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This study investigated the effectiveness of the Punnet Square Dihybrid 
Cross (PUSDIC) board game in enhancing Grade 8 students' mastery of 
predicting phenotypic expressions of traits. Using a quasi-experi- 
mental design with 40 students from Cauayan City National High 
School, the research compared an experimental group using the 
PUSDIC board game to a control group receiving traditional instruc- 
tion. Results showed significantly higher post-test scores in the exper- 
imental group, with a mean increase of 28.10 points (p < .001) from 
pre- to post-test. The PUSDIC board game demonstrated a very large 
effect size, indicating its substantial impact on students' mastery of the 
subject. This interactive approach addresses challenges in teaching ge- 
netics by promoting active learning, critical thinking, and collaboration. 
The study supports the use of educational board games as an effective, 
accessible, and low-cost strategy for teaching complex scientific con- 
cepts to secondary school students, offering an engaging approach to 
improve science education outcomes. 
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Introduction SDG 4.7 emphasises ‘sustainable development 
The issue of global competence and inter- and global citizenship,' advocating for the inte- 

national assessments is crucial in both the gration of these concepts into curricula, poli- 
global and local educational contexts. On a cies, and teacher education programs world- 
global scale, 193 nations have pledged to the wide (Chandir & Gorur, 2021). In the Philip- 
Sustainable Development Goals (SDGs), with pines, the introduction of the K to 12 Program 
education being pivotal to achieving all other in 2013 aimed to foster the holistic develop- 
SDGs (Chandir and Gorur, 2021). Specifically, ment and global competitiveness of Filipino 
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learners (Balagtas et al., 2019). However, the learning, allowing them to reach more of their 
country's performance in international assess- potential compared to traditional teaching 
ments, such as PISA 2018, exposed significant methods (Tomljenović & Vorkapić, 2020). The 
challenges, with Filipino students ranking sec- experiential learning theory suggests that 
ond to last among 78 countries in science liter- higher education should use student-centred, 
acy (Bernardo et al., 2023). This underscores interactive, and collaborative teaching method- 
the critical gap between the nation's educa- ologies to promote initiative and autonomy in 
tional reform efforts and international bench- learning (Urquidi-Martín et al., 2019). This 
marks. Interestingly, the effectiveness of inter- highlights the potential of innovative educa- 
national assessments in driving educational tional approaches in developing contexts. The 
improvement is a subject of debate. While some PUSDIC Board Game, being a low-cost, interac- 
studies suggest that participation in assess- tive, and localised solution, could be particu- 
ments boosts net secondary enrollment rates larly appropriate for settings where digital re- 
(Kijima & Lipscy, 2023), others argue that the sources may be limited. This study supports the 
PISA assessment of global competence may not DepEd’s educational goal of fostering mastery 
be well-suited to inform policy or practice in of genetics concepts through interactive, 
promoting SDG 4.7 (Chandir & Gorur, 2021 learner-centred strategies. The board game en- 

Learners face significant challenges in un- ables students to visualise and apply Mendelian 
derstanding complex scientific concepts, par- principles, enhancing not only content reten- 
ticularly in the fields of genetics and environ- tion but also critical thinking and problem- 
mental science. The intricate nature and con- solving skills—core components of the K to 12 
ceptualisation of genetics pose difficulties for science framework that promotes enquiry- 
students, leading to challenges in their compre- based and constructivist learning approaches. 
hension (Safitri et al., 2024). Studies have While several studies have explored game- 
shown that students struggle to understand based learning interventions in science educa- 
Mendelian genetics, often relying on descrip- tion, there is a notable lack of empirical re- 
tions of observable traits rather than integrat- search specifically examining board game in- 
ing processes or using models (Calderón- terventions in Philippine science classrooms 
Canales et al., 2021). The COVID-19 pandemic (Jimenez and Errabo, 2024). The existing liter- 
exposed shortcomings in traditional educa- ature predominantly focuses on digital educa- 
tional systems and their ability to adapt to cri- tional games and their effectiveness in various 
ses, revealing limitations in Emergency Remote contexts, such as primary schools in China 
Teaching (ERT) strategies (Šinko et al., 2024), (Chen et al., 2021) and high school citizenship 

Game-based learning (GBL) has emerged as studies in Taiwan (Kuo et al., 2023). However, 
an innovative strategy to address the chal- these studies do not address the unique cul- 
lenges of teaching complex skills, such as re- tural and educational contexts of the Philip- 
search and project management, in a meaning- pines. Interestingly, most research on game- 
ful way. It offers an experiential and construc- based learning in science education has cen- 
tivist approach that promotes active learning tred on digital games or computer-based inter- 
and a deep understanding (Abbott, 2019). GBL ventions (Fuster-Guilló et al., 2019; Huang et 
aligns with constructivist theories, which em- al., 2023; Hussein et al., 2019). This trend high- 
phasise that individuals develop knowledge lights a gap in the literature on traditional 
through their own experiences and reflections, board games, particularly in the Philippine con- 
particularly in visual arts education (Tomljeno- text. Furthermore, while some studies have 
vić and Vorkapić, 2020). The effectiveness of employed quasi-experimental designs to test 
GBL is supported by several learning theories. the effectiveness of game-based interventions 
Constructivism and experiential learning are (Chen et al., 2021; Hussein et al., 2019; Kuo et 
frequently cited as the theoretical foundations al., 2023), experimental or quasi-experimental 
of GBL (Marougkas et al., 2023). These research specifically examining board game in- 
approaches encourage students' active partici- terventions in actual Philippine science class- 
pation through exploratory, problem-based rooms is scarce. The limited empirical studies 
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on board game interventions in Philippine sci- National High School during School Year 2023– 
ence classes and the lack of experimental re- 2024 were selected through purposive sam- 
search testing their effectiveness in actual pling, based on comparable academic profiles 
classrooms represent significant gaps in the lit- and timetable availability. After obtaining pa- 
erature. This underscores the need for more rental consent and administrative approval, 
rigorous, context-specific research to evaluate these 40 students constituted the sampling 
the potential benefits of board game interven- frame. Within this purposively selected pool, 
tions in Philippine science education, particu- individual learners were then randomly as- 
larly through experimental or quasi-experi- signed—using a simple lottery method—to ei- 
mental designs in authentic classroom settings. ther the experimental group (n = 20), which re- 

ceived the PUSDIC board-game intervention, or 
Research Questions the control group (n = 20), which received con- 

This Study aimed to investigate the effects ventional lecture-discussion instruction 
of using the Punnet Square Dihybrid Cross 
(PUSDIC) Board game as a tool in improving the Data Gathering Instruments 
mastery level of Grade 8 students in predicting ➢ Test Construction and Content Validity 
the phenotypic expressions of traits. 
This study specifically answered the following 
questions: 

The researcher-made 40-item multiple- 
choice test was meticulously crafted to align 
with the Grade 8 Science curriculum’s learn- 
ing competency on predicting phenotypic 
expressions of traits. Each item was mapped 
to specific curriculum standards and de- 
signed to progressively assess students’ 
conceptual understanding of Mendelian ge- 
netics. To ensure content validity, the draft 
instrument underwent expert review by a 
master teacher and the department head, 
who evaluated item clarity, relevance, and 
coverage of key genetic principles; their 
feedback was incorporated to refine word- 
ing, eliminate redundancies, and confirm 
that the test fully represented the intended 
construct. 

➢ What were the pretest and posttest mean 
scores of the two groups of subjects before 
and after the implementation of the Punnet 
Square Dihybrid Cross (PUSDIC) Board 
game?; 

➢ 

➢ 

➢ 

Is there a significant difference in the pre- 
and post-test scores of the experimental 
group? 
Was there a significant difference on the 
pretest and posttest mean scores of the 
group exposed to the intervention?; 
What was the effect size of the PUSDIC 
Board game on the participants’ level of 
mastery in predicting phenotypic expres- 
sions of traits among the subjects? ➢ Pilot Testing and Psychometric Analysis 

Prior to its use in the main study, the test 
was pilot-tested with 15 Grade 8 students 
from a comparable cohort to conduct a thor- 
ough item analysis. Difficulty indices for the 
retained items ranged from 0.32 to 0.77 (M 
= 0.54), indicating an appropriate spread of 
item challenge, while all discrimination indi- 
ces exceeded 0.28, demonstrating each 
item’s effectiveness in distinguishing 
higher- and lower-ability students. Ambigu- 
ous or poorly performing items were subse- 
quently revised or replaced based on these 
analyses. Finally, the instrument’s internal 
consistency was confirmed with a Kuder– 
Richardson Formula 20 reliability coeffi- 
cient of 0.86, affirming that the test consist- 
ently measures students’ mastery of 

Methods 
Research Design 

This study employed a quasi-experimental 
research design, specifically a pretest-posttest 
control group design, to evaluate the effective- 
ness of the Punnett Square Dihybrid Cross 
(PUSDIC) board game in improving students’ 
mastery of predicting phenotypic expressions 
of traits. This design allowed the comparison 
between an experimental group exposed to the 
board game intervention and a control group 
receiving traditional instruction. 

Participants and Sampling 
A total of 40 Grade 8 students enrolled in 

the Basic Education Curriculum at Cauayan City 
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Mendelian-genetics concepts across admin- Data Analysis 
istrations. The data analysis in this study involved 

both descriptive and inferential statistical 
methods to evaluate the effectiveness of the Data Collection Procedures 

Data collection proceeded in three sequen- PUSDIC board game intervention. 
tial phases. First, in the pretest phase, both the Descriptive statistics, including mean and 
experimental and control groups were admin- standard deviation, were used to summarize 
istered the researcher-made 40-item multiple- the pretest and posttest scores of both the ex- 
choice test under standardized conditions to perimental and control groups. To determine 
establish baseline equivalence. Next, during the significant differences in student performance, 
intervention phase, the experimental group independent samples t-tests were employed to 
participated in five 40-minute PUSDIC board- compare the posttest scores between the two 
game sessions (totaling 200 minutes) spread groups, while paired samples t-tests assessed 
over one week, during which students worked the improvement within each group from pre- 
in pairs to apply Mendelian-genetics concepts test to posttest. Additionally, the effect size of 
through dice rolls, tile placement, and outcome the intervention was computed using Cohen’s d 
prediction under teacher supervision; concur- and Hedges’ g to measure the magnitude of the 
rently, the control group received five equiva- board game’s impact on students’ mastery of 
lent 40-minute lecture-discussion sessions on predicting phenotypic expressions of traits. All 
Mendelian genetics using traditional instruc- statistical computations were performed using 
tional materials. Finally, in the posttest phase, a student-version statistical software package, 
both groups immediately retook the identical with the significance level set at p < 0.05. 
40-item test to measure learning gains and im- 
provements in conceptual mastery. Ethical Considerations 

All study procedures adhered to ethical re- 
search standards: written informed consent Intervention Procedure 

The PUSDIC Board Game, grounded in was obtained from parents or guardians (with 
game-based and experiential learning theories, student assent), and formal approval was se- 
was developed as the instructional tool. The in- cured from school authorities; participation 
tervention was carried out in the sixth week of was entirely voluntary, with students free to 
the fourth quarter, aligned with the learning withdraw at any point without penalty; per- 
competency S8LT-IVf-18 — "Predict the pheno- sonal identifiers were replaced with codes to 
typic expressions of traits following simple pat- protect anonymity, and all data were stored se- 
terns of inheritance." 

The experimental group engaged in game- moreover, the study complied with institu- 
play involving: tional guidelines and national regulations gov- 

curely and accessed only by the research team; 

• 

• 

• 

Dice rolling, tile placement, and bowl-based erning research with minor participants. 
genetic outcome drawing. 
Phenotypic ratio predictions based on the Result and Discussion 
game’s simulated dihybrid crosses. This section contains the answers to the re- 
Immediate feedback and collaborative dis- search questions and their implications for the 
cussions during and after gameplay. entire research study and the teaching and 

learning procedures. 
The control group was taught using tradi- 

tional methods (e.g., textbook exercises and 
teacher-led discussions). 
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Table 1 shows the descriptive statistics of tests (p < 0.05) for both game-based and paper- 
the control and experimental groups using based learning groups (Lemos et al., 2023). In- 
their mean scores, standard deviation, and N terestingly, while some studies show the clear 
for the pre- and post-tests. advantages of innovative methods, others find 

Studies have shown that innovative teach- comparable results between experimental and 
ing methods, including game-based learning, control groups. For example, Lemos et al. 
can lead to improved learning outcomes. Egara (2023) found no significant difference between 
and Mosimege (2023) reported that students the game application and paper script groups 
taught mathematics using a flipped classroom in terms of post-test scores and learning suc- 
approach had higher achievement scores than cess (Lemos et al., 2023). The trend across sim- 
those taught using conventional methods ilar studies suggests that innovative teaching 
(Egara & Mosimege, 2023). Similarly, Lemos et methods, including game-based learning, often 
al. (2023) demonstrated significant improve- lead to improved learning outcomes. 
ment in knowledge between pre- and post- 

Table 2. Paired Sample Test of the Pretest results showed a significant difference be- 
and Posttest Mean Scores of the Control Group tween the pre- and post-test mean scores of the 
Shows the Levene’s test results for the pre- control group (Egara & Mosimege, 2024). The 
board game activity and post-board game ac- t-value for the posttest was -33.60, with a p- 
tivity mean scores. The paired-sample t-test 
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value of 0.000, indicating a statistically signifi- nursing students (Oanh et al., 2024) and virtual 
cant difference. This suggests that the control laboratory use in science education (Lestari et 
group experienced a significant change in their al., 2023) demonstrated significant improve- 
scores from the pretest to the posttest. Inter- ments in various skills in experimental groups. 
estingly, while the control group showed im- In conclusion, while the control group in this 
provement, several studies found that experi- study showed significant improvement from 
mental groups using innovative teaching meth- pre-to post-test, the broader literature sug- 
ods outperformed the control groups. gests that innovative teaching methods often 

For instance, a study on blended learning in lead to greater gains than conventional ap- 
mathematics showed that students taught us- proaches. This highlights the potential benefits 
ing this method had higher achievement and of incorporating new educational technologies 
retention scores than those taught convention- and strategies to enhance student learning out- 
ally (Egara & Mosimege, 2024). Similarly, re- comes in various disciplines. 
search on simulation-based training for 

Table 3. Paired Samples Test of the Pretest and Mosimege (2024) found that students 
and Posttest Mean Scores of Control and Exper- taught using a blended learning approach 
imental Group shows the paired samples t-test showed greater improvements in mathematics 
results of both the control and experimental achievement than those taught conventionally 
groups for the pre-board game activity and (Egara & Mosimege, 2024). Similarly, Lestari et 
post-board game activity. al. (2023) reported that combining virtual la- 

The paired-samples test results indicated boratories with demonstration methods was 
significant improvements in both the control the most effective in improving students' scien- 
and experimental groups from pre-to post-test, tific literacy ability (Lestari et al., 2023). In con- 
with the experimental group showing a larger clusion, while both groups improved, the sub- 
increase in scores. For the control group, there stantially larger gain for the experimental 
was a statistically significant mean increase of group (28.10 vs. 6.95 points) suggests that the 
6.95 points from the pretest to the posttest PUSDIC board game was highly effective in in- 
(t(19) = -15.65, p < .001). The experimental creasing Grade 8 learners' mastery of predict- 
group demonstrated an even larger statistically ing phenotypic expressions of traits. This aligns 
significant mean increase of 28.10 points from with the general trend across studies that inno- 
pre-test to post-test (t(19) = -39.76, p < .001). vative, interactive teaching methods tend to 
These results align with the findings of other produce greater learning gains than conven- 
studies on educational interventions. Egara tional approaches 
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Table 4. The effect Size of the Intervention learning kits—are both multifaceted and signif- 
on the Experimental Group shows the magni- icant. Educational board games, such as 
tude of the effect the intervention had on the PUSDIC, demonstrate high effectiveness in 
level of mastery of grade 8 learners of Cauayan teaching complex scientific concepts—mirror- 
City National High School-Main Campus. The ing the consistent positive effects on concep- 
utilisation of the Pusdic board game had a very tual understanding and retention reported for 
large positive effect on increasing the level of hands-on physics kits (Anselmo, 2024). This 
mastery of Grade 8 learners in predicting the convergence of evidence suggests that teachers 
phenotypic expressions of traits. The Cohen's d should consider incorporating interactive, tan- 
and Hedges' g values of 10.63 indicate an ex- gible learning tools—whether board games or 
tremely large effect size, far exceeding the con- learning kits—to enhance student engagement 
ventional threshold of 0.8 for a large effect size and learning outcomes. The active nature of 
(Mao et al., 2021; Talan et al., 2020). This ex- these materials promotes critical thinking, 
ceptionally large effect size is notably higher problem solving, collaboration, and deeper 
than those reported in most meta-analyses of conceptual mastery, skills that extend beyond 
game-based learning interventions to date. For content recall. As accessible, low-cost pedagog- 
instance, a meta-analysis on game-based learn- ical resources, both board games and physics 
ing for STEM education found a moderate over- kits are especially valuable in contexts with 
all effect size of 0.667 (Wang et al., 2022), while limited digital infrastructure. The large effect 
another on computational thinking reported an sizes observed in meta-analytic studies and sig- 
upper-middle-level effect of 0.600 (Ma et al., nificant gains in test scores in the PUSDIC pilot 
2 023). The effect size for the Pusdic board indicate that game-based and kit-based learn- 
game was also substantially larger than the ef- ing can substantially improve student mastery 
fects reported for digital games on nursing ed- of abstract topics. Educators can therefore em- 
ucation, which ranged from 0.49 to 0.75 for var- ploy these resources alongside traditional in- 
ious outcomes (Lee et al., 2024). struction—reinforcing key concepts through 

hands-on, learner-centred experiences—and 
even develop subject-specific games or kits Summary 

This quasi-experimental study investigated aligned with curriculum objectives. Overall, 
the effectiveness of the Punnet Square Dihybrid this body of research supports a shift toward 
Cross (PUSDIC) board game in improving more interactive, student-centred approaches 
Grade 8 students' mastery of predicting pheno- in science education that make abstract princi- 
typic expressions of traits. The study compared ples concrete and engaging. 
an experimental group using the PUSDIC board 
game to a control group receiving traditional Conclusion 
instruction. Results showed significantly This study demonstrates the effectiveness 
higher post-test scores in the experimental of the PUSDIC board game in enhancing Grade 
group, with a mean increase of 28.10 points 8 students' mastery of predicting phenotypic 
from pre- to post-test. The PUSDIC board game expressions of traits. The quasi-experimental 
demonstrated a very large effect size, indicat- design involving 40 students showed signifi- 
ing its substantial impact on students' mastery cantly higher post-test scores in the experi- 
of the subject. The study supports the use of ed- mental group than in the control group. The ex- 
ucational board games as an effective, accessi- perimental group exhibited a substantial mean 
ble, and low-cost strategy for teaching complex increase of 28.10 points from the pre-to post- 
scientific concepts to secondary school stu- test, indicating a significant improvement in 
dents. their understanding of the subject matter. The 

PUSDIC board game demonstrated a very large 
effect size, suggesting its substantial impact on Implications for Teaching Practice 

The implications for teaching practice student mastery of the subject. The interactive 
based on this study—and bolstered by An- nature of the board game addresses the chal- 
selmo’s (2024) meta-analysis of physics lenges of teaching genetics by promoting active 
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