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Publisher ABSTRACT

Program Studi Pendidikan The objective of this study is to examine the levels of procedural and
Biologi, Fakultas Sains conceptual knowledge in genetic engineering topics among STEM
dan Teknologi, UIN students to provide baseline in developing effective instructional
Walisongo Semarang materials. Topics such as introduction to Genetic engineering, Gene

Cloning, and DNA extraction were utilized to determine levels of
students’types of knowledge, procedural and Conceptual. A descriptive
quantitative research approach using 12-item test is used to analyze
and assess both procedural and conceptual knowledge using a 5-point
Likert scale was used to measure students’ understanding. A total of
12 STEM students from Concepcion National High School took part in
the study during the 2023-2024 academic year. The findings of the
study revealed that students demonstrated higher levels of proficiency
in procedural knowledge compared to conceptual knowledge across
the three topics: genetic engineering, gene cloning, and DNA
extraction. There appears to be a range of understanding levels when
it comes to procedural knowledge, as indicated by the higher
variability. On the other hand, the lower variability in DNA extraction
suggests a more consistent level of comprehension. The study's small
sample size limited the use of inferential statistical methods,
highlighting the importance of finding more effective teaching methods
to improve students' comprehension of genetic engineering concepts.
Qualitative data uncovered notable obstacles, including a dearth of
interactive experiences and materials, underscoring the importance of
active involvement and sufficient resources. Suggestions involve
improving laboratory sessions, ensuring the availability of required
materials, and implementing interactive teaching techniques to
enhance students' understanding of genetic engineering. This study
highlights the significance of well-rounded educational interventions to
enhance both theoretical and practical knowledge in genetic
engineering.

Keywords: Biology; Challenges; DNA extraction; Gene Cloning;
Perception.

Copyright ©2025, Bioeduca: Journal of Biology Education

INTRODUCTION

The Philippines is encountering a notable challenge with decreasing proficiency
in mathematics and science, as shown by assessments such as the National
Achievement Test (NAT), Trends in International Mathematics and Science Study
(TIMSS), and Programme for International Student Assessment (PISA) 2022 where
the average score in science is one of the lowest among all PISA-participating
countries and economies. Unchangingly, the PISA average scores in 2022 closely
resembled those from 2018. There was no improvement in the disparity between the
highest-achieving students (top 10%) and the lowest-achieving students (bottom
10%) in Science, according to the PISA 2022 report. Students found difficulties
recognizing concepts and theories, which may need further attention to improve
instruction and retool educators. Hence, future outlooks and recognizing the urgency
of addressing issues and shortcomings in attaining the country's quality primary
education (DepEd.gov.ph).
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In a typical classroom, genetics can be challenging to teach and learn (Choden
& Kijkuakul, 2020). It is a challenging and complicated course to teach, but one that
is crucial to understanding many aspects of society, including cloning, genetically
modified organisms, DNA testing, and illness detection (NIH, 2010). The results of
various research in grades 7-12 indicate that misconceptions regarding various
genetics subtopics by teachers and students may cause difficulties (Altunoglu &
Seker, 2015; Osman et al., 2017; Yates & Marek, 2013). The students'
misconceptions about genetics from a prior lesson or mistakes in the curriculum
statement and textbooks made things more complicated (Sanders & Makotsa,
2016).

The subjects students thought were hardest to teach and understand were
those connected to molecular biology and biotechnology, such as genetic
engineering, gene technology, genetics, cell division, DNA replication, and protein
synthesis. Teachers cited several reasons for the difficulty, including a lack of subject
matter expertise and visual aids, an overload of curriculum, difficulty planning hands-
on exercises, and the abstract nature of the subjects. Instructors recommended that
students use 3D animations, virtual laboratories, laboratory supplies, curriculum
content reduction, training, and study tours as workable solutions to overcome the
challenges (Byukusengeet al, 2022).

Furthermore, the complexity of genetics extends beyond the lab and into larger
social contexts. Ethical issues involving genetic research and applications raise deep
guestions regarding morality, social justice, and responsible technology use. Issues
such as informed consent, genetic prejudice, and equitable sharing of benefits and
drawbacks highlight the importance of incorporating ethical perspectives into genetic
research. Moreover, the convergence of genetics with several domains, such as
medicine, agriculture, forensics, and conservation, necessitates cooperative
endeavours and transdisciplinary discussions to address complex issues and
maximize the benefits to society. Thus, navigating the complex field of genetics
requires scientific knowledge, social awareness, ethical understanding, and a
dedication to fostering diverse and responsible practices.
One particular area concerned is the extent to which Grade 11 STEM students
understand genetic engineering. Given the complexity of the subject, learning
effectively in genetic engineering requires both procedural and conceptual mastery.
Therefore, this study aims to assess Grade 11 STEM students' procedural and
conceptual knowledge of genetic engineering.

METHODS

This study used descriptive quantitative with qualitative support. A validate 12-
item accomplishment test will gauge their conceptual understanding and with the
used of a 5-point Likert scale rubric to assess the procedural knowledge of the
participants. There will be three general parts of the questionnaire; Part-I,
Respondents’ Profile; Part-1l, Student’s Procedural Knowledge which constitutes 3
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guestions on genetic engineering, gene cloning and DNA extraction topic and, Part-ll|
Conceptual Knowledge which constitute nine questions from three major topics. Data
analysis techniques like mean, frequency, Spearman's rank correlation, Kendall's tau,
and content analysis will be utilized to demonstrate data related to procedural and
conceptual understanding as well as students' perspectives on genetic engineering.
Moreover, all Concepcion National High School’s STEM students (N=12) that are
currently enrolled in S.Y. 2023-2024 have been intentionally considered as generic
research participants.

During the process of data collection, the coding mechanism will also be utilized
in order to secure the identity of the respondents. For the purpose of maintaining the
highest level of confidentiality, coding such as SR-01, which stands for "student's
respondents' number one," is utilized.

Procedural and Conceptual Knowledg eMarking Rubric for Genetic Engineering
Test. Rubrics were adopted and modified from the study conducted by Chirove, M.,
& Ogbonnaya, U. I. (2021, October 28) entitled the relationship between grade 11
learners’ procedural and conceptual knowledge of algebra. JRAMathEdu

The data collected from the validated questionnaires were analyzed to assess
both the procedural and conceptual knowledge of the STEM students in the context
of genetic engineering, gene cloning, and DNA extraction. Descriptive statistics,
including mean scores and standard deviations, were calculated to summarize the
central tendencies and variability in the students’ knowledge.To provide a
comparative analysis, the mean scores for procedural knowledge in genetic
engineering, gene cloning, and DNA extraction were evaluated. These scores were
then compared to the mean scores for conceptual knowledge in the same areas. The
standard deviations were examined to understand the extent of variation in the
students' responses, indicating the consistency or disparity in their understanding.

RESULTS AND DISCUSSIONS

Table 1. Mean scores and Standard deviations (SD) the procedural knowledge in terms
of Genetic Engineering

Mean SD
Procedural Knowledge on Genetic 3.28 3717
Engineering
Procedural Knowledge on Gene 3.11 .1625
Cloning
Procedural Knowledge on DNA 3.08 .1493
Extraction

The table 1 presents a comparative analysis of procedural knowledge in the
context of genetic engineering, gene cloning and DNA Extraction focusing on their
mean scores and standard deviations (SD),. Procedural knowledge, which pertains
to the understanding of the processes and techniques involved in genetic
engineering, has a higher mean score of 3.28 with a standard deviation of 0.3717
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followed by the practical understanding and application of cloning techniques which
has a mean score of 3.11 with a standard deviation of 0.1625 and finally the practical
skills and techniques involved in DNA extraction which has a mean score of 3.08 with
a standard deviation of 0.1493.

The standard deviation is a measure that shows how much the scores deviate
or spread out from the mean. A higher level of variability, as seen in the procedural
knowledge of genetic engineering (SD = 0.3717), indicates a greater range of
understanding among the participants. On the other hand, the smaller standard
deviations in gene cloning (SD = 0.1625) and DNA extraction (SD = 0.1493) suggest
that the scores are tightly grouped around the average, which suggests a higher level
of consistency in practical knowledge and skills among the participants in these
particular fields. The variability in standard deviations emphasizes the disparities in
the distribution of participants’ knowledge across various aspects of genetic
engineering.

These findings have significant implications for educational and training
programs in genetic engineering. There seems to be a wide range of understanding
when it comes to genetic engineering processes. This indicates that there is a need
for more focused instructional interventions to ensure that all learners have a
consistent understanding of these concepts. On the other hand, the fact that there is
less variation in knowledge and skills concerning gene cloning and DNA extraction
suggests that the current training methods for these areas may be more effective or
standardized. It is important for educators to explore the teaching methodologies
utilized in gene cloning and DNA extraction in order to discover the most effective
approaches that can be implemented in genetic engineering education. In addition,
these valuable insights can assist curriculum developers in effectively allocating
resources and designing assessments that target the areas with the most variability.

Table 2. Mean scores and Standard deviations (SD) of students’ conceptual knowledge
in terms of Genetic Engineering

Mean SD
Conceptual Knowledge on Genetic 2.69 .0829
Engineering
Conceptual Knowledge on Gene 2.51 .2310
Cloning
Conceptuall Knowledge on DNA 2.45 1324
Extraction

Table 2 presents the students’ conceptual knowledge, which involves the
comprehension of the principles and theories underlying genetic engineering which
has a higher mean score of 2.69 , following with the conceptual knowledge, which
encompasses the theoretical understanding of the principles and concepts behind
cloning, has a mean score of 2.51 with a standard deviation of 0.2310 and finally the
understanding of the underlying principles and concepts of DNA extraction, has a
lower mean score of 2.45 with a standard deviation of 0.1324.
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The standard deviation here also indicates the range of variation in students'
comprehension. The higher standard deviation in the conceptual knowledge of
cloning suggests a wider range of understanding among the students, in contrast to
the more closely clustered scores for DNA extraction. This indicates that while certain
students possess a solid understanding of cloning concepts, others may encounter
difficulties in comprehending these theories. It appears that students' understanding
in the area of DNA extraction is relatively consistent, although the overall average
score is lower.

These patterns have important implications for instructional strategies. There is
a noticeable difference in the average score and the range of conceptual knowledge
in genetic engineering, indicating the importance of using varied teaching methods to
accommodate the different levels of understanding among students in the classroom.
When it comes to cloning, it's clear that there is a wide range of understanding
among students. This suggests that additional resources or focused interventions
could be helpful in supporting those who are falling behind. On the other hand, the
data shows that students' understanding of DNA extraction is fairly consistent, but
there is room for improvement in terms of overall comprehension. Customized
teaching techniques and supplementary educational resources could assist in closing
these disparities and improving understanding of various subjects.

Table 3. The Difference between the procedural knowledge and conceptual knowledge
in terms of Genetic Engineering

Genetic Mean SD Mean Difference  p-value
Engineering

Procedural 3.28 3717 .5808 .000
Conceptual 2.69 .0829

The table 3 presents a comparative analysis of procedural and conceptual
knowledge in the context of genetic engineering, focusing on their mean scores,
standard deviations (SD), mean difference, and the associated p-value. Procedural
knowledge, which pertains to the understanding of the processes and techniques
involved in genetic engineering, has a mean score of 3.28 with a standard deviation
of 0.3717. In contrast, conceptual knowledge, which involves the comprehension of
the principles and theories underlying genetic engineering, has a lower mean score
of 2.69 with a much smaller standard deviation of 0.0829.

The mean difference between procedural and conceptual knowledge scores is
0.5808, indicating that individuals scored higher on average in procedural knowledge
compared to conceptual knowledge. This difference is statistically significant, as
evidenced by the p-value of 0.000, which is well below the commonly accepted
threshold of 0.05. This reflects a true disparity in the levels of procedural and
conceptual knowledge in genetic engineering.

The provided data indicates that overall individuals possess significantly higher
procedural knowledge compared to conceptual knowledge in genetic engineering,
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with a substantial and statistically significant mean difference between the two types
of knowledge.

Table 4. The Difference between the procedural knowledge and conceptual knowledge
in terms of Cloning.

Genetic Mean SD Mean Difference  p-value
Engineering

Procedural 3.11 1625 5917 .000
Conceptual 2.51 .2310

The Table 4 provides a comparative analysis of procedural and conceptual
knowledge specifically within the domain of cloning, highlighting their respective
mean scores, standard deviations (SD), mean difference, and the associated p-
value. Procedural knowledge, which involves the practical understanding and
application of cloning techniques, has a mean score of 3.11 with a standard deviation
of 0.1625. On the other hand, conceptual knowledge, which encompasses the
theoretical understanding of the principles and concepts behind cloning, has a lower
mean score of 2.51 with a standard deviation of 0.2310.

The mean difference between procedural and conceptual knowledge scores is
0.5917, indicating that individuals score significantly higher on procedural knowledge
compared to conceptual knowledge in the context of cloning. The p-value is well
below the typical threshold of 0.05, reinforcing the conclusion that there is a genuine
and significant difference between the two types of knowledge.In summary, the data
reveals that individuals exhibit substantially higher procedural knowledge than
conceptual knowledge in the field of cloning, with a significant mean difference and
strong statistical evidence supporting this disparity.

Table 5. The Difference between the procedural knowledge and conceptual knowledge
in terms of DNA Extraction.

Genetic Mean SD Mean Difference  p-value
Engineering

Procedural 3.08 .1493 .6292 .000
Conceptual 2.45 1324

The table 5 presents a comparative analysis of procedural and conceptual
knowledge in the context of DNA extraction, with a focus on their mean scores,
standard deviations (SD), mean difference, and the associated p-value. Procedural
knowledge, which refers to the practical skills and techniques involved in DNA
extraction, has a mean score of 3.08 with a standard deviation of 0.1493. In contrast,
conceptual knowledge, which encompasses the understanding of the underlying
principles and concepts of DNA extraction, has a lower mean score of 2.45 with a
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standard deviation of 0.1324.The mean difference between procedural and
conceptual knowledge scores is 0.6292, indicating that individuals have significantly
higher procedural knowledge compared to conceptual knowledge in DNA extraction.
This difference is statistically significant, as evidenced by the p-value of 0.000.
Overall, the data indicates that individuals possess substantially greater procedural
knowledge than conceptual knowledge in the field of DNA extraction. The significant
mean difference and the extremely low p-value provide strong evidence that this
disparity is real and noteworthy. Nevertheless, when students where asked about
their perceptions and challenges in learning the concepts , two students frankly
stated that its both difficult and challenging on the part of the students and the
teacher.

Transcript 1:
Student 05: “Mahirap poh ang genetics na subject mas lalo na ang genetic
engineering, because it requires hands-on activity para maintindihan (peo never poh
kami ng lab nun kc). Superficial Ing ang pgtuturo ng concepts, more on basic kasi
walang materials and available na tools, chemicals sa school that will demonstrate
the idea molecularly. Mahirap poh tlga, through videos and powerpoint presentation
Ing kami naglelearn. Example poh yung sa DNA extraction wla pong activity nun®
Transcript 2:

Student 08: ....Hard to understand poh is yung cloning the concepts and
DNA recombination, we | know how to define it poh but when in actual di ko poh
talaga alam pano ginagawa. Through videos and textbook lang ako ngrerely at turo
ni teacher.

The above transcripts highlight the difficulties experienced by students and
educators when they lack access to practical laboratory activities and sufficient
resources. The use of videos and textbooks for learning has its merits, but it falls
short in providing the necessary practical experience and deep conceptual
understanding. These limitations underscore the pressing demand for enhanced
educational resources and increased opportunities for interactive, experiential
learning to bridge the divide between procedural and conceptual knowledge in
genetic engineering and related disciplines. Closely addressing these gaps can
improve student learning and better position them for post-secondary education and
career-related practices.

CONCLUSION AND RECOMENDATION

The mean scores and standard deviations were computed for both procedural
and conceptual knowledge. The results indicated that students performed better in
procedural knowledge (genetic engineering: M=3.28, SD=0.3717; gene cloning:
M=3.11, SD=0.1625; DNA extraction: M=3.08, SD=0.1493) compared to conceptual
knowledge (genetic engineering: M=2.69; gene cloning: M=2.51, SD=0.2310; DNA
extraction: M=2.45, SD=0.1324). There appears to be a greater diversity in the level
of understanding when it comes to procedural knowledge of genetic engineering, as
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indicated by the higher variability. On the other hand, the lower variability in DNA
extraction suggests a more consistent understanding among students. Because of
the limited number of participants, it was not possible to use inferential statistical
methods. As a result, the analysis was limited to descriptive statistics, which means
that the findings cannot be generalized. However, the findings emphasize the
importance of implementing more effective teaching methods to enhance students'
grasp of genetic engineering, gene cloning, and DNA extraction. This suggests that
educational interventions should prioritize strengthening theoretical concepts to
ensure a well-rounded understanding of both practical procedures and underlying
principles.

The interviews with students regarding their experiences learning genetic
engineering revealed significant challenges. Student 05 highlighted the difficulty of
the subject and stressed the need for hands-on activities, noting a lack of laboratory
sessions and materials, which limited their understanding to basic concepts taught
through videos and PowerPoint presentations. Similarly, Student 08 struggled with
understanding complex processes like cloning and DNA recombination, relying on
videos, textbooks, and teacher explanations without practical engagement. Both
students emphasized the necessity of practical, hands-on activities and adequate
learning materials to deepen their comprehension. While this study provides a
preliminary study on assessing conceptual and procedural knowledge of STEM
students, some weaknesses of the study were seen for future improvements of the
research, such the questionnaire must run for reliability test and increasing the
sample size in order to predict true associations among variables. Moreover,
activities such as enhancing laboratory sessions, providing necessary materials,
adopting interactive teaching methods, and offering supplementary learning
resources to better support students' grasp of genetic engineering concepts has been
part of the study’s recommendations.
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