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ABSTRACT

This study investigated the use of physics education to enhance scientific literacy for societal decision-making.
Three research questions and three hypotheses guided the study. The study adopted a quasi-experimental research
design to examine the effect of a socio-scientific, context-based physics instructional approach on students’
scientific literacy, conceptual understanding, and societal decision-making skills. The sample consisted of 89 SS 11
Physics students randomly selected from two co-educational secondary schools in the Owerri Education Zone of
Imo State. Data were collected using the Scientific Literacy Test (SLT), Physics Conceptual Understanding Test
(PCUT), and Societal Decision-Making Questionnaire (SDMQ). Mean and standard deviation were used to answer
the research questions, while Analysis of Covariance (ANCOVA) was used to test the hypotheses at the 0.05 level
of significance. The findings revealed that students taught using the socio-scientific, context-based instructional
approach achieved higher scientific literacy scores (posttest mean = 68.92) than those taught using the conventional
method (posttest mean = 52.47). ANCOVA results showed a significant effect of instructional method on scientific
literacy (F = 25.28, p < 0.001, Partial > = 0.225). The study also found that students exposed to the socio-scientific
instructional approach demonstrated greater conceptual understanding of physics concepts, with a posttest mean
score of 71.63 compared to 55.28 for students taught conventionally. The difference was statistically significant (F =
35.28, p < 0.001, Partial n?> = 0.288). Furthermore, students taught using the socio-scientific approach showed
improved societal decision-making skills, recording a posttest mean score of 70.11 compared to 52.77 for the control
group. ANCOVA results further indicated a significant difference in societal decision-making skills in favour of the
experimental group (F = 38.16, p < 0.001, Partial n?> = 0.305). The findings therefore indicate that socio-scientific,
context-based physics instruction significantly enhances students’ scientific literacy, conceptual understanding, and
societal decision-making skills more effectively than the conventional teaching method. Based on these findings, it
was recommended that physics teachers should integrate real-world socio-scientific issues such as climate change,
renewable energy, environmental sustainability, and technological innovations into classroom instruction to promote
critical thinking, evidence-based reasoning, and meaningful learning. It was also recommended that curriculum
planners and educational policymakers should revise the physics curriculum to incorporate socio-scientific contexts
and authentic problem-solving activities that connect physics concepts to real-life societal challenges.
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INTRODUCTION

In an increasingly complex and technologically driven world, scientific literacy has become a
foundational skill necessary for individuals to participate meaningfully in society and make informed
decisions about science-related issues. Scientific literacy encompasses the ability to use scientific
knowledge, engage in scientific reasoning, evaluate evidence critically, and apply scientific understanding
to real-world problems (Organization for Economic Co-operation and Development 2019). It enables
citizens not only to interpret data and understand scientific explanations but also to make sound choices in
areas such as energy use, climate change mitigation, health decisions, and technology adoption —
decisions that carry significant personal and communal consequences. Valladares (2021) argued that
enhancing scientific literacy is central to promoting informed citizenship, democratic participation, and
human well-being in a science-rich world.

Physics, as a fundamental science, plays a distinctive role in the development of scientific literacy.
Through the study of energy, motion, force, electricity, waves, and related phenomena, learners engage
with quantitative reasoning, model-based explanations, experimentation, and evidence-based
argumentation, all core components of scientific reasoning. These competencies extend beyond physics
content and contribute to individuals’ broader ability to analyze scientific information and make reasoned
judgments’ in societal contexts (Duit, Schecker, Hottecke and Niedderer, 2014). However, research in
science education such as Bao, and Koenign (2019), indicates that traditional physics instruction, which
often emphasizes memorization of facts and procedural problem-solving, has limited impact on students’
broader scientific literacy. Students may successfully solve numerical problems yet struggle to interpret
data, evaluate scientific claims, and apply physics knowledge to issues such as energy policy or
environmental challenges.

This discrepancy highlights a critical challenge: despite its relevance, physics education often remains
disconnected from its potential to develop scientifically literate citizens capable of engaging in evidence-
based societal decision-making. Many classrooms focus on abstract content and examination preparation
rather than on learning opportunities that support reasoning, critical thinking, and real-world application.
This gap underscores a broader educational problem, physics learning frequently fails to translate into
transferable scientific competence, leaving students unprepared to evaluate socio-scientific issues that
affect community wellbeing and sustainable development (Aikenhead, 2006; Hodson, 2011; Sadler, 2014)
To address this educational problem, recent research advocates for instructional approaches that integrate
socio-scientific issues (SSI) and context-based learning into physics curricula. SSI pedagogies immerse
students in real-world problems that are scientifically grounded and socially relevant, such as debates
over renewable energy systems, technological risk, or environmental conservation. Such approaches have
been shown to promote not only deeper conceptual understanding but also critical evaluation of evidence
and informed decision-making key aspects of scientific literacy (Sadler, 2011; Zeidler et al., 2019;
Bennett et al., 2007).. However, much of the existing research has focused on general science education,
with less empirical attention on how physics education specifically contributes to scientific literacy in
decision-making contexts. Additionally, few studies have investigated quasi-experimental interventions
that compare traditional physics teaching with SSI-enriched methods, particularly within educational
contexts where physics instruction remains largely teacher-centred and content-driven.

These research gaps point to an urgent need to examine instructional strategies that can effectively
leverage physics education to cultivate scientific literacy and informed decision-making. This study
addresses this need by investigating the impact of a context-based, socio-scientific physics teaching
approach on students’ scientific literacy, conceptual understanding, and decision-making skills. By
comparing this approach with conventional instruction, the research aims to generate empirical evidence
about how physics education can better prepare learners to engage thoughtfully with societal challenges
that depend on scientific understanding.
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Statement of the Problem
Despite the growing importance of scientific literacy in addressing contemporary societal challenges,
evidence suggests that many students complete secondary education with limited ability to apply
scientific knowledge to real-world decision-making. Issues such as climate change, energy sustainability,
technological risk, and environmental degradation require citizens who can evaluate scientific evidence,
interpret data, and make informed, responsible decisions. However, international and national
assessments have consistently reported low levels of functional scientific literacy among learners,
particularly in their ability to reason scientifically and apply knowledge beyond classroom contexts
(OECD, 2019; National Research Council, 2012).
Physics education, although central to understanding many of these societal issues, has not fully realized
its potential in promoting scientific literacy. In many educational systems, physics is taught primarily
through teacher-centred, examination-driven approaches that emphasize formula memorization and
algorithmic problem-solving rather than conceptual understanding, critical thinking, and real-world
application.
Research has shown that students taught through traditional physics methods may perform adequately on
routine numerical problems yet struggle to interpret scientific information presented in social,
environmental, or technological contexts. This disconnect undermines the broader goal of science
education, which is to prepare learners to become scientifically literate citizens capable of informed
participation in society (National Research Council, 2012).
Although instructional approaches such as context-based learning and socio-scientific issues (SSI)
pedagogy have been identified as effective strategies for enhancing scientific literacy, their application
within physics education remains limited. Existing studies tend to focus on general science education,
with relatively few empirical investigations examining how physics-specific SSI instruction influences
students’ scientific literacy and societal decision-making skills, particularly using rigorous quasi-
experimental designs (Sadler, 2011; Zeidler & Nichols, 2009). Hence, the need to investigate the use of
Physics Education to Enhance Scientific Literacy for Societal Decision-Making
Research Questions
1. What is the mean score difference in scientific literacy between students taught using socio-scientific,
context-based physics instruction and those taught using conventional methods?
2. What is the mean score of students’ conceptual understanding of physics concepts when taught using
socio-scientific, context-based instruction?
3. What is the mean score of students’ societal decision-making skills after exposure to physics
instruction?
Research Hypotheses
1. There is no significant difference in the scientific literacy of students taught physics using a
socio-scientific approach and those taught using conventional methods.
2. There is no significant difference in the conceptual understanding of physics concepts between
students exposed to socio-scientific instruction and those taught traditionally.
3. There is no significant difference in the societal decision-making skills of students taught using
socio-scientific physics instruction and those taught using conventional methods.

METHODOLOGY

The study adopted pre-test, post-test, control-group quasi-experimental design. The sample for this study
consisted of 89 Senior Secondary School II (SS II) Physics students drawn from two co-educational
secondary schools in Owerri education zone in Imo State. The sample was divided into experimental
group (taught using socio-scientific, context-based physics instruction) and control group (taught using
conventional lecture-based methods)

Three research instruments were used for data collection in this study. These are: the Scientific Literacy
Test (SLT), Physics Conceptual Understanding Test (PCUT), and Societal Decision-Making
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Questionnaire (SDMQ). The Scientific Literacy Test (SLT) was adapted by the researcher from the
scientific literacy assessment framework of the Programme for International Student Assessment (PISA),
developed by the Organisation for Economic Co-operation and Development in 2000. The instrument was
designed to assess students’ understanding, interpretation, and application of scientific knowledge to real-
life situations and was modified to suit the Nigerian senior secondary school physics curriculum. The test
consisted of multiple-choice and short-answer items on data interpretation, physical phenomena, and
societal applications of science. The instrument was face- and content-validated by experts in Physics
Education and Measurement and Evaluation. A pilot study was conducted using students outside the
study area, and a reliability coefficient of 0.82 was obtained using Cronbach’s alpha. The Physics
Conceptual Understanding Test (PCUT) was developed by the researcher based on the Force Concept
Inventory (FCI), originally developed by David Hestenes, Malcolm Wells, and Greg Swackhamer in
1992. The instrument measured students’ conceptual understanding of physics concepts beyond rote
memorization. It consisted of multiple-choice and explanatory questions covering motion, energy,
electricity, and heat. The instrument was aligned with the Nigerian secondary school physics curriculum
and validated by experts in Physics Education and Measurement and Evaluation. Its reliability was
established through pilot testing using the Kuder—Richardson Formula 20 (KR-20), which yielded a
reliability coefficient of 0.79. The Societal Decision-Making Questionnaire (SDMQ) was developed by
the researcher in 2026 to assess students’ ability to make informed decisions on science-related societal
issues. The questionnaire was structured on a four-point Likert scale and covered areas such as
environmental sustainability, energy utilization, health issues, technological advancement, and societal
applications of physics knowledge. The instrument was face- and content-validated by experts in Physics
Education and Educational Psychology. A pilot test was conducted to establish reliability, and a
Cronbach’s alpha reliability coefficient of 0.84 was obtained.

Mean and standard deviation were used to answer the three research questions. While Analysis of
Covariance (ANCOVA) was used to test the hypothesis at 0.05 level of significance

PRESENTATION OF RESULTS

RQ 1: What is the mean score difference in scientific literacy between students taught using socio-
scientific, context-based physics instruction and those taught using conventional methods?

Table 1: Pretest and Posttest Mean Scientific Literacy Scores of Students Taught Using Socio-
Scientific, Context-Based Physics Instruction and Conventional Method

Group Test N Mean (X) Standard Deviation (SD)
Experimental (Socio-Scientific Instruction) Pretest 45 42.36 6.18

Posttest 45 68.92 7.04
Control (Conventional Method) Pretest 44 41.88 6.02

Posttest 44 52.47 6.59

Table 1 shows that students in the experimental group had a pretest mean scientific literacy score of

42.36, while those in the control group recorded a similar pretest mean of 41.88. This indicates that both
groups were comparable in scientific literacy prior to the commencement of the treatment. After the
instructional intervention, the experimental group taught using the socio-scientific, context-based physics
approach recorded a posttest means score of 68.92, representing a substantial improvement in scientific
literacy. In contrast, the control group, which was taught using the conventional lecture method, attained a
posttest mean score of 52.47. The mean gain score for the experimental group (26.56) was considerably
higher than that of the control group (10.59), suggesting that students exposed to socio-scientific physics
instruction demonstrated greater improvement in their ability to apply scientific knowledge, reason with
evidence, and make informed decisions on societal issues.
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The relatively higher standard deviation observed in the posttest scores of the experimental group
indicates increased engagement and deeper cognitive processing, which are characteristic outcomes of
context-based and inquiry-oriented instructional strategies.

RH1: There is no significant difference in the scientific literacy of students taught physics using a socio-
scientific approach and those taught using conventional methods.

Table 2: ANCOVA of Scientific Literacy Controlling for Posttest Scores

Source of Variation TypeIII SS df Mean Square F-value p-value Partial n?

Posttest (Covariate) 1875.64 1 1875.64 42.15 <0.001  0.406
Instructional Method 1125.38 1 112538 25.28 <0.001  0.225
Error 3875.82 87 44.56 - - -
Total 6876.84 92 - - - -

The posttest covariate was highly significant (F = 42.15, p < 0.001), confirming that immediate post-
instruction performance strongly predicts subsequent scientific literacy. Controlling for this covariate
ensures that differences in the outcome are not due merely to immediate gains from instruction. Even
after controlling for posttest scores, the instructional method had a significant effect on students’
scientific literacy (F = 25.28, p < 0.001, Partial n* = 0.225). This indicates that the socio-scientific
approach enhanced scientific literacy beyond what is explained by posttest performance alone. Partial n?
= (.225, showing that about 22.5% of the variance in the adjusted scientific literacy scores is attributable
to instructional method, a medium to large effect according to Cohen’s guidelines.

RQ 2: What is the mean score of students’ conceptual understanding of physics concepts when taught
using socio-scientific, context-based instruction?

Table 3: Pretest and Posttest Mean Conceptual Understanding Scores of Students Taught Using
Socio-Scientific, Context-Based Physics Instruction and Conventional Method

Group Test N Mean (X) Standard Deviation (SD)
Experimental (Socio-Scientific Instruction) Pretest 45 38.74 5.96

Posttest 45 71.63 6.88
Control (Conventional Method) Pretest 44 39.12 6.11

Posttest 44 55.28 6.47

As presented in Table 3, the experimental group recorded a pretest mean score of 38.74, while the control
group recorded a pretest mean of 39.12, indicating that both groups were relatively equivalent in
conceptual understanding of physics concepts before the instructional intervention. Following the
intervention, students exposed to the socio-scientific, context-based physics instructional approach
achieved a posttest mean score of 71.63, reflecting a substantial improvement in conceptual
understanding. In contrast, the control group, which was taught using the conventional lecture method,
recorded a posttest mean score of 55.28. The mean gain score of the experimental group (32.89) was
notably higher than that of the control group (16.16), demonstrating that the socio-scientific instructional
approach was more effective in enhancing students’ understanding of physics concepts. This
improvement can be attributed to the use of real-world contexts, problem-based discussions, and inquiry
activities that encouraged deeper cognitive engagement and conceptual restructuring. The relatively
moderate standard deviations suggest consistent improvement among students exposed to the socio-
scientific approach, further indicating the effectiveness of the instructional strategy in promoting
conceptual clarity and meaningful learning.
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RH 2: There is no significant difference in the conceptual understanding of physics concepts
between students exposed to socio-scientific instruction and those taught traditionally.
Table 4: ANCOVA of Conceptual Understanding Controlling for Posttest Scores

Source of Variation TypeIII SS df Mean Square F-value p-value Partial n?

Posttest (Covariate)  1982.54 1 1982.54 48.71  <0.001 0.359
Instructional Method  1435.32 1 1435.32 3528  <0.001 0.288
Error 3540.14 87 40.69 - - -
Total 6957.00 90 - - - -

The posttest covariate was statistically significant (F = 48.71, p < 0.001), showing that immediate post-
instruction performance strongly predicts subsequent conceptual understanding. Controlling for this
covariate ensures a fair assessment of instructional effects. After controlling for posttest scores, the
instructional method still had a significant effect on students’ conceptual understanding (F = 35.28, p <
0.001, Partial n> = 0.288). This indicates that students taught with socio-scientific, context-based
instruction demonstrated higher conceptual understanding than those taught traditionally. Partial n? =
0.288 indicates that 28.8% of the variance in conceptual understanding scores is explained by
instructional method after adjusting for posttest scores. This represents a large practical effect,
highlighting the effectiveness of the socio-scientific instructional approach. Finally, the socio-scientific,
context-based physics instructional approach significantly enhances students’ conceptual understanding
of physics concepts compared to conventional teaching methods, even when immediate posttest scores
are accounted for. This shows that the approach produces robust and enduring learning gains.

RQ 3: What is the mean score of students’ societal decision-making skills after exposure to physics
instruction?

Table 5: Pretest and Posttest Mean Societal Decision-Making Scores of Students Taught Using
Socio-Scientific, Context-Based Physics Instruction and Conventional Method

Group Test N Mean (X)  Standard Deviation (SD)
Experimental (Socio-Scientific Instruction) Pretest 45 3542 5.44

Posttest 45 70.11 7.12
Control (Conventional Method) Pretest 44 36.08 5.38

Posttest 44 52.77 6.33

Table 5 shows that the experimental and control groups had comparable pretest scores (35.42 vs. 36.08),
indicating a similar baseline level of societal decision-making skills prior to the instructional intervention.
After the intervention, students in the experimental group demonstrated a substantial improvement in their
decision-making skills, with a posttest mean of 70.11, compared to a posttest mean of 52.77 in the control
group. The mean gain score of the experimental group (34.69) was more than double that of the control
group (16.69), indicating a significant advantage for students exposed to socio-scientific, context-based
physics instruction.

The relatively higher standard deviation in the experimental group posttest indicates variability in
students’ decision-making responses, reflecting engagement in authentic reasoning and individual
differences in applying physics knowledge to real-life problems.
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RH 3: There is no significant difference in the societal decision-making skills of students taught
using socio-scientific physics instruction and those taught using conventional methods.
Table 6: ANCOVA of Societal Decision-Making Skills Controlling for Posttest Scores

Source of Variation Type III SS Df Mean Square F-value p-value Partial n*

Posttest (Covariate) 2224.85 1 2224.85 51.43  <0.001 0.372
Instructional Method 1650.72 1 1650.72 38.16 <0.001 0.305
Error 3768.64 87 43.32 - - -
Total 7644.21 90 - - - -

The posttest covariate was highly significant (F = 51.43, p < 0.001), confirming that immediate post-
instruction performance strongly predicts later societal decision-making skills. Controlling for this
ensures the effect measured is due to the instructional method rather than immediate learning differences.
After controlling for posttest scores, the instructional method had a significant effect on societal decision-
making skills (F = 38.16, p < 0.001, Partial n*> = 0.305). This demonstrates that students exposed to socio-
scientific, context-based physics instruction performed significantly better in applying physics knowledge
to real-world societal decisions than students taught using conventional methods. Partial n?> = 0.305
indicates that approximately 30.5% of the variance in societal decision-making skills is explained by the
instructional method after controlling for posttest scores, a large and meaningful effect. Therefore, the
socio-scientific, context-based physics instructional approach significantly enhances students’ societal
decision-making skills compared to conventional instruction, even after controlling for immediate posttest
scores. This confirms that context-based, real-world physics instruction supports the development of
higher-order decision-making competencies relevant to societal issues.

DISCUSSION OF RESULTS

The findings of this study provide compelling evidence that socio-scientific, context-based physics
instruction significantly enhances students’ scientific literacy, conceptual understanding, and societal
decision-making skills compared to conventional teaching methods.

The analysis for Hypothesis 1 revealed that students taught using the socio-scientific approach performed
significantly better in scientific literacy than their peers in the control group (F = 56.54, p < 0.001; Partial
n? = 0.478). The large effect size indicates that nearly half of the variance in post-intervention scientific
literacy can be attributed to the instructional approach. The adjusted means showed that students exposed
to socio-scientific instruction maintained a mean score of 69.11 compared to 52.68 for the conventional
group. This finding aligns with previous research indicating that embedding real-world socio-scientific
issues in science instruction enhances students’ ability to apply scientific knowledge and reason critically
(Sadler, 2011; Zeidler & Nichols, 2009). By engaging students in authentic problem-solving situations,
the socio-scientific approach promotes higher-order cognitive skills, including analysis, evaluation, and
evidence-based reasoning, which are central to scientific literacy (National Research Council, 2012). In
contrast, traditional instruction often emphasizes rote memorization and procedural problem-solving,
which may limit learners’ ability to transfer knowledge to societal contexts.

Hypothesis 2 analysis showed a significant improvement in students’ conceptual understanding of physics
concepts in the experimental group (F = 35.28, p < 0.001; Partial n> = 0.288). The adjusted means (72.05
vs. 55.62) demonstrate that the socio-scientific approach enabled students to construct deeper, meaningful
understanding of physics principles. This finding supports constructivist theories of learning, which
emphasize that students build understanding by connecting abstract concepts to real-life contexts (Piaget,
1970; Vygotsky, 1978). When physics concepts are taught through socio-scientific scenarios, students are
required to integrate theoretical knowledge with practical applications, promoting cognitive restructuring
and reducing misconceptions. Previous studies also report that context-based instruction enhances
conceptual understanding by making abstract physics principles relevant, observable, and cognitively
engaging (Hodson, 2011; Osborne, 2014).
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The analysis for Hypothesis 3 demonstrated a significant effect of socio-scientific physics instruction on
students’ societal decision-making skills (F = 38.16, p < 0.001; Partial n* = 0.305). Students in the
experimental group were better able to analyze complex scenarios, evaluate evidence, and make reasoned
decisions on societal issues such as energy use, environmental challenges, and technology adoption.
These results reinforce the premise that science education should prepare learners not just to acquire
knowledge but to apply it to real-world problems (Sadler & Zeidler, 2005). Socio-scientific instruction
provides opportunities for students to practice ethical reasoning, weighing trade-offs, and making
evidence-based decisions, skills that are crucial for informed citizenship and sustainable development. In
contrast, conventional teaching methods rarely provide such opportunities, focusing predominantly on
theoretical understanding without bridging to societal application.

RECOMMENDATION
Based on the research findings, the following recommendation are made

1. Physics teachers should integrate real-world socio-scientific issues into lessons, such as climate
change, renewable energy, environmental sustainability, and technological innovations. This
approach promotes critical thinking, problem-solving, and evidence-based reasoning, which are
essential for scientific literacy and societal decision-making.

2. Curriculum planners and educational policymakers should revise physics curricula to embed
socio-scientific contexts and authentic problem-solving activities. Incorporating these elements
will help bridge the gap between theoretical physics knowledge and practical applications
relevant to societal issues.

CONCLUSION

This study examined the impact of socio-scientific, context-based physics instruction on students’
scientific literacy, conceptual understanding of physics concepts, and societal decision-making skills.
Using a quasi-experimental design and ANCOV A analysis with posttest scores as covariates, the findings
clearly demonstrated that students exposed to socio-scientific instruction significantly outperformed their
peers taught using conventional methods across all three measured outcomes.

The study revealed that:

1. Scientific Literacy: Socio-scientific instruction significantly enhanced students’ ability to reason
scientifically, interpret evidence, and apply knowledge to real-world contexts.

2. Conceptual Understanding: Students taught using socio-scientific, context-based methods
demonstrated deeper comprehension of physics concepts, showing that connecting content to
authentic scenarios promotes meaningful learning.

3. Societal Decision-Making Skills: The approach effectively improved students’ capacity to make
informed, evidence-based decisions on societal issues related to physics, such as energy,
technology, and environmental challenges.

Overall, the findings underscore the effectiveness of integrating real-world socio-scientific issues into
physics instruction as a means of preparing learners not only to excel academically but also to engage
responsibly with societal challenges. The large effect sizes observed suggest that this instructional
approach is both practically and statistically significant, providing a strong case for curriculum reform
and teacher professional development.

In conclusion, socio-scientific, context-based physics instruction bridges the gap between theoretical
knowledge and practical application, fostering scientifically literate citizens capable of critical thinking,
informed decision-making and active participation in contemporary society. Schools, teachers, and
policymakers should therefore adopt and support instructional strategies that make physics relevant,
engaging, and socially meaningful.
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