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Introduction

The attitudes of upper secondary school students towards science are 
fast becoming a growing concern to science educators. Empirical evidence 
indicates that there is a gradual dampening of learners’ interest in chemistry 
due to wariness (McClary & Bretz, 2012; Potvin & Hasni, 2014).  Said et al. 
(2016) have explained that this wariness can be due to the more abstract 
nature of the concepts in upper secondary school curriculums compared to 
the lower secondary schools, where objects discussed are easily seen. This 
loss of interest is reflected in the steady decline in the number of students 
opting to pursue studies in chemistry and other science disciplines (Halim 
et al., 2018; UNESCO, 2015). 

The world may now be faced with an imminent threat of a reduction 
in the supply of science and technology professionals (Galama & Hosek, 
2008), with grave implications for national and global scientific innovations 
in diverse areas of development. Thus, the pursuit of developing more posi-
tive attitudes towards learning science should be a crucial goal of science 
education worldwide (Gonzalez, 2016). Little wonder the last decade has 
witnessed an increase in the advocacy by education reformers for a shift 
towards a more learner-friendly science classroom environment that will 
enhance learners’ positive attitudes to the subject.

Attitude is a measurable attribute that can be expressed through a 
continuum of answer alternatives on a survey instrument. It can be ex-
pressed through a person’s opinions as a like or dislike or as an expression 
of the extent of like or dislike about an object or a process (Cheung, 2007). 
Research outcomes have suggested a direct correlation between learners’ 
attitudes towards a subject and the academic performance thereof (Bassey 
et al., 2009). Also, innovative teaching strategies are linked to students’ 
enthusiasm, motivation, and general attitudinal change towards science 
subjects in the research literature. If students show an inclination to or 
liking for a science subject in school, they tend to make an effort to learn 
and understand the meaning of concepts that they are taught (Akbas & 
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Kan, 2006; Brandriet et al., 2011; Freedman, 1997; Salta &Tzougraki, 2004; Weinburgh, 1995). Teachers, therefore, 
have a responsibility to make lesson presentations appeal to learners; this may arouse their interests and extend 
their attention spans.

Notwithstanding, the research literature has revealed that students’ attitudes towards learning chemistry 
largely depend on the techniques of teaching in the laboratory even though the relationship between experience 
in manipulation and skills in the laboratory and learning science has not been established. Lessons loaded with 
facts unconnected with their origins in science have been cited in the literature as responsible for the decline 
in learners’ attitudes towards the natural sciences (De Vos et al., 2002). Attitudes, being multidimensional, seem 
to be affected by very many factors, which makes it imperative to explore the construct in different settings and 
contexts. Although the subject of students’ attitudes has been widely discussed in the literature, it continues to 
attract more attention because it is an important indicator of learning. 

	 A large number of studies of learners’ attitudes towards science have been conducted in the past four 
decades. For instance, Zudonu and Njoku (2018) have used guided inquiry teaching, demonstration, and conven-
tional teaching methods to study their effects on learners’ attitudes towards teaching and learning chemistry in 
Nigeria. They found that the guided discovery led to significantly greater positive attitudes towards the teach-
ing and learning of chemistry. This outcome is corroborated by that of Hoftein et al (2004), and Burnterm et al. 
(2014), who employed guided inquiry teaching versus structured inquiry methods of teaching experiments in 
Israel and Thailand respectively. However, in Cheung’s (2009) study that involved students in Hong Kong, the 
students’ positive attitudes towards chemistry were only marginal.

Kuo et al (2018) examined the effects of high and low achieving eight grade students’ motivation toward 
science learning in Taiwan. The authors realized a significant jump in the outcome variables for the high achiev-
ing learners compared to the low achievers. In addition, while the high achievers made significant gains in their 
expectancy and learning strategies, low achievers enhanced their confidence, and value for science learning 
as well as achievement goals, learning strategies, and perception of the learning environment. However, these 
gains were not associated with statistical significance unlike those of the high achievers. The authors realized 
that the results could have been different if the intervention lasted longer than 6 weeks. These results indicate 
that inquiry-based instruction benefits learners differently, based on students’ academic levels of achievement.

Research findings have also revealed that learners not only show different levels of attitudes towards 
chemistry (Hao, 2020) but that these attitudes are affected among other factors by the amount of subject matter 
content and teachers’ approach to teaching (Méndez, 2006). According to Sata and Tzougraki (2004), the attitudes 
of eleventh-grade students in Greece regarding the difficulty of chemistry lessons were found to be related 
to concepts, symbols, and problem-solving. The students’ attitudes regarding their interest in chemistry were 
neutral. The positive attitudes were traced to students’ ability to relate the knowledge of chemistry to everyday 
application in real-life situations. However, only 4% of the students indicated motivation to continue studying 
chemistry for a career. Science and chemistry teachers need to be sufficiently trained in teaching techniques 
that will positively impact learners’ attitudes and raise their levels of motivation to study chemistry.

Under virtual and real laboratory conditions, where high school students were exposed to an expository 
style of teaching in reaction kinetics, Winkelmann et al. (2014) reported that students’ scores in the real and 
virtual settings were similar in attitudes. Although report writing was challenging for both groups, activity in the 
physical laboratory took longer to complete. The results showed that the presence of physical materials in science 
laboratories may not be necessary if virtual simulations of the experiments can be afforded. In another related 
study using online laboratory resources, open, guided, and structured levels of inquiry were experimented with 
in practical chemistry lessons in India (Nedungadi et al., 2015). In this study, significantly higher achievements 
were made in students’ motivation and interests in science. 

Nevertheless, in a systematic review of the literature that spanned between 2006 and 2016 on the effects 
of various didactic interventions on students’ attitudes towards science, Aguilera and Perales-Palacios (2018) 
found a strong effect size of 0.54 associated with the context-based teaching, inquiry-based teaching, model-
based teaching, project-based learning, and cooperative learning approaches. The authors found that these 
alternative teaching methods enhanced students’ attitudes towards science, more greatly than the demonstra-
tion methods of teaching.
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Research Problem
 	
Students’ attitudes towards science teaching and learning have been identified as a determinant of their 

academic performance (Najdi, 2013). Upper-secondary school students’ attitudes towards sciences also affect 
their decisions for enrolment into science disciplines or the choice of a career path (Hofstein & Naaman, 2011). In 
Liberia, evidence exists of unsatisfactory students’ performances in the West African Senior Secondary Certificate 
Examination (WASSCE), since the end of the fifteen-year civil war, which ended in 2003 (Hinneh & Nenty, 2016; LSF, 
2012; MOE, 2016). The West African Examinations Council’s (WAEC) Chief Examiners’ reports, which do not present 
statistical measures of candidates’ performances, describe students’ performance in chemistry variously as “very 
poor” WAEC (2017 p.65) and “below average” (WAEC, 2016 p.41). 

A cumulative effect of the numerous challenges in the Liberian educational system on students’ learning out-
comes was realized in August 2013, when the Liberian Ministry of Education pronounced that all 25,000 candidates 
who sat for the University of Liberia’s entrance examination failed (Chan et al., 2015; Gberie & Mosley, 2016). This 
level of challenge in the Liberian system of education probably means that Liberia has the weakest system of educa-
tion in West Africa (Gberie & Mosley, 2016). The cause(s) for this decline has not yet been empirically studied (MOE, 
2016), and there is no research output on upper secondary school students’ attitudes towards science teaching 
and learning as a factor that could contribute to their academic achievements. It, therefore, seems imperative to 
study upper secondary school students’ attitudes towards teaching and learning chemistry through experiments. 

Research Focus

The aforementioned challenges in the education system have informed the decision to bridge the gap in 
knowledge by studying the effects of inquiry-based teaching on students’ attitudes towards teaching and learning 
chemistry through experiments in Liberia. The preference for grade eleven in this study is on the basis that, being 
in the mid-secondary school, they truly represent the secondary school experience that was cardinal in this study. 
Besides, the teachers in the eleventh-grade class were more receptive to manipulation of the method of teaching 
than in the twelfth grade, where teachers were nervous about the completion of the WASSCE syllabus with their 
students in preparation for the high school leaving regional examinations. At the time of data collection, the tenth-
grade students were just a few weeks old in their new classes.

Research Aim and Research Objectives

This research aims to determine the effect of inquiry-based chemistry laboratory teaching methods on the 
attitudes of grade eleven students towards teaching and learning chemistry. The following specific objectives 
guided and focused the study.

a)	 To compare the post-test mean scores of the experimental and control groups on the Attitudes towards 
the Teaching and Learning of Chemistry through Experiments (ATLCE).

b)	 To compare the experimental group’s pre-test and post-test mean scores of the Attitudes towards 
Teaching and Learning Chemistry through Experiments (ATLCE). 

c)	 To compare the control group’s pre-test and post-test mean scores of the Attitudes towards Teaching 
and Learning Chemistry through Experiments (ATLCE). 

These objectives lead to the following research questions
1.	 How do the experimental and control groups compare on attitudes toward teaching and learning 

chemistry?
2.	 How do the attitudes toward teaching and learning chemistry pre-test and post-test mean scores 

compare in the experimental group?
3.	 How do the attitudes toward teaching and learning chemistry pre-test and post-test mean scores 

compare in the control group?
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Research Methodology

General Background
	
The Non-equivalent Control Group Design, illustrated in Table 1 was used. This design is a form of the Quasi-

experimental Design, which allows non-random assignment of subjects to study groups. A research permit to 
conduct a study in Bong County was granted by the Liberian Ministry of Education. Thereafter, a preliminary 
visitation of schools was made to acquaint the school’s administrators with the research team (researcher and 
two research assistants) for subsequent interactions, and to make an assessment of the availability and ideality of 
the schools’ facilities for the study, since it was laboratory-based. Thereafter, separate teacher training workshops 
were conducted for the Inquiry and demonstration methods teachers. This was followed by a pilot test of the 
instrument, and subsequent administration of the pre-test to experimental and control groups, which was done 
concurrently. Teaching lasted six weeks after the pre-test and was followed by the concurrent administration of 
the post-test in the seventh week.

Table 1
 Non-equivalent Control Group Design

Group Pre-test Intervention (6 weeks) Post-test (7th week)

Experimental ATLCE Inquiry-based experimentation ATLCE

Control ATLCE Traditional demonstration  ATLCE

Study Participants

12 schools from a population of 30 upper secondary schools in Bong County were initially selected purposively 
based on the ideality and readiness for the experimentations. Therefore, the initial 12 schools had either the space 
or the materials needed for these experiments. Thereafter, using the Lottery method, the names of four schools were 
drawn to constitute the experimental group, followed by the second draw of a set of four schools to constitute the 
control group. A sample of 328 (170 males and 158 females) eleventh-grade students was drawn from a popula-
tion of 1754. These students, whose average age was 17, represented those who are being taught using a newly 
implemented competency-based curriculum that came into effect in 2018. This sample size is considered statisti-
cally valid by the Morgan and Krajcik’s (1970) Table of Required Sample Sizes calculated at a 95% confidence limit 
and .05 margin of error. All the grade eleven students of the selected eight upper secondary schools constituted 
the sample. Participating teachers and students signed informed consent before intervention. 

	  
Instrument and Procedures

The attitude towards teaching and learning chemistry through experimentation (ATLCE), adapted from Cheung 
(2009), comprised 25 items. It consisted of five subscales: students’ motivation to learn chemistry by experimenta-
tion, students’ preferences in chemistry experimentation, students’ behavior in chemistry experimentation class, 
and students’ anxiety in chemistry experimentation. Validities of the construct and content were determined by 
testing and evaluation professionals at the Cuttington University School of Graduate and Professional Studies in 
Liberia. The reliability and stability of the ATLCE were determined through the Cronbach Alpha coefficient com-
putation in SPSS version 26.0.  The value of 0.84 obtained indicated acceptable reliability (Fraenkel et al., 2012). 
Pre-tests and post-tests were administered to all sampled students concurrently under similar testing conditions.

The attitude surveys were administered to ascertain participants’ attitudes before the intervention. There-
after, in the intervention, the inquiry-based method of teaching for the experimental group on one hand, and 
the demonstration method for the control group, on the other hand, were implemented simultaneously. Three 
educational contact hours per week were maintained throughout for both groups. There were debriefing sessions 
with the inquiry-based methods teachers at the end of every week to allow the teachers to share their experiences 
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in the intervention. Professional advice was given to the teachers on areas for improvement. This enhanced the 
teachers’ experiences and the quality of lessons subsequently. At the closure of teaching, post-tests, which consti-
tuted reshuffled pre-test attitude subscales were administered to both groups of students. This partly helped to 
minimize threats to internal validity due to pre-test sensitization. Consistency in the instrument, the scorers, the 
test administrators, and the test administration procedures were strictly observed. 

Guided Inquiry Lesson

The experimental and control groups were taught the same topic, Solutions and Solubility, from the eleventh-
grade chemistry national curriculum. The only difference in the intervention between the two groups was the 
teaching methods. The inquiry lesson was characterized by the following teaching practices.

1. 	 Students worked in small cooperative groups on the experiments
2. 	 Students designed experiments and used a list of materials that were provided for the investigation.
3. 	 Teachers stepped in to offer timely guidance 
4. 	 Teachers responded to questions with leading questions 
5. 	 Teachers allowed wait time, so students could process the information before voicing out the answer 

to a question.
6. 	 Teachers circulated among the working groups to offer help

Therefore, it differed from the demonstration method of teaching, in which students merely watched the 
teacher do all the manipulation of the apparatus and ideas. Following are descriptions of the experiments that 
were conducted. Students’ activity worksheets are found in Appendix A.

The Guided Inquiry Experimental Procedure

Every activity started with the teacher asking brainstorming questions to identify and determine learners’ 
knowledge gaps and misunderstandings of the solutions and solubility. Therefore, using carefully crafted questions, 
the teacher elicited students’ previous knowledge and understanding of the Solutions and solubility concept. It also 
served to reveal misconceptions. Students were instructed to ask scientific questions that would be answered by 
experimentation, design experiments diagrammatically in small cooperative groups, and follow the designs to 
experiment, analyze and discuss the results with peers in these groups, and in the larger group, with appropriate 
teacher guidance. The students’ activities and cooperative group worksheets are presented in Appendices A and 
B respectively.

Data Analysis

	 Aggregated item scores were fed into Microsoft Excel and later copied into the Statistical Package for 
Social science Statistics (SPSS) version 26.0 to test for normality of the distributions of the scores. The outcome 
of this test determined the non-suitability of the use of parametric statistics for analysis, since the Shapiro-Wilks 
statistic is <.05. This implied that the test scores deviated from a normal distribution. Therefore, the Mann-Whitney 
U test, known to be a non-parametric equivalence of the independent samples t-test was used to compare the 
mean ranks of the experimental and control groups. Similarly, the Wilcoxon Signed-Rank test, the non-parametric 
equivalence of related (dependent) samples t-test was used to compare the mean ranks of the pre-test and post-
test scores for each group, and to determine whether there were any significant differences between the groups’ 
attitude scores. Effect sizes were calculated with the aid of an online effect size calculator using the formula;

Cohen’s d = (M2 - M1) ⁄ SD (pooled)
SD (pooled) = √ ((SD12 + SD22) ⁄ 2)

Research Results

Following are the results of the statistical analysis conducted in this study, organized in tables.
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Table 2
Results of Descriptive Statistics of Study Participants 

Post-test Groups N M SD Min Max

Experimental 163 85.01 9.62 64.00 114.00

Control 165 87.10 12.30 52.00 115.00

Table 2 shows a difference of approximately 2 points in the mean attitudes scores between the experimental 
and control groups. Also, a difference of approximately 2.5 was observed in the standard deviations between the two 
groups. This implies that there is only a slight variation in the individual attitude scores for both groups. Although 
the minimum scores are at a relatively larger variance, the maximum scores for both groups are also identical. 

Table 3 
Results of Comparison between the Experimental and Control Groups’ ATLCE Post-test Scores

Mann-Whitney U test Test Statistic

Group N Sum of Ranks Mean Ranks U t p

Experimental 163 26554.50 162.91
13188.50 26554.50 .763

Control 165 27401.50 166.07

Total 328

Considering the ATLCE scores in Table 3, the mean rank of 166.07 for the control group is higher than the 
experimental group (162.91). Also, a Mann-Whitney U test for significance indicated a p > .05, implying that the 
difference in the mean ranks is statistically insignificant at a .05 level of significance.

Table 4
 Results of Descriptive Statistics for the Experimental Group’s Pre-test and Post-test Scores

Group N M SD Min Max

Pre-test 170 80.94 15.38 35.00 120.00

Post-test 163 86.34 11.26 60.00 115.00

Examination of Table 4 shows a higher post-test mean score than pre-test for the experimental group by a 
difference of 5.51 points. However, the standard deviation is higher for the pre-test scores than for the post-test 
one by 4.12 points. This means that the scores were more spread away from the mean at the pre-test than at the 
post-test. Also, although there is a relatively large difference between the minimum scores, the maximum scores 
were comparable. The Wilcoxon signed-rank test results shown in Table 5 indicate a higher positive mean rank than 
that for the post-test. The difference between the mean ranks of pre-test and post-test scores was indicated to be 
statistically significant by an indication of p <. 05.

Table 5 
Wilcoxon Signed Rank Test Results for Comparing the Experimental ATLCE Group’s Pre-test and Post-test Mean Scores 

N Sum of Ranks Mean Ranks p

Post-test-pre-test

Negative Ranks 59 4104.00 69.56

.0001Positive Ranks 97 8142.00 83.94

Ties 7

Total 175
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Table 5 shows a higher positive mean rank than negative rank. This means that the attitude post-test mean 
score for the experimental group was higher than that for the pre-test. Also, the difference between the mean 
ranks at an α = .05 level of significance is indicated to be significant, by an indication of a p < .05.

Table 6 
Results of Descriptive Statistics of the Control Group’s Pre-test and Post-test Scores  

Group N M SD Min Max

Pre-test 165 85.68 12.27 53.00 115.00

Post-test 165 87.10 12.30 52.00 115.00

Table 6 shows a higher post-test attitude mean score than the pre-test. Also, the standard deviations of the 
pre-test and post-test scores are comparable. Besides, the minimum and maximum scores for pre-test and post-
test are similar. The scores for the variables are comparable.  

Table 7 
Results of Comparison between the Experimental and Control groups’ ATLCE Scores

Wilcoxon Signed-Rank Test Test Statistic

N Sum of Ranks Mean Ranks p

Post-test-pre-test

Negative Ranks 29 1103.00 69.56

.0001Positive Ranks 79 4783.00 83.94

Ties 57

Total 165

Table 7 shows a higher positive mean rank than a negative rank, this shows that the post-test mean score was 
higher than that for the pre-test. Also, the difference between the mean scores is statistically significant at α = .05.

Table 8
Effect Size of the Differences between Groups

Study group d Δ g

Experimental group/control group 0.19 0.22 0.19

Experimental group – ATLCE (Pre-test/post-test) 0.40 0.35 0.40

Control group –ATLCE (Pre-test/post-test) 0.12 0.12 0.12

Table 8 indicates the effect size of the differences between the mean scores of the experimental and control 
groups, and that between the pre-test and post-test mean scores of both experimental and control groups. These 
results show that the effect sizes range between 0.12 and 0.40, which means that the effect sizes are very large 
(Cohen, 1988). Accordingly, these results indicate that the differences between the experimental and control groups, 
and between the pre-test and post-test mean scores for the experimental and control groups have considerably 
important practical relevance.

Discussion

A higher standard deviation of the pre-test than post-test scores of the experimental group indicates that 
students were more greatly diverse in their opinion before instruction but tended to agree more among themselves 
after the guided inquiry method of teaching. This implies students’ significant change of opinion in the end, which 
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can reasonably be attributed to the method of instruction. The range of pre-test scores (85) compared with that of 
the post-test (55) confirms that the students tended to agree more after teaching. A similar pattern of observation 
in the control group shows that the two groups may be similar in the variables of interest in this study.

Also, the wider variation of the control group’s scores than that of the experimental group is a demonstration 
of a greater consensus among the experimental group concerning their opinion on the teaching and learning 
process. Nearly identical mean scores suggest that the two groups essentially converge in their expressed attitudes 
towards teaching and learning chemistry by experiments, despite the difference in the methods of teaching. The 
greater attitude demonstrated by the control group while unexpected, may not be unconnected with the chal-
lenges that are usually associated with inquiry-based teaching, where the task to construct scientific knowledge, 
and cultivate students’ critical thinking is shifted more towards learners than their teachers. While experimenta-
tion is reputed for enhancing students’ motivation and general attitudes towards science, it is reasonable to think 
that students’ liking for the inquiry-based method of teaching may wane due to the rigorous mental exercise in 
figuring out experimental designs, and the right terminologies for explaining results. However, this effect may not 
have been of great relevance, since the difference in the attitudinal mean scores between the groups is statistically 
insignificant. Thus, it seems experimentation, whether conducted using an inquiry approach or not, will enhance 
students’ attitudes. This outcome portrays the guided inquiry approach of science teaching as being essentially 
equal in potential to influence students’ attitudes. Given that the majority of these students are not exposed to 
experiments in Bong County, the similarity in outcomes of attitudes may be attributed to the fact that experiments 
just excite and appeal to students, irrespective of the level of students’ engagement, owing to the long anticipation 
of it. All they seem to appreciate is the experience of witnessing an experiment; either demonstrated by themselves 
or seeing it being demonstrated. 

A better indicator of the effectiveness of the teaching methods may be the difference between the pre-test 
and post-test mean scores for each group. In this regard, a meaningful gain for both groups was found, which 
supports the earlier assertion that both methods of instruction tend to improve students’ attitudes toward the 
teaching and learning of chemistry through experiments. Beyond the statistical interpretation of the difference 
between the pre-test and post-test mean scores, these differences also have practical relevance by indication of 
their effect sizes. The significance of the effect of both teaching approaches in this study is therefore both statisti-
cal and practical, and hence can be used to inform educational reform in Liberian science education programs. 

Although the outcome of this study is in agreement with many others in the research literature, which claim 
the significant effect of both inquiry and traditional experimentation methods of teaching on learners’ attitudes 
(Nedungadiet al, 2015; Zudonu & Njoku, 2018), it is also in disagreement with the findings of many quasi-exper-
imental studies, which claim significant differences between inquiry and traditional teaching methods (Aguilera 
& Perales-Palacios, 2018; Kuo et al., 2018; Zudonu & Njoku, 2018). The results in this study imply that chemistry 
teachers in Bong County need to expose their students to experiments of some sort, to arouse their students’ 
interest in, and liking for the subject. This assertion is predicated on the claim that students’ interest in a subject is 
positively correlated with their academic performance (Kuo et al., 2018).

Conclusions and Implications

This study compares the effect of the guided inquiry and demonstration methods of teaching chemistry 
experiments on grade eleven learners’ attitudes toward the teaching and learning of chemistry in Bong County, 
Liberia. Using the Non-equivalent control group design, this study demonstrates that after six weeks of teaching, 
the guided inquiry and demonstration approaches improve learners’ attitudes towards the teaching and learning of 
chemistry through experiments to a comparable extent. The outcome of this study proves a point that practitioners 
and researchers should not give up on the demonstration of experiments in chemistry. It may also be reasonably 
inferred that the use of a blend of both approaches to instruction may enrich the practical science experience in 
upper secondary school by capitalizing on the strengths of each approach. The frequent and widespread use of 
experimentation in science classrooms stands to raise students’ motivation and liking for the science disciplines 
and improve learning outcomes. Science teachers’ main energies should be directed towards arousing students’ 
interest in science through purposeful laboratory activities. 

The regaining of students’ interest in science will hence reduce the imminent threat of a reduction in science 
and technology professionals, whose contributions to national and global development cannot be underestimated. 
The outcome of this study adds to the growing amount of evidence of the effect of teaching approaches on learn-
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ers’ attitudes towards science from the Liberian context. It, therefore, contributes to the global debate around 
the influence of inquiry-based instruction. These findings imply that teachers in Liberia and other countries that 
have resource-challenged science programs could effectively garner students’ attitudes through traditional dem-
onstration. However, one limitation of the study is that it did not relate students’ attitudes to students’ academic 
performances in chemistry. Further research needs to compare the effects of the comparison among the prevalent 
expository, demonstration, and inquiry-based teaching approaches on students’ attitudes in Liberia.

Acknowledgement

This research was funded by the African Centre of Excellence for Innovative Teaching and Learning Mathemat-
ics and Science (ACEITLMS), College of Education, University of Rwanda.

Declaration of Interest 

The authors declare no competing interest.

References

Aguilera, H., & Perales-Palacios, F. J. (2018). What effects do didactic interventions have on students’ attitudes towards science? 
A meta-analysis. Research in Science Education, 50(2), 573-597. http://doi.org/10.1007/s11165-018-9702-2   

Akbas, A., & Kan, A. (2006). Affective factors that influence chemistry achievement (motivation and anxiety) and the power of 
these factors to predict chemistry achievement. Journal of Turkish Science Education, 4(1), 10-19. https://www.researchgate.
net/publication/26459265 

Bassey, S. W., Joshua, M. T., & Asim, A. E. (2009). (eds.).  Gender Differences and mathematics 	achievement of rural senior 
secondary students in Cross River State, Nigeria. epiSTEME 2 International Conference to Review Research on Science, Technology 
and Mathematics Education, Conference Proceedings. India: Macmillan. 

Bourdeau, V. D. (2003). The 4-H inquiry in action model. Oregon State University. http://oregon.4h.oregonstate.edu/sites/default/
files/inquiry_in_action_model.pdf 

Brandriet, A. R., Xu, X., Bretz, S. L., & Lewis, J. E. (2011). Diagnosing changes in attitude in first-year college chemistry students 
with a shortened version of Bauer’s semantic differential. Chemistry Education Research and Practice, 12(2), 271–278.  
https://doi.org/10.1039/C1RP90032C  

Bunten, T., Lee, K., kong, L., J, N., Srikoon, S., & Vangpoonmyai, R. J., et al. (2014). Do different levels of inquiry lead to different 
learning outcomes? A comparison between guided and structured inquiry. International Journal of Science Education, 
36(12), 1937-1959. https://doi.org/10.1080/09500693.2014.886347 

Chan, M., Pan, A., Zhao, A., & Zhao, E. (June 18 - July 4, 2015). Enhancing science education in Liberia: A trip to Liberia, Summer 
2015.  I-HELP.

Cheung, D. (2009). Developing a scale to measure students’ attitudes toward chemistry lessons. International Journal of Science 
Education, 31(16), 2185-2203. https://doi.org/10.1080/09500690802189799 

Cohen, J. (1988). Statistical power analysis (2nd ed.). Lawrence Erlbaum Associates Publishers.
De Vos, W., Bulte, A. M. W., & Pilot, A. (2002). Chemistry curricula for general education: Analysis and elements of a design. In J. K. 

Gilbert (Ed.), Chemical education: Towards research-based practice (pp. 101-124). Kluwer Academic Press.
Fraenkel, J. R., Wallen, N. E., & Hyun, H. H. (2012). How to design and evaluate educational research. McGraw-Hill.
Freedman, M. P. (1997). Relationship among laboratory instruction, attitude toward science, and achievement in science knowledge. 

Journal of Research in Science Teaching, 34(4), 343– 357. https://doi.org/10.1002/(sici)1098-2736(199704)34:4<343: aid-
tea5>3.0.co;2-r  

Galama, & Hosek (May 7, 2008). U.S. Competitiveness in Science and Technology. 	 http://www.rand.org/pubs/research_briefs/
RB9347/ 

Gberie, L., & Mosley, J. (2016). Research and knowledge systems in Liberia. Viewpoints of INASP. https://www.inasp.info>Country 
profile-Liberia  

Gonzalez, B. (2016). Time for action: “vision and change” implementation in an online biology course at a community college. 
Journal of College Science Teaching, 45(4), 15–21. http://www.jstor.org/stable/43748454 

Halim, L., Soh, T. M. T., & Arsad, N. M. (2018). The effectiveness of STEM mentoring programs in promoting interest towards STEM. 
Journal of Physics: Conference Series, Volume 1088, The 6th South East Asia Design Research International Conference (6th 
SEA-DR IC)27–28 June 2018, Banda Aceh, Indonesia. Conf. Ser. 1088 012109. 

Hao, Q., Barnes, B., & Jing, M. (2020). Quantifying the effects of active learning environments: separating physical learning 
classrooms from pedagogical approaches. Learning Environments Research. http:// doi.org/10.1007/s10984-020-09320-3 

Hinneh, J. T., & Nenty, H. J. (2016). Analysis of the predictive validity of students’ performance in core sciences on Liberian 
SHSCE with WASSCE as the criterion. Journal of Research & Method in Education (IOSR-JRME), 6(4), 25-31. https://doi.
org/10.9790/7388-0604042531 

https://doi.org/10.33225/jbse/22.21.663

EFFECTS OF INQUIRY-BASED CHEMISTRY EXPERIMENTATION ON STUDENTS’ ATTITUDES 
TOWARDS THE TEACHING AND LEARNING OF CHEMISTRY

(pp. 663-679)



672

Journal of Baltic Science Education, Vol. 21, No. 4, 2022

ISSN 1648–3898     /Print/

ISSN 2538–7138 /Online/

Kennedy, J., Quinn, F., & Taylor, N. (2016). The school science attitude survey: A new instrument for measuring 
attitudes towards school science.  International Journal of Research & Method in Education,  39(4), 422-445. 
https://doi.org/10.1080/1743727X.2016.1160046 

Kopparla, M., Bicer, A., Vela, K., Lee, Y., Bevan, D., Kwon, H., …Capraro, R. M. (2018). The effects of problem-posing intervention 
types on elementary students’ problem-solving. Educational Studies, 1–18. https://doi.org/ 10.1080/03055698.2018.1509785

Kuo, Y.-R., Tuan, H.-L., & Chin, C.-C. (2018).  Examining Low and Non-low Achievers’ Motivation Towards Science Learning 
Under Inquiry-Based Instruction. International Journal of Science and Mathematics Education, 17(5), 845-862. 
https://doi.org/10.1007/s10763-018-9908-9  

Lemov, D. (2010). Teach like a champion-49 teaching techniques that put students on the path to college. Jossey- Bass.
Liberian Science Foundation. (2012). Needs assessment study of Liberia’s science education, Monrovia: Global hands.
McClary, L. M., & Bretz, S. L. (2012).  Development and assessment of a diagnostic tool to identify organic chemistry 

students’ alternative conceptions related to acid strength. International Journal of Science Education, 34(15), 2317–
2341. https://doi.org/10.1080/09500693.2012.684433 

Méndez, G. (2006). Using students’ cultural heritage to improve academic achievement in writing. Multicultural Perspectives, 8(4), 
29–38. https://doi.org/10.1207/s15327892mcp0804_6  

Ministry of Education (2016, 15th December). Getting to the best education sector plan 2017-2021. https:www.moe.gov.lr  
Nedungadi, P., Malini, P., & Raman, R. (2015). Inquiry-based learning pedagogy for chemistry practical 	 experiments using OLabs. 

In Advances in intelligent informatics (pp. 633-642). Springer, Cham
Orodho, J. A. (2009). Elements of education and social science research methods. Kanezja Publisher.
Potvin, P., & Hasni, A. (2014). Interest, motivation and attitude towards science and technology at K-12 levels: A systematic review of 

12 years of educational research. Studies in Science Education, 50(1), 85–129. https://doi.org/10.1080/03057267.2014.881626
Said, Z., Summers, R., Abd-El-Khalick, F., & Wang, S. (2016). Attitudes toward science among grades 3 through 12 Arab 

students in Qatar: findings from a cross-sectional national study. International Journal of Science Education, 
https://doi.org/10.1080/09500693.2016.1156184 

Salta, K., & Tzougraki, C. (2004). Attitudes toward chemistry among 11th-grade students in high schools in Greece. Wiley Inter-
Science, 536-547. https://doi.org/10.1002/sce.10134 

UNESCO (2015). Global Education Monitoring Report. https://en.unesco.org/gem-	report/taxonomy/term/199 
Weinburgh, M. (1995). Gender differences in student attitudes toward science: A meta-analysis of the 	 literature from 1970 to 

1991. Journal of Research in science Teaching, 32(4), 387-398. https://doi.org/10.1002/tea.3660320407  
West African Examinations Council. (2016). Chief Examiners’ Report. Monrovia: WAEC. http://www.liberiawaec.org 
West African Examinations Council. (2017). Chief Examiners’ Report. Monrovia: WAEC. http://www.liberiawaec.org 
Winkelmann, K., Scott, M., & Wong, D. (2014). A study of high school students’ performance of a chemistry experiment within the 

virtual world of second 	 life. Journal of Chemical Education, 91(9), 1432-1438. https://doi.org/10.1021/ed500009e
Zudonu, O. C., & Njoku, Z. C. (2018). Effect of laboratory instructional methods on students’ attitudes in some chemistry concepts 

at senior secondary school level. GSJ, 6(7), 46. http://www.globalscientificjournal.com/

EFFECTS OF INQUIRY-BASED CHEMISTRY EXPERIMENTATION ON STUDENTS’ ATTITUDES 
TOWARDS THE TEACHING AND LEARNING OF CHEMISTRY
(pp. 663-679)

https://doi.org/10.33225/jbse/22.21.663



673

Journal of Baltic Science Education, Vol. 21, No. 4, 2022

ISSN 1648–3898     /Print/

ISSN 2538–7138 /Online/

Appendix A:  Experimental Activities

Activity 1: The effect of particle size of a solid on its solubility in a liquid 
Students were provided with the following
4 cubes of sugar
6 test tubes
1 Wash bottles containing water
1 stopwatch
In this activity, students in their groups were given the following instruction.
In your respective group and using the materials provided,
1. Design an experimental procedure to determine the effect of the molecular size of sugar (solute) on its solubility 
in water (solvent). 
2. Carry out the investigation, make keen observations and record your observations on a sheet. Data should include 
a. time taken for the sugar samples to dissolve, 
b. temperatures of the water 
3. Note your observation
4. What is the practical everyday application of this investigation? 

Activity 2: The effect of temperature on the solubility of a solid in a liquid
Students were provided with the following
4 Sugar cubes
1 Thermometer
3 beakers holding water at 3 different temperatures
6 Test tubes
In your respective group and using the materials provided,
1. Design an experimental procedure to determine the effect of temperature on the solubility of sugar (solute) in 
water (solvent). 
2. Carry out the investigation, make keen observations and record your observations on a sheet. Data should include 
a. the temperature of the water in the beakers just before pouring it.
a. time taken for the sugar samples to dissolve, 
c. date and time, and
d. names of group members.
3. Note your observation
4. What is the practical everyday application of this investigation? 

Activity 3: The effects of intermolecular forces on miscibility and solubility of one liquid in another 
The materials provided were as follows;
6 test tubes
5 beakers, one each containing water, kerosene and vegetable oil, vinegar, green alcohol
3 test tube holders
In your respective group and using the one set of materials at a time, 
1. Design an experimental procedure to determine the effect of intermolecular forces on the solubility of two liquids. 
2. Carry out the investigation, make keen observations and record your observations on the activity sheet. Data 
should include responses to the following
a. which two liquids are miscible? 
b. why are the two liquids miscible?
c. which liquids are immiscible
3. Note your observation
4. What is the practical everyday application of this investigation? 
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Appendix A: investigating the effect of intermolecular forces, and density on the solubility of liquids

Title of Activity 4: distinguishing between Solutions and Suspensions

The students were provided with the following
4 cubes of sugar
2 test tubes
1 Wash bottles containing water
Powdered chalk
Students in their groups were instructed for activity four.
In your respective group and using the materials provided, perform an experiment that shows the differences 
between a solution and a suspension.
1. Carry out the investigation, make keen observations and record your observations on a sheet. Data should 
include responses to the following
a. Which of the two leaves a residue on a filter paper after filtration?
b. Which one can allow particles to settle after putting them aside in a test tube for 10 minutes?
c. A test tube containing one of them can be used if inclined to read letters in a book. Which one?
3. Summarize the main differences between suspension and solution in your conclusion? 
4. What is the practical everyday application of solutions and suspensions? 
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Appendix B: Students’ Activity worksheets
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