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Abstract

This study aims to investigate the impact of science lab activities on the academic performance and behavior of elementary
school children in Nigerian primary schools: It adopts an experimental design with pre-test, post-test, and control group
methodology to assess outcomes, alongside a cohort approach for examining temporal relationships: The research draws on
theoretical perspectives of Vygostky socio cognitive learning theory and behavioral development, exploring cognitive,
affective, and psychomotor domains of learning. Young children (aged 5 to 6 years) were recruited from diverse urban and
rural schools, classified into experimental and control groups, and followed for 12 weeks with periodic assessments. The
findings reveal that in the experimental group, science lab exposure significantly enhances students' academic performance
and reduces behavioral problems by fostering social interactions and emotional regulation. The study identifies differences in
male and female science literacy skills and highlights the importance of early intervention in addressing educational and
behavioral challenges. It concludes that structured science lab activities can transform practical science education, inform
evidence-based interventions, and contribute to Nigeria's socio-economic development through improved science literacy
and equitable learning opportunities.

Keywords: Science lab, elementary children, performance, behavior.
INTRODUCTION

In recent years, global efforts to improve STEM education have brought increasing attention to the
role of practical science activities in fostering academic achievement and essential skills among
students (Grancharova, 2024; Pozo-Rico et al., 2024). In particular, science lab activities are seen as a
critical component for advancing science literacy, problem-solving abilities, and collaborative skills,
all of which are pivotal for academic success. In Nigeria, where educational systems are seeking to
bridge gaps in science education, the integration of practical experiences is crucial for developing a
scientifically literate workforce capable of contributing to national development. This has been
echoed by Nigeria’s Minister of Education, Tunji Alausa, who emphasized a shift towards an
education system with 80% practical activities as a means to revolutionize learning in the country
(Udegbunam, 2019; Agency Report, November 2024).
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Despite the recognized significance of science education in nurturing critical thinking and innovation,
many developing countries, including Nigeria, face challenges in providing well-equipped science
labs, particularly at the elementary school level (Kotsis, 2024). This lack of exposure to hands-on
learning activities can hinder students' academic and behavioral development, especially in science-
related subjects. Existing research has demonstrated the broad benefits of science lab activities, such
as improving critical thinking, problem-solving, and teamwork (Shana & Abulibdeh, 2020). However,
there is limited exploration of the specific impacts of science lab exposure on students’ attitudes,
motivation, and overall engagement with science. This study seeks to fill this gap by examining how
science lab activities can influence academic performance and behavioral outcomes in elementary
school children, particularly in Nigeria, where the need for interventions in science education is
paramount.

An important aspect worthy of investigating is the gender differences in the impact of science lab
exposure. Previous studies have highlighted that male and female students often experience different
educational outcomes in STEM fields due to a variety of factors, including societal expectations,
cultural norms, and differences in cognitive and emotional development (Blanchard et al., 2010;
Uzezi & Zainab, 2017). Understanding the distinct ways in which male and female students respond
to science lab activities is essential for developing more inclusive educational practices that cater to
the needs of both genders. Gender-sensitive interventions can ensure that both male and female
students are equally motivated, engaged, and empowered by science education, thereby promoting
equitable access to opportunities in STEM fields. By exploring these gender differences, this study
aims to contribute to a deeper understanding of how science lab activities can be optimized to benefit
all students, regardless of gender.

The theoretical framework for this study is anchored in the Social Constructivist Theory of learning,
which emphasizes the active role of students in constructing knowledge through engagement with
their environment (Vygotsky, 1978). Science labs, as environments that promote inquiry and
experimentation, offer an ideal setting for such constructivist learning, where students can develop
skills like problem-solving and critical thinking. Additionally, the study draws from the Social
Cognitive Theory (Bandura, 1986), particularly the idea that observational learning and social
interaction in group activities are integral to behavioral change. The integration of these two
frameworks provides a comprehensive lens to examine how science lab activities not only affect
cognitive outcomes like academic performance but also influence behavioral dynamics such as
student engagement, motivation, and emotional expression.

The effectiveness of laboratory-based learning in improving student performance, particularly at the
secondary school level, has been widely explored, with substantial evidence highlighting the benefits
of guided-inquiry and virtual laboratories. Guided-inquiry lab activities, as compared to traditional
methods, are shown to significantly enhance test performance, knowledge retention, and reasoning
skills. Uzezi and Zainab (2017) demonstrated that secondary school chemistry students performed
better in volumetric analysis tests when taught using a guided-inquiry approach, as compared to
traditional lab methods. Similarly, Blanchard et al. (2010) found that guided-inquiry labs improved
students' performance across multiple science subjects, showing gains in knowledge and reasoning, as
well as long-term retention. Inquiry-based teaching methods, including guided-inquiry, have been
praised for fostering critical thinking, hypothesis development, and experimental design skills, which
are key in science education (Wilson et al., 2009). Notably, these methods not only benefit cognitive
skills but also contribute to addressing achievement gaps across diverse student demographics,
including gender (Blanchard et al., 2010; Uzezi & Zainab, 2017). Additionally, the impact of guided-
inquiry labs extends beyond immediate academic performance, promoting lasting learning outcomes.
For example, Blanchard et al. (2010) found that guided inquiry significantly improved students'
retention and ability to apply knowledge over time.
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Virtual laboratories, especially in resource-constrained settings, have also proven to be effective in
enhancing student performance. Sabasales (2019) compared the effects of virtual and physical labs on
students’ performance in physics, revealing that virtual labs contributed to similar improvements in
test scores. Virtual labs provide an alternative method of instruction that compensates for the lack of
physical resources, offering students a platform to simulate experiments that may otherwise be
inaccessible. Studies such as those by Tath and Ayas (2013) and Bazie et al. (2024) emphasize the
effectiveness of virtual labs in improving students' comprehension and procedural skills in chemistry,
with findings supporting their utility as both an alternative and complement to physical lab sessions.

Despite these successes, gaps in the literature remain, particularly in terms of how these pedagogical
strategies influence classroom behavior and engagement at the lower levels of education. While much
of the existing research focuses on the measurable impacts of guided-inquiry and virtual labs on
academic performance (Uzezi & Zainab, 2017; Sabasales, 2019), there is less emphasis on the
underlying classroom dynamics and student behavior during these activities. In particular, the
interaction patterns between students and the broader classroom environment, such as collaborative
behaviors in group lab settings, have not been sufficiently explored. For instance, Onukwu and Ikenna
(2024) found that group-centered laboratory activities foster higher achievement than individualized
labs, yet their study primarily focused on academic outcomes rather than on behaviors that may
contribute to these results. Furthermore, there is a gap in understanding how laboratory instruction
impacts students' classroom behavior in terms of engagement, motivation, and collaboration. While
studies such as Dietz and Slaughter (2013) suggest that laboratory activities improve science content
mastery, they largely overlook how different instructional designs influence classroom interactions or
how they affect students' attitudes and behaviors toward science learning. This lack of attention to
classroom behavior and the social dynamics during inquiry-based or virtual laboratory activities limits
the potential for understanding the full spectrum of benefits these pedagogical strategies may offer.

This study aims to investigate the impact of science lab exposure on the academic performance and
behavior of elementary school children in Nigeria. It explores how engaging in practical science
activities might enhance academic outcomes, reduce behavioral problems, and foster more positive
attitudes toward science. By comparing the performance and behavior of students exposed to science
labs with those who are not, the research seeks to identify key benefits of practical science education
that can inform policies and educational reforms. This study is significant because it not only
addresses the cognitive aspects of science education but also the social and emotional dimensions,
which are often overlooked in traditional classroom settings. By contributing new insights into the
relationship between science lab exposure and student behavior, this research aims to inform
educational strategies that will support the development of well-rounded, scientifically literate
individuals who are equipped to contribute to Nigeria's socio-economic development.

In line with this aim, the following sub-aims were also addressed in this study:

For the purpose of the study, a number of research questions have been raised and they include:
1. What is the level of science literacy skills that exist in elementary school?
2. What is the level of behavioral problems in elementary school children?

3. What is the significant impact of science literacy skills on elementary school children
behavioral problems?

4. s there a significant difference in the male and female science literacy skills?

METHOD

The study adopted an experimental design using a pre-test, post-test, control group format. This
approach enabled a rigorous assessment of the impact of science lab exposure on academic
performance and behavior. Additionally, a prospective cohort design was utilized to evaluate the
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association between science lab activities and performance and attitude/behavior among elementary
school children in Nigeria. The cohort was classified into experimental and control groups at baseline,
ensuring all eligible participants were at the same entry point of performance and attitude/behavior
issues at the study's start. Participants were followed for a period of 12 months, with assessments
conducted at three-month intervals to investigate temporal relationships between exposure to science
activities and outcomes while minimizing recall bias.

Sample and Sampling Technique

The study was conducted in ljebu-Ode Local Government Area (LGA) in Ogun State, located in the
southwestern region of Nigeria. Ogun State is composed of three senatorial districts, and the study
encompassed two local government areas (LGAS) from each of these districts. Specifically, ljebu-Ode
LGA was selected as the study area to represent the local educational landscape. For a comprehensive
analysis, two primary schools and two junior secondary schools were chosen from each of the two
selected LGASs within Ijebu-Ode.

The focus of the study was on two educational categories: primary schools and junior secondary
schools. In the primary school category, two classes—Basic 5 and Basic 6—were included, while in
the junior secondary category, Basic 7 and Basic 8 students were selected as participants. The
research utilized intact classes, meaning the study sample was comprised of pre-existing classroom
groups that were not altered for the purposes of the study. Participants were purposively recruited
from both urban and rural elementary schools to ensure that the sample was representative of the
wider population within ljebu-Ode LGA. The recruitment process involved multistage sampling
technique to maximize participation and ensure diversity. These strategies included posting
advertisements and flyers on school bulletin boards, distributing communication letters through local
community partners, and leveraging online forums to reach potential participants.

To meet the study’s inclusion criteria, only children aged 5 to 6 years old were selected. Additionally,
participants were required to be free of any significant performance or behavioral issues at the time of
recruitment. This was done to ensure that the sample represented children who were capable of
consistent participation throughout the study. Children who exhibited early signs of performance or
behavioral challenges were excluded from the study to maintain the integrity of the sample.
Participants who met the inclusion criteria and provided consent for longitudinal participation were
considered eligible to take part.

The demographic characteristics of the study sample are presented in Table 1, which shows the
distribution of participants by gender and age.

Table 1. Demographic Data of the participants.

Frequency Percentage Cumulative Percentage
Male 19 475 475
Female 21 52.5 100.0
Total 40 100.0
Age
5 years 11 27.5 275
6 years 16 40.0 67.5
7 years 13 325 100.0
Total 100 100.0

Table 1 shows that out of the 40 participants, 19 (47.5%) were male, while 21 (52.5%) were female.
This distribution indicates that slightly more female participants were included in the study compared
to male participants, reflecting a gender balance that is close to parity, but with a slight majority of
females. The age distribution of participants is also presented in Table 1. The study population
consisted of 11 (27.5%) children aged 5 years, 16 (40.0%) children aged 6 years, and 13 (32.5%)
children aged 7 years. The largest proportion of participants were 6 years old, followed by 7-year-olds
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and 5-year-olds. This suggests that the study primarily captured the experiences of children in the
middle of the age range, with a more balanced representation of the younger and older children.

Data Collection Procedure

The researcher visited the school to obtain permission to carry out the study from the heads of the
schools. During this visit, children were evaluated to confirm eligibility and ensure freedom from
performance and attitude/behavior issues. Eligible participants were given written consent to their
parents before they were enrolled in the study. The study was carried out in three stages: Firsly, the
experimental and control groups completed a pre-test to establish baseline academic performance and
behavioral measures. Exposure to science lab activities was assessed using a detailed questionnaire
that collected information on duration, frequency, and intensity of prior science lab involvement.
Thereafter, the experimental group participated in structured science lab activities for 12 weeks, while
the control group continued with traditional teaching methods. Laslty, at the end of the intervention,
both groups completed a post-test assessing academic performance and behavioral outcomes.

Intervention

The intervention designed involves hands-on science activities aimed at enhancing young learners'
understanding of heat and material properties through experiential learning. The structured activities,
“What Melts in the Sun?” and “Sun’s Heat in Different Locations,” serve as instructional
interventions designed to:

Research Instruments

Three research instruments were used to collect data for the study. The instruments were the Science
Performance Test (SPT) which is a Standardized science tests measuring elementary students’
cognitive skills; Behavioral Assessment Tools: Observational checklists and teacher-reported
guestionnaires evaluating student engagement, teamwork, and interest in science and Psychomotor
Skills Assessment: Tasks designed to evaluate hands-on abilities and practical application of science
concepts.

RESULTS
Research on the level of science literacy skills that exist in elementary school

Table 2. Level statistics of science literacy skills.

Frequency Percentage Mean Std.Dev.
Low 1-8 20 50.0 851 3.33
Moderate 9-16 11 27.5 12.45 2.43
High 17-24 9 225 19.78 1.87

Table 2 showed the level of elementary pupils science literacy skill. 50% of the participants possessed
a low level of science literacy skill, 27.5% of the participants possessed a moderate level of science
literacy skill while 22.5% possessed a high level of science literacy skill. The result indicated that the
participants possessed a low level of science literacy skill.

Research Question 2: What is the level of behavioral problems in elementary school children?
Table 3. Level statistics of elementary children behavioral problems.

Frequency Percentage Mean Std.Dev.
Low 1-60 12 30.0 16.32 4.22
Moderate 61-120 12 30.0 92.72 19.95
High 121-160 16 40.0 139.46 12.70

Table 3 showed the level of elementary pupils’ behavioral problems. 30% of the participants
possessed a low level of behavioral problems, 30% of the participants possessed a moderate level of
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behavioral problems while 40% possessed a high level of behavioral problems. The result indicated
that the participants possessed a high level of behavioral problems.

Result on the significant impact of science literacy skills on elementary school children
behavioral problems.

The analysis results regarding "Science literacy skills on elementary school children's behavioral
problems" are presented in Table 4.

Table 4. ANOVA showing the significant impact of science literacy skills on elementary school
children behavioral problems.

Sum of Squares Df Mean Square F Sig.
Between Groups 448.907 22 32.065 3.431 .000
Within Groups 794.403 17 9.346
Total 1243.310 39

Table 4 shows the F-value 3.431 which indicates a significant impact of science literacy skills on
elementary school children behavioral problems. The significant level .000 is shown which is lesser
than .05 which indicates that there is a significant impact of science literacy skills on elementary
school children behavioral problems.

Result on the significant difference in the male and female science literacy skills
The analysis results regarding "male and female science literacy skills" are presented in Table 5.

Table 5. T-test analysis showing the significant difference in the male and female science literacy
skills.

N Mean Std.Dev. Df T Sig
Male 50 11.50 3.21 38 .365 .015
Female 50 11.24 3.88

Table 5 shows the t-score value of .365, and the mean scores of the male and female teachers are
11.50 and 11.24 respectively and a standard deviation of 3.2 1 and 3.88 respectively which indicates
that there is a significant difference between the male and female science literacy skills. The table also
shows .015 significant level which also indicates that there is a significant difference.

DISCUSSION, CONCLUSIONS, and SUGGESTIONS

According to the study, the level of science literacy skills that exist in elementary school was shown.
The results suggest that science literacy skills in the studied elementary school children are generally
low, with 50% of the participants demonstrating low levels of science literacy, 27.5% at a moderate
level, and only 22.5% exhibiting high levels of science literacy. This indicates that a significant
portion of the children lacks proficiency in fundamental scientific concepts, which can hinder their
overall academic success and development in science-related subjects. The result is not in accordance
with the result of Kartimi (2021) which revealed that students' learning activities in the application of
scientific learning experienced an increase in science literacy skills with very strong criteria.

The low levels of science literacy observed in the majority of the participants are consistent with
trends observed in various educational settings globally, where elementary school children often lack
foundational science knowledge due to gaps in curricula or inadequate teaching methods. As
identified in the literature review, science literacy is essential for children to engage critically with
scientific ideas and participate meaningfully in discussions about science, technology, and the
environment. According to research by Aikenhead (2006), early exposure to science education and
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fostering science literacy from a young age significantly influences students’ long-term interest and
success in the subject.

In terms of behavioral problems, the results reveal that a significant proportion (40%) of the children
had high levels of behavioral issues, while 30% exhibited moderate levels, and another 30% displayed
low levels. The high prevalence of behavioral problems highlights an area of concern that could
potentially affect the educational outcomes of the children. Behavioral problems, such as
inattentiveness, impulsiveness, and non-compliance, can interfere with the learning process, making it
difficult for children to benefit from educational opportunities. This aligns with the findings of
studies, such as those by Barkley (2015), which link behavioral issues to academic underachievement,
especially in science and other cognitive domains. The result also agrees with the result of Amany
Sobhy Sorour et al (2014) which shows that prevalence of total difficulties scores among primary
school children with learning disabilities was 98.1% abnormal difficulties compared to 79.7% of
normal children. Furthermore, the result shows the significant impact of science literacy skills on
elementary school children behavioral problems. The result indicated that there is a significant impact
of science literacy skills on elementary school children behavioral problems. The analysis of the
relationship between science literacy skills and behavioral problems through an ANOVA revealed a
significant impact, suggesting that children with higher levels of science literacy tend to exhibit fewer
behavioral problems. This relationship is significant because it implies that enhancing science literacy
could help mitigate some of the behavioral problems observed in elementary school children.
According to research, cognitive engagement with subjects like science fosters a sense of achievement
and curiosity, which can positively affect behavior and reduce disruptions in the classroom
(Linnenbrink & Pintrich, 2002). Therefore, addressing science literacy may not only improve
academic performance but also promote better behavioral outcomes.

The analysis also indicated a significant gender difference in science literacy skills, with males
scoring slightly higher than females. This finding resonates with global educational research, which
frequently highlights gender disparities in science achievement, often attributing them to social,
cultural, and educational factors (Blickenstaff, 2005). While the difference in means was small, it is
important to recognize and address gender disparities in science education, as early experiences with
science can shape future interests and career choices in STEM fields. The result confirms the result of
Murat Gengi (2015) which reveals that In terms of gender of the students, a significant difference
emerged after the application, when compared to before the application.

Conclusion

This study’s findings underline the significant challenges related to science literacy and behavioral
problems among elementary school children. The low levels of science literacy observed, along with
the high incidence of behavioral problems, point to the need for urgent interventions to improve both
academic and behavioral outcomes for these children. The significant relationship between science
literacy and behavioral problems suggests that interventions aimed at enhancing science education
may also have the added benefit of reducing behavioral issues, thereby improving the overall learning
environment.

Additionally, the gender differences observed in science literacy skills necessitate targeted efforts to
promote gender equity in science education, ensuring that both boys and girls have equal
opportunities to excel in this crucial area. Future educational reforms should focus on fostering a
positive attitude toward science among all students, irrespective of gender, and providing teachers
with the necessary tools and support to engage students effectively.

Given the low levels of science literacy among elementary pupils, it is crucial to design and
implement more engaging, hands-on science programs that encourage curiosity and critical thinking
from an early age. Teachers should be trained to adopt inquiry-based teaching strategies that foster
problem-solving and scientific reasoning. Since the findings suggest a link between science literacy
and behavioral problems, integrating behavioral management techniques into science teaching could
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help address disruptive behaviors in the classroom. For example, projects that require teamwork and
collaborative problem-solving can help build positive social skills, while science-based activities may
keep students engaged and focused. Moreover, to address the observed gender disparity in science
literacy, schools should actively encourage female students to pursue science subjects. This could
include mentoring programs, female role models in science, and gender-sensitive curricula that break
down stereotypes and challenge gendered expectations about scientific ability.

Teachers should be provided with professional development opportunities to enhance their science
teaching skills and better manage behavioral issues in the classroom. This may involve training on
differentiated instruction, culturally relevant pedagogy, and the use of educational technology to make
science more accessible and engaging. Schools should encourage greater parental involvement in
supporting children’s science education, whether through at-home learning activities or participation
in school science fairs and projects. Engaging the broader community in educational activities can
create a more supportive environment for science learning. Future studies may explore the specific
causes of the low science literacy levels and the high behavioral problems, including an examination
of environmental, socio-economic, and cultural factors that may be influencing the results.
Longitudinal studies could also help track the impact of science literacy interventions on long-term
academic and behavioral outcomes.

Ethics and Conflict of Interest

All ethical rules were observed at all stages of the research. Authors declare that they acted in
accordance with ethical rules in all processes of the research. Authors declare that there is no conflict
of interest between the authors of this work.

Author Contribution
All authors contributed equally to the research.

Data availability
The data that support the findings of this study are available on request from the corresponding
author.

Corresponding Author
Correspondence to Olubusayo Foluso ADEBUSUY I, adebusuyi.olubusayo@oouagoiwoye.edu.ng

REFERENCES

Aikenhead, G. (2018). What is STS science teaching? In J. Solomon & G. Aikenhead (Eds.), STS education — International
perspectives on reform (pp. 47-59). NY: Teachers College Press.

Altschuld, J. W., & Kumar, D. D. (2010). Thoughts about the evaluation of STS: More questions than answers. In D. D.
Kumar & D. E. Chubin (Eds.), Science, Technology, and Society (pp. 121-140). NY: Kluwer Academic/Plenum
Publishers.

Amany, S. S., Noha, A. M., & Mona, M. (2014). Emotional and behavioral problems of primary school children with and
without learning disabilities: A comparative study. Journal of Education and Practice, 5(8).

Asyhari, A. (2015). Profil peningkatan kemampuan literasi sains siswa melalui pembelajaran saintifik. Jurnal llmiah
Pendidikan Fisika Al-Biruni, 4(2), 179-191. https://doi.org/10.24042/jpifalbiruni.v4i2.91

Bandura, A. (1997). Self-efficacy: The exercise of control. New York: W. H. Freeman.

Bandura, A., Ross, D., & Ross, S. A. (2014). Transmission of aggression through imitation of aggressive models. Journal of
Abnormal and Social Psychology, 63(3), 575-582.

Beck, A. T., & Steer, R. A. (2014). Beck Anxiety Inventory: Manual. The Psychological Corporation. Harcourt Brace
Jovanovich, Inc., San Antonio.

Bekalo, S., & Welford, G. (2016). Practical activity in Ethiopian secondary physical sciences: Implications for policy and
practice of the match between the intended and implemented curriculum. Research Papers in Education, 15, 185—
212.

Turkish International Journal of Special Education and Guidance & Counseling 237


http://www.tijseg.org/
mailto:adebusuyi.olubusayo@oouagoiwoye.edu.ng
https://doi.org/10.24042/jpifalbiruni.v4i2.91

ISSN: 1300 — 7432

TIJSEG

Turkish International Journal of Special Education and Guidance & Counseling 2025, volume 14, issue 2

Bennett, J., Grasel, C., Parchmann, I., & Waddington, D. (2015). Context-based and conventional approaches to teaching
chemistry: Comparing teachers’ views. International Journal of Science Education, 27(13), 1521-1547.

Bjorkqgvist, K. (2001). Social defeat as a stressor in humans. Physiology & Behavior, 73(3), 435-442.

Blair, R. J. R. (2016). The neurobiology of impulsive aggression. Journal of Child and Adolescent Psychopharmacology,
26(1), 4-9.

Bonner, F. T., & Phillips, M. (1957). Principles of Physical Science. Addison-Wesley.

Cajas, F. (2011). The science/technology interaction: Implications for science literacy. Journal of Research in Science
Teaching: The Official Journal of the National Association for Research in Science Teaching, 38(7), 715-729.
https://doi.org/10.1002/tea.1028

Champagne, A. B., & Lovitts, B. E. (1989). Scientific literacy: A concept in search of definition. In A. B. Champagne, B. E.
Lovitts & B. J. Callinger (Eds.), This year in school science. Scientific literacy (pp. 1-14). Washington, DC:
AAAS.

Chen, G. (2015). 10 major challenges facing public schools. Retrieved March 8, 2016, from
https://www.linkedin.com/pulse/10-major-challenges-facing-public-schools-debbie-hilbish

Cohen, J. (2010). A power primer. Psychological Bulletin, 112, 155-159.

Conger, R. D., & Donnellan, M. B. (2017). An interactionist perspective on the socioeconomic context of human
development. Annual Review of Psychology, 58, 175-199.

Crick, N. R., & Grotpeter, J. K. (2017). Relational aggression, gender, and social-psychological adjustment. Child
Development, 66(3), 710-722.

Cuccio-Schirripa, S., & Steiner, H. E. (2010). Enhancement and analysis of science question level for middle school
students. Journal of Research in Science Teaching: The Official Journal of the National Association for Research
in Science Teaching, 37(2), 210-224. https://doi.org/10.1002/(SICI)1098-237X(200001)84:1<71::AlD-
SCE6>3.0.CO;2-C

Dishion, T. J., & Tipsord, J. M. (2011). Peer contagion in child and adolescent social and emotional development. Annual
Review of Psychology, 62, 189-214.

Dodge, K. A., Coie, J. D., & Lynam, D. (2016). Aggression and antisocial behavior in youth. In W. Damon & R. M. Lerner
(Eds.), Handbook of child psychology: Vol. 3. Social, emotional, and personality development (6th ed., pp. 719—
788). John Wiley & Sons.

Domitrovich, C. E., Durlak, J. A., Staley, K. C., & Weissherg, R. P. (2017). Social-emotional competence: An essential
factor for promoting positive adjustment and reducing risk in school children. Child Development, 88(2), 408-416.

Donnelly, J. F., & Jenkins, E. W. (2011). Science education: Policy, professionalism and change. London: Paul Chapman
Publishing Ltd.

Durlak, J. A., Weissberg, R. P., Dymnicki, A. B., Taylor, R. D., & Schellinger, K. B. (2011). The impact of enhancing
students’ social and emotional learning: A meta-analysis of school-based universal interventions. Child
Development, 82(1), 405-432.

Durant, J. R. (2014). What is scientific literacy? In J. R. Durant & J. Gregory (Eds.), Science and culture in Europe (pp.
129-137). London: Science Museum.

Evans, J. R., & Mathur, A. (2018). The value of online surveys: A look back and a look ahead. Internet Research, 28(4),
854-887.

Flavell, J. H. (1979). Metacognition and cognitive monitoring: A new area of cognitive—developmental inquiry. American
Psychologist, 34(10), 906-911.

Fleer, M. (2015). Sociocultural theory: A Vygotskian approach to early childhood education. In M. Fleer, Theorizing early
childhood practice (pp. 50-67). Port Melbourne: Cambridge University Press.

Galton, M., & Pell, T. (2015). Maintaining pupil motivation in the transfer from Key Stage 2 to Key Stage 3. Educational
Studies, 26(3), 233-247.

Gee, J. P. (2015). Discourse analysis: What makes it critical? In R. Rogers (Ed.), An introduction to critical discourse
analysis in education (2nd ed., pp. 23-45). New York: Routledge.

George, R. (2017). A cross-domain analysis of change in students’ attitudes toward science and attitudes about the utility of
science. International Journal of Science Education, 22(2), 177-193.

Turkish International Journal of Special Education and Guidance & Counseling 238


http://www.tijseg.org/
https://doi.org/10.1002/tea.1028
https://www.linkedin.com/pulse/10-major-challenges-facing-public-schools-debbie-hilbish
https://doi.org/10.1002/(SICI)1098-237X(200001)84:1

ISSN: 1300 — 7432

TIJSEG

Turkish International Journal of Special Education and Guidance & Counseling 2025, volume 14, issue 2

Gibbs, G. (1988). Learning by doing: A guide to teaching and learning methods. London: Further Education Unit.
Greenfield, S. (2014). Mind change: How digital technologies are leaving their mark on our brains. Random House.
Guba, E. G., & Lincoln, Y. S. (1989). Fourth generation evaluation. Newbury Park, CA: Sage.

Gunderson, E. A., Ramirez, G., Levine, S. C., & Beilock, S. L. (2012). The role of parents and teachers in the development
of gender-related math attitudes. Sex Roles, 66(3-4), 153-166.

Hattie, J. (2008). Visible learning: A synthesis of over 800 meta-analyses relating to achievement. London: Routledge.

Hodson, D. (2014). Towards scientific literacy: A teachers’ guide to the history, philosophy, and sociology of science.
Science Education, 86(1), 32-55.

Holbrook, J., & Rannikmae, M. (2014). The nature of science education for enhancing scientific literacy. International
Journal of Science Education, 29(11), 1347-1362.

Howitt, D., & Cramer, D. (2014). Introduction to SPSS in psychology. Pearson Education.
Ileris, K. (2018). Contemporary theories of learning: Learning theorists... in their own words. London: Routledge.
Jenkins, E. W. (2014). School science education: Towards a reconstruction. Journal of Curriculum Studies, 33(5), 561-582.

Jeynes, W. H. (2015). The impact of parental involvement on children’s academic achievement. Education and Urban
Society, 37(3), 202-220.

Johnson, D. W., & Johnson, R. T. (2009). An educational psychology success story: Social interdependence theory and
cooperative learning. Educational Researcher, 38(5), 365-379.

Johnson, R. B., & Onwuegbuzie, A. J. (2004). Mixed methods research: A research paradigm whose time has come.
Educational Researcher, 33(7), 14-26.

Kolb, D. A. (1984). Experiential learning: Experience as the source of learning and development. Englewood Cliffs, NJ:
Prentice Hall.

Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation. Cambridge: Cambridge University
Press.

Lederman, N. G., & Abell, S. K. (2014). Handbook of research on science education. Volume Il. Routledge.
Lemke, J. L. (1990). Talking science: Language, learning, and values. Language and Science Education, 9(1), 157-178.

Loyens, S. M. M., Kirschner, P. A., & Paas, F. (2012). Problem-based learning. In K. R. Harris et al. (Eds.), APA
educational psychology handbook (Vol. 3, pp. 403-425). Washington, DC: American Psychological Association.

MacLure, M. (2013). Classification or wonder? Coding as an analytic practice in qualitative research. Qualitative Inquiry,
19(9), 692-705.

Miller, J. D. (1983). Scientific literacy: A conceptual and empirical review. Daedalus, 112(2), 29-48.

Muller, J. Z. (2018). The tyranny of metrics. Princeton University Press.

Nash, R. (2005). The sociology of social science. Sociology, 39(1), 77-95.

National Research Council. (1996). National science education standards. Washington, DC: National Academy Press.
Oshorne, J., & Dillon, J. (2008). Science education in Europe: Critical reflections. The Nuffield Foundation.

Patton, M. Q. (2015). Qualitative research and evaluation methods (4th ed.). Thousand Oaks, CA: Sage.

Perraton, H. (2012). Open and distance learning in the developing world. Routledge.

Piaget, J. (1977). The development of thought: Equilibration of cognitive structures. Viking Press.

Popham, W. J. (2011). Classroom assessment: What teachers need to know (6th ed.). Boston: Pearson.

Prensky, M. (2001). Digital natives, digital immigrants. On the Horizon, 9(5), 1-6.

Reeve, J. (2009). Why teachers adopt a controlling motivating style toward students and how they can become more
autonomy supportive. Educational Psychologist, 44(3), 159-175.

Robson, C. (2011). Real world research: A resource for social scientists and practitioner-researchers. Wiley.
Rogers, E. M. (2003). Diffusion of innovations (5th ed.). Free Press.

Turkish International Journal of Special Education and Guidance & Counseling 239


http://www.tijseg.org/

ISSN: 1300 — 7432

TIJSEG

Turkish International Journal of Special Education and Guidance & Counseling 2025, volume 14, issue 2

Roschelle, J., & Teasley, S. D. (1995). The construction of shared knowledge in collaborative problem solving. In C. E.
O'Malley (Ed.), Computer-supported collaborative learning (pp. 69-97). Berlin: Springer.

Sadler, T. D. (2009). Situated learning in science education: Socioscientific issues as contexts for practice. Studies in Science
Education, 45(1), 1-42.

Saldafia, J. (2016). The coding manual for qualitative researchers. Sage.

Schén, D. A. (1983). The reflective practitioner: How professionals think in action. Basic Books.

Schunk, D. H. (2012). Learning theories: An educational perspective (6th ed.). Boston: Pearson.

Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform. Harvard Educational Review, 57(1), 1-22.
Smith, L. T. (2012). Decolonizing methodologies: Research and indigenous peoples. Zed Books.

Stake, R. E. (1995). The art of case study research. Sage.

Stiggins, R. J. (2007). Assessment for learning: An action guide for school leaders. National Education Association.

Swan, M. (2006). Collaborative learning in mathematics: A challenge to our beliefs and practices. National Research
Council.

Taber, K. S. (2014). Ethical considerations of teacher—researchers: The centrality of ethical reflection. Educational Action
Research, 22(3), 402-418.

Tashakkori, A., & Teddlie, C. (2010). Mixed method research: Contemporary issues in an emerging field. Sage.

Tharp, R. G., & Gallimore, R. (1988). Rousing minds to life: Teaching, learning, and schooling in social context. Cambridge
University Press.

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes. Harvard University Press.

Walker, D., & Myrick, F. (2006). Grounded theory: An exploration of process and procedure. Qualitative Health Research,
16(4), 547-559.

Wenger, E. (1998). Communities of practice: Learning, meaning, and identity. Cambridge University Press.

Wiggins, G., & McTighe, J. (2005). Understanding by design (2nd ed.). Association for Supervision and Curriculum
Development.

Wilson, S. M. (2013). Professional development for science teachers. Science, 340(6130), 310-313.

Winne, P. H., & Hadwin, A. F. (1998). Studying as self-regulated learning. In D. J. Hacker et al. (Eds.), Metacognition in
educational theory and practice (pp. 277-304). Erlbaum.

Yin, R. K. (2014). Case study research: Design and methods (5th ed.). Sage.

Turkish International Journal of Special Education and Guidance & Counseling 240


http://www.tijseg.org/

