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Abstract

This study examined the role of e-modules and learning applications in enhancing scien-
tific literacy among Grade 11 Life Sciences learners in a South African secondary school.
Grounded in constructivist and connectivist learning theories, the research responded to
persistent challenges in learners’ conceptual understanding, scientific reasoning, and ap-
plication of scientific knowledge. A mixed-methods case study design was employed,
combining quantitative pre- and post-test data with qualitative classroom observations
and semi-structured learner interviews. Thirty learners participated in a technology-en-
hanced instructional intervention using curriculum-aligned e-modules delivered through
Binogi and Google Classroom. Quantitative findings revealed a statistically significant
improvement in scientific literacy following the intervention. Learners’ mean scores in-
creased from 39.20% (pre-test) to 63.07% (post-test), representing a gain of 23.87 percent-
age points. A paired-samples t-test confirmed that this improvement was extremely sig-
nificant (t (29) = 11.58, p < 0.0001), with a very large effect size (Cohen’s d = 2.11). Qualita-
tive findings indicated that learners experienced enhanced engagement, improved con-
ceptual clarity, and greater motivation when using digital learning tools, particularly
through visualisations, animations, and self-paced learning. However, persistent difficul-
ties with graph interpretation were also identified. The study concludes that the inten-
tional integration of e-modules and learning applications can substantially enhance scien-
tific literacy in Life Sciences by supporting conceptual understanding, reasoning, and
learner engagement. These findings highlight the importance of pedagogically guided
digital integration and teacher professional development to strengthen science learning
outcomes.

Keywords: scientific literacy; teaching and innovation; E-modules; learning applications;
digital technologies

1. Introduction
1.1. Background

Scientific literacy is essential for navigating 21st-century challenges, enabling indi-
viduals to make informed decisions, critically evaluate scientific claims, and engage with
socio-scientific issues (Wikanta & Susilo, 2022). In Life Sciences education, analytical
thinking, conceptual understanding, and problem-solving skills are supported. In this
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study, scientific literacy is conceptualised within the context of Grade 11 Life Sciences and
refers to learners’ ability to demonstrate conceptual understanding of biological concepts,
apply biological knowledge to interpret data and solve problems, communicate scientific
explanations using appropriate Life Sciences terminology, and relate biological concepts
to real-world and societal contexts such as health, biodiversity, and environmental sus-
tainability (OECD, 2023; Jackson et al., 2021). However, many classrooms still rely on rote
learning and teacher-centred methods, which limit deeper engagement and critical think-
ing (Wang, 2022). To address this, digital tools such as e-modules and learning applica-
tions offer interactive, personalised learning experiences that can enhance learner under-
standing (Rahmat et al., 2020). Grade 11 Life Sciences learners in South Africa face partic-
ular challenges with abstract topics like genetics and cell division. While the Curriculum
and Assessment Policy Statement (CAPS) encourage constructivist, real-life connections
in science teaching (Department of Basic Education, 2011), the limited use of inquiry-
based methods continues to hinder scientific literacy development (Ma, 2023).

ICT tools featuring simulations, videos, and assessments can help learners visualise
difficult concepts and engage in self-directed learning. These digital strategies support
learners in applying scientific knowledge across different contexts (Balalle, 2024; Timoth-
eou et al., 2023). Research both globally and locally supports the use of digital tools to
enhance scientific literacy, with studies showing improvements in conceptual under-
standing, inquiry skills, and engagement (Hwang et al., 2021; Joshi et al., 2025). In South
Africa, National Senior Certificate (NSC) diagnostic reports for 2020 and 2021 highlighted
continued struggles in applying scientific knowledge and reasoning, especially in com-
plex topics. As such, this study responds by exploring how e-modules and learning ap-
plications can support scientific literacy in the Capricorn South District’s Grade 11 Life
Sciences classrooms. By examining reasoning and experiences with digital tools, the re-
search aims to offer insights into how technology can foster deeper understanding,
strengthen scientific reasoning and promote inclusive science education. The goal is to
empower learners to actively engage in scientific dialogue and decision-making in their
communities (Balaban et al., 2023; Simamora et al., 2020).

Operational definition of Scientific Literacy:

In this study, scientific literacy is operationalised using four components aligned
with PISA (2022) and Adenle et al. (2023):

(a) Scientific knowledge —understanding of Life Sciences concepts (e.g., genetics, ecol-
ogy, cell division);

(b) Scientific application—applying knowledge to unfamiliar contexts, analysing data,
interpreting graphs, and solving problems;

(c) Scientific communication—explaining scientific ideas clearly using appropriate ter-
minology, constructing conclusions, and responding to written prompts;

(d) Understanding science in society —recognising how Life Sciences concepts relate to
real-world issues.

This operationalisation guided the research design in terms of interview responses,
pre- and post-test, classroom observations, and qualitative coding, which are used con-
sistently throughout the article. Additionally, to better understand how e-modules and
learning applications can unlock scientific literacy, this research sought to answer the fol-
lowing questions:

RQ1: How does the use of e-modules and learning applications influence Grade 11 learners’ scien-
tific literacy, as defined by scientific knowledge, application, communication, and understanding
of science in society?
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RQ2: What are learners’ attitudes and perceptions regarding the use of e-modules and digital learn-
ing tools in Life Sciences, particularly in terms of motivation, enjoyment, and perceived usefulness?

1.2. Importance of Scientific Literacy

In the context of Grade 11 Life Sciences, scientific literacy is defined in this study as
the ability of learners to show conceptual grasp of biological concepts, apply biological
knowledge to interpret data and solve problems, communicate scientific explanations us-
ing appropriate Life Sciences terminology, and relate biological concepts to societal and
real-world contexts like environmental sustainability, biodiversity, and health (OECD,
2023; Jackson et al., 2021). In South Africa, despite its emphasis in CAPS and alignment
with global benchmarks like PISA (2022), scientific literacy remains inconsistently imple-
mented in classrooms (Rudolph, 2023; Broderick, 2023). Rather than fostering scientifically
literate citizens, classroom practices often prioritise rote memorisation and preparation
for scientific careers. This foundationalist model limits learners’ ability to apply science to
real-world challenges and undermines broader educational goals such as critical thinking,
ethical reasoning, and informed decision-making (Osborne & Allchin, 2024, Jackson et al.,
2021).

1.3. Factors Affecting the Unlocking of Scientific Literacy in Grade 11

Challenges to effective implementation include passive teaching methods, poor
learner motivation, under-resourced schools, and significant language barriers, particu-
larly in multilingual South African classrooms (Olivier & Kruger, 2022). Learning Life Sci-
ences through a second language may hinder comprehension when learners are required
to process abstract scientific terminology, interpret symbolic representations, and articu-
late explanations using unfamiliar academic language. This linguistic load can reduce cog-
nitive resources available for conceptual understanding and scientific reasoning, particu-
larly in multilingual classrooms (Valladares, 2021). However, language alone does not de-
termine learning outcomes. Effective learning also depends on the quality of curriculum
design and instructional alignment. When digital learning tools are poorly aligned with
curricular goals or lack pedagogical scaffolding, they may result in superficial engage-
ment rather than deep understanding (Stevenson et al., 2020). Therefore, this study em-
phasises not only teacher training and alignment with curriculum objectives, but also the
use of carefully designed, curriculum-aligned digital resources that support conceptual
progression, visualisation, and reflective learning.

1.4. Impacts of ICT Tools on Unlocking Scientific Literacy

The recent literature advocates for learner-centred, inquiry-based pedagogy sup-
ported by digital learning tools as a practical solution to these challenges (Suwono et al.,
2021; Valladares, 2021). E-modules and learning applications have shown potential to en-
hance learner engagement, comprehension, and inclusivity by offering interactive, multi-
modal content tailored to diverse learning needs (Mikic et al., 2025).

These tools can support constructivist approaches, enabling learners to build
knowledge actively through exploration, dialogue, and contextual learning (Kaldaras et
al., 2024). Furthermore, integrating language and science instruction through digital plat-
forms can bridge linguistic gaps and support foundational literacy skills, which are essen-
tial for scientific engagement (Dini et al., 2024). The ICT in science education is under-
scored by global studies, highlighting its role in enhancing inquiry, problem-solving, and
motivation (Abdurrahman, 2022; Reginald, 2023). Models such as Interactive Socio-Scien-
tific Inquiry (ISSI) illustrate how digital tools can connect scientific content to real-world
issues, promoting critical thinking and societal relevance (Arizen & Suhartini, 2019).

https://doi.org/10.3390/educsci16030395



Educ. Sci. 2026, 16, 395

4 of 19

However, these benefits are dependent on equitable access, sustained teacher profes-
sional development, and intentional pedagogical integration (Khazanchi et al.,, 2022).
Without these supports, digital tools risk becoming underutilised or superficially applied,
limiting their educational value. In the South African context, digital interventions must
address systemic inequities and be aligned with curriculum goals and contextual realities
to support scientific literacy meaningfully. As Balalle (2024) and Adenle et al. (2023) argue,
digital technologies must be coupled not just as delivery mechanisms but as transforma-
tive tools embedded in reflective and inclusive pedagogies. The integration of e-modules
and learning applications in Grade 11 Life Sciences classrooms presents a promising path-
way to close the gap between educational policy and practice, fostering learners who are
not only academically competent but also scientifically literate citizens equipped for the
demands of the 21st century.

2. Materials and Methods

This study adopted a mixed-methods case study design, integrating qualitative and
quantitative data to obtain a comprehensive understanding of how digital learning tools
influence Grade 11 learners’ scientific literacy. The mixed-methods approach was justified
because the intervention aimed to measure both changes in learner performance (quanti-
tative) and shifts in learner perceptions, engagement, and experiences (qualitative). Quan-
titative pre- and post-test scores provided evidence of learning gains, while qualitative
interview data illuminated the mechanisms underlying these gains. This form of comple-
mentarity is consistent with contemporary educational research, which argues that digital
learning interventions require both performance data and learner perspectives to be
meaningfully interpreted (Creswell & Creswell, 2023; Johnson & Onwuegbuzie, 2004).

Quantitative data from the pre- and post-tests were analysed using descriptive sta-
tistics (percentage marks improvement) and inferential statistics (paired f-test). Descrip-
tive trends were used to identify performance shifts attributable to the digital interven-
tion. Furthermore, the findings were integrated with qualitative themes during interpre-
tation through a triangulation strategy, where pre/post results were cross-checked with
interview insights and classroom observations to validate patterns emerging across data
sources.

The selection of a single-class case study was intentional, as this design allows for an
in-depth exploration of educational interventions within their authentic contexts. Case
studies are particularly valuable when examining complex classroom realities where fac-
tors such as digital access, school culture, and learner dynamics significantly shape learn-
ing processes and outcomes (Yin, 2024). The participating class reflected a typical Life Sci-
ences cohort within a rural South African school, providing a representative context for
understanding how digital learning tools operate in environments characterised by lack
of resources and uneven technological access.

2.1. Informing Theories of the Research

This study is grounded in constructivist and connectivist learning theories, both of
which support active, learner-centred approaches to developing scientific literacy through
digital tools. Constructivism emphasises that learners build knowledge by actively engag-
ing with content, reflecting on experiences, and interacting with peers and their environ-
ment (Hein, 2007; McLeod, 2019). In this study, tools like Binogi and Google Classroom
enabled learners to shift from passive receivers to active participants by watching interac-
tive videos, engaging in self-assessments, and applying content in varied contexts
(Schwan & Cress, 2020; Mayer, 2024). Key tenets of constructivism, such as learning
through experience, developing metacognitive skills, and the importance of motivation,
were evident in observations, interviews, and tests. Learners showed greater engagement
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and understanding when lessons were designed to be interactive, visually rich, and rele-
vant to their experiences (Filgona et al., 2020; Liu et al., 2024). Connectivism complements
this by highlighting how digital technologies extend learning beyond the classroom
(Goldie, 2016).

Learners accessed diverse information sources, evaluated credibility, and used tech-
nology to store and retrieve knowledge (Afroz Alam, 2023). These strategies supported
learners in making meaningful connections and navigating complex scientific concepts.
Together, these theories explain how e-modules and apps support learners’” scientific lit-
eracy, enhancing their motivation, enjoyment, and perceived usefulness of Life Sciences
content while fostering critical thinking, collaboration, and digital competence. The ob-
served improvements in learner performance and engagement aligned with, constructiv-
ist learning cycles such as personal meaning-making and active processing and connec-
tivist processes such as leveraging networks, multimedia pathways, and peer interaction.

2.2. Context of the Study

This study was conducted within a Grade 11 Life Sciences classroom at a secondary
school in the Mamabolo Circuit, Capricorn South District, Limpopo Province, South Af-
rica. Ethics approval for this site was granted by the Limpopo Department of Education,
Mamabolo Circuit and the school. The research responds to ongoing challenges within
the South African education system related to learners’ scientific literacy, particularly
within Life Sciences. Despite the national curriculum (CAPS) emphasising scientific rea-
soning, critical thinking, and real-world application of scientific knowledge (Department
of Basic Education, 2011), many learners continue to struggle with mastering complex bi-
ological topics such as genetics, meiosis, and evolution (Simamora et al., 2020). These chal-
lenges are often compounded by traditional teacher-centred pedagogies that limit active
learning and inquiry. In response, this study explores how digital learning tools such as
Binogi and Google Classroom can be used to improve scientific literacy among learners
by providing more interactive, personalised, and accessible educational experiences.

2.3. Sampling and Participants

A purposive non-probability sampling strategy was used to select 30 Grade 11 Life
Sciences learners who had consistent access to the intervention tools (Google Classroom
and Binogi). This approach is appropriate for case study research where participants must
have direct exposure to the phenomenon under investigation However, the sample size
limits external validity, and findings cannot (Palinkas et al., 2015). Purposeful sampling
for qualitative data collection and analysis in mixed method implementation research.
However, the sample size limits external validity, and findings cannot be generalised be-
yond the study context. This limitation is acknowledged explicitly in the Discussion and
Limitations sections. Six learners were selected for follow-up semi-structured interviews
based on maximum variation (high, moderate, and low performers) to capture a wider
range of experiences.

To contextualise the sample, demographic information is as follows:

(a) Gender: 18 females, 12 males

(b) Age range: 16-18 years

(c) Socioeconomic context: The school serves a low- to middle-income community where
most learners rely on shared mobile devices and prepaid data bundles.

(d) Digital access: Approximately 70% reported intermittent internet access, which influ-
enced engagement with the intervention.
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2.4. Binogi and Google Classroom Pedagogy

The Binogi intervention consisted of structured, topic-aligned digital learning activi-
ties delivered through Binogi and Google Classroom to complement the Grade 11 Life
Sciences curriculum. Binogi is a multilingual platform offering short (3-5 min) animated
videos, interactive quizzes, and flashcards, enabling learners to visualise complex pro-
cesses such as meiosis, allele inheritance, and population interactions in their preferred
language. For each topic, the teacher assigned curated playlists via Google Classroom,
which also functioned as the learning management system for distributing e-modules, as-
signments, and feedback. During lessons, learners watched animations, completed auto-
graded quizzes with instant feedback, and used flashcards to consolidate key terminol-
ogy, while the platform’s badges and streaks helped sustain motivation. Teacher facilita-
tion included modelling platform navigation, prompting note-taking, and leading brief
post-video discussions to reinforce understanding. Learners were able to interact with the
digital platform at home using English as the primary language of instruction, as there are
no additional South African languages available.

2.5. Instruments

To address the research questions and ensure triangulation, the study employed mul-
tiple data collection methods, namely, participant observation, where the researcher, who
also served as the classroom teacher, observed learners’ engagement with digital tools,
collaboration patterns, and classroom dynamics. Since the researcher also served as the
classroom teacher during the intervention, a structured observation guide (Supplemen-
tary Materials 51.1) was employed to enhance consistency and transparency in classroom
observations and to minimise, rather than eliminate, potential researcher bias. The guide
included predetermined indicators aligned with the research questions and the literature
on scientific literacy, such as learner participation, use of scientific language, interaction
with digital resources, and teacher facilitation strategies. This immersive approach ena-
bled the researcher to capture rich, real-time insights into how learners engaged with the
e-modules, as well as the challenges and successes that emerged during implementation.
To reduce subjective interpretation and selective noticing, observations were recorded im-
mediately after lessons and triangulated with interview data and assessment results.
Semi-structured interviews conducted with six learners allowed for in-depth exploration
of individual experiences with digital learning tools. The semi-structured format ensured
alignment with research objectives while allowing flexibility to probe unexpected re-
sponses (Galletta, 2013; Kvale & Brinkmann, 2015). Interview responses were audio-rec-
orded and transcribed verbatim.

Document review consisting of pre- and post-test scripts was used to assess changes
in learners’ understanding of scientific concepts. These criterion-based assessments pro-
vided quantitative data on learners” performance before and after the digital intervention
(Mahajan & Singh, 2017; Hussain et al., 2015). The tests consisted of items aligned with
the CAPS Grade 11 Life Sciences curriculum. Items assessed were: (a) concept recall (mul-
tiple choice, terminology matching); (b) diagram interpretation (mitosis/meiosis, ecologi-
cal graphs); (c) data analysis (tables and graphs from population ecology); (d) scientific
reasoning (identifying variables, formulating hypotheses); and (e) application tasks (case-
study scenarios). Additionally, item formats included multiple-choice, short answer, data
interpretation, and extended reasoning questions. Both tests used the same structure and
cognitive levels but different surface features to avoid memorisation effects. Learners
were assured that participation or responses during data collection would not influence
their academic grading. To minimise the influence of random guessing, the assessment
instrument included a combination of multiple-choice, data interpretation, and extended-
response items. Multiple-choice questions were designed with plausible distractors
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aligned to common misconceptions identified in the Life Sciences curriculum. Data inter-
pretation items required learners to analyse graphs and tables related to biological pro-
cesses, thereby reducing the likelihood of correct responses through guessing alone.

Content validity was established through alignment with CAPS Life Sciences learn-
ing outcomes and prior use of similar assessment structures in scientific literacy research.
Construct validity was supported by mapping assessment items to overlapping but dis-
tinguishable components of scientific literacy. For example, graph interpretation tasks as-
sessed learners’ ability to apply biological knowledge to analyse data, while extended-
response items assessed scientific communication by requiring learners to construct co-
herent explanations using appropriate Life Sciences terminology. Although these compo-
nents are interconnected, they were operationalised through task demands rather than
treated as isolated skills.

2.6. Data Analysis

The study employed thematic analysis to interpret the qualitative data collected from
the interviews and observations. This method is appropriate for examining complex phe-
nomena such as learners’ experiences with digital tools and their development of scientific
literacy (Braun & Clarke, 2019). An inductive approach guided the analysis, allowing
themes to emerge from the data without being constrained by pre-conceived categories
(Bingham & Witkowsky, 2022). An inductive thematic analysis approach was employed
to analyse interview and observation data following Braun and Clarke’s (2019) reflexive
framework. Initial open coding involved assigning descriptive labels to segments of text,
such as visual clarity of animations, difficulty with terminology, and self-paced learning
benefits. These codes were then examined for conceptual similarity and collapsed into
broader categories based on shared meaning and relevance to the research questions. For
example, codes related to visual explanations, repeated exposure, and learner control
were grouped under a broader theme of conceptual understanding through digital visu-
alisation. Although coding was conducted manually, the process followed principles sim-
ilar to those supported by qualitative analysis software such as NVivo. NVivo was not
used as a coding method, but rather as a conceptual reference for systematic organisation,
comparison, and refinement of codes into themes.

2.7. Limitations

This study was bounded by several limitations that should be considered when in-
terpreting the findings. First, the research was conducted as a single-class case study
within one secondary school, which restricts the transferability of the results to other con-
texts. Learners’ experiences, access to technology, and school resources may differ sub-
stantially across South African schools, particularly between rural and urban settings. Sec-
ond, the timeframe of the intervention was limited, providing only a short period for
learners to engage with the e-modules and learning applications. A longer intervention
might have yielded deeper conceptual gains or provided more opportunities to address
persistent challenges, such as graph interpretation. Third, the dual role of the teacher—
researcher may have introduced bias, despite attempts to minimise it through observation
protocols and triangulation. Additionally, inequalities in digital access and device availa-
bility influenced the degree to which learners could fully engage with technology-en-
hanced activities. These limitations suggest that further research involving multiple
schools, longer implementation periods, and varied learner populations is needed to en-
hance the generalisability of the findings and to explore the sustained impact of ICT on
scientific literacy development.
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3. Results

RQ1: How does the use of e-modules and learning applications influence Grade 11 learners’ scien-
tific literacy, as defined by scientific knowledge, application, communication, and understanding
of science in society?

3.1. Document Review

For this question, document review is one the data collections tools used in this study,
which contained qualitative and quantitative data. The document review in this study
consisted of pre- and post-test data.

3.1.1. Quantitative Data

A paired-samples t-test (Table 1) was conducted to determine whether the post-test
scores differed significantly from the pre-test scores after the intervention. The results
show a statistically significant improvement:

Table 1. Paired-Samples ¢-Test Results.

Measure Value
Mean Difference (%) 23.87
t-value (df = 29) 11.58
p-value <0.0001
95% CI 19.65 to 28.08
Cohen’s d 211

The pre-test results in Table 2 showed that learners began with relatively low levels
of content mastery, with an average score of 39.20%. After the intervention, which in-
volved using e-modules and digital learning applications, the post-test mean increased
substantially to 63.07%. This represents an improvement of 23.87 percentage points. The
observed improvement of 23.87 percentage points represents a substantial increase in per-
formance within the context of a short-term classroom intervention. While this gain can-
not be interpreted as definitive evidence of long-term learning, the large effect size (Co-
hen’s d = 2.11) suggests that the change was not only statistically significant but educa-
tionally noteworthy when considered alongside qualitative evidence of improved engage-
ment and conceptual clarity.

Table 2. Pre-test and Post-test Scientific Literacy Scores (1 = 30).

Statistic Pre-Test Post-Test
Mean (%) 39.20 63.07
Standard Deviation 12.96 10.33
Standard Error 2.37 1.89

The statistical analysis confirms that this improvement was not due to random
chance. A paired-samples -test showed an extremely significant difference between pre-
and post-test scores (£(29) = 11.58, p <0.0001). The 95% confidence interval (19.65 to 28.08)
further demonstrates that the true average improvement is both large and precise. The
relatively small standard error of the difference (2.060) shows consistency in how learners
benefited from the intervention. The findings provide strong evidence that the use of e-
modules and digital learning applications had a substantial and reliable positive effect on
learner performance. The results suggest that integrating these tools into Life Sciences in-
struction can significantly enhance students’ conceptual understanding and achievement.

https://doi.org/10.3390/educsci16030395



Educ. Sci. 2026, 16, 395

9 of 19

Effect size calculations indicated that the intervention had a very large impact on
scientific literacy performance. A Cohen’s d value of 2.11 was obtained, which reflects an
extremely large effect according to conventional benchmarks. This suggests that the ob-
served improvement (23.87 percentage points) was not only statistically significant but
also educationally meaningful. Although a randomised control group was not feasible
within the school context, a quasi-comparative analysis was conducted using historical
cohort data. The previous two Grade 11 cohorts (taught using traditional methods)
demonstrated average pre-post improvements of 5-8 percentage points on similar
teacher-developed assessments. In contrast, the current cohort improved by 23.87 percent-
age points, representing a substantially larger gain.

Additionally, term test averages for the non-participating Grade 11 class during the
same period increased only marginally (3.5 percentage points). While not a true experi-
mental control, this comparative evidence strengthens the argument that the digital inter-
vention contributed meaningfully to the observed gains.

Additionally, in support to the above-mentioned, the table below shows learners’
competence improvement of the pre- and post-test.

Table 3 below shows the analysis of learner performance based on the pre- and post-
test results demonstrates a marked improvement in competence levels following the in-
tervention. Prior to the intervention, eight learners failed to meet the National Senior Cer-
tificate (NSC) minimum pass requirement of 30%, highlighting substantial gaps in scien-
tific literacy. Following exposure to the e-modules and digital learning applications, all
eight learners showed notable improvement, aligning with the overall upward shift in
class performance.

Table 3. Summary for comparison of pre- and post-test competence levels.

PRE-TEST POST-TEST
Competence Level Number of Learners
0-29 8 0
30-39 7 1
40-49 9 2
50-59 4 3
60—69 1 13
70-79 1 9
80-100 0 1

This improvement is supported by qualitative evidence from learner scripts: pre-test
responses revealed difficulties with terminology recall, applying scientific information to
questions, identifying independent and dependent variables, formulating hypotheses,
and interpreting population graphs. In contrast, post-test scripts demonstrated clearer
and more accurate explanations of graph trends, improved hypothesis formulation, and
enhanced recall and application of scientific concepts across different contexts. See Sup-
plementary Materials S1.5. Although significant learning gains were observed, these im-
provements cannot be attributed solely to the digital intervention. Factors such as peer
discussion, repeated exposure to content, and learning outside the classroom may also
have contributed to performance gains. Furthermore, the absence of a control group limits
causal inference. The findings should therefore be interpreted as indicative rather than
conclusive evidence of the effectiveness of e-modules in enhancing scientific literacy.
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3.1.2. Qualitative Data
Pre-Test

The document review revealed that Grade 11 Life Sciences learners demonstrated
generally low levels of scientific literacy, particularly in areas requiring the application of
cognitive skills such as interpretation, analysis, and problem-solving. Learners struggled
to recall basic concepts and terminology and showed limited ability to interpret scientific
diagrams and graphs, analyse tables, and apply learned knowledge to unfamiliar con-
texts, which are key competencies outlined in the Life Sciences CAPS document. Although
some improvement was noted in questions involving diagram interpretation, learners
consistently underperformed in graph-based and calculation tasks, such as those involv-
ing the mark and recapture method in population ecology. These findings highlight the
limitations of traditional, teacher-centred instruction, which often emphasises rote mem-
orisation over conceptual understanding. The inability of learners to apply scientific
knowledge in different formats and contexts underscores a critical gap in their scientific
literacy. This supports the need for interactive and technology-enhanced learning ap-
proaches, such as e-modules and learning applications, to promote deeper conceptual un-
derstanding and cognitive engagement aligned with the goals of scientific literacy.

Post-Test

The results of the study revealed that the use of e-modules and learning applications
such as Binogi and Google Classroom significantly enhanced Grade 11 learners’ scientific
literacy in Life Sciences. Following the intervention, learners demonstrated improved con-
ceptual understanding, problem-solving, and critical thinking skills across various cogni-
tive levels. Post-test performance showed notable gains in answering low-order questions
(e.g., multiple choice, term identification, diagram interpretation) as well as higher-order
tasks involving scenario analysis, experimental reasoning, and graph interpretation.
Learners increasingly applied scientific knowledge in unfamiliar contexts, interpreted
data, and constructed evidence-based arguments, reflecting growth in key aspects of sci-
entific literacy. While challenges remained, particularly in distinguishing between con-
cepts like “aim” and “hypothesis,” and in interpreting graph trends, the integration of ICT
tools fostered greater engagement, independent learning, and improved communication
of scientific ideas. These outcomes support the potential of e-modules and learning appli-
cations to address curriculum goals outlined in CAPS and equip learners with the cogni-
tive and analytical skills required for scientific literacy and successful assessment perfor-
mance.

These shifts reflect the impact of technology-enabled pedagogical tools, such as Bin-
ogi and Google classroom, which provided interactive explanations, scaffolded practice,
and continuous formative feedback. Together, the quantitative and qualitative data sug-
gest that deliberate integration of digital resources can effectively strengthen conceptual
understanding, support inquiry skills, and reduce performance disparities within the Life
Sciences curriculum.

3.2. Interview Data

The interview responses revealed that learners overwhelmingly preferred learning
Life Sciences through ICT tools such as Google Classroom and the Binogi app over tradi-
tional methods. Learners reported that these digital platforms enhanced their understand-
ing by providing visual aids, simulations, and real-time feedback, which made abstract
concepts more accessible and engaging. Many highlighted that visuals and interactive
videos significantly improved recall, comprehension, and overall academic performance.
Additionally, learners expressed a strong desire to see more technology integration in
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their classrooms, such as the use of projectors and more frequent ICT-based lessons, citing
better engagement and deeper learning. However, despite these benefits, challenges re-
mained in reading, writing, and especially communicating scientific language. Learners
struggled with scientific terminology, pronunciation, and the ability to articulate scientific
concepts in assessments and discussions. These difficulties indicate gaps in scientific liter-
acy, particularly in scientific communication and conceptual application. Overall, the re-
sults suggest that while e-modules and learning applications enhance conceptual under-
standing and motivation, their full potential in developing scientific literacy depends on
addressing language and communication barriers.

RQ2: What are learners’ attitudes and perceptions regarding the use of e-modules and digital learn-
ing tools in Life Sciences, particularly in terms of motivation, enjoyment, and perceived usefulness?

3.3. Classroom Observations

Classroom observations revealed that the use of e-modules and digital learning ap-
plications significantly enhanced learners’ engagement, motivation, and development of
scientific literacy in Grade 11 Life Sciences. Learners were more attentive and focused
during ICT-integrated lessons compared to traditional instruction, showing enthusiastic
participation and a clear preference for technology-enhanced teaching. Tools such as the
Binogi app and Google Classroom positively influenced learners’ attitudes toward Life
Sciences, increasing their motivation, enjoyment, and perceived usefulness of the subject.
Learners demonstrated an improved understanding of scientific concepts, applied
knowledge in various contexts, and showed growth in critical thinking, problem-solving,
communication, and collaboration, which are core components of scientific literacy. The
digital tools also sparked curiosity and sustained interest in Life Sciences, with learners
expressing a desire for continued ICT use in future lessons. Despite these benefits, the
limited accessibility to platforms like Google Classroom underscored existing equity chal-
lenges in implementing digital learning tools across all learners.

During the lessons, several learners leaned forward as the animation showed various
scientific concepts. Two learners spontaneously began debating the predicted outcomes
of a on how organisms interact with the resources competing for resources displayed in
the video. However, another group whispered that their device “kept restarting,” illus-
trating the unevenness of digital access. Such varied observations demonstrate the com-
plexity of implementing ICT in resource-constrained environments.

3.4. Interviews

The interviews revealed that Grade 11 learners’ prior intervention possessed a basic
understanding of Life Sciences, but overall scientific literacy remained low, this was evi-
denced by their difficulties with investigative questions, scientific terminology, and con-
ceptual explanations. Basic understanding in this study refers to correct recall of concepts
and accurate interpretation of diagrams, while low scientific literacy refers to limited abil-
ity to apply knowledge, analyse graphs, or construct evidence-based explanations criteria
drawn from the study’s operational definition. Learners reported challenges in reading,
writing, and communicating scientific information due to complex language, lack of prac-
tical exposure, and limited conceptual understanding. However, the integration of e-mod-
ules and digital tools, specifically the Binogi learning application, was perceived as highly
effective in enhancing motivation, enjoyment, and perceived usefulness in learning Life
Sciences. Learners highlighted that the visual and interactive nature of Binogi videos im-
proved their understanding, recall, and ability to apply scientific concepts in real-life con-
texts. Furthermore, the digital content increased learner engagement, sustained attention,
and facilitated clearer comprehension of abstract concepts, suggesting that digital
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learning tools are valuable in promoting scientific literacy in Life Sciences education. The
above-mentioned is supported by the responses learners provided below:

> Which method do you prefer to use to learn Life Sciences: Traditional or ICT appli-
cations such as Google classroom, and Binogi?

LSA, LSC, LSE and LSF: I prefer using ICT (Google classroom and Binogi).

LSB: I prefer the use of ICT because many learners, including myself, are comfortable
using our mobile phones and may not always feel confident participating in class discus-
sions. Learning through videos is helpful. I have used different digital learning applica-
tions, and they have helped me too much, as I was able to improve my performance using
them.

LSD: I prefer learning through Binogi and Google Classroom because Binogi presents
terms using different approaches and show how questions are asked and answered. The
use of images and videos helps me see and understand terms more clearly than traditional
teaching methods, where the teacher writes on the board and reads directly from the text-
book.

»  Which type of question in Life Sciences assessments do you find difficult and why?

LSA: 1 find investigative questions difficult because they need answers based on ob-
servations and understanding of Life Sciences. Although I can see what is presented, 1
struggle to explain my answers thoroughly using science language. Again, I find it diffi-
cult to identify the hypothesis and the aim of the investigation when responding to these
types of questions.

LSB: For me, I would say the question where we need to explain some terms and
processes.

LSC: I find investigative questions difficult, especially those related to micro-organ-
isms, because they involve different scientific terms that are challenging to use correctly.
For example, when learning about the growth of E. coli, we are unable to conduct experi-
ments at school due to a lack of appropriate equipment. As a result, we struggle to answer
questions about its shape and growth because we have never observed it directly.

LSD: The most difficult questions for me are those that need labelling diagrams. I
struggle to remember all the correct labels and the appropriate science names.

LSE: I struggle with writing biological terms because of spellings, and it is hard for
me to read and write those terms.

LSF: Writing biological terms, because I struggle with spellings, which results in dif-
ficulty writing those terms.

» Is the use of learning applications (Google Classroom and Binogi) effective in learn-
ing Life Sciences? Elaborate how.

LSA: Yes, it is effective because it allows me to see things that cannot be visualised
with the naked eye. For example, in the chapter on tissues and cells when reading from
textbook, I cannot see tissues and cells directly, but the Binogi app can display and explain
them on the projector.

LSB: Yes, it is effective. Although I used Binogi for only a short time, I noticed a huge
difference compared to learning from a book. I found learning with the app much more
effective and engaging.

LSC: Yes, it is effective because it uses animations that we can connect with. Learning
visually helps me remember the concepts better than just reading from a textbook.

LSD: Yes, because the visual images make learning enjoyable and increase my pas-
sion and concentration during the lesson. For example, in the topic of gaseous exchange,
I could see exactly how it happens rather than just reading about it in the book.

LSE: Yes, I think it is very effective because it helps us think critically and logically.

https://doi.org/10.3390/educsci16030395



Educ. Sci. 2026, 16, 395

13 of 19

LSE: Yes, it is effective. While learning through Binogi, I was able to understand the
concepts better and apply them in real-life situations. Since Binogi uses videos to show
how Life Sciences concepts apply in the environment, I can now observe these concepts
in real life. For example, if I see a bird on a flower, I recognise it as a mutualistic symbiotic
relationship. Similarly, if I see a bird near a goat looking for food, I understand that as
commensalism.

¢ Did the Binogi digital videos used in class improve your Life Sciences knowledge?
Explain how.

LSA: Yes, it did, because when I was asked some questions, I was able to understand
what they meant. With traditional teaching, I struggled to visualise the terms as clearly as
I'am doing with the Binogi app. Binogi allowed me to see the terms as they were presented
in real contexts, which made me feel confident and able to answer the questions success-
fully.

LSB: Yes, because initially when the teacher was teaching using textbook, I would
end up losing focus, as I am having a short concentration span and learn nothing. How-
ever, since Binogi uses cartoons which are fun and interesting to watch, they helped me
to focus in class which led me to understand better what was taught.

LSC: Yes, there were difficult concepts in Life Sciences that I only knew definition,
but I did not know how to explain it to someone else. In animation they showed the con-
cepts with real life situation, and I was able to explain them to the next person.

LSD: Yes, for example, I didn’t really understand how plants make their own food
because since primary we have been told that plants manufacture their own food from the
process of photosynthesis. But we didn’t have a clear vision of how it really happens, but
since we came here and saw those videos, we saw how it really happens, which organs
and everything in the body is involved in gaseous exchange.

LSE: Yes, it has improved my Life Sciences Knowledge because I was able to process
some terms very fast and easy.

LSF: It did improve my Life Sciences knowledge because now I am able to write con-
cepts without struggling with the spellings since I saw them.

4. Discussion

The discussion is organised around the four components of scientific literacy used in
the study: scientific knowledge, application, communication, and understanding of sci-
ence in society. Improvements in conceptual understanding and application skills are sup-
ported by both test evidence and interview statements. The study investigated how learn-
ers’ exposure to and use of e-modules and learning applications influence their scientific
literacy in Grade 11 Life Sciences, as well as their attitudes and perceptions regarding
these tools, focusing on motivation, enjoyment, and perceived usefulness. The findings,
organised under relevant thematic areas, revealed compelling evidence that digital tools
significantly enhance learners’ acquisition of content knowledge, scientific skills, and en-
gagement in science learning.

Theme 1: Increased acquisition of knowledge through e-modules

Theme 1 focuses on conceptual understanding of Life Sciences content facilitated by
e-modules rather than on scientific literacy as a whole. While improved understanding of
complex biological processes contributed to scientific literacy development, the theme pri-
marily reflects knowledge acquisition through visual and interactive representations.
Data from pre- and post-tests, classroom observations, and learner interviews clearly in-
dicated that the integration of e-modules and digital learning platforms such as Binogi
and Google Classroom led to a marked improvement in learners’ scientific literacy. Learn-
ers demonstrated a stronger grasp of complex Life Sciences topics, such as population
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ecology and gaseous exchange. These tools provided interactive multimedia content, an-
imated videos, quizzes, and simulations that made abstract scientific concepts more com-
prehensible and engaging. Importantly, the use of English as the medium of instruction
within these applications supported inclusive learning for learners from diverse linguistic
backgrounds. Learners developed core scientific literacy skills, including observation,
conceptual understanding, and the ability to construct and apply knowledge. This aligns
with the constructivist and connectivist learning frameworks, which prioritise active
knowledge construction and networked learning environments (Suhendi & Purwarno,
2018). Supporting studies by Prasetyo et al. (2021) and Balalle (2024) confirm the effective-
ness of digital tools in improving scientific comprehension and performance.

Theme 2: Improved scientific communication and application of knowledge

Post-intervention test results showed that learners not only improved their content
knowledge but also their ability to read, write, and communicate in the language of sci-
ence. Learners effectively applied scientific reasoning and concepts in assessments, reflect-
ing a transition from rote learning to meaningful engagement with scientific content. Bin-
ogi’s use of visual storytelling and voice-explained content enhanced literacy and com-
munication skills. Learners expressed increased confidence in engaging with scientific
texts and assessments, supported by ongoing interactions and formative feedback facili-
tated through platforms like Google Classroom. These findings reflect the views of Ab-
durrahman (2022) and Egger (2023), who emphasise that dynamic, learner-centred learn-
ing environments promote not only academic achievement but also deeper scientific rea-
soning capabilities.

Theme 3: Enhanced curiosity, motivation, and engagement

Learners’ attitudes and perceptions toward digital tools were overwhelmingly posi-
tive. Thematic analysis revealed that these tools sparked learners’ curiosity, fostered in-
quiry skills, and deepened conceptual understanding. Learners described the lessons as
more enjoyable and interactive, with many preferring the digital approach to traditional
instruction. Classroom observations supported these sentiments, revealing high levels of
attention, participation, and enthusiasm, even among previously disengaged students.
Features such as gamified quizzes, real-time feedback, and relatable multimedia content
created a more personalised and motivating learning experience (Filgona et al., 2020; Liu
et al., 2024). These findings support constructivist principles, wherein learners actively
build knowledge through meaningful interactions, inquiry-based learning, and intrinsic
motivation (McLeod, 2019). Although increased engagement may partly reflect the nov-
elty of using digital tools, interview data suggest that improvements in conceptual clarity
and reasoning were linked to repeated exposure to animations, opportunities for self-
paced learning, and instant feedback, rather than novelty alone.

The findings show a strong positive impact of e-modules and learning applications
on learners’ conceptual understanding, engagement, and critical thinking. Classroom ob-
servations revealed that interactive multimedia elements like simulations, videos, and
quizzes helped learners grasp abstract scientific concepts more effectively than traditional
methods. These tools also supported self-paced learning, allowing learners to revisit com-
plex topics and deepen their understanding. Pre- and post-test results supported these
observations quantitatively. Before the intervention, learners struggled with higher-order
scientific thinking, such as analysis and application. After using the digital tools, they im-
proved in explaining scientific concepts, designing experiments, interpreting data, and
forming evidence-based arguments. Learners also became better at relating Life Sciences
content to real-world situations through simulations and case-based learning, which
aligns with research emphasising real-life application as key to scientific literacy (OECD,
2023; Adenle et al., 2023).
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Additionally, learners demonstrated improved conceptual understanding and en-
gagement with Life Sciences content, particularly through visualisation and self-paced
learning opportunities. Evidence for these improvements was primarily reflected in as-
sessment performance and learner explanations during interviews, rather than direct
measurement of broader competencies such as collaboration or communication. Learners
engaged with peers via digital platforms, enhancing collaborative learning and scientific
reasoning. Semi-structured interviews confirmed that learners found e-modules more en-
gaging and supportive compared to traditional textbooks, appreciating features like in-
teractivity, real-time feedback, and flexible access, which boosted motivation and inde-
pendent learning. Despite these benefits, challenges such as unequal access to devices and
varying digital literacy levels were noted, highlighting equity concerns in digital learning
implementation. Nonetheless, when combined with collaborative and constructivist
teaching approaches, e-modules and learning apps have significant potential to transform
Life Sciences education by improving academic outcomes and fostering scientific literacy
skills necessary for informed societal participation. Additionally, the qualitative findings
were strengthened by incorporating direct learner quotations, narrative descriptions of
classroom interactions, and examples of divergent experiences. These provide deeper in-
sight into learner engagement and highlight both positive and challenging aspects of the
intervention. Lastly, learner motivation and engagement were inferred from observation
indicators such as sustained attention, voluntary interaction with digital resources, and
interview statements describing enjoyment and perceived usefulness. However, these in-
dicators do not provide direct evidence of deeper learning, which remains partially con-
strained by learners’ ongoing difficulties with scientific terminology and explanation.

5. Conclusions

Although situated in a South African context, the findings of this study have broader
international relevance, particularly for education systems facing challenges related to sci-
entific literacy, learner engagement, and equitable access to quality science instruction.
The results demonstrate that curriculum-aligned digital learning tools, when pedagogi-
cally integrated, can support scientific literacy development in diverse, resource-variable
contexts. This study contributes to global discussions on technology-enhanced science ed-
ucation by providing empirical evidence applicable to both developed and developing
education systems. As such, this study explored how learners” exposure to e-modules and
digital learning applications influence scientific literacy in the Grade 11 Life Sciences class-
room. Findings reveal that such tools align closely with the South African curriculum’s
(CAPS) goals by promoting deeper conceptual understanding and encouraging active en-
gagement with scientific content. E-modules enabled learners to move beyond memorisa-
tion toward inquiry-based learning, where they could engage in scientific reasoning, and
connect abstract concepts like population ecology and genetics to real-world contexts.
This shift supports the development of core scientific literacy competencies, such as un-
derstanding, application, and communication of scientific ideas as outlined in the Na-
tional Curriculum (Department of Basic Education, 2011).

In addressing learners’ attitudes and perceptions, the study found that e-modules
and digital tools increased learners’ motivation, enjoyment, and perceived usefulness of
Life Sciences content. Interactive simulations and animations helped make complex con-
cepts more accessible and engaging, leading to improved comprehension and retention.
Learners also reported feeling more confident and curious about scientific topics, which
enhanced their willingness to participate in class discussions and explore content beyond
the classroom. These tools fostered a more learner-centred, exploratory environment that
supports scientific thinking, creativity, and problem-solving, which are key attributes of
scientific literacy.
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The study concludes that traditional, fact-based teaching methods in South Africa fall
short in promoting scientific literacy and must be reformed. It recommends broader inte-
gration of ICT tools and digital learning applications in Life Sciences education, supported
by teacher training and equitable access to resources. By bridging the digital divide and
embedding inquiry-based, technology-enhanced instruction into the curriculum, schools
can provide all learners with opportunities to engage meaningfully with science. This ap-
proach not only addresses existing gaps in comprehension and engagement but also pre-
pares learners to participate in a scientifically literate society capable of informed decision-
making and lifelong learning.

Future research should extend beyond a single classroom to examine how e-modules
and learning applications function across diverse South African contexts. Multi-site stud-
ies involving rural, township, and urban schools would provide insight into contextual
variations in digital access and learner engagement. Longer-term interventions spanning
an entire academic year are required to investigate sustained improvements in scientific
literacy and their impact on final examinations. Additionally, quasi-experimental or clus-
ter-randomised designs would allow for stronger causal claims about the effectiveness of
digital tools. Future studies should also explore targeted interventions for scientific data
literacy, given the persistent difficulty with graph interpretation observed in this study.
Research on digital equity, including zero-rated platforms, data-free modes, and school-
provided devices would address one of the most significant barriers identified. Finally,
the multilingual affordances of tools like Binogi warrant focused investigation to under-
stand how language-switching supports conceptual understanding in multilingual class-
rooms.
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