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N o U W N

Abstract: Approaches to teaching science are undergoing a mutation and new variants such as the
Culturo-Techno-Contextual Approach (CTCA) have emerged and are proving to be more potent
than the older variants. This study explored the efficacy of CTCA in reducing learning anxiety and
promoting meaningful learning of chemistry among secondary school students by comparing the
performance of the two experimental groups with that of the control group. The study employed an
explanatory sequential design. The quantitative phase was quasi-experimental, while the qualitative
phase was an in-depth interview. A total of 141 senior secondary II students (the equivalent of
grade 11) from three purposively selected schools in Lagos State education district V were sampled.
The Electrochemistry Achievement Test and revised Science Anxiety Scale which had reliability
coefficients of 0.78 and 0.95, respectively, were the instruments used to collect quantitative data, while
the students’ perception about CTCA interview guide was used to collect the qualitative data. The
two experimental groups were taught using CTCA in a face-to-face class and blended learning mode,
while the control group was taught using the traditional lecture method. Treatment lasted five weeks
after which posttest and retention test (four weeks after posttest) were conducted. Quantitative data
were analyzed using one-way MANCOVA, the qualitative data were analyzed using framework
analysis. The results showed that each of the CTCA groups outperformed the lecture group on
measures of achievement (F(2,136) = 72.05; p < 0.01) and anxiety (F(2,136) = 11.87; p < 0.01). CTCA
was also found not to have a significant differential impact on the experimental groups based on
gender. By these results, it was inferred that irrespective of the learning platforms (online or physical),
CTCA has the potency to improve students’ understanding of chemistry concepts compared to the
traditional lecture method. Therefore, within the limitations of the study, it was concluded that CTCA
is a viable teaching approach for reducing learning anxiety and promoting meaningful learning of
chemistry concepts. Open doors for future exploration were also highlighted.

Keywords: culturo-techno-contextual approach; chemistry; secondary school; anxiety; meaningful
learning

1. Introduction

Science teaching, science learning, and application of scientific knowledge to solving
basic and complex human and societal problems that can foster all-around development
at a competitive rate in Africa face formidable challenges that are tasking conventional
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strategies. For over four decades, science educators in the continent have been con-
cerned with two major tasks—how to attract young citizens to study science and how to
continually improve students’ performance in internal and external examinations [1].
Series of efforts, ranging from curriculum reforms, conferences, roundtable discussions,
the conduct of short-term and longitudinal studies, and project interventions such as
the EPFL-supported project in Tanzania; the mobile science laboratory kits project in
Zambia; the mobile lab for science learning in Burundi, Togo, and other countries under
the umbrella of the East African communities; and the early science learning project in
Nigeria and Ghana have been explored to ensure success on these two fronts. While
notable achievements have been recorded on each of these tasks [2], current demands
to provide quality science education for young citizens as aspired and expressed in the
Africa Union Agenda 2063 (in pursuance of the “Africa We Want”) show that there is
much left to be desired.

In Nigeria, science learning starts from primary school as a general subject such as
English language and mathematics. Students at this level, and through the end of junior
secondary school, are introduced to basic scientific concepts, culture, and thinking processes.
Upon successful completion of junior secondary education, science learning becomes a
choice at the senior secondary school, and here is where the challenge begins. As reported
by [1], a closer look at the entry registers of students into senior secondary school (taking
Lagos as an example) shows that many of these students often opted for science, but within
the first year, a significant number of the students are already considering dropping science
for other fields of study. By the second year, since the last 10 years, not less than 30% of
these initial registrants would have switched to other fields. Why the sudden change of
interest is the question to which answers are being sought from different directions. Thus,
recognizing this challenge is easy, but providing enduring solutions seems to be the most
difficult challenge, nonetheless, we cannot fold our hands.

1.1. Students’ Performance in Chemistry

In spite of the importance of the knowledge of chemistry to our daily activities
and the development of our nation, given the highlights in the preceding subheads, not
many of the students in the higher institutions in Africa and particularly in Nigeria
are in the field of chemistry today. While a minuscule number of them offer chemistry-
related courses such as biochemistry, many of these few students perform poorly and
show no enthusiasm or good attitude towards learning the courses, and the females are
not even doing as good as the males [3]. The case appears to have been rooted from
the performance of the students in chemistry at the secondary school level. Students’
achievement in chemistry at the secondary school level, both in internal and external
examinations, have not been encouraging over the years. Available statistics on students’
performance in chemistry in the West African Senior School Certificate Examination
(WASSCE) from 2010 to 2019 (Figure 1) show that the performance of students is still not
at its best, given that there are less than 40% of the expected population in class within
these years [4].

Why this persistent unsatisfactory performance in chemistry? A number of studies
have been conducted to evaluate and find answers to this question [4-6], and findings from
these studies revealed that there are several factors responsible for the underperformance
of the students. These factors include but are not limited to a lack of adequate facilities,
lack of motivation to learn resulting from anxiety, poor teacher—student ratio, inadequate
learning materials, and use of approaches that do not consciously cater to the individual
learner’s needs, nor show any respect for their cultural worldview and how it may impact
their learning. At the centre of these preponderant reasons is the method or approach used
in teaching chemistry. Some scholars have argued that, even if there are adequate learning
materials and conducive learning spaces, if the teacher’s choice of teaching method is
inappropriate, the expected results may be hindered [3,7].
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Figure 1. Students’ performance in chemistry in Nigeria (2010-2019). Source: WAEC Office Yaba, Lagos.

Several teaching methods and strategies have been employed by teachers in the coun-
try to teach senior school chemistry with the intention to make students learn better and
understand chemistry concepts in order to improve students’ performance in the subject.
The effects of teaching strategies such as concept mapping [8], jigsaw [9], and collabora-
tion methods [10] have been extensively investigated and have been reported as effective
teaching approaches to improving students’ achievements in chemistry. Other teaching ap-
proaches such as the use of computer simulations [11,12], concrete-representational-abstract
instructional strategy [13], cooperative learning [14], guided inquiry [15], computer anima-
tion [16], reflective teaching strategy [17], problem-solving [18], demonstration method [19],
4MAT [20], and card games [21] have also recorded some gains in their implementation in
chemistry classrooms in Nigeria.

However, despite these efforts directed towards enhancing the state of chemistry
learning and improving students’ performance in the different parts of the country, un-
derperformance still persists, and students’ knowledge of the subject has not significantly
improved. Recent investigations into this problem now point sharply at the common-
ality of these teaching strategies employed in our classrooms over the years—they are
all developed outside the context of Africa and thus may not be as suitable for teaching
African children [2,5,22,23]. Thus, the drive for this study is hinged on the urgent need
to improve students” achievement in chemistry learning through pedagogical tools that
provide a framework in which teachers can help students learn beyond fact memorization
and also empower the students to think critically, appreciate the values of indigenous
knowledge in classroom learning, and build cultural intelligence in ways that can uniquely
motivate them to attain academic excellence at higher levels of cognitive achievement (the
Bloom’s taxonomy). It is worth noting that students” achievement in this study refers to
students’ satisfactory performance when tested after a relatively long period of time. This
is often referred to as post-posttest or delayed posttest achievement. However, just to be
parsimonious, we will use the word achievement throughout this paper.

1.2. Anxiety and Chemistry Learning

To win more students to study science, a significant reduction in students” anxiety
level in science classrooms is required. Anxiety in science learning has been described as the
feelings of tension and fear that hinder students’ involvement with scientific operations [24].
As earlier explained, the desire to improve students” performance in chemistry and other
science subjects in Nigeria has geared considerable attention towards understanding how
students learn and how to help them to learn meaningfully. For students to learn they must
be interested in what they have to learn, otherwise meaningful learning might not take
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place. In recent times, our interactions with chemistry teachers, particularly in government-
owned schools which housed a larger percentage of the secondary school population in
Nigeria, revealed that many of the students do not like to stay in class during chemistry
periods. While there could be several reasons for this behavior, the views of most of the
teachers we interacted with could be summarized as anxiety.

Earlier studies that have investigated this problem have submitted that the use of
approaches that are student-centered has the capacity to increase students’ active engage-
ment in science learning processes and reduce learning anxiety [25,26]. Other studies
have shown that instructional methods that promote group discussion and metacognitive
learning [25,27,28], which allow students to control their cognitive processes, can also
reduce learning anxiety, and thereby improve students’ interest in learning and overall
achievement. Thus, a negative correlation has since been established between anxiety and
students” achievement in science [29-31] through empirical studies. While several teaching
methods with these characteristics have been experimented with and used over time by
teachers to teach chemistry in our classrooms, poor attitude to learning and show of lack of
interest indicates that the pervasiveness of anxiety still persists.

It therefore appears to us that perhaps, given the rise in the resistance of the various
forms of contextually mitigating factors (macrogenic, mesogenic, and microgenia) [32], to
business as usual, regarding science teaching and learning in our schools, there is a need to
rethink and adopt fresh approaches that can address the persistent problems of the past;
approaches that can provide quality science learning for all, prepare the students with capa-
bilities to compete in the global STEM markets, and make them functional and productive
members of their societies. Hence the reason to continue the search for more enduring
approaches that can sustainably increase students” participation in chemistry learning
in Nigerian schools. A scan through the literature on how best to address this problem
revealed a sign of hope from the reports of studies that have explored culturally relevant
pedagogies in boosting students” achievement and sustaining their interest in learning.
Culturally relevant pedagogies have been described as strategies that teachers can adopt
to empower students with the ability to attain long-term academic achievement [2,33,34],
develop their cultural competence [35,36], and build their capacity to be able to logically
critique issues around them [4,37,38]. In these previous studies, culturally relevant pedago-
gies have been found to promote students’ active engagement in science learning and as
such may have the inherent capability to significantly reduce students” anxiety towards
learning chemistry.

1.3. Gender Difference in Achievement in Chemistry

Gender difference has been identified as a major factor mitigating the general under-
achievement of students in STEM courses [32]. Several studies have found that significant
differences exist between male and female academic achievement in chemistry, and it is
mostly in favour of the male students [39]. This difference is indeed not peculiar to aca-
demic achievement, it further extends to participation in science and technology activities.
The female participation rate in science and technology in Africa is perceived as low [40],
and different initiatives have been implemented to ensure gender balance; however, gender
disparity in terms of school enrolment, academic achievement, retention, and completion
rates in African schools remains appalling.

Gender difference has been a long-coming issue in students’ performance in chemistry,
which according to [3,7] is largely due to the non-girl-child friendly methods of teaching
adopted by the teachers over the years. The chalk-and-talk method, which is the commonly
used method of science teaching in our classrooms, makes the learning atmosphere com-
petitive, making it difficult for most female students to thrive [3]. However, more recent
studies have given a glimpse of hope that this narrative can be changed with the use of
culturally relevant and technological-mediated methods of teaching to bridge the gender
gap in learning chemistry [1,4,41]. This study clings to the testimony of these studies



Educ. Sci. 2023, 13, 447

50f29

to explore the potency of the culturo-techno-contextual approach in closing the gender
difference in achievement in chemistry.

1.4. Purpose and Research Questions

The problem that this study sought to solve is the persistent underperformance of
secondary school students in chemistry and the growing students’ anxiety towards learn-
ing chemistry [4]. Since 2010, there have been no two consecutive years that Nigeria has
recorded improved performance in chemistry in WASSCE; the pattern of results has been
one year up and another year down. This sinusoidal wave-like performance where the crest
remains unsatisfactory calls for urgent attention. There are also reports [41,42] confirm-
ing that a significant number of secondary school students in Nigeria perceive chemistry
concepts as difficult. This perception creates fear in the students, distorts their interest in
learning when the subject chemistry is mentioned, and, thus, impacts their performance neg-
atively. Our target, therefore, was to explore the potency of the culturo-techno-contextual
approach through a face-to-face and blended learning mode on secondary school students’
achievements in, and anxiety towards, chemistry. We hypothesized that if students’ anxiety
resulting from difficulties with learning chemistry concepts is significantly reduced and
meaningful learning is enhanced through appropriate teaching approaches, we may be
more than one step closer to achieving the “Africa We Want” (AU’s agenda, 2063).

The study is guided by the following research questions:

1. Is there a statistical difference in the achievement and anxiety level of secondary
school students in electrochemistry when taught using CTCA in a face-to-face class;
blended class; and using the conventional lecture method?

2. Is there a statistical difference in the achievement and anxiety levels of male and
female students taught electrochemistry using CTCA in the face-to-face class and
blended class?

3. What perception do secondary school students hold about the use of CTCA as a
strategy for teaching and learning chemistry?

1.5. Why the Culturo-Techno-Contextual Approach?

CTCA is a dividend of over 40 years of quest for a tool that can be used in breaking
the barriers to meaningful learning in science subjects. Several methods of teaching science
have been found to improve the learning of science concepts. These methods include
cooperative learning, concept mapping, discovery learning, demonstration, argumentation,
mastery learning, and vee diagramming. Most, if not all, of the methods, singly or in
combination, have failed to sustainably promote meaningful learning of science in Africa
to a level that can be regarded as significant in the face of contextual mitigating factors. The
search for such a method that will foster meaningful learning and elevate the performance
of students in school and public examinations led to the invention of the CTC Approach by
P.A. Okebukola in 2015.

CTCA is a culturally and contextually relevant approach (method) to teaching and
learning in science designed to break down many of the traditional barriers to meaningful
learning. Such barriers as fear of science due to its imported and complex language and
terminologies; deficit of facilities for teaching and learning; abstract nature of some of the
concepts; and perception that science is only for the genius are expected to be melted and
broken down by CTCA. The approach as shown in Figure 2 is an amalgam, drawing on
the power of three frameworks: (a) cultural context in which all learners are immersed;
(b) technology-mediation to which teachers and learners are increasingly dependent; and
(c) locational context, which is a unique identity of every school and plays a strong role in
the examples and local case studies for science lessons.

Since its official launching as a teaching strategy in 2015, a few studies have tested
the efficacy of this approach in Nigeria, Ghana, and Burundi, and they reported positive
impacts of the approach not only on the students learning but also on their attitude towards
learning [43-45]. However, in recent times, there has been an increase in the number
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of studies exploring the potency of this approach in promoting meaningful learning of
concepts in STEM subjects, focusing on concepts that have been reported in the literature as
difficult to learn for students. In biology, the efficacy of CTCA has been tried out on various
concepts including ecology, mutation, variation, genetics, and evolution [2,4,35,46]. In
chemistry, the studies include [4,41]. CTCA has equally been tried out on ICT concepts such
as logic gates, flowcharts, and algorithms [47] as well as in physics—refractive indices [48].

Technology

Figure 2. The three frameworks of CTCA.

Notably, each of these studies reported a significant impact of CTCA on the learning
attainment of the students, they also reported no gender difference in the performance
of the students. This study was therefore conceived to further explore the potency of the
approach in breaking the barriers to learning concepts in electrochemistry with two steps
beyond the previous studies. We observed that the previous studies based their claims on
students” achievement at the posttest (for this reason, we extended our search to retention
test/post-posttest) and asked ourselves if the students would still recall what they have
learned weeks after the posttest. On the other hand, given the demand of the new normal,
we noted that none of the previous studies went beyond face-to-face teaching; thus, we
decided to explore the blended learning mode.

1.6. The Blended Learning Mode

Blended learning can be thought of as the use of a combination of different lesson
delivery modes for effective teaching and learning. A scan through the literature revealed
that the blended mode of learning involves complementing traditional face-to-face class-
room learning with online learning delivery modes [49-51]. With the recent pandemic
experience accompanied by the massive adoption of different e-learning modes, blended
learning has become a more apparent mode of lesson delivery. According to [52], blended
learning is an effective mode of teaching which helps to promote students” engagement
in the learning process due to the opportunity for different stages of learning experiences.
The use of blended learning has been emphasized as a medium for chemistry teaching and
learning to gain improved performance among students [53,54].

However, the shift in the learning mode from the traditional face-to-face classroom to
an online or blended learning mode suggests that there may be implications of differences
in the learning modes on male and female students” performance. It is a societal belief
that male children are more skilled in the operations or use of modern technologies than
females. However, very few studies have subjected this hypothetical view to experimental
investigation in chemistry. It is in addition to this background that this study was expanded
to investigate the possible effects of culturally relevant pedagogy and e-learning approaches
on students’ performance in chemistry based on gender.
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1.7. Theoretical Perspective

The theoretical framework for this study draws from Vygotsky’s theory of social
constructivism and instructional scaffolding and Ausubel’s theory of meaningful verbal
learning and advance organizer. The author of [55] argues that culture is the primary de-
terminant of knowledge processing and construction. Learning takes place through social
interaction among people bound by culture created by their unique strengths, language,
and experiences. The author of [56] corroborating this argument asserts that learning as
human behavior is rested on interaction with significant others within the social environ-
ment influenced by the culture of the people. This significance of culture in knowledge
formulation is what CTCA leverages. Vygotsky’s theory of social constructivism further
asserts that learning is essentially a social process where important roles are played by
parents, teachers, peers, culture, and the society at large.

The theory emphasizes social interaction within the family and with knowledgeable
others in the society as the basis for a child’s acquisition of knowledge and behavior that
are relevant to the society. This assertion provides support for the implementation of
CTCA. A step in the implementation of CTCA requires the students to seek information
about indigenous (cultural) knowledge related to a given topic from their parents, guid-
ance counselor, or any more knowledgeable other (MKO) before coming to class. This
process exhibits social interaction with parents playing a crucial role in the development of
higher psychological functions of the students. The pre-lesson knowledge obtained from
this interaction serves as an advance organizer [57], making it easier for the students to
incorporate new information into their cognitive structure during the main lesson. From
Ausubel’s perspective, this is meaningful learning. The notion of an advanced organizer
was proposed by Ausubel as a way of helping students to learn meaningfully rather than
rote learning by linking their ideas with new information, concepts, or materials.

CTCA also allows the students to work in groups (mixed-sex and mixed-ability) to
share among their peers the knowledge gleaned from their socio-cultural interactions
with parents and other resources. This strengthens the social process of interacting with
classmates (peers), enabling the students to share and gain knowledge that ordinarily they
may not have gained independently. According to Vygotsky, this structure of learning
(scaffolding) provides support for a student to learn skills or aspects of a skill that go beyond
the student’s zone of proximal development (ZPD). The ZPD, as defined by Vygotsky, is
the set of skills or knowledge a student cannot do on his/her own but can do with the
help or guidance of a more knowledgeable other (MKO). The theory behind these concepts
(scaffolding and ZPD), which explains their underlying connection with this study is
that, compared to learning independently, CTCA allows the students to learn more when
collaborating with their peers or others who have a wider range of knowledge and skills
than they currently do. In addition, the use of ZPD requires the teacher to know the
current level of knowledge of the students, and that is the thrust of the pre-lesson activities
in CTCA.

Vygotsky’s sociocultural theory also postulates that social interaction between the
teacher and the students is key to students” academic excellence. This social learning theory
emphasizes the need for teachers to construct active learning communities and provide
an opportunity for managed discussions among the students. Such discussions with
substantive comments and meaningful exchange of ideas among the students will result in
questions that trigger deep thinking and, in turn, promote meaningful understanding. This
aligns with the opinion of [58] who argue that classroom interaction between teachers and
students promotes capacity development and enhances the students” quality of reasoning
through questioning techniques. CTCA banks on this theory to create an organized learning
atmosphere where the teacher, playing the important role of facilitator, maximizes the
students’ ability to interact with their peers through small group discussion, collaboration,
and giving feedback. The teacher actively engages the students in the learning process
giving every student an equal chance to submit ideas and make comments.
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1.8. What Informed Our Choice of Electrochemistry?

Nigeria and Ghana contribute about two-thirds of the number of candidates from the
five West African countries that sit for the West Africa Senior School Certificate Examina-
tions (WASSCE) on a yearly basis for over three decades. Based on this dominant stand,
there is an unwritten presumption that whatever affects these two countries regarding
WASSCE will possibly affect other member countries. To this end, [41] conducted a survey
of difficult concepts in chemistry, sampling about 1300 final-year students from Nigeria
and Ghana. Findings from the survey showed that electrochemistry concepts are perceived
as difficult by the sampled students. This result is somewhat worrisome and deserves some
attention for four reasons.

First, studies [42,59,60] on difficult concepts in chemistry continue to report electro-
chemistry as difficult for students to learn. Second, as earlier noted by [59], the WASSCE
chief examiner’s report from 2009 to 2014 acknowledged that students find questions on
electrochemistry difficult. Unfortunately, we found that over six years after this report the
story remains the same [1]. Third, we also observe that in the last 10 years, questions on
electrochemistry concepts form a significant part of the final year chemistry examination for
students in Nigeria and other Anglophone West African countries. Implicitly, the recurring
poor performance of the students in electrochemistry is a major contributor to the overall
long-coming unsatisfactory performance of the students on a yearly basis. Lastly, given the
importance of the knowledge of electrochemistry on renewable energy and other advances
in modern technology, which is an area of focus of the government of Nigeria and those of
other African countries as expressed in the AU’s agenda 2063, there is an urgent need to
break the barriers to its meaningful learning by the students.

2. Methodology

This study employed explanatory sequential design, a mixed-methods design. The
basis for the choice of this design was to provide a better understanding of the research
problem than would have been achieved by either a quantitative or a qualitative method
alone. The explanatory sequential design allows the user to first collect and analyze the
quantitative data and then proceed to collect, analyze, and use the qualitative data to
further explain or justify the quantitative results as applicable [61]. The quantitative aspect
of the design was pretest, posttest, and delayed posttest non-equivalent group design,
which comprised two treatments and one control group, while the qualitative aspect was
through in-depth interviews. Based on the understanding of the administrative limitations
that surround getting clearance from the state ministry of education to randomly assign
students to groups for this study, an intact class from each school represented a group. It is
on this premise that the quantitative aspect of the study design was quasi-experimental.
For the qualitative phase of the study, 12 students (six males and six females) from the
CTCA groups were randomly selected for an interview.

2.1. Participants

With reference to the research design of the study, three senior secondary schools
within Lagos State education district V were purposefully selected for this study. Senior
secondary school year two (S52—the equivalent of grade 11) students participated in the
study. Each school that participated had a chemistry teacher, a school laboratory, and a
record of teaching chemistry to the students in the 2019/2020 and 2020/2021 (first term)
academic sessions. The major criterion for eligibility in the study was students” access to
internet-enabled devices, particularly after school hours. The schools were considerably
distanced from one another to avoid undue interaction that may confound the outcome of
the study among the participants. A total of 141 SS2 students participated in the study. The
participants were selected from three schools. The experimental group I (CTCA-blended
group) had 39 subjects (17 females and 22 males) and was from a private school. The
experimental group II (CTCA- face-to-face group) had 48 subjects (27 females and 21 males)
and was from a public school, while the control group had 54 subjects (25 females and
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29 males) and was also from a public school. Each of the groups was an intact class as
randomisation was not feasible due to district administrative regulations. The choice of
the private school for the experimental group I was because private schools permit the use
of phones, tablets, and personal computers for learning during regular school hours as
opposed to public schools. The average age of the students was 15 years.

Going by the structure of the school curriculum, the students had not been thought
electrochemistry at the time the study was conducted. The appropriateness of the par-
ticipants was further justified given that they had spent four terms in the science class,
learning contents, processes, and ethics of science, which served as a prerequisite for this
study (e.g., oxidation number and the periodic table). In addition, previous studies have
also revealed that students at this level are already very skillful in the use of mobile devices
and computers for social and other desired functions [44].

2.2. Instruments

The electrochemistry achievement test, which was a multiple-choice items instrument,
was developed to collect the quantitative data for this study. The instrument was devel-
oped using past questions from the West African Senior School Certificate Examination
(2014-2020) and two commonly used senior secondary school chemistry textbooks. The
items were constructed following the revised Bloom’s taxonomy [62] of educational ob-
jectives for its table of specifications, such that all the six levels of the cognitive domain
were represented, following the 20 golden rules for multiple-choice questions [63]. The
instrument contained 30 discrete items with four options lettered A-D, the options to
each question had one key and three distractors. Following are examples of items in
the instrument:

1. If a current of 4.5A is passed through a solution of silver salt for 75 min, what is the
mass of silver deposited? (A) 22.66 g; (B) 31.45 g (C) 28.16 g; (D) 33.65 g

2. When dilute copper(II)chloride solution is electrolysed, the reaction at the cathode is
represented by which of these equations?

3. The set-up of an electroplating experiment is a typical example of (A) a chemical cell;
(B) an electrolytic cell; (C) a Daniel cell; (D) a Leclanche cell.

The instrument was validated by three chemistry and two English language teachers
with over 10 years of experience in secondary schools. The function of the chemistry
teachers was to scrutinize each district item and the corresponding options to ensure that
they were not beyond the scope of the content to be taught to the students and were in line
with the behavioral objectives outlined in the lesson plans. The language experts helped
to ensure that the items were as clear as possible and were void of any grammatical and
semantic errors and free from ambiguity. All comments and observations were resolved
accordingly before the second draft was trial tested with 20 SS3 students who had been
taught the electrochemistry concepts. This trial-testing exercise raised a few issues around
time allocation and general face validity. The feedback from the trial-testing exercise was
then used to draw the final draft of the instrument. The coefficient of stability of the
instrument was determined using the test-retest reliability procedure, and a coefficient of
0.78 was obtained.

The revised science anxiety scale developed by [64] was adopted for this study given
its contextual relevance to the current study and population of interest. The instrument
contained 20 words that depict states of the mind, ten of which are positive, and the other
ten negative. These words were then used as sentences, as in the following examples:

Whenever it is time to learn chemistry, I feel excited. Yes or No.
Whenever it is time to learn chemistry, I feel scared. Yes or No.

The instrument is scored on a continuous scale of 1-40. Since it is designed to measure
negative tendencies that reflect anxiety, if a student said “yes” to a negatively tuned
statement, the student scores 2 points. Likewise, if “no” was said to a positively tuned
statement, 2 points are scored and vice versa. By this scoring pattern, the total obtainable
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amount of points is 40, which shows a very high degree of anxiety, while 20 is the lowest
obtainable amount of points if all the twenty words are attended to. The 20 points score
shows that a student does not or rarely experience any form of anxiety in the assessed
subject. The coefficient of stability of the instrument was determined at 0.95.

The third instrument was the students’ perception of the CTCA interview guide
(SPCIG), which was used to elicit responses from selected participants on their views
about the use of CTCA for learning chemistry. The credibility of data collected through
the instrument was ensured through participants’ triangulation and member check, which
was done through repeated listening to the interview recordings and matching with the
unwinnowed transcription.

2.3. Procedures for Implementing CTCA

The two experimental groups (the face-to-face and the blended) were taught using
CTCA following its five steps (www.ctcapproach.com; accessed on 5 June 2021) for imple-
mentation as depicted in Figure 3. The treatment period lasted five weeks; each week, there
was an eighty-minute lesson in each of the groups including the comparison group, which
was taught using the conventional lecture method.

Pre-lesson assignment on
cultural practices and web
resources related to a
given topic

culture

Beginning of lesson;
group work and
presentations on
output from step 1

P

CTCA
Implementation
Steps

scaffolding

Sprinkle of humor and
drawing practical

examples from the D
. immediate surrounding of
reflection
the school

context

In-class learning activities

Figure 3. CTCA implementation procedure.

Learning activities were similar for the two experimental groups, an exception was
that the blended group had two of their five lessons, online, using the Zoom platform,
which was the students” most familiar video conferencing app [65]. The Zoom platform was
also preferred because it allows students to group (step-2; group activities)—a necessary
function in the implementation of CTCA—through its breakout room feature. The online
assessment was carried out using a dedicated learning platform powered by Moodle
(www.adekunleoladejo.com; accessed 30 June 2021, Figure 4), unlike the unstructured
arrangements (particularly through WhatsApp) used in most schools in Nigeria and many
parts of Africa at the peak of the 2020 pandemic [65]. Each of the students in the blended
group had a login detail through which they accessed the site, and the teacher was able to
track the activity of every student on the site per login.
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Figure 4. Screenshot of the class site for assessment.

In implementing the CTCA, two days before the start of the lessons (after conducting
the pretest), the students were informed of the first topic (electrodes and standard electrode
potential) to be learned and were told to complete two tasks: (a) reflect on indigenous
knowledge or cultural practices and beliefs associated with the topic and (b) search the web
for resources, particularly YouTube videos related to the topic, using their mobile phones
or other internet-enabled devices. They were told to discuss the assignments with their
parents/guidance counselor or anyone who can help at home. The students were also
informed that such reflections would be shared with others at the beginning of the lesson;
this is step one of the five steps in implementing CTCA and it reflects the application of
Vygotsky’s concept of scaffolding and Zone of Proximal Development (ZPD).

However, it is important to mention here that we recongnised the possibility of some
natural challenges with this step and its related learning activities, particularly because the
students do not come from the same home. Differences in socio-cultural background and
socio-economic status may set in, to the extent that some students may not have anyone
to help, or are willing to help, with related cultural practices and indigenous knowledge,
and some students may not have access to the internet. Thus, the group activities that
allow the students to interact based on their findings from the pre-lesson assignments
and the teacher’s rendition in step 2 are expected to bridge this gap. We reckon that by
the end of the group discussion and class presentation, virtually all members of the class
would have been primed that the unit of information needed to flow with the teacher as the
lesson progresses.

At the start of the class and after the introduction of the topic by the teacher, the
students were asked to move to their respective groups (students were grouped into mixed-
ability, mixed-sex groups of eight to ten students per group with a group leader). Within
10 min, as can be seen in Figure 5, they shared individual reflections on (a) the indigenous
knowledge and cultural practices and beliefs associated with the topic and (b) summaries of
ideas/information obtained from web resources. In each group, a summary of the cultural
and web-based reflections was documented and presented to the whole class by each of
the group leaders within 3-5 min (Figure 6). At the end of the students’ presentation, the
teacher wrapped up by sharing his own cultural reflections on the topic (see Figure 7). This
is step 2 of CTCA, and it reflects the application of Vygotsky’s concept of ZPD, scaffolding,
and learning from a more knowledgeable other (MKO) through peer-share/tutoring.

Students progressed with the lesson following the teacher’s guide; the teacher drew
practical examples from the immediate surroundings of the school. Examples that the
students can physically observe and relate with to make chemistry real (such as soda/bimbo
soap, zobo leaf, and street table tennis points, koun blala and kaun obe—potash). This is
the “context” flavor of the approach. Some content-specific humor was also sprinkled into
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the lesson as it progressed. This is step three of five, and it reflects the use of contextually
relevant examples to concretize learning [35].

Figure 6. Presentations by group leaders.
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| Used to explain and exemplify electrolysis |

Figure 7. Sample of related cultural practices and contextual examples.

As the lesson progressed, and throughout the duration of the lesson, the students were
reminded of the relevance of the indigenous knowledge and cultural practices documented
and presented by the groups for a meaningful understanding of the concepts. The areas of
misconceptions associated with cultural practices presented by the students were cleared
by the teacher. This is step four of five, and it reflects the application of Nkrumah’s
ethnophilosophy to reinforce learning.

At the close of the lesson, the students were informed to expect a summary of the
first lesson (about two pages of SMS) on their phones. The lesson summary (see Figure 8)
was sent via bulk SMS and the class WhatsApp platform (step five). They were also
informed that after the first lesson, it would become the responsibility of the group leaders
to send such a message. Before the class was dismissed, the teacher gave a new pre-lesson
assignment to the students on the next topic, which was electrolytic and electrochemical
cells, and directed them to carry out the step-one tasks, just as they were for the first lesson.
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Figure 8. Screenshots of lesson summary sent to the class through WhatsApp.
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2.4. Data Gathering and Analyses

At the end of the treatment period, a posttest was conducted for each of the groups
using the electrochemistry achievement test and the revised science anxiety scale that was
used to collect the pretest data on measures of achievement and anxiety. The comparison
group and the face-to-face experimental group had their tests in paper and pencil mode,
while the blended group had theirs online using the class site. We do not consider the
online platform as a disadvantage for the blended group, since they were familiar with
how it worked, given the experiences they had gained during lessons and assignments.
The time allocation for test completion was the same for all groups, and since the students
in the blended group took their test in class using their gadgets (phones/tablets/laptops)
under the supervision of the teacher like the other groups, we were sure that no form
of malpractice took place. Two days after the posttest, the selected students who had
been pre-informed were interviewed on their perception of the use of CTCA for learning
chemistry and their perceived impact of the approach on their understanding or otherwise
of the concepts of electrochemistry.

The interview took place at a quiet location within the school premises as authorized
by the school’s principals. Before the commencement of the interview, the students were
reminded that the session was being recorded and the conversation was confidential and
strictly for academic and research purposes. The setting for the interview was prepared
in such a way that the interviewer and the interviewee were seated facing one another
with a table in the middle and two glass cups of water and a recorder placed on it. The
setting was planned in this manner to make the interviewee feel relaxed and comfortable
and also to secure the interviewee’s confidence and cooperation [66,67]. The interview took
place between 9:00 am and 11:00 am (before the long break hour) on different days in the
two schools. Each interview session lasted about 12 to 15 min. The timing (morning hours)
was to ensure that students were not fagged-out and/or distracted due to long-break
activities.

However, because this study is targeted at promoting meaningful learning, we con-
ducted a retention test for the students (i.e., post-posttest, following the same procedure
as it was during the posttest) on achievement in electrochemistry four weeks after the
posttest without giving prior information to the students. The quantitative data collected
was analyzed using multivariate analysis of covariance statistics in IBM-SPSS version 23,
given that there were two dependent variables (achievement and anxiety) in the study
and the students were not randomly assigned to groups. The pretest scores on achieve-
ment and anxiety were used as the covariate to partially exclude the effects of any form
of initial difference among the groups on the outcome of the study. The data had earlier
been subjected to the required parametric assumption tests to ascertain that it was fit for
the identified statistical tool. The tests are, Levene’s test of homogeneity, which tells the
extent of the variance among the group, and the Shapiro-Wilk test of normality, which
tells whether the data collected is normally distributed or not and if the result obtained
can be viewed as coming from a true representation of a normal population. Others are
the test of the absence of multicollinearity, the Box’s M test, and levels and measurement
of variables. The qualitative data were analyzed using framework analysis, otherwise
known as structured coding, and an interpretative approach, following the principles
of explanatory sequential design. Thus, the findings from qualitative data were used to
provide an in-depth understanding of the results obtained from the quantitative data [61].

3. Results

The results obtained from the parametric assumption tests carried out on the data
collected showed that the data satisfied the assumption of homogeneity of variance
among the groups on each of the dependent variables (achievement-F = 0.99; p > 0.05;
anxiety-F = 2.99; p > 0.05). The output of this test, the Levene test, confirmed to us that the
data collected from the groups do not vary significantly. By this, it shows that the variance
of each group is almost at par with one another, and, therefore, they are statistically com-
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parable. It also confirmed that the data collected in each group for each of the dependent
variables were not significantly different from normal (see Table 1).

Table 1. Output of test of normality and homogeneity.

Dependent . Shapiro-Wilk
. Teaching Strate

Variable & &Y Statistic df Sig.
CTCA Blended 0.95 39 0.07
Achievement CTCA Face-to-face 0.96 48 0.13
Lecture method 0.97 54 0.22
CTCA Blended 0.97 39 0.27
Anxiety CTCA Face-to-face 0.98 48 0.38
Lecture method 0.97 54 0.18

Levene’s Test of Equality .
of Error Variances F dft df2 Sig.
Achievement 0.99 2 138 0.37
Anxiety 2.96 2 138 0.06

The Box’s M test equally confirmed the null hypothesis that the observed covariance
matrices of the dependent variables are equal across groups (F = 1.89; p > 0.05). The data
were also found to pass the test of the absence of multicollinearity, as the results showed
that the Pearson correlation (r value = 0.48) for achievement against anxiety was less
than the 0.80 benchmark. We also ensured that the observations made were independent
of one another. Thus, no participant was in more than one group and, since the study
employed intact classes, it was ensured that the schools that participated in the study were
considerably distant from one another.

Having met the required parametric assumptions, we proceeded to apply the one-way
multivariate analysis of covariance (MANCOVA) statistics to the pretest and post-posttest
scores of the students in each group on measures of achievement and anxiety. In research
question one, the results obtained showed that there was a statistically significant differ-
ence in performance among the three groups in the study (Pillai’s trace = 0.60 (F = 29.35;
p <0.01)). The output of the univariate F (see Table 2) further showed that the observed
difference in performance among the groups was in both achievement (F(2,136) = 72.05;
p < 0.01) and anxiety (F(2,136) = 11.87; p < 0.01), while the partial eta squared (n?) revealed
that only about 15% of the observed variance in the anxiety level of the control and experi-
mental groups is explained by the teaching strategy employed; it accounted for over 50%
(effect size) of the variance in the achievement of the three groups.

Table 2. Univariate test results based on teaching strategy.

. Sum of Mean . Partial Eta
Dependent Variable Squares Square F Sig. Squared
Achi Contrast 984.68 2 492.34 72.05 0.00 0.514
chievement Error 92928 136 6.83
Anxiet Contrast 237.65 2 118.83 11.87 0.00 0.149
y Error 1361.57 136 10.01

The F test tests the effect of teaching strategy. This test is based on the linearly independent pairwise comparisons
among the estimated marginal means.

Since a significant difference was found on both measures (achievement and anxiety),
it became necessary to find out which of the three groups was/were responsible for the
difference. Therefore, we conducted a pairwise comparison on both measures using the
Bonferroni test based on the adjusted mean scores of the three groups (see Figure 9).
The results showed that on achievement in electrochemistry, each of the experimental
groups outperformed the comparison group. It also showed a CTCA face-to-face group
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performed significantly better than the CTCA blended group. On the other hand, the
pairwise comparison on the measure of anxiety showed that each of the experimental
groups performed better (had a lowered anxiety level after treatment) than the lecture
method group.
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Figure 9. Post-posttest mean scores on achievement and anxiety.

Research question two sought to find out if the intervention (CTCA face-to-face mode
and CTCA blended mode) would have a differential impact on each of the groups based
on gender. Before subjecting the data to F-test as can be seen in Table 3, the descriptive
statistics already showed a comparable mean difference between the mean score of the
male and the female students in the CTCA face-to-face and blended groups on achievement
and anxiety (see Figure 10).

Table 3. Univariate test results based on gender.

. Sum of Mean . Partial Eta
Dependent Variable Squares df Square F Sig. Squared
Achi Contrast 4.99 1 4.99 0.66 0.42 0.008
chievement g 61635 81 7.61
Anxiety Contrast 26.08 1 26.08 3.33 0.07 0.040
Error 633.48 81 7.82

The F test tests the effect of gender. This test is based on the linearly independent pairwise comparisons among
the estimated marginal means.

The output of the multivariate (Pillai’s trace = 0.22 (F = 11.31; p = 0.12)) and univariate
tests revealed that on each of the measures of achievement (F(1,81) = 0.66; p > 0.05) and
anxiety (F(1,81) = 3.33; p > 0.05), the mean difference between the male and female students
did not attain statistical difference. The third research question focused on students’
perceptions of the use of the CTCA for teaching and learning chemistry. The data collected
have been winnowed and coded. The key findings are presented in Table 4 under the
following themes as they relate to the questions attended to by the interviewees. We also
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presented additional quotes from the students in the discussion as a way of enriching our
discussion of the finding from the quantitative data.
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Figure 10. Post-posttest mean scores on achievement and anxiety based on gender.
Table 4. Finding from the interview.
Theme Summary of Findings

My general view about CTCA

Responses obtained on students’ general view about CTCA suggest that the
students enjoyed been taught and learning using the approach. Specifically, all the
respondents affirmed the approach was better than the conventional method often
used by their teachers. One of the online group students said, “if I have my ways, I
will say the method should be used to teach all subjects because it gives you clues to every
lesson before coming to class”.

Learning from parents and YouTube before
the class

Findings revealed that the students considered the search for content (videos) on
YouTube and learning from their parents or elders around them as a good way to
prepare for the class before the lesson took place. For some of the respondents,
watching videos was interesting, so having to learn through it could only be fun.
Beyond content knowledge, the social interaction enjoyed by students, particularly
between them and their parents, was another unique gain that the

interviewee expressed.

The most interesting and helpful
learning activities

Findings on this theme varied as much as the available options. For some students,
the most impactful learning activity was going online to fetch knowledge. Nneka
(pseudo name; 15 years; female; online group) gave the following comment: “For
me, the online activity is the most helpful and interesting aspect of the approach. The
textbooks’ definitions are not as clear as the explanations given in the videos”.

For some, it was contextual examples given by the teacher; while for others, the
most impactful aspect of the approach was the group discussion. However, it was
noted that about half of the interviewees submitted that the impactful aspect of
CTCA was having to search for indigenous knowledge and connect it to

class content.
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Table 4. Cont.

Theme Summary of Findings

Generally, the students’ responses revealed that the group discussion was a
worthwhile exercise. They submitted that the discussions afforded them the
opportunity to share what they knew and learned from others. Interviewees who
were group leaders during lessons admitted that the opportunity to present before

The group discussions and presentations the class had helped to build their confidence to talk before an audience without
being shy. Twelve out of the eighteen students interviewed said that this exercise
was their first attempt to make a presentation before classmates and a teacher.
Perhaps this was the reason some students considered the group discussions as the
most interesting and impactful activity.

“All work and no play make Jack a dull boy” said, Nneka. Olayinka (pseudo name)
also said “the jokes keeps the class lively, and it is the one thing that kept me in the class”.
He furthered that “even if you have forgotten what was taught, remembering the jokes
will help you remember the topic”.

Impact of humor and contextual examples  All the interviewees submitted that the jokes told by the teacher made the classes

on students’ achievement interesting and that the use of examples that they can see around their schools and
homes made the topics much easier to understand and remember. When asked
why, the most recurring answer was that it affords them the opportunity to relate
what they have learned in class to the world around them. Some direct quotes will
be highlighted in the discussion section.

The summary of lessons often shared before the next class was reported to have
served the following purposes: it helped the students to do a quick revision of
what was learnt; for students who don’t like long notes, it was a preferred
substitute; it gave those who missed any lesson a hope to get an overview of what
was learned; students who were at one time summarised and shared a lesson
summary wore a sense of responsibility; and it was the most interesting aspect of
the classes for some. Nasir (pseudo name; 15 years; male; face-to-face group) said
that “the summary of lesson helps you to get some better understanding of what was
learned in class. Even for those who were in class, when you see the summary, you kind of
remember what you have learned before”.

Effect of summary of lessons on learning

4. Discussion of Results
4.1. Effects of CTCA on Students’ Achievement (Retention) in Electrochemistry

The opening question in this study sought to find out if there would be a statistically
significant difference in the achievement (retention) and anxiety level of students taught
electrochemistry using the traditional lecture method, CTCA blended mode, and CTCA
in a face-to-face class. On the measure of achievement, we found a statistically significant
difference among the groups. Each of the experimental groups (i.e., the CTCA groups)
outperformed the group taught using the traditional lecture method. This result is in
accord with the findings of [35,41,44,48,68-70]. These studies tested the potency of CTCA
in biology, chemistry, and ICT against the traditional lecture method and found CTCA to
promote meaningful learning of the STEM concepts treated. It is important to emphasize
that while the findings of these studies provide support for the results obtained in this
question, their measure of achievement was based on a posttest. In this study, achievement
was stretched beyond the posttest to the retention test, which is a stronger measure of
performance based on the time interval between the end of treatment and the test of
knowledge gained.

The alignment of the findings of the current study with these previous studies under-
scores the importance and impact of culture, technology, and context on students’ learning,
particularly when sandwiched together as it is with the culturo-techno-contextual approach.
We conjectured that the better performance of the CTCA groups over the control group on
the concept of electrochemistry can largely be explained by factors related to the compo-
nents of CTCA. The cultural context in which learners are immersed; as explained under
the treatment procedure, in implementing the “culturo” part of CTCA, the teacher asked
students to document indigenous knowledge and cultural practices related to the topics
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that were treated. In carrying out this task, students were able to see that their indigenous
knowledge and cultural practices do not count for naught and, directly or indirectly, ex-
plained the concept of electrolysis and electroplating as shown in their textbooks, which
are filled with only laboratory and industrial examples. Some examples of indigenous
knowledge that were shared during the lesson are documented in Figure 7. Students in
the CTCA groups came to class already primed with some baseline indigenous knowledge
and cultural practices to learn a new topic. For such students, learning a new topic is like
swimming down a stream. The indigenous knowledge or cultural practices can be likened
to a raft to which the learner clings as a tool to swim down the stream.

Vygotsky’s theory of social constructivism also provides a strong base for the better
performance of the CTCA groups irrespective of the pedagogical condition. Before any
lesson, students were directed to interact with their parents or any adult on cultural
practices or local knowledge related to the content and to watch related videos on YouTube
(technology mediation, to which teachers and learners are increasingly dependent). On
getting to the classroom, the students shared these findings among themselves. This way,
the students learned from interactions with parents and through YouTube videos (a more
knowledgeable other—MKO). They also learned through interaction and scaffolding with
peers and, gradually, they moved without help from their zone of can-do to a higher zone of
proximal development (ZPD) espoused by [55,71]. The authors of [57,72] also demonstrated
the importance of prior knowledge in learning new concepts. All the pre-lesson activities
that the CTCA students were tasked with no doubt would have imparted their learning.
Leaning on Ausubel’s postulation, these activities serve as advance organizers that steer
students to their zone of proximal development (ZPD), which has been theorised to catalyse
learning. Supporting this conjecture were the direct words of three of the interviewees
which are as follows:

Nasir (pseudo name; 15 years; male; face-to-face group) said the following;:
Having to make findings about a new topic before by going on online to watch videos
and ask my parents for indigenous knowledge related to the topic gave me a whole lot of
courage when I get to class to answer questions. I found the indigenous knowledge to be
the most interesting and helpful part. In the sense that it helped me to relate what we
learn in class to rea life experience it also help me to know what those things stand for
and their usefulness. Being a member of a group was very interesting, I get to learn from
my friends and also represent them as a group leader, it gives courage and also brings
about competition in class because you want to present better than other groups. The
group activity create excitement in class and the class was always interesting.

Adaobi (pseudo name; 14 years; female; blended group) had the following to say:
For me, I like going to the YouTube and I enjoy everything that I do there. I like diagrams,
videos, I find them very interesting, so I enjoy that part of the class. The indigenous
knowledges and interacting with people are also a nice one. It makes me to know how
things around me works.

Nneka (pseudo name; 15 years; female; online group) said: Going online and asking
my parents about every lesson before the class aided my understanding of the topics
because it usually give me a preview of what the topics we are about learn, it makes me
understand the topics better. The part of the method that I find most interesting is the
indigenous part. Going to find about the cultural aspect on the topics, the local practices.
Particularly my findings on electroplating.

Another aspect of the CTCA component, which logically explains the better per-
formance of students in the CTCA groups even though the analysis conducted already
attributed about 50% of the students’ gains in achievement to the teaching strategy em-
ployed, is the use of contextual examples in the CTCA class. According to [5], the locational
context is the unique identity of every school, and it plays a strong role in the examples
and local case studies for science lessons. The author of [73] argued that through the use of
relevant human examples, even upper primary school students could understand basic
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evolutionary concepts in biology. He further argues that using relevant examples pro-
motes students” engagement in the classroom and explicitly creates an interactive learning
environment. The author of [74] also concluded that the use of face-to-face objects for
illustration in class affords learners a context that enables them to express and expand their
cognitive constructs of learning science.

This tenet of the CTC approach, which emphasizes the use of practical examples that
are within the learning environment of the students, helps to consolidate knowledge and
promote meaningful learning of complex science concepts. It can be recalled that one of
the examples used to explain electrolysis was the “battery charger”, as popularly referred
to within the study area. The students were made to understand that what the battery
charger does is to reload a drained car battery when he says “a ma change omi battery yen
ni, ade ma gbe ina lelori”; by using electricity to split the acid it has changed into anion and
cation. The students were so excited to know this, and it was reflected in their responses
during the interview. Thus, it is safe to conclude that the use of examples that are far
away or do not exist within students” context makes science concepts more abstract and
difficult to understand. Contextually relevant examples support learning and the healthy
development of a mental construct of ideas [5]. Summarily, what seems to be playing out
in the recorded success stories of CTCA-enabled lessons in a face-to-face class or blended
mode, is the opportunity to learn from more than one source on the same content at a
given time.

However, we noted that on the measure of achievement, the result obtained also
showed a difference in achievement between the CTCA face-to-face and the blended
groups. Students in the CTCA face-to-face group did better than their counterparts in
the blended group. One possible reason for this outcome can be traced to the learning
mode factor. It would be helpful to recall that the blended mode of learning involves
complementing the traditional face-to-face classroom learning with online learning delivery
modes. Typically, blended learning provides an opportunity for students to engage in
synchronous and or asynchronous interaction and communication and employs the use of
advanced technologies such as Moodle, google classroom, and kahoot for online learning,
while they still physically attend their schools for the conventional face-to-face teaching
and learning. Hence, it is only a matter of available resources and convenience to decide
which part of the learning process is rendered online or physically or the number of lessons
to be treated online and physically. Evidence on the use of blended learning in the literature
has only shown that there is no “one size fits all” model for adopting blended learning.

Indeed, the face-to-face group enjoyed every bit of the lessons and good interaction
with the teacher and themselves, the case is not entirely so for the blended group because
they had two out of five of their lessons online. While we do not infer that learning online
is an inferior mode, the peculiarity of the technology challenges such as poor internet
connectivity within the study context must have played out. We noted that during the
online sessions, at no time was the class attendance more than 60%. Some students would
log in, and 10 min into the lesson they were out, and usually they did not return. The reason
for some students is a lack of data to join or rejoin the class, while for others who depended
on their parents for phones or computers to join the class when such parents were not
at home within the lesson hour, it automatically translated to absence. This experience
corroborates the findings of [65] in “delivering high school chemistry during the COVID-19
lockdown: voices from Africa” on the challenges of African countries in delivering online
classes. It is worth a mention that this study is the first to experiment with CTCA in an
online/blended class with the primary aim of taking the learning of chemistry beyond
face-to-face only. It is hoped that over time, through lessons learned from this study and
many more, these technology-related challenges will be almost fully surmounted in Nigeria
and other parts of Africa.
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4.2. Effects of CTCA on Students” Anxiety Level in Learning Chemistry

On the measure of anxiety, the obtained result showed that students in the CTCA
groups had a lowered anxiety level after treatment as compared with their colleagues in
the lecture method group. No significant difference in anxiety levels was found among
the CTCA groups. It is worth noting that there was no significant difference in the anxiety
level of the experimental and the control groups, as explained by the pretest data, until
after treatment. While there could be other factors responsible for the observed difference,
the teaching strategy employed in the experimental groups appeared first on the list of
suspects. This result shares semblance with the findings of [2,75]. Both studies found
CTCA as an active agent that promotes students’ interest in science learning. Similar to this
outcome was the finding of [76] on the effect of kitchen resources in Calabar on chemistry
students’ interest in learning. Logically, an increased interest in learning a subject is directly
proportional to a decreasing anxiety level of students in the subject.

The feedback from the postmortem conducted on this result revealed the following
possible causatives: the use of technology, the group discussion and presentation, the
pre-lesson assignments, the interaction on the class WhatsApp platform, and the jokes
given by the teacher. Could the use of technology reduce students’ anxiety levels in their
learning processes? Oh yes it can, and this is one way it could. Today’s learners are natives
of the digital world, they speak the language of the computer and the internet because it
is the world into which they were born, and so they find ease and wear happiness doing
“their things” when it is technology-enabled. Have you not observed that our children
never learned how to use the TV and DSTV remotes at home? We just knew that they were
using them and so perfectly, even beyond our imaginations. Have you not observed how
happy they are the moment they lay their hands on their parents’ phones and quickly want
to either play games that no one taught them how to play or chat with friends on social
media? It is because they do not find fear in its usage, operations, and whatever they do
with it. Therefore, weaving their learning activities around technology is like laying blocks
on an existing foundation, and through this, we killed two birds with one stone, we helped
the students to learn in a way that they prefer to and pushed them away from using the
gadgets for unhealthy things.

“Ordinarily, most students do not visit YouTube to watch video lessons of topics learned
in school. The greater attraction for them being musical and entertainment movies. Sadly,
some venture into pornographic videos. Since these students already have some appetite
for YouTube and technical expertise for retrieving and watching its videos, the idea in
CTCA is to ride on the back of such interest and steer the students towards watching
lesson-related videos” (Okebukola, 2020).

During the interview session, Nasir said the following: “Being a member of a group
was very interesting, I get to learn from my friends and also represent them as a group leader, it
gives courage and also brings about competition in class because you want to present better than
other groups. The group activity create excitement in class and the class was always interesting” .
This response pattern was similar for most of the interviewees when they were asked to
share their experiences in their groups. It was clear that the students found the group
discussions very interesting, some reported that it was easier for them to learn or ask
questions from their friends than the teacher, so, happily they can clarify what they are
taught by classmates than remain silent forever. We noted that in the responses of nine
out of the twelve students interviewed, a statement summarized that it was during the
electrochemistry lessons that they made their first attempt to do a presentation before their
classmates and the teacher. For such students, through active participation as depicted
in Figure 11, the anxiety (being scared) to talk in class or ask questions if the need arose
seemed gone and may so be gone almost forever. As Cisse said, the presentations sprouted a
lot of happy moments in the class, clapping and some noise to say well done to the presenters made
the classes lively and free from boredom, sadness, or lack of excitement, all of which are factors
contributing to anxiety.
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Figure 11. Chemistry anxiety and CTCA.

For students in the CTCA groups, coming to class prepared means no reason to be
afraid. It is like a student who has prepared well for an examination has no “exam fever”
because he/she is confident in the preparation. For students in the CTCA group, the
pre-lesson assignment knocks down anxiety on four fronts; most of the students were
excited to come to class to share what they had found as indigenous knowledge or from
YouTube about the topic with group members and the entire class; some students were
hoping to come to class to get ideas from friends because they were unable to fetch any
information; some students could not wait for the class to start because they got some
clarifications to make from their friends and the teacher; and, above all, through mental
scaffolding which enhances the understanding, findings from the pre-lesson tasks serve as
an advance organizer for the CTCA students to build the new incoming information on.
According to [1], what deters the students from wanting to attend lessons in chemistry is
that they find it difficult to understand the concepts being taught, and hence, when the bell
rings and it is the period for chemistry, the students” hearts crack and they learn in fear.

Even the lion tends to be friendly with whomever it often sees, the dog barks less at
you if it sees you often and you also become relaxed around either of them as they extend
their hands of friendship. For students in the control group, the teacher is only available
to the students as the timetable dictates. After the class, the teacher—student interaction,
which ordinarily was feeble, gets suspended until the next class. The students rarely have
the opportunity to discuss their subjects among themselves at the end of a class, nor within
school hours, because the school timetable has no provision for such, and not after school,
because such a common front does not exist. As such, the boring and unfriendly state
between the teacher and the students remained as it was almost throughout the period of
the treatment. On the other hand, students in the CTCA had the advantage to further their
discussions with the teacher and among themselves after a class session and before another
through the class WhatsApp platform. With this opportunity, the students became friendly
with the teacher and vice versa. There was a moment when a student asked a question on
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the platform, and the reply given was that it would be discussed in the next class, and it
was. Directly or indirectly, this opportunity must have had a positive impact on the anxiety
level of students in the CTCA groups.

As depicted in Figure 11, we hypothesized that teaching approaches that are student-
centered, which creates room for a relatively adequate interaction time between the students
and the content, students and the teacher, and among the students themselves, may not
only improve performance but also have the capacity to fight the learning anxiety that has
already been developed by the students for various reason.

A class that is filled with excitement and happy moments is free from fear, boredom,
sorrow, sadness, anxiousness, and scariness, as expressed by Cisse. Students in such a class
are most likely to be relaxed, calm, and delighted and they learn in a joyful atmosphere.
Expectedly, they should be far from anxiety. This is what happens in a CTCA class,
where the teacher uses humor (jokes) to sustain the students’ interest in class as the lesson
progresses. During the interview sessions, a student commented that “the joke aspect is about
the most interesting part of the class oo, ha, if you should remove it, I can even stop coming to the
class”. This statement is reflective of the philosophy in an adage which says, “ti a ko ba tori
epo je isu, aama tori isu jepo” (meaning, if we do not eat yam because of palm oil, we can for
the sake of palm oil eat yam). After all, some people pay thousands of naira just to listen
to jokes and free themselves from worries, why then should teachers not use it in class to
sustain students’ interest in learning? In agreement with the findings of [2] on the impact
of humor on students’ performance in biology, experience has shown that beyond anxiety,
whatever pleases, teaches effectively.

4.3. Effect of CTCA on Students’ Achievement (Retention) and Anxiety Levels Based on Gender

The second research question focused on finding if the female students in each of
the CTCA groups would outperform their male counterparts (or vice versa) on measures
of achievement and anxiety, such that the difference in their performance would attain
statistical significance or not. Our findings revealed that on both dependent variables, no
statistically significant difference was found between the male and female students. Thus,
male students in each group did not do much better than the females in the achievement
test and anxiety-level test. These findings tally with that of other studies [41,68,69]. These
studies all took place at different times and locations, yet they all reported to have found
no difference in the performance of male and female students sampled. A similar trend
was reported by [4,47,64]. The results of these previous studies are comparable with the
current study in that they all sampled secondary school students, focused on difficult
concepts in STEM subjects, and used circular schools; however, unlike this study, which
explored blended learning mode, they all limited their engagements with the students to
face-to-face only.

It can be recalled that CTCA operates on a five-step implementation process, it was
hypothesized that the active agent, which prompted the observed gender equity in learning
and performance, is hiding within these processes. In step 1, all students were saddled with
the same tasks: find indigenous knowledge related to topics and visit YouTube for related
videos. These assignments were for females the same as for male students in the class; in
this study as well as in the studies cited. Based on the sample characteristics, over 70% of the
participants were from the same cultural background, the cultural information they fetched
was not too different from one another, and because the process of collecting/collating the
related cultural practices involved a form of storytelling or narration, the female students
were not disadvantaged [7].

On the use of YouTube for information, there was no difference between the videos
available to either party; whatever video lessons the males took, the females too had an
equal chance of having the same. YouTube is one of the most visited social media platforms
in Nigeria. As of the third quarter of 2020, statista.com reported that 81.6% of internet users
in the country visit YouTube, which made it the 3rd most used social media platform in
Nigeria behind WhatsApp (another social media agent in this study) and Facebook, whose
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ratings were 93% and 86.3%, respectively. Given this popularity, several studies in Nigeria
had investigated the effect of YouTube on teaching and learning [77-82].

Each of these studies reported no statistically significant difference in the perception
of male and female students about the use of YouTube for teaching and learning purposes.
Therefore, the use of YouTube videos as a primer for meaningful learning in CTCA is not
only proving to be an effective strategy but also a non-gender stereotyped one. Notably,
and as reported by [1], since 2015 the literature is showing that teaching-learning strategies
that involve the use of modern technologies, social media, mobile phones, and computer
simulations are becoming increasingly popular in bridging the long-coming gender dif-
ference in students’” achievement in secondary school chemistry [5]. Today’s students are
generally categorized as visual learners, they enjoy more what they can see as compared to
what they can read. Who goes to the library anymore? Recently, book authors (hard copy or
electronic) have realized this fact and have begun to adopt other strategies such as vBooks
to pass across their messages. Who wonders why students from upper primary classes
can narrate an entire season of 10 to 15 episodes of a film series? It is because they enjoy
watching whatever the screen projects and are able to store a large amount of information
through their sense of sight. This is true to the common saying that what I see, I remember.

“We are a visually literate society, three R’s (read, write and arithmetic) are no longer
enough. Our world is changing fast, faster than we can keep up with our historical modes
of thinking and communicating. Visual literacy the ability to both read and write visual
information; the ability to learn visually; to think and solve problems in the visual domain
will, as the information revolution evolves, become a requirement for success in business
and in life”. Gray (nd).

Factors mitigating the performance of female students in STEM subjects have been
categorized into school and non-school factors [3]. While the non-school factors border
around social-cultural issues, the school factors, which include the nature of science and
gender-biased curriculum, principally emphasized that the teaching strategies used by
STEM teachers play a major role in determining the performance of the girl-child and
her future interest in a STEM career [47]. The author of [3] noted that traditional science
classrooms/lessons are always competitive, however, female students thrive better in a
cooperative learning environment. Thus, the use of CTCA creates a relatively better landing
for female students to perform better than they were and even match the male students
over time through the group discussion feature in step 2 of implementing CTCA.

On this note, we hypothesized that the interactions and cross-fertilization of ideas that
took place during the group discussion sessions may have directly or indirectly played
a significant role in the performance of the female students, which, in this case, stood at
par with their male counterparts. In recent times, and as science educators continue to pay
more attention to the gap in male and female students’ performance in achievement and
attitude to chemistry, strategies that foster active participation of both male and female
students in class through student-student interactions and discussions are proving to
become effective antidotes to bridging the long-coming gender difference in achievement
in secondary school chemistry [6,59,83].

When students are made to learn from themselves, by providing help for another, or
by learning from the teacher, they engage in what is known as instructional scaffolding.
Scaffolding helps students to expand their learning coast and acquire more knowledge and
skills than s/he would have been able to without support (the scaffold). As noted by [5],
the theory behind instructional scaffolding is that when compared to learning by oneself,
students learn more through collaboration with others who have a wider range of skills
and knowledge than the students currently do. Supplementing the foregoing argument
on the possible reasons for which there was no significant difference in the achievement
of male and female students in each of the CTCA groups, the contextual examples given
in class to drive points home were accessible to all students (male or female; with or
without adequate learning materials) and devoid of being gender stereotypic as compared
to textbook examples, which were foreign and gender biased.
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5. Conclusions

No community around the world is devoid of indigenous knowledge and cultural
referents [5]; this can be explored in teaching and learning to foster a meaningful under-
standing of concepts in STEM subjects as done in this study. This explains the universal
relevance of the culture-techno-conceptual approach, and thus the wider relevance of our
findings. It is also worth noting that culturally relevant approaches to teaching science
have been explored in several communities around the world [33] long before CTCA was
invented. CTCA can therefore be seen as a new variant of culturally relevant teaching
strategies that can be adopted for teaching and learning any STEM subject in any part of
the world.

We conjectured that as science communities around the world continue to advocate for
inclusive science learning and equity in participation and ownership, so will the strategies
for teaching and learning science continue to mutate. New variants such as the culturo-
techno-contextual approach, which are capable of overcoming the weaknesses of the older
variants, will continue to emerge and reshape the ways we communicate and teach science.
In addition, the demands of the new normal and the technophilic (technology-loving)
learners will also continue to impact teachers’ modes of lesson delivery to foster favorable
pedagogical conditions that can meet the needs of the learners even as they become more
technology dependent. Given that the focus of this study was to compare the performance
of the two experimental groups with that of the control group, the results presented show
that irrespective of the learning platforms (online or physical), CTCA may be considered
effective in improving students’ understanding of chemistry concepts as compared to the
traditional lecture method.

Therefore, our findings have extended the validity of CTCA (as established by previous
studies) as an approach that can be used to promote meaningful learning of STEM subjects
among secondary school students beyond face-to-face to online engagement. The use of
a dedicated online platform powered by Moodle for ensuring structured assessment of
students is another contribution that this study puts forward, particularly for communities
that are not tech-sophisticated as the context of this study. Even though it may not be its
best, it is a better option than the unstructured arrangement that was devoid of students’
assessment, which we rushed into at the peak of the 2020 pandemic. If the relatively
low-tech communities continue to explore more structured ways of online lesson delivery
and assessment, we will not only be preparing our students to be competitive in the global
market, but we will also be better prepared in terms of availability and technical know-how
to ensure no break in students learning should the world have to go lock-down again in
the future.

The feedback (just in conversation) we got from the teachers at the experimental
schools further confirmed to us that the use of CTCA had a significant positive impact
on the students’ attitude towards chemistry learning, particularly through regularity and
active participation in learning tasks in chemistry class during the treatment period. The
no gender difference in achievement that was recorded in the previous studies on CTCA
further confirms the potency of the conceptual frameworks (culture, technology, and
locational context) of the approach in bridging the gender-based gap in performance in
chemistry. We anticipate a significant boost in female STEM professionals in Nigeria and
Africa in a few years if this trend in performance continues. It is in light of the findings
of this study and those of previous studies on CTCA that we are beginning to see the
culturo-techno-contextual approach as an egalitarian pedagogy.

Limitation and Future Direction

A limitation of this study can be found in its scope. It focused on only electrochemistry
among the nearly twenty broad themes in the secondary school chemistry curriculum.
The period of treatment was also considered not long enough to see if the observed
excitement of the students in chemistry learning will last for a full term and beyond. We
also acknowledge the difficulties encountered by the students in the blended learning
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group in respect of internet disruption during the online live lessons. Given the number
of schools within the study area and the targeted population, we consider the sample size
of the study as relatively small. One implication of this is the constraint it places on the
generalizability of the findings of the study. We, therefore, noted the need to advance
studies in secondary school chemistry on the use of CTCA beyond the scope of the current
study. In the future, we hope to explore the potency of the approach on other variables
(such as learning styles) that researchers have identified to impact students” learning in
science. Fully online learning is another variant of pedagogical condition that we intend to
subject the use of CTCA to as events unfold.
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