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Abstract

This study examines the impact of digital technology on the teaching and learning of chemistry
in selected secondary schools of Mangu LGA, Plateau State. Using a descriptive survey design,
data was collected from 18 chemistry teachers via a validated questionnaire. Findings indicate
that digital technology significantly enhances student engagement, understanding, and perfor
mance in chemistry, with benefits including interactive learning, improved practical skills thro
ugh virtual experiments, and increased motivation. However, challenges such as inadequate po
wer supply, high costs of digital devices, and limited internet access hinder effective integration
Despite recognizing its advantages, actual implementation remains low due to infrastructural
and institutional barriers. The study recommends government intervention in improving power
supply, teacher training in digital literacy, and curriculum reforms to incorporate technology-b
ased learning. These measures could bridge the gap between digital technology's potential and
its practical application in chemistry education, fostering better learning outcomes in Mangu L
GA and similar regions. Key Words: Impact, Digital Technology, Tea
ching, Learning, Chemistry, Secondary Schools

Introduction

In recent decades, digital technology has fundamentally transformed various aspects of human 1
ife, including education. The widespread adoption of electronic devices such as cell phones, vid
eo cameras, personal digital assistants, and laptops with wireless internet connectivity has revol
utionized the way people live, work, and learn (Ryan, 2013). The integration of digital technolo
gy into educational settings has created significant opportunities for enhancing teaching and lea
rning methodologies, particularly in science subjects like chemistry. Digital technology is now
widely accepted as an essential tool for facilitating rapid changes in educational approaches and
promoting educational goals (Hoostrurj, 2015).

The penetrating influence of digital technology extends beyond general education to specific fi
elds like chemistry education, where it serves as a transformative agent in educational delivery
and methodology. According to Olorundare (2019), the utilization of digital technology in curri
culum development, implementation, and evaluation has brought tremendous changes to the ed
ucation sector. The integration of digital tools in chemistry education has become a central focu
s of many countries' education policies, leading to widespread adoption across various school s
ystems in both developed and developing nations.

As an agent of change for effective teaching and learning in chemistry, digital technology offers
multiple benefits, including serving as a source of knowledge, a medium for transmitting conten
t from teachers to students, and a means of fostering engagement and networking opportunities
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(Olorundare, 2019). According to Akcayir (2017), schools and learning institutions now provid
e computer and information technology as learning materials to enhance knowledge acquisition
and experiential learning. The integration of multimedia activities and digital tools in chemistry
education can improve students' interest levels and creative thinking abilities, leading to more e
ffective learning outcomes and enhanced academic performance.

CHALLENGES OF INTEGRATING DIGITAL TOOLS IN TEACHING
Despite the potential benefits of digital technology in chemistry education, its effective integrati
on and impact on teaching and learning processes in secondary schools of Mangu Local Govern
ment Area of Plateau State remains underexplored. Traditional teaching methods still dominate
many chemistry classrooms in this region, limiting students' engagement and understanding of
complex chemical concepts and processes. The gap between the rapid advancement of digital te
chnology and its actual implementation in chemistry education raises concerns about whether st
udents are receiving an education that prepares them for the technological demands of the conte
mporary world. Additionally, challenges such as inadequate infrastructure, limited access to dig
ital resources, insufficient teacher training, and inconsistent power supply may impede the succ
essful integration of digital technology in chemistry education in this area. Therefore, this study
aims to investigate the extent to which digital technology impacts the teaching and learning of ¢
hemistry in selected secondary schools of Mangu LGA, identifying both the challenges and ben
efits associated with its implementation, and examining how digital simulations and virtual exp
eriments affect students' practical skills and experimental understanding in chemistry education
The main aim of this study is to investigate the impact of digital technology on teaching and lear
ning of chemistry in some selected secondary schools in Mangu LGA of Plateau State.
The specific objectives of this study are to:
1. Determine the extent to which the integration of digital technology in chemistry classro
oms enhances student engagement and understanding.
2. Identify the perceived challenges and benefits of incorporating digital technology in che
mistry instruction among secondary school teachers.
3. Examine how the use of digital simulations and virtual experiments impacts students' pr
actical skills and experimental understanding in chemistry education.

This study will provide valuable insights for chemistry teachers regarding the effectiven
ess of integrating digital technology into their teaching methodologies. By highlighting both the
challenges and benefits associated with digital technology implementation, teachers can make i
nformed decisions about incorporating these tools to enhance student engagement and understa
nding of chemistry concepts. Additionally, the findings will help teachers identify appropriate d
igital resources and strategies for improving classroom instruction and student outcomes.

For educational administrators and policymakers, this research will offer evidence-based infor
mation to guide decisions regarding investment in digital infrastructure and resources for chemi
stry education. Understanding the impact of digital technology on teaching and learning outcom
es will assist in developing policies that promote effective integration of technology in chemistr
y education, thereby improving the quality of science education in secondary schools within M
angu LGA and beyond.

Moreover, this study will contribute to the existing body of literature on digital technology in ch
emistry education, particularly in the context of developing regions. By examining the specific
challenges and benefits of technology integration in Mangu LGA, the research will provide loca
lized insights that can inform broader discussions about digital technology in science education.
This knowledge will be valuable for researchers, curriculum developers, and educational techn
ologists working to enhance chemistry education through digital innovations.

CONCEPT OF CHEMISTRY
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Chemistry is a fundamental branch of science concerned with the study of matter, including the
identification, investigation, and manipulation of substances and their properties (Erinosho, 20
17). As a core scientific discipline, chemistry focuses on exploring the composition of matter, i
nvestigating its properties and reactions, and utilizing these reactions to form new substances. T
he knowledge of chemistry is essential for students pursuing studies in various scientific fields,
including biology, geology, and physics, making it central to the overall study of science (Nwan
ze et al., 2018). Despite its fundamental importance, chemistry is often perceived as a challengi
ng subject across educational levels, partly due to its abstract nature and the cognitive demands
it places on students (O'dwyer, 2012). This perception is reflected in students' academic perfor
mance, as evidenced by the reports from the West African Secondary School Certificate Exami
nation (WASSCE), which show fluctuating performance levels in chemistry, with many years r
ecording less than 50% credit passes (Konyefa & Nwanze, 2020). Research studies have consist
ently identified instructional approaches as a significant factor contributing to students' poor ac
hievement in chemistry, emphasizing the need for innovative teaching strategies that can effecti
vely link chemistry learning to real-world applications and enhance students' engagement and u
nderstanding (Enekwechi et al., 2019).

DIGITAL TECHNOLOGY IN EDUCATION

Digital technology in education encompasses the integration of technical devices and resources
used to transmit, store, and manage information in the educational process (Singh, 2013). Accor
ding to Murray (2011), digital technology accentuates the role of integrated communications, w
hile Foldoc (2008) defines it as the integration of telecommunications, computers, and necessar
y enterprise software. The utilization of digital technology in education can be categorized into
two general classifications: technologies specifically designed for educational purposes and ge
neral technologies adapted for educational use (Okoro & Ekpo, 2016). The incorporation of digi
tal technology in education represents a significant shift from traditional teaching methods, offe
ring innovative approaches to enhance the teaching and learning process. As noted by Davis an
d Tearle (as cited in Yusuf, 2015), digital technology has the potential to accelerate, enhance, an
d extend educational reforms by engaging and motivating learners and helping schools improve
their financial and operational practices. Ashley (2016) further emphasizes that digital technolo
gy helps educators prepare students for real-world settings, arguing that as societies become inc
reasingly technology-dependent, students must develop technological literacy to become effect
ive citizens. The integration of digital technology in education provides a new and advanced lea
rning environment that enables students to develop critical thinking, research, and evaluation sk
ills necessary for success in the contemporary world (Salehi & Salehi, 2012).

DIGITAL TECHNOLOGY IN SCHOOLS

Digital technology in schools offers numerous opportunities for transforming educational practi
ces by providing enhanced educational content and more effective teaching and learning metho
ds. According to Haddad and Jurich (2018), the integration of digital technology in schools enh
ances the instructional process through the provision of interactive educational materials that in
crease learner motivation and facilitate the acquisition of essential skills. The use of multimedia
tools such as television recordings, videos, and computer applications creates a more challengin
g and engaging learning environment for students of all ages. Furthermore, digital technology e
xpands the flexibility of educational delivery, allowing students to access information anytime
and anywhere, thereby making the learning process more student-centered and improving the o
verall quality of education (Moore & Kearsley, 2019). One significant advantage of introducing
digital technology in schools is that it provides access to digital resources for students who may
not have them at home, thereby reducing digital inequality. Digital technology can be used as a
learning tool to enhance students' learning experiences and retention, motivating them and brin
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ging dynamism to the classroom while reducing learning time (Aslan & Dogdu, 2020). Moreov
er, digital technology can enhance the quality of education by increasing student motivation and
teacher effectiveness, which are foundational for developing higher-order thinking skills (Aslan
& Dogdu, 2016).

METHOD AND PROCEDURES

This study employed a descriptive survey research design to investigate the impact of digital tec
hnology on teaching and learning of chemistry in selected secondary schools in Mangu LGA. T
he population comprised all chemistry teachers in Mangu Local Government Area, with a samp
le of 18 chemistry teachers selected from four secondary schools in Gindiri community using si
mple random sampling technique. Data was collected using a researcher-developed questionnai
re titled "Digital Technology and Teaching Chemistry Questionnaire (DTTCQ)," which consist
ed of two sections: bio-data information and questionnaire items organized on a five-point Like
rt scale (Strongly Agree=5, Agree=4, Undecided=3, Disagree=2, Strongly Disagree=1). The ins
trument was validated by two research experts from the measurement and evaluation unit of Co
llege of Education Gindiri, and its reliability was established through a test-retest method, yieldi
ng a correlation coefficient of 0.70. The questionnaires were personally administered by the res
earcher, and completed questionnaires were retrieved immediately. Data analysis was conducte
d using descriptive statistics (mean and standard deviation) to answer the research questions, wi
th a criterion mean of 3.5 for acceptance, while t-test was used to test the hypotheses at 0.05 leve
1 of significance.

RESULTS AND DISCUSSIONS

RESULTS

Research Question 1: To what extent does the integration of digital technology in chemistry cl
assrooms enhance student engagement and understanding?

Table 1: Mean and standard deviation of extent to which the integration of digital technology in
chemistry classrooms enhances students' engagement and understanding

Items Sample Mean SD Decision
The online learning/teaching is effective for learnin 18 3.56  0.20 High Exte
g all aspects of Chemistry nt
Digitalization develops student's analytical skills in 18 3.60 0.23 High Exte
Chemistry nt
Digitalization raises students' motivation as well as 18 3.52 0.19 High Exte
helps them not to guess too much nt
Learning with digitized material supports the achie 18 3.79  0.21 High Exte
vement of the learning goals nt

It allows students to use various kinds of technology 18 3.50 0.12 High Exte
to conduct research, communicate and create know nt

ledge

Table 1 reveals that the average mean scores of respondents range between 3.50 (SD=0.12) and
3.79 (SD=0.21). All items had mean scores above the criterion mean of 3.5, with item 4 (Learni
ng with digitized material supports the achievement of the learning goals) ranking highest. This
indicates that respondents agreed that, to a high extent, digitalization impacts the teaching and 1
earning of chemistry in secondary schools in Mangu LGA.
Research Question 2: What are the challenges and benefits of digital technology in teaching an
d learning chemistry in secondary schools in Mangu LGA?
Table 2: Mean and standard deviation of challenges of digital technology in teaching and learni
ng chemistry in secondary schools
Items Sample Mean SD Decision
Digital devices are expensive to maintain 18 3.70 0.17 Agreed
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Digital devices are expensive to acquire 18 4.00 0.11 Agreed

The cost of internet subscription is not an impedime 18 450 0.10 Agreed
nt

Software packages for drawing and labeling posesa 18 3.80 0.12 Agreed
challenge

Power supply is not inadequate 18 498 0.14 Agreed
Laboratory digital devices are readily available and 18 2.30 0.40 Disagree
affordable

Table 2 shows that respondents agreed with all items as challenges to digitalization in teaching
and learning chemistry, with mean scores exceeding the criterion mean of 3.5, except for item 6
(Laboratory digital devices are readily available and affordable) which had a mean score of 2.30
Inadequate power supply emerged as the most significant challenge, with the highest mean scor
e of 4.98.

Table 3: Mean and standard deviation of benefits of digital technology in teaching and learning
chemistry in secondary schools

Items Sample Mean SD Decision
Digital learning increases students' performance in 18 4.05 0.10 Agreed
Chemistry

Digitalization of the teaching and learning of Chemis 18 3.59 0.13 Agreed
try makes students self-motivated and more account

able

Digital learning tools involve educators and parents 18 3.80 0.12 Agreed
to a deeper extent

Digitalization of the teaching and learning of Chemis 18 3.68 0.22 Agreed

try is far more interactive and memorable than volu
minous textbooks or one-sided lessons

Digital learning tools and technology is rapidly incre 18 3.50 0.11 Agreed
asing information sharing in the teaching and learni

ng of Chemistry

Digital learning tools and technology enable educato 18 3.50 0.20 Agreed

rs to rapidly share information with other educators

in real-time
Table 3 reveals that all items had mean scores above the criterion mean of 3.5, indicating that re
spondents agreed with all the stated benefits of digitalizing teaching and learning chemistry. "D
igital learning increases students' performance in Chemistry" received the highest mean score
(4.05), highlighting its perceived importance.
Research Question 3: How does the use of digital simulation and virtual experiments impact st
udents' practical skills and experimental understanding in chemistry education?
Table 4: Mean and standard deviation of how digital simulation and virtual experiments impact
students' practical skills and experimental understanding in chemistry education

Item Sample Mean SD Decision

Students gain a deeper understanding of scientific 18 3.30 0.25 High Exte

principles and processes nt

Virtual experiments allow students to conduct expe 18 3.50 0.24 High Exte

riments repeatedly nt

Students can learn at their pace 18 3.55 0.30 High Exte
nt

Students can explore complex experiments without 18 3.20 0.20 High Exte

the fear of accidents or damage nt

Virtual experiments offer a cost-effective alternati 18 3.00 0.12 High Exte
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ve nt
Table 4 shows that all items had mean scores at or above 3.0, though some fell below the criterio
n mean of 3.5. This indicates that digital simulations and virtual experiments impact students' pr
actical skills and experimental understanding in chemistry education to a moderate to high exte
nt, with the ability to "learn at their own pace" (3.55) being the most highly rated benefit.

Hypothesis Testing
Hypothesis One: There is no significant integration of digital technology in chemistry classroo
ms to enhance student engagement and understanding.
Table 5: Summary of t-test on significant integration of digital technology in chemistry classro
oms to enhance student's engagement and understanding

N Mean SD df t-cal t-crit Decision

18 2.50 0.23 56 1.26 1.96 Accept HO1
Table 5 shows that the t-calculated value (1.26) is less than the t-critical value (1.96) at 0.05 leve
1 of significance with 56 degrees of freedom. Therefore, the null hypothesis was accepted, indic
ating that significant integration of digital technology in chemistry classrooms to enhance stude
nt engagement and understanding does not exist in teaching and learning of Chemistry in secon
dary schools in Mangu LGA.
Hypothesis Two: There are no perceived challenges and benefits of incorporating digital techn
ology in chemistry instruction among secondary school teachers.
Table 6: Summary of t-test on perceived challenges and benefits of incorporating digital techno
logy in chemistry classrooms among secondary school teachers

N Mean SD df t-cal t-crit Decision

18 3.50 0.21 56 1.67 0.96 Reject HO2
Table 6 shows that the t-calculated value (1.67) is greater than the t-critical value (0.96) at 0.05 1
evel of significance with 56 degrees of freedom. Therefore, the null hypothesis was rejected, in
dicating that significant challenges and benefits of incorporating digital technology in chemistr
y instruction among secondary school teachers exist in Mangu LGA.
Hypothesis Three: Digital simulations and virtual experiments do not impact students' practica
1 skills and experimental understanding in chemistry education.
Table 7: Summary of t-test on impact of Digital simulations and virtual experiments on practica
1 skills and experimental understanding of chemistry students

N Mean SD df t-cal t-crit Decision

18 2.96 0.35 56 1.97 1.45 Reject HO3
Table 7 shows that the t-calculated value (1.97) is greater than the t-critical value (1.45) at 0.051
evel of significance with 56 degrees of freedom. Therefore, the null hypothesis was rejected, in
dicating that digital simulations and virtual experiments do impact students' practical skills and
experimental understanding in chemistry education in Mangu LGA.

DISCUSSION OF FINDINGS

The study revealed that while chemistry teachers recognize the significant potential of digital te
chnology to enhance student engagement, understanding, and performance in chemistry educati
on, actual implementation remains limited in the studied schools. Research findings identified s
everal key barriers including inadequate power supply (the most significant challenge), high co
sts of acquiring and maintaining digital devices, expensive internet subscriptions, and software
limitations. Despite these obstacles, digital technology was found to offer numerous benefits in
cluding improved student performance, increased motivation, more interactive learning experie
nces, and enhanced information sharing. The study also showed that digital simulations and virt
ual experiments positively impact students' practical skills by enabling self-paced learning, repe
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tition of experiments, and safe exploration of complex chemical processes. These findings align
with previous research by scholars such as Akcayir and Akcayir (2017), Andoh (2012), Ali et al
(2013), Ziden et al. (2011), and Hand and Treagust (2013). However, a significant gap exists be
tween recognizing the potential benefits of digital technology and its actual integration in chemi
stry classrooms, consistent with Park's (2011) observation that technical infrastructure, teacher
readiness, and institutional support significantly influence technology adoption in educational s
ettings.

5. CONCLUSION

This study investigated the impact of digital technology on teaching and learning of che
mistry in selected secondary schools in Mangu LGA of Plateau State. The findings reveal that
while there is a high level of agreement among chemistry teachers regarding the positive impact
of digital technology on student engagement, understanding, and performance in chemistry, the
actual integration of these technologies in chemistry classrooms is limited. Various challenges i
mpede the effective implementation of digital technology in chemistry education, with inadequ
ate power supply being the most significant barrier, followed by the high cost of acquiring and
maintaining digital devices and internet services. Despite these challenges, digital technology o
ffers numerous benefits for chemistry education, including enhanced student performance, incr
eased motivation, more interactive learning experiences, and improved information sharing. Fu
rthermore, digital simulations and virtual experiments positively impact students' practical skill
s and experimental understanding in chemistry, enabling them to learn at their own pace, condu
ct experiments repeatedly, and explore complex experiments safely. However, the gap between
recognizing the potential benefits of digital technology and its actual implementation in chemist
ry classrooms indicates a need for strategic interventions to address the identified challenges an
d promote more effective integration of digital technology in chemistry education in Mangu LG
A.

6. RECOMMENDATIONS
Based on the findings of this study, the following recommendations are made:

1. Government and educational authorities should prioritize improving infrastructure, part
icularly power supply, in secondary schools to facilitate the effective integration of digit
al technology in chemistry education. This could involve investing in alternative power
sources such as solar energy systems to ensure reliable electricity for digital devices.

2. School administrators should pursue partnerships with technology companies, non-gov
ernmental organizations, and international agencies to secure funding and support for ac
quiring and maintaining digital devices and resources for chemistry education.

3. Professional development programs should be organized for chemistry teachers to enha
nce their digital literacy and competence in integrating technology into their teaching pr
actices. These programs should focus on practical applications of digital technology in c
hemistry education and address teachers' specific needs and concerns.

4. Chemistry curriculum developers should explicitly incorporate digital technology comp
onents, including digital simulations and virtual experiments, into the chemistry curricu
lum to ensure systematic integration of these technologies in teaching and learning proc
esses.

5. Schools should establish collaborative networks among chemistry teachers to facilitate t
he sharing of digital resources, expertise, and best practices in technology integration, th
ereby maximizing the benefits of limited resources and fostering a community of practic
e around digital technology in chemistry education.
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