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The primary goal of this study is to improve the understanding of Mendelian
genetics among Grade 8 students through the use of digital interactive
Mendelian genetic comic stories (DIMenGeComS). This research
contributes to the field of education by providing an innovative and
engaging method to teach complex genetic concepts. Utilizing a sequential
explanatory mixed-methods research design, this study involved pretests and
posttests to measure the effectiveness of DIMenGeComS. The key findings
indicate a significant improvement in the students’ comprehension of
Mendelian genetics as specified by normalized gain scores in sections such
as Linnaeus (0.57), and Sampaguita (0.69), all of which were medium to
approaching high-class gain and had significant probabilities (p<0.0001) less
than 0.05 level of significance. These results suggest that DIMenGeComS can
be a valuable tool in science education, offering the potential for further
research into its application in other areas of the curriculum.
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1. INTRODUCTION

The Philippine education system continues to face obstacles, such as low scores on international
exams and persistent difficulties integrating digital interactive resources and instructional methodologies into
the K-12 curriculum, particularly in science education [1]-[3]. Despite the importance of Mendelian genetics
in biology instruction, students encounter significant cha llenges due to common misconceptions and
difficulties comprehending fundamental concepts [4]. In addition, the comprehensive needs assessment of
grade 9 students and science teachers which was carried out as part of this study’s topic analyses [5] and
several studies have illuminated important obstacles, experiences, and problems related to teaching and
learning Mendelian genetics [6]-[11]. This project aims to bridge a major gap in genetics education by
investigating the effectiveness of digital interactive comic novels as a cutting-edge teaching tool [12]-[18]. It
focuses on phenotypic trait prediction based on straightforward inheritance patterns, a topic that has not
gotten enough attention in the Philippine setting. Specifically, the results of a study [19] on the least mastered
competencies in biology revealed that the learning competency “Predict phenotypic expressions of traits
following simple patterns of inheritance,” had a mean of 2.23 (SD=0.84) which was interpreted to have low
mastery (LM). According to students’ responses to open-ended questions, some of the causes of the students’
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low mastery are inadequate conceptual understanding, lack of motivation, inadequate discussion, poor
retention, inadequate prior understanding of the subject matter, and dislike of science classes [19].

However, Samosa [18] taught biology using comics as a tactical intervention strategy. The
respondents, who had difficulty understanding photosynthesis, were specifically chosen by the researcher
from a secondary school in the San Jose del Monte Bulacan Schools Division. The results demonstrated that
there was a significant difference between the students’ pretest and posttest scores when it came to teaching
biology concepts, particularly photosynthesis. Following their exposure to the developed content, the pretest
mean score was lower than the posttest means scores. Additionally, following their exposure to the material,
the students gave excellent feedback regarding studying biological ideas.

Furthermore, a study in 2021 [20] on the use of comic-based learning modules in physics found that
it improved students’ conceptual understanding and motivation toward learning physics. Similarly,
comic-based learning offers a lively and captivating method of imparting difficult scientific ideas to pupils,
encouraging their understanding and excitement [20], [21]. In addition, Enteria and Casumpang [22] carried
out research locally in which they created comic strips and used the materials to examine how well an
educational resource taught particular science ideas. The students who received assistance in creating comic
strips outperformed the control group, according to the data. They had spoken about how science topics may
be effectively taught using comic strips as a developed teaching tool. Additionally, the professional assessors
thought that the created comic strips had great potential for usage in a teaching environment.

While it is well established that instructional comics can enhance students’ understanding and
engagement in various scientific subjects [21], digital interactive comic stories have not yet been utilized to
teach Mendelian genetics in the Philippines. This study has anchored its objectives to the dual coding theory
(DCT) [23], which contends that combining verbal and visual information improves learning by using both
mental imagery and linguistic representations. Using this idea, digital interactive Mendelian genetics comic
Stories (DIMenGeComS) improve students’ understanding and memorization of Mendelian genetics by
emphasizing trait phenotypic expression prediction. This strategy is supported by multimedia learning theory
[24], which highlights the value of fusing words and images to promote deeper learning.

These interactive comic stories aim to provide a user-friendly platform for studying Mendelian
genetics by addressing the challenges teachers face when integrating new technologies into their lesson plans.
This study aims to: i) evaluate the effectiveness of DIMenGeComS in enhancing students’ understanding of
Mendelian genetics, particularly in predicting phenotypic expressions of traits and ii) explore the potential of
DIMenGeComS in addressing challenges faced by science teachers in integrating new technologies into their
teaching methodologies. By addressing these objectives, this research seeks to contribute to the development
of research-based instructional resources that enhance biology education, ultimately improving students’
conceptual knowledge and learning outcomes [4]. This study intends to increase the quality of science
education and improve conceptual knowledge and understanding among high school students especially in
the Philippines by integrating cutting-edge digital interactive tools with traditional teaching methodologies.

2. METHOD
2.1. Research design

In this study, DIMenGeComS were developed and evaluated using the ADDIE approach, as
previously outlined in 2011 [25]. At Iligan City National High School-Main Campus (ICNHS-Main Campus),
the DIMenGeComS was integrated into the curriculum during the implementation phase. Instructors received
training on how to integrate the newly created digital interactive resources into their Mendelian genetics lesson.
Pretests, posttests, and teacher and student feedback were used to gather data during the evaluation phase. This
allowed us to determine how well DIMenGeComS was able to improve students’ comprehension of Mendelian
genetics and make the required adjustments to improve the quality of education.

2.2. Research subjects

The research subjects of the study were two sections of grade 8 students of ICNHS-Main Campus
who were selected through purposive sampling. The inclusion criteria for the subjects are:
i) currently enrolled in grade 8; ii) have not undergone any formal lessons on Mendelian genetics; iii) have no
medical or learning conditions that may affect their ability to learn; iv) have secured the consent of their
parents or guardians; and v) with mobile gadget/phone. Excluded from the study would be: i) grade 8
students who have previously undergone structured instruction in Mendelian genetics; ii) those with medical
or learning disorders affecting comprehension; and iii) those lacking parental or guardian consent.

2.3. Data gathering procedure
Using the analyze, design, develop, implement, and evaluate (ADDIE) paradigm as a guide, the
DIMenGeComS intervention was carefully designed to address needs that were found during the analysis phase
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of the assessment. By combining concepts from inheritance, probability, and practical applications, the goal is to
increase students’ understanding of the fundamental ideas of Mendelian genetics. Using the ADDIE model’s
analysis phase as a guide, the researcher created the DIMenGeComS’s narrative and design. This made it clear
to the researcher where attention should be paid to the DIMenGeComS content. After the researcher established
the storyline, various experts in the field (1 biology education expert and 1 English expert) checked for the
validity of the content including grammar and suggestions on the storyline’s improvement. The story then went
to the illustrator for the sketches with the experts’ comments and suggestions.

Subsequently, the designed illustration was sent to a programmer who coded and programmed it for
usage on mobile devices, enabling interactive functionality as intended. The programmer finished writing the
DIMenGeComS app’s code in two weeks. The adviser, researcher, and panel experts reviewed the final
product. All feedback was incorporated into the DIMenGeComS until the validity was confirmed by the
experts. The programmer upgraded the application ten times in total during the project.

The DIMenGeComsS intervention was then implemented in 2 sections (Linnaeus and Sampaguita) of
grade 8 students at ICNHS-Main Campus. Pretests and posttests, consisting of a validated and reliable
30-multiple choice researcher-made achievement test, were administered to measure changes in students’
conceptual understanding of Mendelian genetics. The DIMenGeComS intervention was accessed through the
developed mobile application. It was shared through either a share-it app, Bluetooth, Easy Share, Nearby
Share, or any other channels whichever is applicable.

The teacher handling the subject facilitated the implementation procedure with assistance from the
researcher. She administered the pretest questionnaire before the intervention to her grade 8 students. After
answering the pretest, the teacher then allowed the students to open the DIMenGeComS app through their
mobile devices, assessing the intervention’s impact. A posttest was then given after exposure to the
intervention.

2.4. Data analysis

The Experts’ Evaluation Ratings were examined by mean calculation and standard deviation in the
meantime, providing a numerical viewpoint on comprehension, interest, aesthetic appeal, interactivity, and
overall efficacy of the DIMenGeComS while the paired samples t-test, frequency count, mean, standard
deviation, percentage, and normalized gain score were used to interpret the results from the achievement tests.

2.5. Normalized gain

In this study, the normalized gain was employed to assess students’ conceptual understanding of
Mendelian genetics, particularly about the prediction of phenotypic traits based on simple inheritance
patterns. First introduced by Hake [26], normalized gain is a widely used measure of educational
effectiveness and conceptual knowledge growth. It is currently the recognized metric for reporting concept
inventory ratings derived from research-based evaluations. The normalized gain is a useful metric that sheds
light on how well the DIMenGeComS intervention supports students’ conceptual understanding. This metric
provided a detailed assessment of the impact of the intervention on the learning outcomes of the students by
quantifying the relative increase in their understanding of Mendelian genetics principles. The amount of the
increment is the normalized gain value. A positive increase would equate to low, medium, and high gain
from pretest to posttest [27]. Negative gains would suggest that the intervention was ineffective or even
detrimental, whereas zero gains would point to a stable response. By using normalized gain, the researcher
can better understand whether learners require additional attention based on their gain score or determine
whether the intervention is effective if there is no negative gain.

3.  RESULTS AND DISCUSSION
3.1. DIMenGeComsS evaluation results

Table 1 presents the evaluation findings for the DIMenGeComS from seven specialists in the
domains of biology and technology education. Overall, the results showed that the DIMenGeComS had
excellent acceptance and general validity (M=3.69). Furthermore, twelve out of the fourteen categories on the
acceptability questionnaire were rated as excellent, and the two that were left were rated as very good [5].
This shows that the DIMenGeComS adequately covers all areas of education and work, and the overall
quality of the job is excellent. The researcher’s creation of educational resources that cater to the demands of
students in the twenty-first century was also commended by the experts. Additionally, they highlighted how
distinctive, creative, alluring, and fascinating the DIMenGeComS is.

Additionally, they offered some suggestions for how to use and enhance the DIMenGeComS in the
classroom. Similar results were noted by a study [28], which developed a comic-based method for solving
geometry problems and found that all of its validation criteria were rated as “very good.” The factors that
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were considered included writing, organization, content, language and readability, humor structure, and
presentation. According to Yang [29], comics are visually stimulating, timeless, widely accepted, and can
promote critical and analytical thinking skills. For these reasons, the experts might have considered digital
interactive comics to be highly acceptable and a great teaching tool for enhancing conceptual understanding
of Mendelian genetics [6].

The DIMenGeComS app interface and features are illustrated in Figure 1, which presents key
components of the developed digital interactive comic. The figure as a whole showcase how the app
integrates narrative, problem-solving, and assessment elements to enhance student engagement and
conceptual understanding in Mendelian genetics [5]. Specifically, Figure 1(a) shows the title page that
welcomes users into the storyline; Figure 1(b) presents a sample word-problem page embedded in the
narrative, which functions as a formative assessment; and Figure 1(c) displays an example of a
Punnett-square problem page that visually represents inheritance patterns through interactive elements. Each
page of the DIMenGeComS app is designed to ensure students comprehend the flow of the story while
solving embedded problems that lock progression until the correct solution is given. A grading system
awards up to nine-star points at the end of the story to signify task completion, encouraging accuracy and
persistence through the “right-minus-wrong” scoring mechanism.

Table 1. Experts’ evaluation rating to the developed DIMenGeComS

Dimensions n SD Mean (M)  Description

Content 7 0.38 3.86 Excellent
Content accuracy 7 0.38 3.86 Excellent
Spelling and grammar 7 0.49 3.71 Excellent
Word accuracy 7 0.38 3.86 Excellent
Vocabulary 7 0.53 3.57 Excellent
Word-picture combination 7 0.00 4.00 Excellent
Graphics relevance 7 0.49 3.71 Excellent
Background design 7 0.00 4.00 Excellent
Font and formatting 7 0.90 3.14 Very good
Sequencing of information 7 0.49 3.71 Excellent
User-friendliness 7 0.53 3.57 Excellent
Feedback mechanism 7 1.00 3.00 Very good
Interactivity integration 7 0.49 3.71 Excellent
Impact 7 0.00 4.00 Excellent
Total 7 0.56 3.69 Excellent

Legend: excellent=3.25-4.00; very good=2.50-3.24; good=1.75-2.49; and needs improvement=1.00-1.54.

The Pea Flant then shoots a seed om the water and
a magiedl Punnett square cppears,

FANTASTIC3
UNCOVERING HIDDEN POWERS

If a true-breeding tall plant (TT) is
crossed with a true-breeding short
plant (tt), what will be the
phenotype of the F1 generation?

All tall

All short

Half tall, half short

Three-fourths tall, one-fourth short B b

You answered: B B

CANCEL | s | SUBMI T =

(@) (b) (©)

Figure 1. DIMenGeComS: (a) title page, (b) sample word-problem page, and (c¢) sample Punnett problem
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3.2. DIMenGeComS’ effectiveness in improving the understanding of Mendelian genetics among grade 8
students

Table 2 shows the summary of the pretest and posttest results of grade 8 students from section
Linnaeus during the final implementation of the DIMenGeComS intervention at ICNHS-Main Campus. As
observed from the pretest results, nobody got a grade of 85 or above and only 6.45% of the students got a
satisfactory score and 3.23% got a fairly satisfactory score. The remaining 90.32% did not meet expectations
according to their pretest results. However, during the posttest that was done after the exposure to the
DIMenGeComS, 16.13% of the students got an outstanding score, meanwhile, 19.35% got very satisfactory
scores, 25.81% got Satisfactory scores, and 25.81% or 8 students got fairly satisfactory scores. Finally, fewer
students did not meet expectations from pretest results to posttest results i.e., from 28 students down to four
students, indicating that the material had the potential to enhance students’ conceptual understanding of
Mendelian genetics. From the initial results of the pilot testing which the material was also found to be
effective, a similar and more positive result was yielded upon refinement of the DIMenGeComS before the
full-scale implementation. Similar findings are consistent with several research [20], [22], which
demonstrated a noteworthy variation in respondents’ performance when using comics. Furthermore, a study
from 2021 [30], which examined the impact of digital comics on distance learning during the COVID-19
pandemic, had more depth. They talked about how the students’ academic performance had improved
because of using digital interactive comics.

Table 2. Summary of pretest and posttest from final implementation with 31 student participants from
ICNHS-Main Campus section Linnacus

Grading scale Descriptor Pretest Posttest
Frequency  Percent  Frequency  Percent
90-100 Outstanding - - 5 16.13
85-89 Very satisfactory - - 6 19.35
80-84 Satisfactory 2 6.45 8 25.81
75-79 Fairly satisfactory 1 3.23 8 25.81
Below 75 Did not meet expectations 28 90.32 4 12.90
Total 31 100 31 100
Mean 58.28 81.94
Standard deviation 345 222

The dynamic and engaging features of the DIMenGeComsS are responsible for the notable gains in
posttest results. Students find abstract genetic concepts more relevant and concrete when story elements are
incorporated with scientific knowledge. This is consistent with the dual-coding theory [23], which contends that
information presented in both verbal and visual forms is more likely to be comprehended and kept. Comics,
a type of multimodal writing, make good use of this idea by fusing text and graphics to explain difficult
concepts. According to research [31], comics have the power to captivate readers through visual storytelling,
which makes them a useful teaching tool. Through visual metaphors and analogies, comics can help simplify
difficult processes, like Mendelian genetics, in the context of science education. According to the cognitive
theory of multimedia learning [24], which contends that effectively created multimedia instructional messages
can improve comprehension and retention of material, this visual reduction facilitates cognitive processing.

Moreover, the noteworthy decrease in the count of pupils who failed to reach the expected standards
(from 28 to 4) highlights the capability of DIMenGeComS to tackle educational deficiencies. This increase in
interest and motivation among students is suggestive of improved comprehension as well. Comics have been
demonstrated to boost student attention and enthusiasm, which is important for learning [32]. Students are
more likely to put effort into their studies and produce higher results when they are more interested.

Table 3 shows the summary of the pretest and posttest results of grade 8 students from section
Sampaguita during the final implementation of the DIMenGeComS intervention at ICNHS-Main Campus. As
observed from the pretest results, nobody got a grade of 80 or above and only 1 student got a Fairly satisfactory
score. The remaining 44 students did not meet expectations according to their pretest results. However, during
the posttest that was done after the exposure to the DIMenGeComsS, 24.44% of the students got an outstanding
score, meanwhile, 17.78% got Very satisfactory scores, 44.44% got Satisfactory scores, and 8.89% or 4 students
got fairly satisfactory scores. Finally, fewer students did not meet expectations from pretest results to posttest
results i.e., from 44 students down to two students, indicating that the material again had the potential to
enhance students’ conceptual understanding of Mendelian genetics for this section. Even better results were
again obtained during the full-scale implementation of the DIMenGeComS tool after it was refined based on the
first results of the pilot testing phase when the educational content was found to be effective. These findings are
consistent with previous studies that have shown the effectiveness of interactive and visual learning tools in
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improving student comprehension [18], [20], [22], [28]. The said studies discussed that there is a significant
increase in the conceptual understanding of the topics and the motivation of the students after undergoing
science classes with comics-based learning modules. This result is supported by the significant difference in the
results of t-tests and students’ interviews [20]. DIMenGeComS provides an engaging platform that helps
students visualize and understand genetic concepts. The process of iterative improvement demonstrates the
effectiveness and ongoing refinement of the teaching tool.

The significant improvements observed in the posttest scores indicate the effectiveness of
DIMenGeComS in facilitating a deeper understanding of Mendelian genetics among students. The
impressive mean score improvement from 49.63 in the pretest to 84.59 in the posttest illustrates this
educational tool’s capacity to change students’ lives. This is consistent with the research [20], which showed
that interactive materials and visual aids greatly improve students’ understanding of difficult scientific ideas.

Especially striking is the drop from 44 to 2 pupils who did not achieve expectations. This notable
enhancement highlights DIMenGeComS’s ability to meet a wide range of learning requirements and close
comprehension gaps. Learning can be made more accessible to students with different abilities by using
visual-spatial representations, as proposed by a study [33]. Additionally, the change in the distribution of
grades notable growth in the proportion of students receiving excellent and satisfactory ratings reflects the
influence of interactive learning tools on student motivation. Comics and graphic novels have the power to
hold pupils’ interest and cultivate a good attitude toward learning, per a study [34]. The better performance
shown in the posttest findings was potentially caused by this enhanced involvement.

Tables 4 and 5 present the analysis using paired samples t-test between the pretest and posttest
scores of grades 8 students from sections Linnaeus and Sampaguita, respectively. Based on the results, the
differences between the means of the test scores are 7.10 and 10.49, respectively. It yielded a
t-value of 13.72 and 21.92, respectively with a computed probability value of <0.0001, which is less than
0.05 significance level for both sections. Hence, the null hypothesis was completely rejected, and the
researchers concluded that there is indeed a significant difference in the normalized gain scores between the
pretest and posttest of grade 8 students in ICNHS-Main Campus who underwent the DIMenGeComS
intervention with a medium-level to approaching high-class gain of 57% and 69%, respectively. This also
implies that the material was effective in enhancing the students’ conceptual understanding of Mendelian
genetics after its exposure. The results of this study are in line with the larger corpus of studies looking into
the effectiveness of comic books as a teaching medium. Comics have a big impact on learning environments,
as evidenced by several studies [9], [11].

Table 3. Summary of pre-test and post-test from final implementation with 31 student participants from
ICNHS-Main Campus section Sampaguita

Grading scale Descriptor Pretest Postest
Frequency  Percent  Frequency  Percent
90-100 Outstanding - - 11 24.44
85-89 Very satisfactory - - 8 17.78
80-84 Satisfactory - - 20 44.44
75-79 Fairly satisfactory 1 2.22 4 8.89
Below 75 Did not meet expectations 44 97.78 2 4.44
Total 45 100 45 100
Mean 49.63 84.59
Standard deviation 343 1.93

Table 4. Significant difference between pretest and posttest scores from final implementation with 31 student
participants from ICNHS-Main Campus section Linnaeus

Test Mean difference  t-statistics  p-value  Normalized gain _ Interpretation
Pretest 7.10 1372 <0.0001 0.57 Significant
Posttest

Table 5. Significant difference between pretest and posttest scores from final implementation with 45 student
participants from ICNHS-Main Campus section Sampaguita

Test Mean difference  t-statistics  p-value  Normalized gain Interpretation
Pretest 10.49 2192 <0.0001 0.69 Significant
Posttest

Hy: there is no significant difference in the normalized gain scores between the pretest and
posttest of grade 8 students in ICNHS-Main Campus who undergo the DIMenGeComS
intervention. Significant at p<0.05 alpha level.
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The distinct qualities of comics as an instructional medium account for the notable increase in test
results following the intervention. Comics mix textual and visual aspects to offer a multimodal learning
experience that can accommodate various learning preferences. Comics’ sequential graphics and storytelling,
which can help make difficult subjects more approachable and remembered, are said to captivate students
[31], [32]. Students in this study were able to visualize genetic concepts and processes because to the usage
of DIMenGeComS, which probably improved comprehension. According to a study [33], which highlights
the value of spatial thinking in science instruction, students can better understand abstract ideas when they
are given visual aids. This is consistent with the performance gains that have been seen in the students, as
DIMenGeComS'’s interactive features potentially improved their conceptual and spatial grasp of genetics.

The results align with research [34] on the visual language of comics, which emphasizes how
sequential images’ structure and meaning can support learning. DIMenGeComS potentially decreased
cognitive burden or overload and improved learning outcomes by segmenting genetic topics into chunks,
digestible, and aesthetically pleasing parts.

These investigations further show that when given educational material in the form of comic books,
students perform better and have better comprehension. Comics draw in students and hold their interest
through their visual and narrative components, which basically simplify and make learning difficult and
complex ideas more fun. This has been consistent with the cognitive theory of multimedia learning, which
postulates that effective learning outcomes are enhanced by the combination of verbal and visual
information. Additionally, Samosa’s [18] study expands on these conclusions by concentrating on the
application of comics as a tactical intervention strategy for teaching biological topics like photosynthesis.
The study found a significant difference between the pretest and posttest results for the students, showing that
exposure to the created comic-based educational material significantly improved their understanding. This
demonstrates how comics have the power to improve academic achievement as well as cultivate a positive
attitude toward learning challenging scientific ideas. Students seem to connect well with comics’ visual
storytelling element, which promotes active participation and helps them understand concepts more deeply.
This, in turn, leads to better learning results. Furthermore, a study in 2019 [35] emphasizes how realistic
information, entertaining artwork, and humor are all combined in scientifically created comic books to
improve science learning. Positive reactions to the humor and scientific information are evident in expert
evaluations, suggesting that students find the visual and narrative links in science instruction engaging. In
general, science comics that combine humor and careful design can potentially and effectively pique
students’ interest and improve their understanding of scientific ideas and concepts.

4. CONCLUSION

This study demonstrates how DIMenGeComS can successfully address persistent issues in genetics
teaching. DIMenGeComS has received high marks, with an overall quality rating of 3.69 out of 4, by
incorporating feedback from literature reviews, needs assessments, and pilot testing. Students’ comprehension
and interest in Mendelian genetics have been greatly increased by the application of dual coding and multimedia
learning theories. The data shows that students’ conceptual understanding has significantly improved;
normalized gain scores for Linnaeus and Sampaguita are 0.57 and 0.69, respectively, indicating medium to high
gains. These outcomes, along with notable improvements in pre- and posttest scores (7.10 and 10.49,
respectively), show how successful DIMenGeComS is in reaching its learning objectives.

Prospectively, there exist prospects to delve deeper into the assimilation of DIMenGeComS into
diverse academic environments and its enduring impact on academic achievements. Prospective studies may
explore the adaptability of this digital method to many subjects or academic levels, as well as its wider
implications in the field of science education. DIMenGeComS lays the path for educational technology and
instructional design advancement by fusing cutting-edge digital tools with conventional teaching methods.
By addressing students’ changing needs and promoting a more engaging learning environment, it principally
highlights the potential for improving science education.
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