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Purpose of the study: The study investigated secondary school students’
assessment of science laboratory accident status and preventive measures in the
Awka Education Zone. Two research questions guided the study, and one
hypothesis was tested at a .05 significance level.

Methodology: The study used the descriptive survey research design. A sample

OnlineFirst Sep 19, 2023 of 156 public and 40 private secondary school students was used. A checklist

and a questionnaire were used to collect data. The questionnaire was validated,
and a Cronbach Alpha reliability test gave a coefficient of 0.86. The collected
data was used to analyze mean, standard deviation, percentage, and t-tests.
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Main Findings: The results revealed that science laboratory accidents do not
occur in secondary schools in Awka Education Zone, irrespective of school type.
The study also observed no significant difference in the preventive measures
against science laboratory accidents adopted by private and public secondary
school students in the zone.

Novelty/Originality of this study: There is limited literature in the present
study’s area seeking to assess the laboratory accident status in secondary schools
and the measures the students take to avert these accidents. Thus, the present
study’s findings would provide background information on laboratory activities
and accidents in the area of the research and preventive measures to be deployed.
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1. INTRODUCTION

The study of science cannot be complete without the laboratory. The science laboratory provides the
necessary learning environment for concretising abstract science concepts and making the teaching and learning
of science in schools easier. In as much as the science laboratory enhances the teaching and the learning of
science through laboratory experiments, certain health and safety concerns have been raised as teachers and
students make use of the school laboratories for conducting science experiments in a bid to maximise the
benefits of the laboratory while controlling for laboratory accidents.

Science is seen as a systematic means of acquiring knowledge and understanding natural phenomena.
Science is the study of nature and natural phenomena Nwele and Klaavuniemi and Siponen which requires
several systematic procedures and skills for engagement [1], [2]. As a systematic means of acquiring knowledge
and carrying out scientific exercises, science uses observation and experimentation to describe and explain
natural phenomena [3]. The assertion above implies that science is never gullible but systematic in its approach.
Therefore, observation and experimentation give uniqueness to the subject and practice of science. Al-Dahhan
and Hieronymi emphasized the above statement when they said that scientific experimentation plays an
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important role in the progress of science as a large number of inventions and path-breaking discoveries have
been made possible through investigations that are usually carried out in laboratories [4], [5]. According to
Mbajiorgu and Igwe, as cited in [1], the act of scientific investigation may involve outdoor activities or formal
experiments in a school science laboratory. Outdoor activities include visitation to look out for flowers, rocks,
rivers, and the sky in their natural settings. Other things that can be observed during outdoor activities are trees,
animals, birds, and landscapes. Most of the time, these materials that are observed during outdoor activities are
taken into the science laboratory to examine their structural and chemical compositions. These examinations in
the science laboratories constitute formal experiments in school science laboratories. Thus, whether outdoors or
in a formal experiment, scientific investigations are inseparable from the science laboratory.

A science laboratory is a formal setting for scientific investigations and experiments. It is a place where
basic experimental skills are learned by performing a set of prescribed experiments [4]. Science laboratory
blocks are usually separate from other classrooms in most secondary school settings. This is why [6] stated that
the science laboratory is a special room where students can practice science. The purpose and process involved
in practising science in the laboratory give the laboratory its unique identity.

In practising science in the laboratory, students, under the supervision and guidance of the teacher, may
handle, examine, draw objects, or perform experiments to find more information about the object under
investigation. In the course of doing the aforementioned, students can develop some basic science skills [4], [7]
of observation, classification, communication, measurement, inference, and prediction. These corresponding
science skills acquired from science practice make the science laboratory essential in the teaching and learning
of science, especially in secondary schools. The above statement is corroborated by Fagihi assertion that the
laboratory is the heart of science education [8]. The researcher further posited that the school laboratory is the
most important learning environment in the school used for teaching science. In other words, laboratory
exercises distinguish the laboratory as an important learning environment for teaching science compared with
other fields of knowledge. This is because laboratory exercises involve learning and doing. Also, the importance
of the school science laboratory is highlighted in [9], wherein the researchers posited that science could not be
taught effectively within the four walls of the classroom of knowledge abstraction but in the laboratory of
concrete experiences. Therefore, combining classroom learning with laboratory experiences in science education
can make all the sense organs come alive, enabling the students to form a deep understanding of the science
concept taught by the teacher.

Science education is very important to the development of any nation. Nwune defined science education
as the exposition of learners to science content and processes both in formal and informal settings [10]. Science
education comprises primarily three subjects, namely biology, chemistry and physics, taught at senior secondary
schools in Nigeria [11]. Every senior secondary school is expected to have a well-furnished and functioning
laboratory. Predominantly, only a few secondary schools have separate laboratories for these three science
subjects. On the other hand, most secondary schools use the same laboratory for the three subjects. Based on the
roles of the science laboratory in science teaching and learning, it implies that secondary schools without
laboratories where students can carry out practical exercises would end up producing graduates who would have
no knowledge and skills of practical science required by the West African Examination Council (WAEC) and
the National Examination Council (NECO) to pass the senior school certificate examination (SSCE) [12]. Omiko
further stressed that such students would lack the requisite qualifications for courses like medicine, engineering,
agricultural science, and any science-related disciplines [12]. Nevertheless, the use of the school science
laboratories has major concerns and risk factors; accidents and hazards.

Science laboratories are potentially dangerous working environments, often characterised by a wide
variety of toxic, flammable, corrosive, or reactive chemical compounds. Laboratory accidents are unplanned and
unintentional damage to individuals and facilities in the laboratory [6] which students and teachers can be
victims of. Nwele., Idoko and Ibiam., Shrivastava, observed that laboratories are prone to hazards due to the
presence of dangerous chemicals and equipment not carefully handled by the users [1], [13], [14]. Schools
should therefore be on the alert at all times and take/set up active measures to minimise and manage the
occurrence of science laboratory accidents effectively.

Cla and Clo identified some possible accidents that could occur in the science laboratory, including
cuts, heat/burns/scalds, fire outbreaks, eye accidents, inhalation of poisonous gases, and animal bites [15], [16].
Aliyu attributed laboratory accidents to teachers' factors, such as teachers working outside their subject
discipline, poor laboratory design, and their breach of precautionary measures [17]. Also, Ikeobi and Aydogdu
corroborate the assertion that laboratory accidents are teacher-related since the teacher is responsible for
organising and managing the interaction between learners and the learning materials [18], [19]. On the other
hand, science laboratory accidents were student-related [15], [18] and [20]. The researchers observed a generally
low awareness of laboratory safety skills among secondary school students in Nigerian schools and, more
particularly, among rural secondary school students. The assertion by these researchers that science laboratory
accidents are student-related was also sustained by international researchers [21]-[23].
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Research identified the main causes of student-related science laboratory accidents to include non-
availability and utilisation of laboratory protective equipment, unwanted student behaviours, carelessness and
crowded classrooms [1], [15], [18], [20], [24]. These student-related factors are more predominant in public than
private secondary schools [25]. Thus, the present study seeks to determine if school type (public and private)
plays any role in science laboratory accident status. Also, the study seeks to determine the science laboratory
accident preventive measures deployed by public and private secondary school students in averting accidents in
science laboratories. What is the science laboratory accident status in public and private secondary schools in
Awka Education Zone? And What are the preventive measures taken by public and private secondary school
students to avert the occurrence of science laboratory accidents in Awka Education Zone?

2. RESEARCH METHOD

The research paradigm used in this study is the post-positivism paradigm. This paradigm is an offshoot
of the positivism paradigm and they both share similar ontological (realism) and epistemological (objectivism)
positions [22]. Irrespective of the similar positions they share, these two paradigms differ in their assumptions
about reality. For example, unlike the positivism paradigm, the post-positivism paradigm assumes that realities
are not absolute but subjective to the construction of meanings by different participants [23]. Thus, for post-
positivists, data about any subject matter should only be collected from participants with first-hand experience.
This paradigm’s methodology uses research designs/procedures such as surveys and instruments such as closed-
ended questionnaires to generate quantitative data [24] and [26] while descriptive and inferential statistics are
used for analysing these data to identify the cause and effect or relationships between variables of interest.
Therefore, this present study adopts the descriptive survey research design/procedure that describes and presents
basic information about the subject matter under study [25].

The population of the study comprised 780 and 320 public and private senior secondary school two
(SSS 2) science students in Awka Education Zone, respectively. The sample of the study comprised 156 and 40
SSS 2 students in public and private secondary schools in Awka Education Zone, respectively. The sample was
selected through a multistage sampling procedure. The stages were as follows: The first stage was to put the five
Local Government Areas that make up Awka Education Zone into five strata. Then, three Local Government
Areas were selected using a simple random sampling technique. The second stage involved using a simple
random sampling technique to select one public and one private senior secondary school from each of the
selected local government areas. Finally, the third stage involved using simple random sampling again to select
one arm of the SSS 2 classes in each of the selected schools. The choice of SSS 2 students was based on the fact
that they have been involved in laboratory procedures for two years and they are not newbies and examination
classes like their SSS 1 and 3 counterparts, respectively.

Two instruments were used to collect data for the study. The first was titled the Common Science
Laboratory Accidents Checklist (CSLA), adapted from [15]. The instrument was used to check the status of
science laboratory accidents in the selected public and private secondary schools in Awka Education Zone from
the perspective of the students. The instrument was validated by relevant experts from Nnamdi Azikiwe
University Awka. The checklist is a two-point rating of yes and no with weights of 1 and 0, respectively. The
second instrument used to collect data for the study is the Laboratory Accident Preventive Measure
Questionnaire (LAPMQ), adapted from [27]. The instrument was also validated by relevant experts, and a
reliability test conducted on the instrument gave a reliability coefficient of 0.86 using Cronbach Alpha. The
questionnaire is a four-point rating scale of strongly agree (SA), agree (A), disagree (D), and strongly disagree
(SD) with weights of 4, 3, 2, 1 for positive statements and 1, 2, 3, 4 for negative statements. The questionnaire
was used to determine the preventive measures adopted by secondary school students in averting science
laboratory accidents in the selected secondary schools in Awka Education Zone.

The researchers administered the instruments with the help of three trained research assistants. The
research assistants were exposed to the objectives of the study and briefed on how to collect data using the
instruments. The instruments were administered and collected on the same day. In analysing the collected data,
the researchers used descriptive statistical tools (mean, standard deviation, and percentages) to answer the
research questions and inferential statistics (t-test). For example, in answering research question one, the
midpoint percentage (50%) was used to determine the science laboratory accident status in the selected
secondary schools in Awka Education Zone. A mean average of 2.50 was used to determine the science
laboratory accident preventive measures adopted by secondary school students in Awka Education Zone. For the
hypothesis, in taking a decision where the P-value is less than or equal to a significant value of .05 (P<.05), the
null hypothesis was rejected, but if otherwise (P>.05), the null hypothesis was accepted.
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3. RESULTS AND DISCUSSION
In this section, the collected data were analysed, interpreted, and the findings were discussed. The
results and discussion were presented based on the research questions and hypothesis that guided the study.

Table 1. Percentage distribution of science laboratory accident status in public and private secondary schools in
Awka Education Zone

PUBLIC PRIVATE

ITEM YES NO STATUS YES NO STATUS

(%) (%) (%) (%)
Cuts; as a result of broken test/glass tubes 179 821 NO 20 80 NO
Cuts; as a result of broken tools 147  85.3 NO 25 75 NO
Cuts; as a result of sharp-edge injuries 199 80.1 NO 25 75 NO
Heat/Burn/Scalds as a result of carelessness in 19.2 80.8 NO 20 80 NO
handling hot objects
Heat/Burn/Scalds as a result of hot liquid 135 86.5 NO 15 85 NO
accidents
Heat/Burn/Scalds as a result of Bunsen flame 109 89.1 NO 10 90 NO
Heat/Burn/Scalds as a result of a lighted match 186 814 NO 325 675 NO
Heat/Burn/Scalds as a result of acid/strong base 179 82.1 NO 25 75 NO
Fire Outbreak as a result of accidental ignition 179 821 NO 15 85 NO
of flammable liquids
Fire Outbreak as a result of ignition as a result 109 89.1 NO 20 80 NO
of defective burner tube leakage
Eye Accidents as a result of Chemical splash 179 821 NO 20 80 NO
onto the eyes/skin
Eye Accidents as a result of Rubbing of the 21.2 788 NO 30 70 NO
eyes with hands contaminated with chemicals
Animal bite in the laboratory 7.1 929 NO 20 80 NO
Explosion 109 891 NO 175 825 NO
Electric shock 23.7 76.3 NO 275 725 NO
Slips and falls 359 64.1 NO 40 60 NO

The result in Table 1 shows that science laboratory accidents do not occur in secondary schools in
Awka Education Zone as determined using the midpoint percentage of 50%. The result showed ‘NO’ responses
from the students to science laboratory accidents as a result of cut from broken glass/test tubes (82.1%), broken
tools (85.3%), and sharp edges (80.1%); as a result of heat/burn/scalds from carelessness from handling hot
objects (80.0%), hot liquid accident (86.5), Bunsen flame (89.1%), lighted match (81.4%) and acid/strong base
(82.1%); as a result of fire outbreak from accidental ignition of flammable liquids (82.1%), defective bunsen
burner tube leakage (89.1%); eye accident as a result of chemical splash (82.1%), rubbing the eyes with
contaminated hands (78.8%). The result also showed students 'NO' responses to other forms of science
laboratory accidents such as animal bites (92.9%), explosions (89.1%), electric shock (76.3%) and slips and falls
(64.1%). This contradicts the findings of [15], who posited that these science laboratory accidents occur in
schools and were a result of student-related factors.

The non-occurrence of science laboratory accidents in the sampled secondary schools could be
attributed to their teachers’ communication and the students’ adherence and compliance with science laboratory
accident preventive measures. Also, this could be a result of teachers' and students' competence and efficiency in
carrying out science laboratory procedures. Similarly, the presence of science laboratory safety equipment could
have contributed to the non-occurrence of these science laboratory accidents, as reported by the students.
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Table 2. Mean and standard deviation distribution of science laboratory accidents preventive measures of public
and private secondary school students in Awka Education Zone

Public Private
ITEM X+SD Remark X +SD Remark
I always take care that the laboratory is clean and tidy 3.32+.76 AGREE 3.02+.91 AGREE
I know precautions to be taken in case of a fire in the 3.02+.92 AGREE 2.92+.85 AGREE
laboratory
I know what to do in case of spills and splashes of 2.71+.91 AGREE 2.77+.91 AGREE
chemicals

I am aware of the right emergency kits to use in case of 2.72+.98 AGREE 2.65%.92 AGREE
an emergency

I know the phone numbers to call in an emergency 2.94+1.01 AGREE 2.72+£1.10 AGREE
I have information about my health status 3.16+.90 AGREE 3.12+.88 AGREE
I know what should be the standards of an ideal 2.83+.93 AGREE 2.90+.98 AGREE
laboratory for schools

I can use the ventilation system very well 2.74+.98 AGREE 3.12+.99 AGREE
I can manipulate the electrical and lighting in the 2.33£99 DISAGREE 2.42+1.08 DISAGREE
laboratory

I know how to use the water system in the laboratory 3.02+.94 AGREE 3.22+.76 AGREE
I know how to use gas installations 2.34+1.02 DISAGREE 2.40+1.03 DISAGREE
In case of a fire, | know how to use the fire extinguisher ~ 2.85+1.06 AGREE 2.97+1.04 AGREE
I know how to use a bucket of sand in case of a fire 3.14+.96 AGREE 3.00£1.01 AGREE
I know how to use a fire blanket in case of a fire 2.56+1.02 AGREE 2.67£1.16 AGREE
I know how to design laboratory desks for laboratory 2.69+.98 AGREE 2.87+.85 AGREE
exercises

I know the needs and uses of an emergency exit plan 2.75%.99 AGREE 2.75%.92 AGREE
I know how to use first aid Kits in the laboratory 2.87£1.00 AGREE 3.17+.78 AGREE
I know how to store and keep solid chemicals 2.56%.99 AGREE 2.87+.93 AGREE
I always take care that the shelves are firmly attached 2.64+.97 AGREE 2.67+.85 AGREE
to the wall

I always take care that all shelves have the protection 2.59+.96 AGREE 2.72+.87 AGREE
sets on the front sides

I know how to store and keep the liquid chemicals 2.62+1.00 AGREE 2.82+.87 AGREE
I know how to store chemicals which need to have 2.44+99 DISAGREE 2.62+.80 AGREE

special conditions
I work with an inventory that has the identifications of 2.26+1.03 DISAGREE 2.50+.81 AGREE
all chemicals in the laboratory
I make sure to wash my hands after each laboratory 3.58+.69 AGREE 3.65+.62 AGREE
exercise

Conclusion AGREE AGREE

The result in Table 2 shows that public secondary school students disagreed with item numbers 9, 11,
22 and 23 but agreed with the rest of the other items. On the other hand, private secondary school students
disagreed with items numbers 9 and 11 but agreed with the other items in the questionnaire. Overall, the
student's responses indicate that they practice science laboratory accident preventive measures in their schools'
science laboratories. This finding contradicts the findings who posited that students have low awareness and, as a
result, do not observe these preventive measures in the science laboratory [20]-[23].

The finding of the study could be because of students' high consciousness of the potential danger and
accidents that could occur in the laboratory and the high value the students place on their lives and safety.
Similarly, the finding could be a result of students' sense of responsibility even in the science laboratory.

Table 3. T-test of significance on the preventive measures between public and private secondary schools.
Sig. t df p X Difference SE Difference Decision

Preventive Measures .228 -931 194 0.05 -1.81731 1.95200 Not
Significant

The result in Table 3 shows that there is no significant difference in the science laboratory accident
preventive measures observed by public and private secondary schools in Awka Education Zone. The null
hypothesis was therefore accepted. The findings of the study disproved [25] assertion that public and private
secondary schools differ on certain factors, such as classroom size. The findings of the study show that these
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supposed differing factors do not apply to the sampled public and private secondary schools and their students in
the adherence and compliance to science laboratory accident preventive measures. Thus, the sampled secondary
schools are alike in this respect.

The findings imply that teachers and students covered in the sample of this study, irrespective of their
school types, possess and efficiently deploy laboratory safety measures while using the science laboratories to
carry out laboratory procedures. This knowledge and application of laboratory safety measures translate to the
non-occurrence of laboratory accidents as observed by the findings of the study. The relatively small sample size
used in this study poses a limitation to the generalisability of the study’s findings to a more general population.

4.  CONCLUSION

Based on the findings of the study, the researchers concluded that the investigated public and private
secondary schools in Awka Education Zone do not experience science laboratory accidents. The researchers also
concluded from the study's findings that students in both public and private secondary schools observed some
science laboratory accident preventive measures before, during and after each laboratory exercise. The study also
observed that there was no significant difference in the observance of science laboratory accident preventive
measures irrespective of the school type.

ACKNOWLEDGEMENTS
Researchers would like to thank all the people who have helped this research process so that it can be
completed to make new contributions in educational research science.

REFERENCES

[1] C.N. Nwele, “The extent of availability of safety instruments/equipment in science laboratories in secondary schools in
Ebonyi State of Nigeria,” Academic Journal of Interdisciplinary Studies, vol. 2, no. 10, pp. 131-136, 2013;
10.5901/ajis/2013.v2n10p131

[2] T. Klaavuniemi and M. Siponen, “Demystifying beliefs about the natural sciences in information system,” Journal of
Information Technology, vol. 36, no. 1, pp. 56-68, 2020; https://doi.org/10.1177/0268396220901535

[3] E. A. Okeke, “Making science education accessible to all. 3rd Inaugural Lecture.,” in https://www.unn.edu.ng/wp-
content/uploads/2015/09/23rd-INAUGURAL-LECTURE1.pdf, UNN, NSUKKA, 2007.

[4] W. H. Al-Dahhan, A. A. Ali and E. Yousif, “Lack of Maintenance in a chemical Laboratory has almost caused an
accident,” Open Access Journal of Chemistry, vol. 1, no. 1, pp. 63-66, 2017.

[5] A. Hieronymi, “Understanding Systems Science: A Visual and IntegrativeApproach,” Systems reaserch and
behavioural science, vol. 30, no. 5, pp. 580-595, 2013 https://doi.org/10.1002/sres.2215.

[6] R.Muhammad, “Assessing the laboratory safety and security skills among science, technology and mathematics (STM)
teachers in Sokoto State, Nigeria,” American Journal of Education and Learning, vol. 1, no. 2, pp. 62-68, 2017.

[71 B. U. Mbonu & J. N. Okoli, “Effects of multimedia integrated instruction on Basic Science students’ academic
achievement in Anambra state.,” in 60th annual conference proceedings of the Science Teachers Association of Nigeria
(STAN), 229-237, 2019.

[8] Y. A. Fagihi, “The level of awareness of safety measures practised in school laboratories among pre-service science
teachers at Najran University,” Journal of Educational Issues, vol. 4, no. 1, pp. 107-121, 2018.
d0i:10.5296/jei.v4i1.12908

[9] 1. O. Babayemi and A. A. Kareem, “Services in secondary schools science laboratory as a centre for innovation in
Basic Science and Technology in Akwa Ibom State, Nigeria.,” in 60th Annual Conference Proceedings of Science
Teachers Association of Nigeria (STAN), Akwa Ibom, 2019.

[10] E. C. Nwune, N. K. Oguezue and E. N. &. S. N. N. C. Okwuduba, “Knowledge and implementation of laboratory
safety skills possessed by pre-service science teachers in Anambra State, Nigeria: Implications for practical science
learning,” Puissant, vol. 4, no. 2, pp. 1005-1019, 2023.

[11] K. J. Aina, “Importance of science education to national development and problems militating against its
development,” American Journal of Educational Research. vol. 1, no. 7, pp. 225-229, 2013. DOI:10.12691/education-
1-7-2

[12] A. Omiko, “Laboratory teaching: Implications on students’ achievement in Chemistry in secondary schools in Ebonyi
State of Nigeria,” Journal of Education and Practice, vol. 6, no. 30, pp. 206-213, 2015.

[13] J. M. Idoko and E. A. Ibiam, “A survey of laboratory safety in secondary school in Nsukka Local Government Area,”
An unpublished B.Sc(Ed) project of the Department of Science Education, University of Nigeria, Nsukka, Nsukka,
2008.

[14] S. K. Shrivastava, “Safety Procedures in the Laboratory,” International Journal of Engineering and Scientific
Research, vol. 5, no. 7, pp. 54-64, 2017; ISSN: 2229-5518.

Secondary School Students’ Perception of Science Laboratory Accident Status ... (Nwune Emmanuel Chibuike)



110

a ISSN: 2716-3725

[15]
[16]
[17]
(18]
[19]

[20]

[21]
[22]
(23]
[24]
[25]

[26]

[27]
(28]
[29]
[30]

[31]

R. B. Pareek, “An assessment of availability and utilization of laboratory facilities for teaching science at secondary
level,” Science Education International, vol. 30, no. 1, 2019.

N. J. Cho, "Analysis of Safety Management Conditions and Accidents Type in Domestic and Foreign Laboratory,"
Journal of Ergonomics Society , vol. 35, no. 2, pp. 97-109, 2016; doi.org/10.5143/JESK.2016.35.2.97.

K. Rockwood., M. McMillan., A, Mitnitski., and S. E. Howlett, “A frailty index based on common laboratory tests in
comparison with a clinical frailty index for older adults in long-term care facilities,” Journal of the American Medical
Directors Association, vol. 16, no. 10, pp. 842-847, 2015.

I. O. Ikeobi, Beyond The Stereotype, Thoughts And Reflections On Education, Lagos: The CIBN Press Ltd, 2010.

C. P. &. Aydogdu, “The opinions of the classroom teacher candidates about the causes of the accidents in the
laboratories,” Journal of Education Science and Technology Research, vol. 1, no. 2, pp. 103-112, 2016.

P. A. Okebukola, A. Oladejo, F. Onowugbeda, F. Awaah, I. Ademola and T. O. &. O. A. Ajayi, “Investigating
chemical safety awareness and practices in Nigerian Schools,” Journal of Chemical Education, vol. 98, no. 1, pp. 105-
112, 2020. https://dx.doi.org/10.1021/acs.jchemed.0c00136

M. Ozarslan and |. Ates, “The opinions of gifted and talented students about security measures in science laboratory
studies,” Journal of Educational Science, vol. 2, no. 3, pp. 42-49, 2013.

B. Caymaz, “Secondary School Students' Knowledge and Views on Laboratory Safety,” Journal of Science Learning,
vol. 4, no. 3, pp. 220-229, 2021.

A. Tekbiyik and M. Tepe, “Evaluation of laboratory experiments and accidents that occurred between the years of
2001-2017 in Turkey,” International Journal of Innovative Approaches in Education, vol. 1, no. 1, pp. 11-20, 2017.

R. Artdej, “Investigating Undergraduate students' scientific understanding of laboratory safety,” Procedia Social and
Behavioral Sciences, vol. 46, pp. 5058-5062, 2012.

L. D. Kalaghor, “An Analysis of Factors Influencing Students' Academic Performance in Public and Private Secondary
Schools in Rivers State-Nigeria,” Journal of Education and Practice, vol. 7, no. 28, pp. 96-101, 2016.

V. Baburajan, J. A. Silva and F. C. Pereira, “Open vs Close-ended questions in attitudinal surveys - comparing,
combining, and interpreting using natural languge processing,” Transportation Research Part C: Emerging
Technologies, vol. 137, 2022; https://doi.org/10.1016/j.trc.2022.103589.

S. Akpullukcu and B. Cavas, “The development of a laboratory safety questionnaire for middle school science
teachers,” Science Education International, vol. 28, no. 3, pp. 224-231, 2017. https://doi.org/10.33828/sei.v28.i3.6

P. M. Nardi, Doing Survey Research: A Guide To Quantitative Methods., Routledge, 2018.

L. Mack, “The philosophical underpinnings of educational research,” Polyglossia, vol. 19, pp. 5-11, 2007.

J. W. Creswell, “Mapping the field of mixed methods research,” Journal of Mixed Methods Research, vol. 3, no. 2, pp.
95-108, 2009.

C. Aydogdu & E. Yardimei, “Accidents that occur in primary education science laboratories and behaviours that
teachers can develop,” Hacettepe University Journal of Education Faculty, vol. 44, pp. 52-60, 2013.

In. Sci. Ed. J, Vol. 4, No. 3, September 2023: 104 - 110



