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Abstract

Purpose: This study investigated the efficacy of two blended learning approaches—Face-to-Face Learning (FFL) and the
Online Laboratory Strategy (OLS)—in improving the academic performance of Basic Eight students in Basic Science and
Technology in Benue State, Nigeria. Methodology: Employing a quasi-experimental design, the research sampled 210
students from a target population of 27,457 across six secondary schools. Data were collected using the Basic Science and
Technology Performance Test (BSTPT), which demonstrated strong internal consistency with a reliability coefficient of 0.88.
Findings: Analysis of variance revealed a statistically significant difference in the mean performance scores of students
exposed to FFL and OLS compared to those taught using traditional demonstration methods, F(2, 206) = 131.395, p < 0.001.
However, no statistically significant gender differences were observed in performance under either FFL (F(1, 71) = 1.685, p =
0.198) or OLS (F(1, 68) = 0.048, p = 0.828), suggesting that the effectiveness of both strategies was independent of gender.
These findings underscore the pedagogical value of FFL and OLS in enhancing science learning outcomes. Significance:
Consequently, the study recommends that educational policymakers and teacher education institutions adopt and
institutionalize these blended learning strategies within curriculum frameworks. Moreover, sustained investment in teacher
training and resource provision is essential to maximize the instructional benefits of these approaches and promote
equitable, high-quality science education.
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Introduction

The quality of education delivered to a nation’s citizens is a critical determinant of its so-
cio-economic development. Sustained national progress necessitates the implementation of a
well-structured and effectively administered science and technology education curriculum. Such a cur-
riculum fosters scientific and technological literacy, equipping individuals with the capacity for innovative
thinking and rational decision-making, thereby aligning them with globally accepted standards of conduct
(Chilbabi et al., 2018).

To address the limitations inherent in traditional science teaching methodologies, Samba and
Egbodo (2019) emphasized the importance of instructional strategies that actively engage all learners and
stimulate multiple sensory modalities. Unlike traditional instructional approaches that emphasize content
delivery through lectures, this student-centered paradigm prioritizes individual learners’ needs, capabili-
ties, and interests, thereby fostering a more personalized, engaging, and meaningful educational expe-
rience (Bremner et al., 2022). They advocated for teaching methods that transcend conventional lec-
ture-based delivery, arguing for the integration of technology-enhanced, multimodal strategies—such as
blended learning models—as a necessary pedagogical evolution. These models encourage the use of
sight, touch, and hearing, thereby enhancing memory retention, fostering deeper conceptual under-
standing, and facilitating students’ ability to make meaningful connections between verbal and visual
representations of Basic Science and Technology (BST) content.

Importantly, the incorporation of blended learning strategies should not be misconstrued as a dis-
placement of educators or a mechanization of the learning process. Rather, it involves the thoughtful
application of programmed digital tools—delivered through laptops, websites, smartphones, compact
discs, and other technological platforms—that serve to complement and enrich teacher-led instruction.

Blended learning environments integrate face-to-face classroom interactions with comput-
er-mediated instruction, thereby combining the strengths of traditional teaching with the advantages of
digital learning modalities to create a cohesive and effective educational experience (Graham, 2013; Ali et
al., 2023). This instructional approach encompasses diverse educational activities, including in-person
sessions, live virtual classes, asynchronous learning tasks, and self-paced modules. By allowing students
to engage with content flexibly—at their own pace and convenience—blended learning offers a dynamic
and effective alternative to conventional pedagogies. Empirical evidence increasingly supports its poten-
tial to enhance student achievement, satisfaction, and retention. This method, therefore, leverages the
advantages of a teacher-directed classroom setting alongside the interactivity and learner autonomy
characteristic of a student-centered online learning environment (Egara & Mosimege, 2024).

The teacher in a traditional classroom instructional setting employs face-to-face driven model for
remediation or supplemental instruction in an online environment. IT allows struggling students to pro-
gress at their own pace in the ICT driven classroom. The instructional guide, the actual teaching and
learning take place concurrently. Usually, display performances and work are permitted in these strategies.
The objective of employing a face-to-face-driven model is to enhance learning by simplifying the process,
facilitating understanding, analyzing responses, and providing prompt feedback to learners (Dzakira et al.,
2006).

The online laboratory approach is another experimental strategy in the study. Here, delivery is in
the physical classroom or ICT laboratory. Learning is entirely online or sometimes using dedicated
computer laboratory to complete assigned work. This practice enables students to take learning online
under the supervision of the teacher and then eventually carry out assignments or complete their
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classwork in the computer laboratory, thus allowing them much time to learn on their own and answer
questions individually (Dzakira et al., 2006).

The choice of these two strategies is because, they are said to be learner- centered, self-paced and
are usually introduced in a traditional classroom setting for remediation or supplementary instructional
delivery in the physical classroom or ICT laboratory to give students ample opportunity to play and interact
with multimedia resources that will help them to learn meaningfully.

There is a drastic and constant reduction in the level of performance by science students in science
subjects in Nigeria often attributed to use of non-student-centered methods (Abaidoo, 2018). This implies
that the students’ academic performance in science subjects depends on instructional approach. The
results of ineffective method of instruction are students’ poor performance which suggests that the current
educational system may be feeble.

A major problem in Nigerian Education in the 21st century is poor performance. There exists poor
performance in science activities (generation, advancement, dissemination and application) among Basic
Science and Technology students. This poor performance has been linked to over dependence on con-
ventional lecture strategy by teachers, mostly characterized by teacher centeredness, one-short-lesson,
listening, chalk-and-talk, dearth of laboratory equipment and rote learning; one teacher to many students
in a classroom that is overcrowded. Conventional lecture method is tilted towards examinations and cer-
tification rather than understanding. Gender is seen as a biological anatomy employed for the purpose of
distinguishing male from female and its related issues are linked to students’ performance. Gender im-
balance in science and technology and their roles in the future should be a concern for all. It is envisaged
that, a shift from the conventional to Blended learning approach may minimize these challenges and then
open ways for electronic domains to foster mobile, engaged, intuitive, self-directed, flexible and acces-
sible instruction in and outside of schools. This calls for innovative apps like Face-to-face learning (FFL)
model and Online laboratory approach (OLS). The problem put in question form therefore is, what is the
intervention effects of Face-face learning model and online laboratory approach on performance of
students in BST, Benue State.

1. How do the mean performance scores compare among students taught BST using face-to-face,
online laboratory, and demonstration methods?

2. How does the mean performance of male and female students differ when taught BST concepts
through face-to-face instruction?

3. How does the mean performance differ between male and female students taught BST concepts
using the online laboratory method?

The study tested the following three null hypotheses at a 0.05 level of significance:

1. There is no significant difference in the mean performance scores of students taught BST concepts
using face-to-face, online laboratory, or demonstration methods.

2. There is no significant difference in mean performance scores between male and female students
when taught BST concepts through face-to-face instruction.

3. There is no significant difference in mean performance scores between male and female students
taught BST concepts using the online laboratory method.

Literature Review

The study was anchored on three learning theories: Lev Vygotsky Theory of Social Development,
Garrison Anderson and Archer theory of Community of Inquiry (CoL) and Siemens Connectivism Learning
Theory. Theory of Social Development propounded in 1962 is the work of a Russian Psychologist, Lev
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Vlygotsky. This theory is one of the foundational theories of constructivism which this study was under-
pinned. This theory upholds that learning is fundamentally a social act emphasising on an inspiration for
active learning and human-like tutors in the form of software for teaching and learning. It holds that a
transformation resulting from interpersonal process translates into an intrapersonal operation emanates
from long series of developments. This theory proposed that learning is socially constructed during in-
teractions between people or appliances, and so an embodied or humanoid agent in the form of education
software which can deliver lessons and exhibit nonverbal behaviours would necessarily increase the
social nature of learning experience. Vygotsky’s theory lays emphasis on social learning environment and
social situations in which students play an active role in the classroom. The use of face-face learning(FFL)
and online laboratory strategy(OLS) provided numerous approaches including the use of tools such as
animated videos, e-fora, computers, websites, live chat, video conferences apps, audios, chatbots among
others as social teaching and learning environment. This implies that knowledge could be developed from
personal interactions with tools. In this study, the use of ICT tools to facilitate learning is seen as the MKOs.
The internalisation of ICT tools is expected to lead to improved performance.

Cognitive scaffolding initiatives which involve the use of multimedia, video, WhatsApp, interactive
chatbot and animation and other social learning tools may help the Upper Basic students acquire new
skills, abilities, scientific literacy and confidence for problem-solving and scientific investigation. When
technological tools are provided for students to support knowledge construction, skill acquisition, active
participation, and personalized and collaborative instruction, the teacher only remains as a facilitator or
guide on the side instead of being a sage on the stage. This gave the students autonomy over their
learning. Furthermore, the theory of social development is related to this study in that, Upper Basic stu-
dents’ vocation and collaboration is considered in the theory.

Another learning theory in which this study was underpinned is the theory of Community of Inquiry
(Col) by Garrison et al. (2000). The Col theory of e-learning is centered on the concept of distinct
‘presences” that form the foundation of active learning communities in online and blended course envi-
ronments. This theory emphasizes creating spaces where students engage actively by sharing ideas,
information, and perspectives with each other and experts through virtual tools. Specifically, Col propose
that “presence” is a social phenomenon that emerges through the interactions among students and in-
structors. This theory is relevant to the study in several ways: it emphasised on social connection and
interaction, active learning as well as mobile instruction in order to facilitate teaching and learning.
Therefore, the teacher should project his/her teaching characteristics through apps, webinars, zoom,
emails, videos and video conferences, e-fora, WhatsApps, Facebook, blogs among others.With these
tools, teachers should offer optional virtual office hours for students where they can answer students’
questions and address their concerns throughout the lesson. The theory and the study beckon on the
teachers to use practice assignments, simulations and other interactive activities on electronic domains to
support skill development and divergent thinking. The emerging internet and digital technologies em-
ployed in this study probably enabled interactions among students, where and when they choose, en-
gaging collaboratively in a purposeful and cohesive group environment. This enhanced students’ aca-
demic performance by enabling them to manipulate and use the emerging technological tools and devices.
Thus, it bridged the digital divide and prepare students to become relevant to themselves and the society
at large and advancement of science and technology in Nigeria.

Siemen (2004) proposed connectivism learning theory. According to the theory, learning is a net-
work phenomenon, influenced by socialization and technology. The theorist further suggests that learn-
ing—understood as actionable knowledge—can exist beyond the individual, residing within an organiza-

Page | 4
https://journals.eduped.org/index.php/jrsme



Gbinde, F. T., Achor, E. E., & Agogo, P. O. (2025). Intervention in students’ performance in basic science and technology
using blended learning strategies. Journal of Research in Science and Mathematics Education (J-RSME), 4(1), 1-14.

tion or a database. This approach emphasizes the importance of connecting various specialized infor-
mation sources, where the relationships that facilitate further learning are considered more critical than
one's current knowledge. The theory is related to this study because, the use of FFL and OLS follow the
suit of the connectivism theory. Similar to the theory, the study emphasizes the use of visual experience,
use of internet, assessment of skills, sharing of skills and knowledge engaged learning among others. In
connectivism, the use of multimedia approach to experiments and problem-solving is encouraged, which
is also a task before this study. Here, the students need for intuitive searching is applied by the use of FFL
and OLS where science activities are made available for them to see how scientists work. After a series of
virtual experiments, the students can verify their results in a real laboratory experiment.

Some studies highlight e-learning's impact on performance of students in science subjects;
Samba et al. (2020) and Oluyemi et al. (2015), revealed that e-learning significantly boosts student per-
formance. Specifically, it is noted that e-learning leads to enhanced confidence and science process skills
among BST students. The studies further averred improved academic success and personal growth in
private secondary and tertiary institutions. This suggests that e-learning promotes not only academic
achievement but also fosters a self-directed, motivational aspect that contributes to holistic development.
However, while Samba et al. specifically measures improvements in science-related skills, Oluyemi et al.
focus more broadly on general academic and personal growth, demonstrating the flexibility of e-learning
in different academic contexts.

Relatedly, virtual laboratories and collaborative learning are emphasized by Gamberi et al. (2018)
and Achor et al. (2018), both of which examined laboratory strategies in science education. Gamberi et al.
investigated the use of virtual labs in chemistry, finding that students in collaborative settings outper-
formed those in individualized ones, with no significant gender difference in collaborative environments.
Achor et al., whose study investigated laboratory strategies in Biology, similarly found that students en-
gaged in laboratory-based methods exhibit higher science process skills acquisition than those using
traditional teaching methods. These studies share a core conclusion: collaborative, laboratory-focused
approaches enhance student achievement and skills acquisition. However, while Gamberi et al. explored
virtual, technology-based labs and their impact on gender equity, Achor et al. focused on physical inves-
tigative labs, suggesting that hands-on learning strategies, whether virtual or physical, can significantly
boost science learning outcomes.

Blended learning’s effectiveness in diverse educational settings as studied by Ndioho et al. (2021),
concluded that blended learning strategies lead to better academic performance than traditional lec-
ture-based methods, mirroring the findings of both Samba et al. and Oluyemi et al. on e-learning’s positive
impact. Like Gamberi et al., Ndioho et al. find no significant gender differences, emphasizing blended
learning’s role in fostering inclusive educational environments. Their study, however, goes a step furtherin
recommending institutional support for blended learning through enhanced ICT resources—an aspect not
directly addressed by the other studies.

In summary, these studies affirm that E-learning, whether through virtual labs, blended strategies,
or purely online approaches, consistently enhances performance and engagement across age groups
and settings. Collaborative learning emerges as a powerful strategy for both virtual and physical envi-
ronments, suggesting that interaction and hands-on experience play critical roles in modern education.
Gender-related findings also emphasize inclusivity, with collaborative and blended methods appearing
particularly effective in bridging gender gaps in performance. These findings further underscore the im-
portance of integrating technology in education, adapting it to specific contexts, and providing
the necessary resources to maximize its potential benefits.
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Method

This study utilized a non-randomized control group, pretest-posttest quasi-experimental design. To
ensure that class activities remained uninterrupted during the treatment, intact classes were employed.
The population for the study included 27,457 students enrolled in 250 Basic Eight classes across Benue
State. A total of 210 students were purposefully sampled for participation in the study.

The sample size of 210 was considered adequate because the study is quasi-experimental where
opportunity is needed to be given to students to perform science experiments on a one-on-one basis with
the use of personal computers or smartphones. Furthermore, in an experiment which emphasis is on
change resulting from treatment, it may be better handled when the subjects are small in sample size for
efficient management and control of extraneous variables. Purposive sampling was engaged to select six
coeducational schools that have ICT resources (multi-media). In order not to disrupt class activities
organize intact classes were used as control and experimental groups.

Instrument

Basic Science and Technology Performance Test (BSTPT) designed by the researchers was used
for data collection. The test consists of 35 multiple choice questions. The BSTPT comprises two parts A
and B. Part A is on personal data of students while part B has 35 questions each followed by 4 options
lettered A-D with one being a correct option. The topics covered in the BSTPT include; concept of work,
energy, power, kinetic theory and phenomena of kinetic theory. The topics were chosen because they
were part of the scheme of work and the use of blended strategies that involves multi-media resources like
pictures, animation and video simulation is capable of concretizing learning experiences that can simplify
the concepts for the students.

Three Science and Mathematics Education lecturers validated the instrument. They read through the
items to be sure that have addressed all the research objectives. There comments and suggestions
guided the researchers to address grammar and to enhance distraction level of the options. The reliability
of 0.88 using Kuder-Richardson formula was obtained for BSTPT. K-R20 was utilized because the items
have varied difficulties and were dichotomously scored.

Data Collection and Analysis

BSTPT pre-test was delivered to both groups before the treatments. This was done with the help of
basic science teachers engaged as assistants in the sampled schools. No feedback was given to the
students on their pretest performance. After the pretest, students in the experimental group were treated
via blended strategies comprising multi-media resources like animations, video simulations and pictures
having a do-it-yourself guide while those in the control group were exposed to same contents via
demonstration strategy. The basic science teachers in the sampled schools were trained by the
researchers on the use of blended instructional strategy which is a fusion of demonstration strategy and
multi-media resources. This was done using the lesson plans on the following topics; concept of work,
energy, power, kinetic theory and phenomena of kinetic theory. Students in both groups were exposed
same contents for five weeks and then revision. Students in the demonstration class were taught without
the multi-media resources and re-administered in the sixth week after treatment to get post-test scores for
analysis. Mean and standard deviations were deployed to answer research questions. The hypotheses
were tested via Analysis of Covariance (ANCOVA) from Statistical Package for Social Sciences (SPSS)
software. The decision was to reject H, if P< 0.05.

Page| 6
https://journals.eduped.org/index.php/jrsme



Gbinde, F. T., Achor, E. E., & Agogo, P. O. (2025). Intervention in students’ performance in basic science and technology
using blended learning strategies. Journal of Research in Science and Mathematics Education (J-RSME), 4(1), 1-14.

Results and Discussions

This section presents and discusses the findings derived from the analysis of data collected to
determine the effectiveness of Face-to-Face Learning (FFL) and Online Laboratory Strategy (OLS) on
students’ academic performance in Basic Science and Technology (BST) in comparison to the conven-
tional demonstration strategy. It further examines the influence of gender on student performance within
each instructional strategy. The analysis includes descriptive statistics (mean scores, standard devia-
tions, and mean gains) and inferential statistics (ANCOVA) to test the formulated hypotheses and de-
termine the statistical significance of observed differences across instructional strategies and gender.

The presentation of results begins with the descriptive analysis of pre-test and post-test scores
across the three instructional strategies, followed by an evaluation of gender-based performance within
each strategy. Subsequent sections provide inferential statistical analyses to test the null hypotheses,
thereby establishing whether the observed variations are statistically significant. The findings are dis-
cussed in line with existing literature, highlighting implications for pedagogical practice and educational

policy.

Table 1
Mean Performance Scores of Students taught BST via FFL, OLS and Demonstration Strategy
Strategies Pre BSTPT  PostBSTPT  Mean Gain
Face-to-Face Learning (FFL) Mean 2535 68.00 4265
Strategy N - r r
Std. Deviation 8.31 8.81
Online Laboratory Strate- 2760 7032 42.72
ay(OLS) N N 71 71
Std. Deviation 10.90 9.02
Mean 27.36 48.72 21.36
Demonstration Strategy N 65 65
Std. Deviation 11.02 7.32

Table 1 displays the mean performance scores of students taught BST using different instructional
strategies. For the Face-to-Face Learning (FFL) strategy, the mean score in the pre-test was 25.35, with a
standard deviation of 8.31, while the post-test mean score increased to 68.00, with a standard deviation of
8.81. In the Online Learning Strategy (OLS), the pre-test mean score was 27.60 (standard deviation of
10.90), and the mean score at post est level rose to 70.32, with a standard deviation of 9.02. Conversely,
students taught BST using the demonstration strategy had a mean score at pretest level of 27.36
(standard deviation of 11.02) but showed a decrease in the post-test mean score to 48.72, with a standard
deviation of 7.32. Additionally, the mean gain for the FFL strategy was 42.65, while the OLS strategy had
a mean gain of 42.72. In contrast, the demonstration strategy had a mean gain of only 21.36.
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Table 2
Mean Performance Scores of Male and Female Students taught BST Concepts using Face-to-Face

Learning

Gender Pre BSTPT Post BSTPT Mean Gain
Mean 24.63 67.31 42.68

Male N 44 44
Std. Deviation 713 8.20

Female Mean 26.40 69.07 42.60
N 30 30
Std. Deviation 9.44 7.83

Mean difference 0.08

Table 2 highlights the mean performance scores of male and female students exposed to Basic
Science and Technology (BST) concepts through the Face-to-Face Leamning (FFL) strategy. Male stu-
dents recorded a pre-test mean score of 24.63 (standard deviation of 7.13), which increased to 67.31
(standard deviation of 8.20) in the post-test. In comparison, female students had a pre-test mean score of
26.40 (standard deviation of 9.44) and a post-test mean score of 69.07 (standard deviation of 7.83). The
mean gain for male students in the FFL class was 42.68, while female students achieved a mean gain of
42.60. The difference between the mean performance scores of male and female students taught BST
concepts using the FFL strategy was only 0.08, indicating a close performance level between the two
groups

Table 3
Mean Performance Scores of Male and Female Students taught BST Concepts using Online Laboratory
Strategy
Gender Pre BSTPT Post BSTPT Mean Gain
Mean 28.35 70.64 42.29
Male N 31 31
Std. Deviation 9.86 10.50
Mean 27.02 70.07 42.05
Female N 40 40
Std. Deviation 11.74 7.83
Mean difference 0.24

Table 3 illustrates the difference in mean academic performance scores of male and female
students taught BST concepts using the Online Laboratory Strategy (OLS). A total of 31 male students
and 40 female students participated in the study. Performance mean score for male students during the
pre-test was 28.35 (with a standard deviation of 9.86), which increased to 70.64 in the post-test (standard
deviation of 10.50). In comparison, female students had a pre-test mean score of 27.02 (standard
deviation of 11.74) and a post-test mean score of 70.07 (standard deviation of 7.83). The mean gain for
male students taught BST concepts via OLS was 42.29, while achievement mean gain for females was
42.05. The difference in mean performance scores between male and female students taught BST
concepts using OLS was 0.24, indicating a relatively small variance between the two groups.
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Hypothesis Testing

Table 4

ANCOVA of Performance Scores of the Students taught BST Concepts using FFL, OLS and those taught
via Demonstration Strategy

Dependent Variable:  PostBSTPT

Type Il Sum Partial Eta
Source of Squares df Mean Square F Sig. Squared
Corrected Model 18976.5412 3 6325.514 88.399 .000 963
Intercept 104853.145 1 104853.145 1465.325 .000 877
PreBSTPT 75.982 1 75.982 1.062 304 .005
Strategies 18804.313 2 9402.157  131.395 .000 .561
Error 14740.583 206 71.556
Total 862426.000 210
Corrected Total 33717.124 209

a. R Squared = .563 (Adjusted R Squared = .556)

Table 4 presents the statistical analysis results, showing F(2,206)=131.395, with a p-value of 0.000,
which is less than 0.05. Consequently, the null hypothesis is rejected, indicating a significant difference in
the mean performance scores of students taught Basic Science and Technology (BST) concepts through
Face-to-Face Learning (FFL), Online Laboratory Strategy (OLS), and demonstration strategy. The anal-
ysis further suggests that the differences in mean performance scores among these instructional strate-
gies are statistically significant. Additionally, a partial Eta squared value of 0.561 was obtained for the
strategies, indicating that 56.1% of the variation in students' performance in BST can be attributed to the
instructional strategies employed.

Table 5

Comparisons of Performance Scores of the Students taught BST Concepts via FFL, OLS and those
taught with Demonstration Strategy

Dependent Variable:  PostBSTPT

(1) Strategies (J) Strategies Mean Difference (I-J)  Std. Error  Sig.

Face-to-Face Online Laboratory Strategy -2.460 1411 229
Learning Demonstration Strategies 19.155° 1.443 .000
Online  Laboratory Face-to-Face Learning 2.460 1411 229
Strategy Demonstration Strategies 21.615° 1.452 .000

Results in Table 5 presents the bivariate comparisons of various teaching strategies for Basic
Science and Technology (BST) and their effects on students' mean performance scores. The comparison
between the Face-to-Face Learning (FFL) strategy and the Online Laboratory Strategy (OLS) yielded a
p-value of 0.229, which is greater than 0.05, indicating no significant difference in mean performance
scores between these two methods. In contrast, the comparison of FFL with the demonstration strategy
showed a p-value of 0.000, and similarly, the comparison between OLS and the demonstration strategy
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also yielded a p-value of 0.000. Both of these results indicate significant differences in mean performance
scores. Consequently, the null hypothesis is rejected, confirming that there are significant differences in
the mean performance scores of students taught BST concepts using FFL, OLS, and those taught via
demonstration strategy.

Table 6
ANCOVA of Performance Scores of Male and Female Students taught BST Concepts via FFL
Dependent Variable:  PostBSTPT

Type Il Sum of Partial Eta
Source Squares df Mean Square F Sig. Squared
Corrected Model 1057.8852 2 528.943 8.139 .001 187
Intercept 42418.512 1 42418512  652.718 .000 902
PreBSTPTF 1007.430 1 1007.430  15.502 .000 A79
Gender 109.505 1 109.505 1.685 198 023
Error 4614115 71 64.988
Total 347848.000 74
Corrected Total 5672.000 73

a. R Squared = .187 (Adjusted R Squared = .164)

From Table 6, the analysis reveals F(1,71)=1.685F(1, 71) = 1.685F(1,71)=1.685 with a p-value of
0.198, which is greater than 0.05. Therefore, the null hypothesis is not rejected, indicating that there is no
significant difference between the mean performance scores of male and female students taught BST
concepts using Face-to-Face Learning (FFL). This suggests that, based on the data analysis, male and
female students perform similarly in this instructional setting. Additionally, the partial Eta squared value of
0.023 indicates that only 2.3% of the variation in students' performance scores can be attributed to gender
within the face-to-face learning class.

Table 7
ANCOVA of Performance Scores of the Male and Female Students taught BST Concepts with OLS
Dependent Variable: ~ PostBSTPTO

Type Il Sum of Partial Eta
Source Squares df Mean Square F Sig. Squared
Corrected Model 46.4732 2 23.237 279 157 .008
Intercept 43866.150 1 43866.150 526.914 .000 .886
PreBSTPTO 40.796 1 40.796 490 486 .007
Gender 3.958 1 3.958 .048 .828 .001
Error 5661.076 68 83.251
Total 356835.000 71
Corrected Total 5707549 70

a. R Squared = .008 (Adjusted R Squared = -.021)

Table 7 indicates that the analysis yields F(1,68)=0.048F(1, 68) = 0.048F(1,68)=0.048 with a
p-value of 0.828, which is greater than 0.05. Therefore, the null hypothesis is not rejected, suggesting that
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there is no significant difference between the mean performance scores of male and female students
taught BST concepts using the Online Laboratory Strategy (OLS). This finding implies that, based on the
data analysis, male and female students achieve comparable performance levels in this instructional
method. Furthermore, the partial Eta squared value of 0.001 indicates that only 0.1% of the variance in
students' performance scores can be attributed to gender within the OLS class.

The findings of the study indicate a significant difference in the mean performance scores of
students taught BST concepts through Face-to-Face Learning (FFL), Online Laboratory Strategy (OLS),
and those taught using demonstration strategies. The bivariate comparisons affirm the rejected null hy-
pothesis, suggesting that BST concepts are more effectively taught through FFL and OLS compared to
demonstration strategies. This conclusion aligns with the research of Gamberi et al. (2018), which found
that students in a collaborative learning environment outperformed those in individualized settings when
using a chemistry virtual laboratory package. Additionally, this finding supports the work of Abakpa et al.
(2016), Achor et al. (2018), and Odoh et al. (2021), which demonstrated that engaging laboratory and
e-learning strategies independently enhances acquisition of science process skills and overall perfor-
mance in biology.

The adoption of both blended learning strategies in this study facilitates a thoughtful integration of
FFL and OLS experiences. Students participated in FFL for certain courses while engaging in fully online
learning for others. By employing blended learning, the study aimed to provide a rich instructional expe-
rience that combines in-person and technology-mediated learning. This approach allows students to
connect digitally during online components, which may account for the significant differences observed in
mean performance scores among students taught science concepts using FFL, OLS, and demonstration
strategies.

Regarding gender and the use of FFL, the study found no significant difference in the mean per-
formance scores of students taught BST concepts. This outcome aligns with the findings of Gamberi et al.
(2018), indicating that performance differences between male and female undergraduates in blended
learning contexts are not significant. It also corroborates Onyenma and Olele (2020), which showed that
gender did not affect the retention of physics content. However, gender stereotyping influenced students’
cognitive skills acquisition when FFL was employed, suggesting that FFL is sensitive to gender differ-
ences in performance.

In the context of OLS, the findings indicate that there is no significant difference in mean perfor-
mance scores based on gender among students taught BST concepts. This suggests that OLS is a
gender-friendly instructional method. This aligns with Oludipe (2012), who found no significant gender
differences in academic achievement at various testing stages, and supports the conclusions, as well as
Ode et al. (2019), where gender disparities in students' achievements in e-learning contexts were not
significant. Similarly, the study agrees with Ndioho et al. (2021), which found no gender-related perfor-
mance differences among science education undergraduates. However, this finding contrasts with
Gamberi et al. (2018) and Ibenegbu et al. (2020), where significant differences in achievement based on
gender were observed.

Overall, the present study found no significant differences in mean performance scores between
male and female students exposed to BST concepts via OLS, indicating that OLS is equitable in its ef-
fectiveness across genders. The use of blended OLS allows for live videos and other digitally enabled
learning opportunities, facilitating primary instructional interactions between students and teachers. This
independent approach to learning, where students engage with online lessons, projects, and assignments
at their own pace, may explain the lack of significant differences due to in performance scores.
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Primary and post primary school children today, often named Generation Z, were born between
2001 and 2020. This generation is characterized by their strong affinity for digital devices, earning them
the label of "digital device addicts" or "ICT natives." They value independence and individuality, often
seeking autonomy in their learning and work. Additionally, Generation Z prefers to collaborate with mil-
lennial managers and innovative coworkers, embracing new technologies as integral to their daily lives
and professional aspirations (Achor, 2024), This is in agreement with what Siemen (2004) in his theory
of connectivism (learning theory for digital age) said by describing them as ‘Net Gen’ and which the
study was anchored on. Having found that both FFL and OLS are effective and innovative strategies for
teaching the crop of Basic eight students science who by their generation are ICT prone, it is an indica-
tion of finding the solution to the challenge of poor performance in Basic Science resulting from ineffec-
tive teaching strategies.

Secondly the study had to use purposive sampling to select only schools that have required ICT
gadgets since most schools are in rural areas. What a contradiction? The contradiction comes from
what we have in rural areas in Nigeria (far from exposure to ICT and use of ICT to learn) and it is anoth-
er worry in this paper. In the face of non-exciting strategies to the learners and means of studies, poor
academic performance is imminent. This definitely has obvious implication for school proprietors and
government as effort to make relevant ICT gadgets available in all schools should not be optional.

The fact that schools purposively selected were mostly schools in urban and semi-urban locations
that have ICT gadgets is an indication that there was bias in sampling through quasi-experimental de-
sign which ought not to be affected by no large sample and randomization. It was possible that
the network and a limited number of ICT gadgets must have made some schools used not to perform as
expected. This implies that the effectiveness of the strategies used in teaching could be higher if all
schools used were urban locations but this is subject to replication of the studies in different locations.

Conclusions

This study clearly demonstrates that the use of Face-to-Face Learning (FFL) and Online Laboratory
Strategy (OLS) as pedagogical approaches has significantly improved the performance of BST students
compared to traditional demonstration strategies. Based on these findings, several recommendations are
made:

1. Governments, school proprietors, and non-governmental organizations should allocate funding for
the development of adequate instructional materials and applications. This includes procuring
tablets, interactive boards, and smartphones, and ensuring high-speed internet connectivity, which
are essential for the effective integration and implementation of FFL and OLS.

2. Teacher training institutions should include FFL and OLS applications in their curricula. This will
equip both pre-service and in-service BST teachers with the necessary skills and knowledge for the
development and practical application of these innovative teaching strategies.

3. BST teachers should actively seek opportunities to attend conferences and workshops focused on
FFL and OLS. This continuous professional development will help them stay updated with the
competencies and skills required to effectively implement these strategies in their classrooms.

4, Students are encouraged to actively engage with their teachers by demonstrating curiosity, per-
sistence, tolerance, and adaptability to change. Such cooperation will foster a supportive envi-
ronment that facilitates the effective implementation of FFL and OLS strategies within their schools.
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