possibilities 
have been incorporated into university instructor preparation, whether through 
continuing education or graduate-level training. Master's and doctoral education 
could  contribute  more  effectively  to  preparing  these  instructors  for  teaching, 
considering the specificities of the content and the particular context of teaching 
and learning in higher education. In view of the results presented in this study, 
these reflections point to the need to examine the adequacy of instructor prepa-
ration in relation to these challenges, as well as to consider students’ learning 
difficulties as a starting point for organizing instructional practice.
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