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ABSTRACT ARTICLE INFO
Genetics concepts (GCs) are fundamental to human development Article History:

and societal well-being. However, advancements in genetics have
ignited public controversies, particularly in areas such as genetic
modification of organisms and sex determination. Despite their
importance, students often display negative attitudes toward GCs,

while prior educational interventions have largely failed to
integrate socioscientific issues, limiting their effectiveness. This Keyword:

study aims to improve students’ attitudes and understanding of
GCs by utilizing the Constructive Controversy Strategy (CCS), a

pedagogical approach designed to foster critical thinking and
collaborative learning. Grounded in situated learning theory, the

study

a pretest-posttest control group quasi-

experimental design. A total of 240 senior secondary school
science students from six public schools were randomly assigned
to the CCS group (n=121) and the conventional strategy group

(n=119).

Data were analyzed using analysis of covariance

(ANCOVA) at a significance level of p < 0.05. Results revealed a
significant main effect of CCS on students’ attitudes toward GCs
(F(1, 215) = 4.42; partial n®> = 0.02). Genetics self-efficacy also
significantly influenced attitudes (F(2, 214) = 3.12; partial n? =
0.03), and an interaction between treatment and genetics self-
efficacy was observed (F(2, 213) = 3.04; partial n? = 0.05).The
findings conclude that CCS is an effective strategy for improving
students’ attitudes and understanding of GCs by integrating
socioscientific issues. This approach supports the development of
genetics-literate citizens equipped to engage with contemporary
societal challenges.
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1. INTRODUCTION

Biology, as a branch of biological sciences, encompasses the study of living organisms in
various dimensions, including their morphology, physiology, reproduction, anatomy,
chemical processes, molecular interactions, heredity, distribution, and evolution over time.
Its inclusion in the secondary school biology curriculum and its relevance to biological science-
related courses at tertiary institutions underscores the subject's critical role in modern
society. This significance transcends individual growth and development to impact national
and global scientific advancements. Recognizing its importance, the Federal Ministry of
Education of Nigeria identified the primary goals of biology education, including equipping
students with essential knowledge for further studies in biology and related fields and
fostering a positive attitude toward science. Although biology is offered as an optional subject
at the secondary level, its societal relevance necessitates that it be taught effectively to
ensure comprehension and participation in issues arising from its application.

Biology interacts with diverse fields, including engineering, technology, industry, culture,
and religion (Allen & Baker, 2017). These interdisciplinary connections often give rise to
socioscientific issues, real-world dilemmas rooted in the application of biological knowledge
(Zeidler, 2014). Such issues frequently invoke moral, ethical, and societal concerns requiring
reflection, reasoning, and judgment. Socioscientific issues are contentious, socially relevant
problems that provoke diverse beliefs, values, and agendas, making them resistant to
resolution through facts or evidence alone (Zeidler et al., 2019; Zeidler & Sadler, 2023).
Examples include cloning, genetic modification of crops, sex determination, and selective
abortion. In biology, these issues intersect with concepts such as genetics, ecology,
reproduction, and nutrition, forming integral components of the senior secondary school
biology curriculum.

Among these concepts, genetics has gained significant attention due to its profound
implications for human development and societal well-being (Seymour, 2016). Genetics
focuses on the study of genes, their inheritance, variations, and functions. Its application
spans biotechnology, genetic disease therapy, crop and animal production, paternity testing,
and forensic investigations, all of which have substantially improved human life (Ekong et al.,
2015). However, students’ attitudes toward genetics concepts significantly influence their
learning. Positive attitudes are critical for enhancing learning outcomes, while negative
attitudes hinder comprehension and retention (Sri et al., 2018).

Despite the importance of positive attitudes toward genetics, studies reveal persistent
negative perceptions among students. Negative attitudes toward specific topics like human
cell cloning, sex determination, and selective abortion have been reported (Chen et al., 2016).
Ineffective teaching styles further exacerbate these attitudes (Bernstein, 2021; Liu et al.,
2022). Additional factors influencing attitudes include skipping classes, low participation, and
prioritizing examination scores over meaningful learning (Al-Said, 2023; Teng et al., 2022).
Moreover, variables such as gender, cultural and religious backgrounds, perceived interest,
and instructional strategies significantly shape students' attitudes (Hagay et al., 2013).

Efforts to address students’ negative attitudes toward genetics concepts have focused on
various innovative teaching strategies, including computer simulations, problem-solving,
discovery learning, and the 5E instructional model. While these methods have demonstrated
success in some contexts, negative attitudes persist, likely due to their failure to incorporate
socioscientific issues into genetics instruction. These strategies often overlook the practical
application of knowledge, leaving gaps in students’ understanding of the societal relevance
of genetics.
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Constructive controversy, introduced by Johnson and Johnson, offers a promising
approach to addressing these challenges (Johnson & Johnson, 2015). This structured
cooperative learning strategy engages students in debates and discussions, fostering critical
thinking, creativity, and empathy. Students are grouped in pairs to present and discuss
perspectives, striving for consensus or at least mutual understanding of the best arguments
on both sides (Johnson et al., 2020). The teacher’s role is to guide students in exploring
controversial issues, encouraging reflective thinking and informed decision-making. While the
strategy has limitations, such as occasional difficulties in reaching consensus, its benefits in
promoting engagement and learning far outweigh these drawbacks (Johnson & Johnson,
2016).

The application of constructive controversy is well-aligned with the situated learning
theory, which posits that knowledge is best acquired in authentic, context-rich environments
where learners actively engage with content (Zhang & Li, 2023). In genetics education, this
means embedding learning within practical, real-world contexts, enabling students to
connect theoretical knowledge with its societal implications. Situated learning emphasizes
participation, context, and culture, aligning well with the goals of constructive controversy in
fostering a deeper understanding of socioscientific issues.

Another critical factor influencing students’ attitudes toward genetics is self-efficacy,
defined as the belief in one’s ability to organize, plan, and execute tasks effectively (Aivelo &
Uitto, 2021; Cebesoy & Oztekin, 2018).

High self-efficacy predicts better academic performance, greater persistence in the face of
challenges, and more effective learning strategies (Bryant, 2017). Conversely, low self-efficacy
leads to reduced confidence, higher anxiety, and disengagement (Wernersbach et al., 2014).
Despite its importance, research on self-efficacy in biology education, particularly in genetics,
remains limited, with most studies focusing on mathematics and physics.

Given these gaps, this study aims to determine the effects of constructive controversy and
self-efficacy on students’ attitudes toward genetics concepts. The integration of
socioscientific issues into genetics instruction through constructive controversy offers a novel
approach to enhancing attitudes, fostering genetics literacy, and equipping students to
navigate the complex societal challenges associated with genetics. By grounding the study in
situated learning theory, the research emphasizes active participation and contextual
learning, providing a robust framework for addressing the multifaceted challenges in genetics
education.

2. METHODOLOGY
2.1 Research Design

The study employed a pretest-posttest control group quasi-experimental design to
investigate the effects of the Constructive Controversy Strategy (CCS) on students’ attitudes
toward genetics concepts and their self-efficacy. This design was selected for its suitability in
manipulating the independent variable (CCS) while preserving the natural structure of intact
class groups. Students in the experimental group were exposed to CCS, whereas those in the
control group received conventional teaching methods. Pretests and posttests were
administered to both groups to measure changes in attitudes and self-efficacy, with pretest
scores serving as covariates to control for baseline differences.

The participants were Senior Secondary School Il (SS 2) biology students from Oyo State,
Nigeria. A multistage sampling technique was adopted to ensure representative participation
across the state. First, one Local Government Area (LGA) was randomly selected from each of
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the three senatorial districts, resulting in three LGAs. From these LGAs, three secondary
schools were randomly chosen, yielding a total of nine schools. The selected schools met
specific criteria, including their willingness to participate and geographical separation to
minimize interaction among participants. Intact biology classes from each school were
randomly assigned to either the experimental or control group, ensuring balanced
representation in both treatment conditions.

2.3 Data Collection Technique

Data were collected using two validated instruments: the Students’ Attitude to Genetics
Concepts Questionnaire (SAGCQ) and the Self-Efficacy in Genetics Concepts Scale (SeGCS).
The SAGCQ consisted of 30 items designed to assess students' attitudes toward genetics
concepts, including their feelings, beliefs, values, and perceived usefulness of genetics. It
utilized a four-point Likert scale, with positive items scored from 4 (Strongly Agree) to 1
(Strongly Disagree), and negative items reverse-scored. The instrument was reviewed by
experts in measurement and evaluation for clarity, precision, and relevance. A pilot test
conducted with non-sample SS 2 students established its reliability, yielding a Cronbach’s
alpha coefficient of 0.83.

The SeGCS was adapted from existing validated scales, including the General Self-Efficacy
Scale by Schwarzer & Jerusalem (1995) and the Biology Self-Efficacy Scale by Baldwin et al.
(1999). It was modified to align with the genetics-specific context and the study’s objectives,
resulting in 28 items scored on a four-point Likert scale. The instrument was validated by
experts in education and piloted with a non-sample group, producing a Cronbach’s alpha
reliability coefficient of 0.88. Both instruments demonstrated high validity and reliability,
making them suitable for use with the study’s target population.

The treatment procedure for the experimental group followed an adapted seven-step CCS
process based on Johnson & Johnson’s (2007) model. These steps included grouping students
into teams of four, assigning pairs of students opposing sides of a debate, and providing
background information on controversial genetics topics. Students prepared and presented
arguments, engaged in open discussions to critique and defend viewpoints, and reversed
perspectives to understand opposing arguments. Finally, students synthesized their
arguments into a consensus report and completed individual assessments to evaluate their
understanding. In contrast, the control group followed traditional teacher-centered
instructional methods, without incorporating socioscientific issues or active engagement
strategies.

2.4 Data Collection Technique

The collected data were analyzed using both descriptive and inferential statistical
methods. Analysis of covariance (ANCOVA) was conducted to evaluate the effects of the
Constructive Controversy Strategy (CCS) on students’ attitudes and self-efficacy, with pretest
scores included as covariates to control for baseline differences. The significance level was set
at p < 0.05 to assess the statistical impact of the intervention. Estimated Marginal Means
(EMM) were calculated to compare the mean scores of the experimental and control groups,
identifying which group achieved superior performance. Descriptive statistics, including
means, standard deviations, and percentages, provided a detailed summary of the students’
performance.

In addition, qualitative data from group reports were analyzed using content analysis to
assess the depth of students’ understanding and the integration of socioscientific issues.
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These complementary analytical methods ensured a comprehensive evaluation of the study’s
objectives and facilitated robust conclusions regarding the effectiveness of CCS in improving
students’ attitudes and self-efficacy in genetics concepts.

3. RESULT AND DISCUSSION
3.1 Result

The results of this study examined the main and interaction effects of treatment and self-
efficacy on students’ attitudes toward genetics concepts. A quantitative analysis was
performed using analysis of covariance (ANCOVA) to evaluate the influence of these variables
while controlling for pre-attitude scores. This statistical method ensured that observed
differences in post-attitude scores were attributable to the experimental treatment or
interaction effects, rather than pre-existing variations among participants. The significance of
the findings was evaluated at p < 0.05, and effect sizes were assessed using partial eta squared
(n?) to determine the magnitude of the observed effects.

Table 1. Main and Interaction Effects of Treatment and Self-Efficacy in Genetics Concepts on
Post-Attitude to Genetics Concepts

Type Il Sum Mean . Partial Eta
Source of Squares bf Square F Sig: Squared

Corrected Model 7162.547 6 1193.758 3.627 0.002 0.095
Intercept 60871.071 1 60871.071 184.937 0.000 0.471
Pre-Attitude 890.280 1 890.280 2.705 0.102 0.013
Treatment 1453.667 1 1453.667 4416 0.037* 0.021
Self-efficacy 2055.530 2 1027.765 3.123 0.046* 0.029
Treatment x Self-efficacy  2003.822 2 1001.911 3.044 0.050%* 0.028
Error 68462.262 208 329.145

Total 805745.000 215

Corrected Total 75624.809 214

R Squared = 0.10 (Adjusted R Squared =0.07)  * denotes significant p<0.05

Table 1 depicted that the main effect of treatment on students’ post-attitude scores to
genetics concepts in biology (F(2; 214) = 4.42; p<0.05(0.04); partial n? = 0.02) was significant.
Hence the null hypothesis 1a was rejected at the 0.05 level of significance. Table 1 also
revealed an effect size of 2.0%, which indicated that the treatment group accounted for 2.0%
(0.02) of the variance in student’s adjusted post-attitude scores to genetics concepts in
biology responsible. The differences in the post-attitude mean scores of the students exposed
to different treatment and control conditions are established by the estimated marginal mean
analysis and the result presented in Table 2.

Table 2. Adjusted Post-Attitude to Genetics Concepts Mean Performance by Treatment and
Control Groups

95% Confidence Interval
Std.

Treatment Mean Upper
Error Lower Bound PP

Bound
Constructive Controversy Strategy (CCS) 60.85 2.01 56.89 64.80
Conventional Strategy (CS) 55.15 1.74 51.72 58.58
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Table 2 revealed that students taught with the constructive controversy strategy recorded
the higher adjusted post-attitude mean score of 60.85 with confidence interval ranging from
56.89 to 64.80, while students exposed to the conventional strategy had the lowest adjusted
post-attitude mean score of 55.15 with confidence interval ranging from 51.72 to 58.58. This
order is presented as CCS > CS.

Table 1 depicted that self-efficacy in genetics concepts main effect on students’ attitude to
genetics concepts in biology (F(, 213) = 3.12 p<0.05, partial n? = 0.03) was significant after
controlling for pre-attitude at p<0.05. This means that the null hypothesis 2a was rejected.
This depicts that there was a significant difference in the post-attitude mean scores of
students to genetics concepts in biology in respect to their self-efficacy. Table 1 revealed an
effect size of 3.0%, which means that the moderator effect of self-efficacy in genetics concepts
alone accounted for 3.0% of the variation observed in student’s adjusted post-attitude scores
to genetics concepts. In order to determine the differences among the post-attitude mean
scores of the students across self-efficacy in n genetics concepts levels, the estimated marginal
means analysis was carried out and the result is presented in Table 3.

Table 3. Adjusted Post-Attitude to Genetics Concepts Mean Performance by Self-Efficacy in
Genetics Concepts

Self-Efficacy 95% Confidence Interval
in genetics concepts Mean Std. Error Lower Bound Upper Bound
Low 61.54 2.08 57.44 65.64
Medium 59.22 2.01 55.26 63.19
High 53.22 2.62 48.06 58.39

Table 3 indicated that low self-efficacy students in genetics concepts had the highest
adjusted post-attitude mean score of 61.54, followed by moderate genetics concepts self-
efficacious students with adjusted post-attitude mean score of 59.22, while high genetics
concepts self-efficacious students had the lowest adjusted post-attitude mean score of 53.22.
This order is showed as Low > Medium > High.

Table 4. Multiple Comparisons of Self-Efficacy in Genetics Concepts Groups Mean by Post-
Attitude to Genetics Concepts

(1) elf-Efficacy (J) Self-Efficacy Mean sig

in genetics concepts in genetics concepts Difference (I-J) )
Low Medium 2.315 1.000
High 8.315* 0.042
Medium Low -2.315 1.000
High 6.000 0.213
High Low -8.315* 0.042
Medium -6.000 0.213

* denotes significant p<0.05

Table 4 showed that the difference in the adjusted post-attitude mean score of low and
high self-efficacy students in genetics concepts in biology was statistically significant. But there

DOI: https://doi.org/10.17509/pdgia.v22i3.66462
p- ISSN p. ISSN 1693-5276 e- ISSN 2579-7700


https://doi.org/10.17509/pdgia.v22i3.66462

213 | Pedagogia Jurnal Ilmu Pendidikan, Volume 22 Issue 3, December 2024 pp 207-218

was no statistically significant difference between medium and low self-efficacy students’
post-attitude mean score to secondary school biology genetics concepts. Table 4 further
revealed that the difference in the adjusted post-attitude mean score to genetics concepts in
biology between medium and high self-efficacy students in genetics concepts was not
statistically significant. This means that low self-efficacy in genetics concepts was the main
source of the significant differences observed across self-efficacy in genetics concepts levels
to attitude.

Table 3 indicated that the interaction effect of treatment and self-efficacy on students’ post-
attitude to genetics concepts in biology whilst adjusting for pre-attitude (F(2; 213) = 3.04; p<0.05,
partial n? = 0.05) was significant. This indicates that students’ post-attitude score to genetics
concepts in biology vary significantly among low, medium and high self-efficacy students after
they were exposed to the treatment and control conditions. Therefore, null hypothesis 2a was
rejected. Table 3 also revealed an effect size of 3.0%, which implies that the interaction effect
of treatment and self-efficacy alone accounted for 5.0% of the variance in student’s adjusted
post-attitude scores to genetics concepts. In order to explore the nature of the interaction
effect, the line graph is presented in figure 1.

70
65,28 &= 657
60
57,8 4
577
50 51’
'_
Z 40
=
'_
5
W 30
'_
20
10
0
LOW MEDIUM HIGH
SELF-EFFICACY
—4&— Constructive Controversy Strategy (CCS) Conventional strategy (CS)

Figure 1. Treatment and Self-Efficacy in Genetics Concepts on Students’
Attitude to Genetics Concepts

Figure 1 indicated that medium self-efficacy students in constructive controversy strategy
recorded the highest adjusted post-attitude mean score to genetics concepts in biology
(65.75) as compared with other combinations of students. Figure 1 also indicated that the
nature of the interaction is disordinal since the lines crossed each other. This means that based
self-efficacy of students in genetics concepts, it was not the same group of students across
treatment group that have better performance in post-attitude mean score to genetics
concepts in biology.
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3.2 Discussion

The main effect of treatment on genetics concepts post-attitude of students in biology was
significant. The result further indicated that students in constructive controversy treatment
group had better post-attitude than those in the conventional strategy to genetics concepts
in biology. This outcome implies that constructive controversy was effective in developing
positive attitude in students towards genetics concepts and related social issues.

The constructive controversy strategy is more effective at improving students’ post-
attitude to genetics concepts in biology than the conventional strategy. This may be
attributed to the one of the features of constructive controversy strategy which allow team
members to re-evaluate their attitudes about genetics concepts and the related problems as
well as incorporating opposing accepted opinions (Fraser et al., 2014; O’Neill et al., 2017,
Minson & Chen, 2022). This may also be because this strategy gives team partners the
opportunity to interact positively and strengthen cordial relationships among them by
encouraging high worth problem-solving tasks, motivation to study the topic under debate,
therefore, enhancing their disposition, belief and value of that topic (Adeogun & Olisaemeka,
2011; Ahmeda et al., 2020; Korir & Kipkemboi, 2014).

This result of effectiveness of constructive controversy on students’ attitude to genetics
concepts over the conventional strategy is in agreement with the study of Nam (2014) in
which the results revealed that constructive controversy was significantly effective than
conventional strategy in improving different components of students’ attitude to online
collaborative learning settings. This result is consistent with Tichy et al. (2010), who found
that constructive controversy significantly resulted in development of positive attitudes in
3rd, 4th, and 5th-grade students toward social interdependence.

The main effect of students’ self-efficacy in genetics concepts in this current study on their
attitude to genetics concepts in secondary school biology was found to be significant. The
result also revealed that low self-efficacious students had better post-attitude to genetics
concepts mean score, as against medium and high self-efficacious students, respectively. The
reason for this outcome could be that students were encourages to raise genetics issues,
reflect on them and relate them to real life situations. In such conditions, they perceive
difficult tasks as something to cater to, reflect on, and evaluate rather than to shun away
from. And as a result, low self-efficacy students become more persistent, resilient and self-
assured in learning of genetics concept and related issues.

This result is affirmed by the finding of Yau & Leung (2018) that positive correlation existed
between self-efficacy and students’ attitude to technology usage in Hong Kong higher
education. This is also reinforced by the result of Kundu & Ghoshe (2016), that relationship
existed between higher secondary students’ attitude to mathematics. But this current study
is in variance with Kundu & Ghoshe’ findings that high self-efficacy students had the highest
mean score in mathematics at higher secondary level. Treatment and self-efficacy interaction
on students' attitudes to genetics concepts in biology had significant effect. This indicates that
being low, medium or high efficacious has different effect on the treatment applied.

This finding is confirmed by the research report of Sadi & Uyar (2013) which indicate that
higher level t existed between teacher use of instructional strategies and students’ attitude.
This finding is corroborated by the finding of Sen & Yilmaz (2016), who found a correlation
between strategies used and self-efficacy of students. This present finding is corroborated by
the assertion of Berger & Karabenick (2011) that the mode of cooperative learning
instructions used can be determine by self-efficacy of students.
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4. CONCLUSION

The findings of this study demonstrate that the Constructive Controversy Strategy (CCS) is
significantly more effective in improving students’ attitudes toward genetics concepts and
related socioscientific issues in secondary school biology compared to conventional teaching
methods. The strategy’s effectiveness highlights the importance of incorporating active
learning approaches that promote critical thinking, collaboration, and engagement with real-
world issues. Additionally, genetics self-efficacy emerged as a critical factor influencing
students’ attitudes, with medium self-efficacious students in the CCS group displaying the
most favorable attitudes. The significant interaction between treatment and self-efficacy
suggests that tailoring instructional strategies to align with students’ self-efficacy levels can
further enhance learning outcomes.

These findings have important implications for educators and curriculum developers.
Integrating CCS and socioscientific issues into biology instruction can better prepare students
with the skills and attitudes necessary to address complex societal challenges in genetics.
Future research should examine the long-term effects of CCS on students’ attitudes and
learning outcomes in other biology topics, as well as its applicability in diverse cultural and
educational contexts. Additionally, further studies could explore the role of digital tools and
technologies in enhancing the implementation of CCS to address emerging challenges in
genetics education effectively.
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