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Background: In 12th-grade high school biology classes, genetic engineering is 
a complex subject that is prone to misconceptions. The molecular processes 
involved, along with the lack of practical experiments, are the primary factors 
contributing to this. Meanwhile, textbooks are the primary teaching materials 
used by teachers to instruct students on genetic engineering in class. This 
study aimed to analyze the existence of misconceptions about genetic 
engineering in 12th-grade high school biology textbooks in Yogyakarta, 
particularly in Sleman Regency. 
Methods: This study was a qualitative content analysis. The research subjects 
consisted of 12th-grade high school biology textbooks. The textbooks were 
selected using purposive sampling, which involved choosing the 2 books most 
widely used by teachers in schools, based on the results of interviews. Data 
collection was conducted through content analysis using a misconception 
analysis sheet as an instrument. Data validity was tested through source 
triangulation. Data analysis techniques included unitizing, sampling, recording, 
reducing, inferring, and narrating. 
Results: In Textbook A, 5 misconceptions were found, consisting of 3 
misidentifications, 1 overgeneralization, and 1 oversimplification. In Textbook 
B, there were 3 misconceptions, namely 1 overgeneralization and 2 
oversimplifications. 
Conclusion: There were misconceptions in the textbooks, both regarding the 
principles of genetic engineering and their applications. 
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INTRODUCTION 

Teaching materials play a vital role in achieving learning objectives by providing structured 
content and resources. They are adapted to the curriculum to meet predetermined competency 
standards and basic competencies (Irawan, 2025). According to Aisyah, Noviyanti, & Triyanto 
(2020), teaching materials are collections, either printed or electronic, used by teachers during 
instruction. Key benefits include supporting lesson delivery, aiding student comprehension, and 
ensuring consistency in learning experiences.  

Textbooks are one type of teaching material used in school learning. According to Mithans 
& Grmek (2020), textbooks remain the primary teaching material used by teachers for primary and 
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secondary school subjects more often than any other material. This is reinforced by research 
conducted by Li and Wang (2024), which suggests that textbooks are generally viewed as the 
primary teaching materials in schooling, used by teachers and students to achieve curriculum 
objectives. This may be because textbooks offer advantages for the teacher and student. 
Textbooks provide a sequenced syllabus/curriculum-aligned progression of topics, which helps 
ensure content is covered comprehensively and logically (Sutrimah et al., 2019). Textbooks already 
compile content, activities, exercises, visuals, and sometimes assessment tools; teachers don’t 
need to create all materials from scratch, so this saves the teacher's time (Cadacio, 2024; Sutrimah 
et al., 2019). Textbooks are also often readily available and don’t require special equipment, so they 
are usable even where resources are limited (Cadacio, 2024). Textbooks act as a comprehensive 
resource because it can contain explanations, examples, exercises, activities, and sometimes even 
teacher guidance; this makes it a complete package for teaching and learning (Cadacio, 2024; 
Sutrimah et al., 2019). Textbooks also support independent learning & review because students 
can revisit and review material on their own using textbooks (Cadacio, 2024). 

The quality of textbooks can be assessed by various aspects, including the clarity of 
concepts (Pulungan, 2020). Therefore, textbooks must present clear and accurate material to 
support teachers and students in the learning process and prevent misconceptions. 
Misconceptions refer to concepts not in accordance with scientific understanding or expert 
consensus (Permadani et al., 2022). They are statements declared as errors or mistakes regarding 
concepts that are distinct and interact with one another. 

Misconceptions not only occur due to ideas or notions based on irrelevant experiences, 
but can also occur due to textbooks that contain incorrect material descriptions, teachers who 
have misconceptions, language errors that arise due to a culture that has misunderstood scientific 
definitions, incorrect intuition, and inappropriate teaching methods (Fauziah & Darvina, 2019; 
Yuliati, 2017). Misconceptions in textbooks can be caused by several factors, such as incorrect 
explanations, writing errors, the use of language that is too advanced for the level of the intended 
students, the provision of illustrations taken from everyday life that are not in accordance with the 
true meaning of the concept, the use of cartoons, and the differences in presentation between 
textbooks from various publishers  (Damanik et al., 2025; Mulia & Zulyusri, 2021; Syahyani, 2018). 

One of the biology materials in high school is genetic engineering. Genetic engineering 
involves modifying the characteristics of organisms according to specific needs, usually by taking 
desirable traits from other organisms (Aslina et al., 2023). Genetic engineering material is expected 
to improve students' understanding of biotechnology because it is often the main topic of 
discussion in modern biotechnology. Several reports show that genetic engineering is considered 
a difficult subject. For example, research conducted by Zulpadly et al. (2016) revealed that the most 
difficult aspect of biotechnology was explaining the process of genetic engineering, with a 
percentage of 67.44%. In addition, genetic engineering material also raises socio-scientific issues. 
According to Wardani et al. (2023), cloning technology, which was one of the discoveries in genetic 
engineering, has become a hot issue because it has provoked both positive and negative reactions 
and perceptions in society. 

Based on interviews conducted with 12th-grade biology teachers in Sleman Regency, it was 
found that genetic engineering is a difficult topic for students due to its high level of complexity. 
The abundance of theories about molecular processes and the lack of practical experiments are 
major factors contributing to this difficulty. Teachers also said that because this material is in the 
last chapter, it often does not receive full attention from students because they are busy preparing 
for school exams and college entrance exams. However, this material is one of the important 
materials that form the basis for students to determine their attitude towards one of the scientific 
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advances in the field of biotechnology. Furthermore, based on interviews, it was also found that 
textbooks are the only teaching materials used by teachers to teach genetic engineering in class.   

Yogyakarta has long been known as a city of education. Sleman is one of the regencies, 
which, according to the Ministry of Education, Culture, Research and Technology (2023), has the 
highest number of schools among other regencies in Yogyakarta. This condition provides an 
opportunity to analyze the most widely used textbooks in grade 12 high school learning. With the 
highest number of high schools in Yogyakarta, it is expected that the large number of students will 
provide a broader representation of students' understanding of genetic engineering material. In 
addition, based on interviews conducted with 12th-grade biology teachers in Sleman Regency, it 
was known that there has never been an analysis of misconceptions in the textbooks used there, 
especially on genetic engineering material. 

METHODS 

The research conducted was qualitative research. The type of qualitative research used 
was content/document analysis. According to Wahyuningrum (2022), content analysis aims to 
discuss the content of information in depth by recording information in a structured and 
systematic manner so as to provide an in-depth interpretation.  This research was conducted by 
analyzing misconceptions about genetic engineering material in 12th-grade high school biology 
textbooks. 

The research subjects were 12th-grade high school biology textbooks obtained using 
purposive sampling, namely the two textbooks most widely used by teachers at schools identified 
through interviews. Data collection through document analysis (Ary et al., 2015) used an 
instrument in the form of a misconception analysis sheet. Before use, the instrument was first 
validated using the expert judgment technique involving biology education experts. Data validity 
was tested through source triangulation involving the researcher, a genetics lecturer, and a 12th-
grade high school biology teacher. The data analysis technique followed the qualitative content 
analysis technique by Krippendorff (2019). The process included unitizing, sampling, recording, 
reducing, inferring, and narrating. 

(1) Unitizing was collecting the appropriate data for research. In this section, researchers 
determined the appropriate book unit as research data, namely the biology book most widely used 
by 12th-grade high school biology teachers in Sleman Regency. (2) Sampling was a method of 
analysis to limit observations or simplify research that summarizes existing unit types. At this stage, 
the researcher determined the text and pictures in the textbook that were included in the genetic 
engineering material. Because genetic engineering material was not a separate chapter in the 
textbook, but was included in the Biotechnology Chapter, the researcher must be careful in 
determining the material that was included in the object of this study. (3) Recording was the 
analysis stage. In this case, the researcher analyzed misconceptions of genetic engineering 
material in textbooks. The researcher used literature such as books and research articles to 
compare them with the concepts in textbooks, and was limited by the curriculum. (4) Reducing 
was the simplification of data. At this stage, the researcher simplified the data found from the 
analysis of misconceptions in the previous step. The researcher reduced concepts that were not 
the main topic of the research. (5) Inferring was drawing conclusions. At this stage, the researcher 
drew conclusions about the types/categories of misconceptions of genetic engineering material in 
textbooks. (6) Narrating was the presentation of the researcher's answers to the research 
questions. At this stage, the researcher presented the results of the analysis of misconceptions 
about genetic engineering in the form of an explanation of the analysis results (Pratiwi et al., 2024). 
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RESULT AND DISCUSSION 

One of the subjects studied in high school biology is genetic engineering. Genetic 
engineering covers the principles of genetic engineering and its application in various fields. Based 
on a survey conducted in high schools in Sleman Regency, it was found that the biology textbooks 
were most widely used by teachers as teaching materials to explain genetic engineering in class. 
The analysis of misconceptions in this study was based on the criteria for conceptual errors 
according to Dikmenli (2009), there are misidentification, overgeneralization, oversimplification, 
obsolete concepts and terms, and undergeneralization. 

Based on the analysis results, it was found that Textbook A contained 5 misconceptions 
out of a total of 16 concepts.  The most dominant misconception was in the misidentification 
category, which contained 3 concepts. The Textbook B contained 3 misconceptions out of a total 
of 12 concepts.  The most dominant misconception was in the oversimplification category, which 
contained 2 concepts. The complete data is presented in Table 1. 

 
Table 1. Data tabulation of misconceptions analysis results 

        from 12th-grade high school biology textbooks 
        in each category 

Book Concept Misconception Category Total Misconception 
MI OG OS OCT UG 

A 16 3 1 1 0 0 5 
B 12 0 1 2 0 0 3 
MI: Misidentification 
OG: Overgeneralization 
OS: Oversimplification 
OCT: Obsolete Concept and Terms 
UG: Undergeneralization 

 
The Textbook A defined genetic engineering as follows: Genetic engineering is the attempt 

to manipulate the traits of living organisms to produce desired traits. This definition contained a 
misconception in the form of misidentification because it met the indicator criteria, namely, an 
error in the use of terms in the concept. This misconception occurred particularly in the use of the 
term “traits” in the phrase “attempt to manipulate the traits of living things.” The correct concept 
is that what is manipulated in genetic engineering is not “traits” but genetic material, especially 
DNA. A trait is a specific characteristic of an organism that can be described or measured, such as 
fruit color, fruit shape, hair color, height, etc. A trait is determined by its genes and is expressed as 
part of an individual's phenotype. So, a trait is controlled by the gene. While many traits are purely 
genetic, some result from a combination of genetic and environmental factors (Hull, 2025; Moran 
et al., 2024). Meanwhile, what can be engineered in genetic engineering is genetic material. The 
DNA of a living organism is manipulated to express traits desired by the engineer. This is in line with 
the understanding conveyed by Bhat and Al-Khayri (2023), also Fan (2024), that genetic 
engineering refers to the manipulation of genetic material, primarily DNA, to create desired traits 
or outcomes. Chemical splicing, bacterial or viral recombination, and the design and engineering 
of novel life forms are among the approaches used. Techniques in genetic engineering are known 
to have undergone rapid progress. It began with DNA technology that combines DNA from two or 
more sources to create a new genetic sequence (Fan, 2024; Jena et al., 2024; Purkait & Yousuf, 
2024). Currently, CRISPR-Cas9 is being developed, which is a revolutionary genome-editing 
technology that allows for precise, targeted changes to the DNA of an organism (Aljabali et al., 
2024; Du et al., 2023; Y. Fan, 2024; Gan & Ling, 2022; Jiang & Doudna, 2017; T. Li et al., 2023; Liao et 
al., 2024; Nojadeh et al., 2023; Vaghari-Tabari et al., 2022; Wang et al., 2022; Yang et al., 2024; Zhu, 
2022).  
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The next conceptual error in Textbook A occurred in the definition of chromosome 
mapping. This conceptual error also fell under the category of misidentification because it met the 
criteria of the indicator, namely, an error in the use of terms in the concept. The book stated that 
“Chromosome mapping is an effort to determine the location of chromosomes that contain genes 
carrying certain traits in a chromosome sequence in an organism's cells.” This was incorrect. 
Chromosome mapping is not to determine the location of chromosomes, but to determine the 
location and sequence of genes within a chromosome. This is in accordance with the definitions 
provided by Salmon (2025) and Kubal (2025) that chromosome mapping refers to the process of 
locating genes and genetic markers on chromosomes. This can be achieved through genetic 
mapping, which relies on recombination frequencies during meiosis, and physical mapping that 
provides information about the location of genes and the distances between them (He, 2022; 
Salmon, 2025; Singh, 2023). Chromosome mapping offers a detailed picture of the structure, 
sequence of genes contained, and function of chromosomes (Salmon, 2025); therefore, it is useful 
for many applications. It supports carrier detection or identifying genes associated with genetic 
disorders, prenatal and newborn screening, and identification of disease predispositions. 
Chromosome mapping is also guiding personalized medicine, targeted therapies, and gene therapy 
approaches (Kuball, 2025; Salmon, 2025). In detecting and managing genetic conditions at an early 
stage, chromosome mapping plays a central role by helping identify variations responsible for 
diseases. For example, chromosomal mapping can identify people who have cystic fibrosis but do 
not exhibit symptoms. Furthermore, locating specific mutations allows for the development of 
targeted therapies (Salmon, 2025). In agriculture, chromosome mapping has become an essential 
tool in plant improvement. Chromosome mapping also facilitates the preservation of biodiversity 
by identifying genetic variation within and between species (Kuball, 2025). 

 

 
Figure 1. Figure in textbook A about recombinant 

    DNA formation 
 
The next misconception found in Textbook A was in the illustration of the process of 

recombinant DNA formation (Figure 1). The misconception in this picture was in the category of 
overgeneralization. The pictures in the textbook did not include several very important details that 
should be explained in the process of recombinant DNA production, namely, details of the gene 
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that would be inserted into the plasmid, details of the cut plasmid, details of the recombinant DNA, 
and details of the recombinant plasmid being introduced into bacteria. 

In recombinant DNA production using plasmids, the main components are the DNA to be 
inserted and the plasmid to be cut (Brown, 2025; Glick & Patten, 2022; Vioti, 2022). These 
fundamental components must be clearly shown in the picture so that students can easily 
understand them. Furthermore, the recombinant plasmid picture should also be labeled. 
Recombinant plasmids are formed from the combination of the desired DNA with a plasmid that 
has been cut using the same endonuclease restriction enzyme, resulting in complementary DNA 
ends (Glick & Patten, 2022; Vioti, 2022). This result is a fundamental part of recombinant DNA 
production. Therefore, the pictures in the textbook must be able to illustrate this well. Another 
limitation found in the pictures of recombinant DNA production in Textbook A was the absence of 
text explaining that the recombinant DNA that had been produced was then inserted into bacteria 
or host cells. This stage is the first step in multiplying recombinant DNA after the selection process 
of cells carrying recombinant DNA has taken place (Glick & Patten, 2022; Brown, 2025; Vioti, 2022). 
The lack of explanation in the illustration can cause confusion, a lack of understanding, and 
misconceptions among students. 

There was another misconception in Textbook A, namely, in the definition of transgenic 
organisms. This misconception was in the category of oversimplification because the explanation 
was too simplistic. Textbook A stated that “transgenic organisms are organisms that obtain genes 
from other organisms.” This overly simplified definition can lead to a misconception, namely, that 
when an organism obtains genes from another organism, either naturally or through human 
manipulation, it is still considered a transgenic organism. In fact, transgenic organisms are 
organisms that have been altered by the introduction of one or more foreign DNA sequences from 
another species by artificial means (Kaif, 2023; Liu, 2025). Transgenic organisms are generated in 
the laboratory through genetic engineering techniques. In this technique, scientists alter an 
organism's DNA by incorporating genes from another species, which facilitates the transfer of 
specific traits or characteristics (Kaif, 2023). Meanwhile, there are naturally occurring organisms 
that can incorporate DNA or genes from other organisms, such as bacteria. Bacteria take up 
exogenous DNA from the environment, and this process is called natural transformation 
(Debatisse et al., 2025; Domenech et al., 2020; Dubnau & Blokesch, 2019; Jin et al., 2020; Niu et al., 
2025; Winter et al., 2021; Zhang et al., 2021). This ability can be performed by bacteria when they 
enter a transient physiological state known as competence (Domenech et al., 2020; Niu et al., 
2025). Therefore, when a book defines a transgenic organism as an organism that obtains genes 
from other organisms without explaining that this was achieved through deliberate engineering 
or manipulation by humans, this definition cannot be categorized as a definition of a transgenic 
organism. 

The next misconception found in textbook A was the picture of transgenic food crops 
(Figure 2). This misconception was a misidentification category because of the incorrect use of 
terms in the concept. 
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Figure 2. Examples of transgenic plants presented in textbook A 

 
In Textbook A, the picture was titled “examples of transgenic food plants.” The picture 

shown was rice, bananas, tomatoes, and peppers. None of these were “crops.” A crop refers to a 
plant that can be grown and harvested extensively for profit or subsistence (Tikkanen, 2025; Aly & 
Borik, 2023). If the title of the picture in the textbook was transgenic food plants, then the picture 
could show a transgenic plant that was classified as a food crop, such as in Figure 3, which was 
taken from the research by Dale et al. (2017).  

 

 
Figure 3. Cavendish banana plants (a-b. wild type, c-f. 

 transgenic plants that were resistant to Fusarium) 
(Dale et al., 2017) 

 
If the textbook wanted to retain the pictures of rice, bananas, tomatoes, and peppers, then 

the picture captions could be changed to be more accurate. Some appropriate terms to replace 
the picture captions were transgenic products, or transgenic products in agriculture, or genetically 
modified products, or genetically modified products in agriculture, or transgenic crops.  In addition, 
among the pictures of rice, bananas, tomatoes, and peppers in the textbook, only the picture of 
rice showed the difference between transgenic and non-transgenic products. The pictures of 
bananas, tomatoes, and peppers should also be supplemented with comparisons between 
transgenic and non-transgenic products to reinforce students' understanding, as shown in Figure 
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4 (Dale et al., 2017). From the comparison shown in Figure 4, the difference between transgenic 
and non-transgenic bananas can be easily understood. In this case, transgenic bananas were 
genetically modified to accumulate elevated levels of provitamin A (PVA) in fruit. This process 
caused the bananas to have more orange or golden-yellow flesh, a significant color change from 
standard bananas (Dale et al., 2017). 

 

 
Figure 4. Bananas transgenic (a) and 

  non-transgenic (b) 
   (Dale et al., 2017) 

 
Based on data analysis, it was known that Textbook B also contains misconceptions. The 

first misconception was found in the picture of genetic engineering to produce transgenic plants 
(Figure 5). The misconception in this image was in the category of oversimplification because it 
met the indicator, namely that the image/table/graph was too simple and did not describe the 
authenticity of the object.  

 

 
Figure 5. Picture in textbook B, entitled 

              genetic engineering to produce 
              transgenic plants 

 

a b 
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In the picture of the genetic engineering process for producing transgenic plants in 
Textbook B, there were key steps that were not presented. After the diagram and explanation 
showing that the plasmid (recombinant) was reinserted into the bacteria, textbook B did not 
include the step of infecting the bacteria into the plant, but instead went directly to the step “plant 
cells will grow in adult plant tissue.” This was very likely to cause misconceptions among students. 
In the production of transgenic plants, Agrobacterium tumefaciens was usually used to carry 
recombinant DNA into the plant genome (Agrawal & Rami, 2022; Goralogia et al., 2025; Hwang et 
al., 2017; Ma et al., 2020; Niazian et al., 2017; Niedbała et al., 2021). This was based on its natural 
ability to infect plants and transfer any DNA sequence of interest to model plants and crops 
(Thomson et al., 2024). In the genetic engineering process involving A. tumefaciens to create 
transgenic plants, the stage of inserting recombinant DNA into plants (with the help of A. 
tumefaciens) was a key step that cannot be overlooked (Bélanger et al., 2024). If this step were not 
carried out, transgenic plants would not be formed. Therefore, the picture in the textbook should 
clearly show this step.  

The next misconception found in Textbook B was related to the definition of plasmids. This 
misconception was categorized as an oversimplification because it did not explain the concept 
completely. In Textbook B, plasmids were defined as follows: “Plasmids are small DNA molecules 
found in bacteria or single-celled eukaryotes that can replicate.” This definition only mentioned 
that plasmids were DNA molecules found in bacteria, even though bacteria contained 
chromosomal DNA and extra-chromosomal DNA. Meanwhile, plasmids are extra-chromosomal 
DNA molecules that are separate from chromosomal DNA (Dewan & Uecker, 2023; Helinski, 2022). 
The incomplete explanation in Textbook B led to a fatal misconception. More comprehensively, a 
plasmid can be defined as an extra-chromosomal, circular, double-stranded DNA genetic elements 
that replicate independently of genomic DNA (Atala, 2020; Castaneda-barba et al., 2025; 
Delafuente & Diaz-colunga, 2024). Plasmids are major vectors for horizontal gene transfer within 
bacterial populations (Castaneda-barba et al., 2025; Delafuente & Diaz-colunga, 2024; Helinski, 
2022). Plasmids can carry accessory genes and move between hosts, acting as mobile genetic 
elements (Smyth et al., 2022). 

The picture in Textbook B related to the insulin production process (Figure 6) also 
contained misconceptions. This misconception was in the category of overgeneralization and met 
the indicators, namely that the parts that make up the object were not mentioned in detail. This 
was because the picture of the insulin production process did not provide explanations or stage 
numbers for recombinant plasmids, which should be stage number 3.  

 

 
Figure 6. Insulin production process in textbook B 

 
In the image, the first stage was visualized by the cutting of the gene by restriction 

enzymes. The second stage was the cutting of the plasmid by restriction enzymes. However, the 
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third stage was visualized by the introduction of the plasmid into bacteria. Before this stage, the 
recombinant plasmid formed from the ligation of the gene and plasmid that have been cut using 
the same restriction enzymes should be named first. After that, the recombinant plasmid carrying 
the insulin gene was inserted into bacteria for selection and propagation (Riggs, 2021). In addition, 
the image of the insulin production process presented in Textbook B did not show the extraction 
and purification process of the insulin protein that was formed.  

Misconceptions in textbooks can have a negative impact on students, teachers, and 
learning. Misconceptions in textbooks can significantly distort students’ conceptual 
understanding, especially in science education (Fakhriyah et al., 2025). This is in line with the 
findings of Han and Heinze (2018) that misconceptions in textbooks can cause lower student 
achievement on conceptual assessments. Misconceptions in textbooks also contribute to the 
persistence of scientific misunderstandings across generations of learners (Guerra-Reyes et al, 
2024). Guerra-Reyes et al. (2024) found that poorly conceptualized visuals and definitions, 
especially in natural sciences, lead to long-term cognitive barriers. Beside that, students exposed 
to inaccurate explanations from textbooks have weaker skills evaluating claims and evidence, 
harming scientific literacy more broadly. It can reduce critical thinking and scientific literacy (Chen 
et al., 2020). For teachers, misconceptions in textbooks can also have a negative impact, one of 
which is weakened teacher content knowledge and pedagogy. Textbook inaccuracies can 
misshape teachers’ pedagogical content knowledge and reduce their ability to identify and 
remediate student misconceptions (Fan et al., 2021; Tore et al., 2023). In addition, misconceptions 
in textbooks can also lead to the propagation of errors through teaching and classes. When 
teachers rely on flawed textbooks, those errors get repeated in classroom instruction and 
assessments, spreading the misconceptions across cohorts (Fan et al., 2021; Tore et al., 2023). 
Furthermore, persistent textbook misconceptions slow curriculum updates and leave instructional 
materials out of step with current scientific consensus. Reviews of conceptual-change literature 
highlight this systemic problem. 

Based on other studies, misconceptions in textbooks can actually be prevented, especially 
by authors and publishers. The first step that can be taken is to use rigorous expert peer review 
(content specialists + pedagogy experts). Subject experts catch factual errors, and pedagogy 
experts spot likely misinterpretations before publication (Fakhriyah et al., 2025; Zajkov et al., 2016). 
The next step is to write refutational/conceptual-change style explanations for topics known to 
provoke misconceptions. Research and meta-analysis show refutational texts and conceptual-
change interventions are especially effective at replacing incorrect ideas (Prinz et al., 2022). Then, 
pilot textbooks with teachers and students (iterative classroom trials) and revise using feedback. 
Classroom piloting reveals ambiguous phrasing, inadequate examples, and teacher misreading 
that lead to downstream misconceptions (Fakhriyah et al., 2025; Soeharto, 2022). In addition, to 
avoid misconceptions in textbooks is essential to ensure alignment with current scientific 
consensus and make update cycles explicit. Outdated science or oversimplifications become 
entrenched; scheduled revision cycles and alignment checks keep textbooks current. Then, use 
interdisciplinary review panels to detect cultural/linguistic oversimplifications and ambiguous 
wording. Wording and cultural framing can foster misunderstandings; panels that include 
linguists/educational psychologists reduce this risk (Nketsiah & Motlhabane, 2025). 

CONCLUSION 

There were misconceptions in the textbooks regarding both the principles of genetic 
engineering and their applications. Misconceptions in Textbook A consisted of 3 categories of 
misidentification, 1 category of overgeneralization, and 1 category of oversimplification. There 
were misidentifications regarding the definition of genetic engineering, chromosome mapping, 
and transgenic organisms. The overgeneralization regarding the picture of the process of 
recombinant DNA formation. The oversimplification regarding the picture of GMO plants. 
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Misconceptions in Textbook B consisted of 1 category of overgeneralization, related to the picture 
of the insulin production process. Then, 2 categories of oversimplification regarding the picture of 
genetic engineering for producing transgenic plants and the definition of plasmids. Based on these 
findings, teachers must be more selective in selecting textbooks for use in learning. Furthermore, 
an independent review before using a textbook is also essential. Authors and publishers also have 
to be more thorough and responsible in presenting textbooks. This is because misconceptions in 
textbooks can negatively impact students, teachers, and learning. The results of this study also 
open up great opportunities for other researchers to analyze misconceptions in textbooks across 
various subjects and school levels, given that many textbooks are widely circulated in schools by 
various authors and publishers. 
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