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Abstract: This study assessed academic achievement of Grade 12 students in acid-base concepts at Ada 
Senior High Technical School in Ghana.  The study was framed by Social Constructivism theory 
proposed by Lev Vygotsky. To achieve the aim, quantitative method was used together with a quasi-
experimental, pre-test/post-test design. A sample of 21 third-year Agricultural Science students were 
selected through the cluster sampling technique. A Likert-scale questionnaire was used to collect the 
data. Descriptive and inferential statistics were employed to analyze the data collected. The results show 
that students’ posttest scores (M = 15.81, SD = 2.32) compared to pretest scores (M = 10.33, SD = 
3.97), t (20) = –6.87, p < 0.001 were significance improvement in the teaching approach with a large 
effect size (Cohen’s d = 3.66). Additionally, the results on the academic achievement of the students (M 
= 4.59, p < 0.001) show the flipped learning model has a positive effect on the students’ learning 
outcomes.  This affirms that flipped learning approach improved their conceptual understanding, 
promoted engagement, and increased learning responsibility. It was recommended the Ghana Education 
Service should employ flipped learning approach into chemistry curriculum frameworks to improve 
teaching and learning of abstract topics like acid-base concepts. 

Keywords: Acid–base concepts, Chemistry education, Constructivist learning, Low-resource schools, Student achievement, 
Text-based flipped learning. These findings highlight that flipped classrooms foster. 

 
1. Introduction  

Policymakers are concerned about students’ achievement in science concepts. This concern stems 
from the recognition that science education is a key driver in promoting national development and 
enhancing global competitiveness. Consequently, Science, Technology, Engineering, and Mathematics 
(STEM) education is being prioritized by governments in both developed and developing countries. 
Initiatives such as curriculum reforms, improved laboratory facilities, and targeted teacher training 
programs are being implemented within the Ghanaian education system [2], along with various 
scholarship schemes aimed at strengthening and supporting the STEM competencies of senior high 
school students [3, 4]. However, the traditional lecture-centered teaching approach remains dominant, 
limiting student participation and hindering effective understanding of scientific topics like acid-base 
concepts [5, 6]. 

Text-based flipped learning approach addresses challenges by promoting active student 
involvement in pre-class learning activities. This instructional approach permits students to engage 
with written learning materials independently before classroom sessions. Consequently, classroom time 
is allocated to collaborative problem-solving, conceptual application, and teacher-facilitated discourse 
[7]. In chemistry and related science disciplines, text-based flipped instruction has been demonstrated 
to improve students’ conceptual understanding and critical thinking skills. Additionally, it enhances 
retention of abstract content, making it a promising alternative to traditional teaching methods [8]. 
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Due to the role of text-based flipped instruction in improving students' conceptual understanding, 
this study was conducted at Ada Senior High Technical School in Ghana to examine the extent to which 
this approach has improved students’ academic performance. It focused on the effect of text-based 
flipped instruction on Grade 12 students’ achievement in acid–base concepts. Students at Ada Senior 
High Technical School face ongoing difficulties in understanding acid-base chemistry despite its 
essential importance in academic and practical settings [9]. Students' poor performance in this subject 
area could be attributed to traditional lecture-based teaching methods. The traditional method focused 
mainly on memorization instead of conceptual learning [10]. The research examined how this 
instructional strategy influences students’ academic performance, engagement, and comprehension. The 
findings of this study provide evidence to support the use of innovative teaching methods in STEM 
education. They demonstrate that approaches like text-based flipped instruction can enhance student 
learning and improve instructional quality in Ghanaian senior high schools. 
 

2. Literature Review  
Effectiveness of flipped classroom teaching methods combined with conceptual change texts 

enhances student comprehension of acid-base concepts in high school chemistry [11]. The combination 
of flipped classroom models with guided inquiry or contextual learning methods results in significant 
improvements in student learning outcomes and scientific literacy skills [12-14]. Students grasp better 
concepts through conceptual change texts. The implementation of guided discovery learning-based 
modules proved effective in developing students' critical thinking abilities and learning results [15]. 
These innovative educational approaches offer potential solutions to overcome traditional teaching 
difficulties in acid-base concepts in high school chemistry. 

  Science relies on chemistry as its fundamental base to advance knowledge in medicine, industry, 
and environmental science, but secondary education students face difficulties in learning it due to its 
perceived complexity [9]. Students encounter substantial cognitive obstacles when learning chemistry 
because its abstract nature and extensive theoretical approach make understanding difficult unless 
teachers implement innovative educational methods [16]. Acid-base concepts are fundamental because 
they enable students to understand chemical reactions, pH control, and buffer systems, which are 
essential for advanced scientific studies [17]. Traditional lecture-based instruction mainly focuses on 
memorization instead of conceptual learning, resulting in student disengagement and ongoing 
knowledge deficits [18].   

Research indicates that students view chemistry as challenging because it contains abstract 
concepts, demanding problem-solving tasks, and extensive theoretical requirements [19]. Students face 
challenges in chemistry as a result of failed teaching methods with insufficient practical experience. 
Also, the curriculum focuses on rote memorization instead of conceptual learning [20]. Student 
performance in chemistry depends heavily on their attitudes toward the subject, as unfavorable 
perceptions lead students to disengage and perform poorly [21]. Research indicates that innovative 
student-centered educational methods, including flipped learning and active learning strategies, offer 
potential solutions to enhance student engagement and understanding [22]. The success of new 
educational approaches for chemistry depends on proper implementation and access, especially in areas 
with limited resources [23]. 

Educational institutions across the board face problems with insufficient instructional materials and 
outdated curricula, with traditional lecture-based teaching methods that do not effectively engage 
students [22]. Research in Ghana shows that students experience particular difficulty with acid-base 
concepts, which leads to their poor performance in chemistry examinations, Essiam et al. [9]. Essiam et 
al. [9] highlight that student face additional challenges due to their large class sizes, insufficient 
laboratory facilities, and inadequate teacher training. Research and education recommend guided 
discovery learning, along with interactive instructional methods, as solutions to enhance student 

understanding and engagement Rusmansyah et al. [14].  Sablić and Mirosavljević [24] explain that the 
adoption of these methods faces resistance because educational infrastructure and teacher preparedness 
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are limited, despite their demonstrated effectiveness in improving learning outcomes. Ada Senior High 
Technical School students experience ongoing challenges when learning acid-base concepts, resulting in 
poor academic results. The teacher-centered educational approaches that dominate the classroom create 
minimal student participation and understanding of concepts, which prevents learners from developing 
their chemistry problem-solving abilities [25]. Research indicates that students experience difficulties 
with acid-base material because the concepts remain abstract [13]. Additionally, interactive learning 
activities are scarce, leading to poor memory retention and limited practical application. The insufficient 
laboratory equipment creates further difficulties because students receive only theoretical lessons 
without practical laboratory work [26]. The combination of large class sizes and excessive teacher 
responsibilities limits personalized educational support, making it difficult for students to understand 
basic chemistry concepts [27]. The current educational challenges demand immediate implementation 
of alternative teaching methods focused on active learning and conceptual understanding [28]. 

Research shows that students who follow instructional materials before class through flipped 
learning demonstrate better academic results and increased motivation [25]. The text-based 
implementation makes this method suitable for places with limited digital resources and internet access 
[13]. The flipped classroom approach enables students to develop active participation while improving 
their memory retention and scientific problem-solving skills, as Muir [26] highlighted. Finkenberg and 
Trefzger [27] add that students who learn through flipped classrooms show enhanced self-regulated 
learning abilities and improved confidence when addressing complex chemistry material. This article 
investigates how text-based flipped learning affects students' achievement in acid-base concepts at Ada 
Senior Technical School. 

Traditional teaching methods neglect different student learning preferences, resulting in student 
withdrawal from class and weak retention of essential concepts [29]. The abstract nature of chemistry 
becomes more difficult to retain when students do not participate actively and lack practical experience, 
which allows misconceptions to persist. It is therefore crucial to fill this knowledge gap through an 
investigation of text-based flipped learning as an accessible instructional approach for schools, 
particularly Ada Senior High Technical School students. Thus, there is a need to evaluate the 
effectiveness of the text-based flipped learning approach to improve student engagement, conceptual 
understanding, and overall performance in acid-based chemistry while eliminating video requirements. 
 

3. Theoretical Framework  
This research was informed by Social Constructivism, a theory developed by Vygotsky [1]. The 

theory proposes that learning occurs within a social context where learners construct knowledge 
through interaction, communication, and collaboration with others [1, 30]. From this view, students 
construct their knowledge through active engagement rather than passively receiving information, 
while personal experiences and cognitive engagement play essential roles. According to Rogoff [30] 
and Jerome et al. [31], social constructivism promotes collaborative interaction, which helps learners 
achieve deeper conceptual understanding and develop critical thinking through discussion and idea 
sharing. Collaborative interactions, misconceptions, and co-constructing knowledge enable students to 
develop a stronger understanding of complex scientific concepts like acid-base concepts. 

The instructional strategy and methodological approach adopted in this study were informed by 
social constructivism, which assessed the effect of text-based flipped learning on Grade 12 students’ 
achievement in acid–base concepts. The flipped learning approach enables learners to learn at their own 
pace before class, preparing them to be active and contribute during class periods. Promotion of 
collaborative learning, discussion, and problem-solving skills, which are in alignment with social 
interaction, is structured in classroom sessions as well as social constructivism. A quasi-experimental 
research design was used to determine the effectiveness of the teaching approach and to compare the 
results of learners who were taught using the instructional approach with those exposed to conventional 
methods. As the research design was guided by the principles of social constructivism, the study sought 
to enhance student interaction, peer collaboration, and guided classroom engagement. This would lead 
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to the improvement of students’ conceptual understanding and academic performance in acid–base 
concepts. Figure 1 shows the interconnected concepts that emerged from the theoretical framework. 
 

 
Figure 1. 
Interconnected concepts emerged from the theoretical framework. 

 
3.1. Research Question 

To what extent does the text-based flipped learning approach enhance students’ achievement in 
acid–base concepts at Ada Senior High Technical School? 
 

4. Methodology 
4.1. Research Design 

The study employed a quantitative, quasi-experimental one-group pre-test/post-test design, which 
is appropriate in educational contexts where random assignment is not feasible [32]. This model 
allowed measurement of student performance before and after the intervention, providing evidence of its 
effectiveness [33]. Researchers use a quasi-experimental design to study the effects of treatment or 
interventions without randomly assigning learners to groups. Whole classes are normally used to 
compare results before and after an intervention. This research method is used in real-life settings like 
educational institutions, where it is difficult to assign participants randomly [34]. Another benefit is 
that researchers assess the effectiveness of teaching methods in authentic learning environments [35]. 

 
4.2. Population and Sample 

According to Creswell and Creswell [36], a group of individuals who share common characteristics 
is considered the population and is of interest to the researcher. The small group studied is called a 
sample, but the results represent the entire population. The study targeted all Agricultural Science 
students offering Chemistry at Ada Senior High Technical School, with the accessible population being 
third-year students who had studied “Acid-Base Concepts” in their second year. A sample of 21 students 
was selected using the cluster sampling technique. According to Cohen [37], cluster sampling is a 
technique in which entire groups or “clusters” within the population are selected as the sample, rather 
than individual members. This sampling method allowed the researchers to select entire classes 
(clusters) of students rather than individuals for the study. 
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4.3. Data Collection Instruments 
The study utilized a pre-test and post-test to assess students’ understanding of acid-based concepts, 

with the pre-test serving as a baseline and the post-test measuring learning gains. A pre-test is given to 
participants in a study to determine their initial knowledge on a particular topic before the intervention. 
This assists the researcher in understanding the participants’ level of knowledge before the intervention 
begins. However, a post-test is administered after the intervention to determine whether there has been 
an improvement in performance [38]. Pre-test and post-test are crucial in this study because they help 
evaluate participants’ performance before and after the intervention [39]. This facilitates analysis of 
whether the intervention influenced performance and if it was successful. Additionally, a Likert-scale 
survey, adapted from Bennett et al. [40], was used to capture students’ perceptions of the flipped 
learning experience. The instruments underwent validation by senior chemistry educators and 
methodology specialists to confirm both content and construct validity. 
 
4.4. Data Collection and Analysis Procedure 

The research used a six-week sequential data collection method. The pre-test assessment took place 
during Week 1. The instructional intervention occurred during Weeks 2 through 5. Confidentiality was 
maintained, and students' responses were coded without identifiable information. The post-test and 
survey administration took place during Week 6. The data collected were analyzed using descriptive 
statistics, and a paired-samples t-test was employed for inferential analysis in IBM SPSS version 27 to 
determine if there was a statistically significant change between pre-intervention and post-intervention 

mean scores at α = 0.05 significance level. This test is suitable for within-subjects designs to assess 
whether observed performance changes result from the instructional approach rather than random 
chance [41]. The effect size of the intervention was measured through Cohen’s d calculation, providing 
information about the practical significance of the intervention's impact [37], and a one-sample t-test 
was used to analyze perception scores. 
 
4.5. Validity and Reliability 

Methodological rigor was adopted in several procedures to establish the validity and reliability of 
the research instrument. For Test-Retest Reliability, the same student group took the pre- and post-
test, but the test items were reviewed for stability and consistency. Instruments were reviewed by 
curriculum experts to ensure content validity aligned with the intended learning purpose. A pilot was 
conducted using a group of learners who were not involved in the main study to identify ambiguities 
and improve item clarity. Cronbach’s alpha coefficient of 0.84 was used to analyze the pilot instrument's 
reliability. Threats to internal validity, such as instrumentation bias and testing effects, were mitigated 
by these measures. 

According to Song et al. [42], Cronbach’s alpha coefficients from 0.80 to 0.89 are acceptable for 
reliability and good for research purposes. Therefore, the instruments used in this study were reliable. 
The measures enhanced methodological rigor and reduced potential threats to internal validity, such as 
testing effects and instrumentation bias. 
 

5. Results  
This part highlights the findings of the study and places them within the context of existing 

research. Two tables were used to present the results: Table 1 describes the participants’ demographic 
profile, and Table 2 shows the Pre-test and Post-test scores obtained in the study. 
 
 
 
 
 



42 

 

 

Edelweiss Applied Science and Technology 
ISSN: 2576-8484   

Vol. 10, No. 7: 37-46, 2026 
DOI: 10.55214/2576-8484.v10i7.13197 
© 2026 by the authors; licensee Learning Gate 

 

Table 1. 
Characteristics of Students and Their Prior Knowledge of Flipped Learning. 

Variable N Percent (%) 

Gender Male 14 66.7 
Female 7 33.3 

Age Group Under 15 years 1 4.8 
15-17 years 3 14.3 

18-20 years 17 81.1 
Prior Knowledge No 18 85.7 

Yes 3 14.3 

 
Table 1 indicates that the majority of participants were male (66.7%), and one-third of the sample 

was female (33.3%) according to the demographic profile. Many students (81.1%) were in the age group 
of 18-20 years, with smaller groups in the 15-17 years (14.3%) and below 15 years (4.8%). Eight point 
five percent of participants reported having no prior familiarity with the flipped learning approach, 
while 14.3% had previous exposure. Most participants were older secondary school students, and the 
flipped learning method was a relatively new instructional experience for them. 
 
Table 2.  
Pre-test and Post-test Scores on Acid–Base Concepts. 

Variables N Mean SD Standard 
error of the 

mean 

CI95 of Mean Diff T df P Cohen (d) 

Pre-test 21 10.33 3.967 0.866      

     -7.140, -3.812 -6.87 20 ** 3.655 
Post-test 21 15.81 2.316 0.505      

Mean Difference    -5.476      

 
Comparing pre-test and post-test scores in Table 2, there was a statistically significant difference 

between students’ performance after the intervention. Students achieved a mean score of 10.33 
(SD=3.97) on the pretest and a mean score of 15.81 (SD=2.32) on the post-test. -5.48 points was the 
difference between the means of the two tests, with a 95% confidence interval ranging from -7.14 to -
3.81. The negative sign (-) indicates higher post-test scores. The difference was highly significant, 
confirmed by a paired-samples t-test (t(20) = –6.87, p < 0.001). There was a larger effect size (Cohen’s d 
= 3.66), and a substantial improvement in academic performance after the intervention, as validated by 
the findings. 
 

6. Discussion  
6.1. Performance of Students Regarding Acid-Base Concepts 

Table 1 provides important insights into students’ baseline understanding before the instructional 
approach intervention on acid-base concepts. Students possessed a moderate understanding of the topic, 
reflected by the mean score of 10.33 (SD = 3.97), with some relatively higher scores and others 
struggling significantly. The approximate normality of the distribution (skewness = -0.018) and the 
score range (3 to 18) are consistent. These findings support literature indicating students find learning 
acid-base chemistry difficult in areas with limited resources [43, 44]. 

Acid-base theory requires students to learn abstract models such as Bronsted-Lowry, Arrhenius, 
and Lewis frameworks, demanding critical thinking because of their reliance on symbolic representation 
and theoretical abstraction [45, 46]. These align with findings at Ada Senior High Technical School, 
where students memorize and demonstrate a difficult understanding of concepts. Students who scored 
above 15 support the argument that traditional lecture methods do not provide enough support for 
conceptual development [47, 48]. 
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Overcrowded classrooms, limited training, and inadequate teaching materials are systemic 
challenges in Sub-Saharan Africa that worsen these learning barriers [49, 50]. The uneven distribution 
of scores observed, caused by these constraints, is reflected in the study. Low scores (3–5 points) in 
14.4% of students suggest not only gaps in knowledge but also potential misconceptions that remain 
unaddressed due to ineffective instructional delivery. Misconceptions are often deeply rooted and 
require instructional designs that promote active engagement and individualized pacing to be overcome 
[51, 52]. 

The pretest results confirm that acid-base concepts create significant learning difficulties for 
secondary school students, particularly in low-resource educational settings, according to existing 
literature. The moderate mean score, together with the wide range of scores and the small number of 
high achievers, indicates an immediate need for educational changes. The collected data confirm the 
necessity of implementing different teaching methods, including flipped learning, to improve student 
understanding, self-directed learning, and academic results in complex chemistry subjects. 
 
6.2. Performance of Students after Participating in Flipped Learning  

The flipped learning intervention led to a substantial improvement in student performance on acid–
base concepts because their post-test mean score reached 15.81 (SD = 2.32) after starting from 10.33. 
The post-intervention standard deviation was low, indicating that students achieved higher scores while 
their understanding of concepts became more uniform. The distribution maintained its normal shape 
(skewness = –0.118), confirming that the entire cohort achieved performance gains without significant 
outliers or disparities. This improvement was statistically validated through a paired-sample t-test, 
which yielded a highly significant result (t(20) = –6.87, p < 0.001) and an exceptionally large effect size 
(Cohen’s d = 3.66), confirming the educational impact of the intervention. 

Flipped learning is an effective teaching approach as it’s a growing body of evidence supported by 
literature, with findings aligning with teaching abstract chemistry concepts. According to Hartandi and 
Mawardi [46] and Yu et al. [53], flipped classroom models improve both academic performance and 
long-term retention of content in acid-base chemistry. Students assimilate complex theoretical models 
like Brønsted-Lowry and Lewis acid-base frameworks at their own pace because of pre-class 
engagement with instructional texts followed by in-class application, which provides cognitive 
scaffolding. Constructivist learning theory, which posits that knowledge is best constructed through 
active and student-centered engagement, aligns with the flipped learning approach [1, 54]. 

Video dominates most flipped learning research, and the use of text-based materials in this context 
represents a critical innovation. This approach is possible for equitable flipped learning benefits because 
of digital infrastructure limitations in Sub-Saharan Africa, according to Aidoo et al. [55] and Eichler 
[56]. The post-test gains indicate that text-based materials proved both practical and educationally 
valid. The flipped learning method helped students overcome internet instability challenges while 
maintaining the necessary cognitive engagement and autonomy needed to master acid-base concepts. 
Text-based flipped learning works effectively in low-resource secondary schools because it matches the 
context and produces validated academic results. 
 

7. Conclusion 
The study examined the effect of a text-based flipped learning method on students’ performance and 

engagement in acid-base concepts at Ada Senior High School. The results showed that the pretest of 
students’ academic performance was moderate, with notable variation in individual performance, 
indicating difficulties in understanding abstract acid-based concepts. Students’ academic performances 
improved significantly after the intervention with the flipped learning approach. This approach 
produced a statistically significant effect, demonstrating its strong impact on conceptual understanding. 
It can be established that students showed positive attitudes toward the text-based flipped learning 
approach. This approach helps them engage naturally in class activities. Such natural engagement 
highlights the importance of pre-class materials and support provided by the teacher. Therefore, it can 
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be said that a text-based flipped learning approach can significantly improve both academic performance 
and learner engagement. This offers a practical and effective pedagogical strategy for low-resource 
secondary school environments. 
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