Journalf ot

Education and Practice
(JEP)

.« #Journals



Journal of Education and Practice
ISSN 2520-467X (Online)
Vol.6, Issue No.3, pp 52 — 75, 2022 www.carijournals.org

SYSTEMATIC LITERATURE REVIEW OF INTERVENTIONS SUPPORTED BY
INTEGRATION OF ICT IN EDUCATION TO IMPROVE LEARNERS' ACADEMIC
PERFORMANCE IN STEM SUBJECTS IN KENYA.

Prof. Jimmy. Macharia, PhD
Associate Professor of Information Systems &Technology,
Department of Computing, School of Science & Technology,
United States International University -Africa

kmacharia@usiu.ac.ke

Abstract

Poor Learners' Academic Performance in Science, Technology, Engineering & Mathematics (STEM)
Subjects has become one of the main problems of education systems in many countries and
worldwide learning institutions. They are expected to become more common in the forthcoming
decades. This article aims to provide a systematic literature review and a descriptive evaluation of
the interventions supported by the integration of information and communication technology (ICT)
in education to improve learners' academic performance in STEM Subjects. This paper adopted a
systematic literature review of five databases namely: -Emerald, EBSCOhost, JSTOR, Wiley Online,
and Taylor & Francis. The paper provides a quantitative and qualitative description of “critical studies
about Interventions Supported by Integration of ICT in Education for the Improvement of Learners'
Academic Performance in STEM Subjects in Kenya. The following factors were considered for the
analysis: teacher's plausible skills capacity interventions, Access to ICT in Education, and availability
of digital content in the cloud. The systematic review demonstrated that interventions supported by
the integration of information and communication technology (ICT) in education to improve learners'
academic performance in STEM Subjects have several gaps that need to be addressed to make them
more effective. Study findings show varying perspectives regarding ICT integration in STEM
subjects. ICT access, skills capacity interventions, and access to cloud digital content pose a challenge
in teachers' pedagogical practices, affecting learner performance. Despite the comprehensive
literature search and review across geographical regions within limits of time and access, it is clear
that the study findings prepare the ground for further research and the possibility of capacity-building
interventions,

This paper has established a need for a more effective pedagogical design promoting technology-
supported collaborative learning to prepare learners for the twenty-first century STEM subjects.
Further, this study recommends future studies to evaluate interventions to overcome barriers,
including teacher access to ICT Education in parts of the world, technology infrastructure, software,
and relevant teacher training curriculum for STEM competencies. In addition, further work is
required to address the challenge of the glaring lack of access, relevant content, and the necessary
infrastructure for digital cloud solutions, particularly with rich STEM subjects’ content.

Keywords: ICT Integration, STEM Subjects, Digital Library, Education, Teaching, Learning.
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1. Introduction

Information and Communication Technology (ICT) includes computers, mobile phones, the Internet,
and electronic networks and delivery systems such as radios, televisions, and projectors, among
others, and is widely used in today's education field (Fu, 2013). In Africa, strategic response to the
teaching of Science, Technology, Engineering & Mathematics (STEM) subjects with the vigilance of
integration of Information and Communication Technology has been on the course (Barakabitze et
al., 2019). However, progress is being hampered by challenges related to teacher attitudes, beliefs,
perceptions, STEM infrastructure, technology access, and teaching skills required to integrate ICT in
education (Guler et al., 2019). In East Africa, several initiatives have been explored to revamp the
learning of STEM subjects. However, the industries have faced several challenges related to teaching
skills and preparedness; poor infrastructure for teaching STEM subjects and low level of Technology
access (Joubert et al., 2018). In Kenya, there is evidence of the struggle with the teaching of STEM
subjects despite efforts by the government to train primary and secondary school teachers; a case in
point is the baseline survey results showing poor performance in these subjects in Kakamega, Vihiga,
and Kisumu counties ((Ndiku et al., 2020).

2. PROBLEM STATEMENT

Like many poor developing countries, Kenya faces low performance in STEM and English language
subjects, similar to many nations across the globe. Despite the efforts made over the years by the
Kenya government and other players in the education space, reports by the Kenya National
Examination Council (KNEC), (2018, 2019) have persistently established a declining trend in the
performance of many of the STEM subjects including: mathematics, biology, chemistry, physics, and
agriculture. Experts assert that if this phenomenon is not addressed, it will have far-reaching
consequences for national and social development, such as a shortfall in STEM-qualified
professionals in the future (McDonald, 2016). For example, the mass failure in biology in the 2018
KNEC examinations had prior researchers asking, "Where will our doctors come from?" One local
daily newspaper had a heading in its education column reading, "Biology Performance Dips,
Jeopardizing Medicine Programs” (Alneah, 2019). The performance in other subjects is not any
better. Table 1 summarizes the Kenya National Examination Mean Score results for selected STEM
subjects. From the results, hardly any of the subjects attained a mean score of 45% or above for six
consecutive years (Kenya National Examination Council (KNEC), 2019).
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Table 1: Kenya National Examination Mean Score Results for Selected STEM Subjects

Year 2013 2014 2015 2016 2017 2018

Mathematics 27.6% 24.0% 26.9% 20.8% 25.5% 8.7%
Agriculture 33.6% 41.5% 44.8% 30.9% 27.4% 30.3%
Physics 40.0% 33.8% 43.7% 39.8% 35.0% 34.3%
Chemistry 24.5% 32.2% 34.4% 23.7% 24.0% 26.9%

(Kenya National Examination Council (KNEC), 2018; Kenya National Examination Council

(KNEC), 2019)

Further, the results shown in Table 1 reveal a general declining trend in the mean score of mathematics
to a disappointing low of 8.7%. The trend in the other STEM subjects is no better. Taking physics as
an example, Figure 1 illustrates a general declining mean score with lows of 34% in 2018.
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Figure 1: Physics Mean Score: 2012-2018 (Kenya National Examination Council (KNEC), 2019)

Despite capacity-building efforts and interventions in skills and pedagogy related to teaching STEM
subjects in Kenya, such as strengthening Mathematics and Science Education (SMASE), In-Service
Education and Training (INSET) (Joubert et al., 2018), unsatisfactory performance has been
registered in these subjects in National examination results(Ochich et al., 2018). For instance, in
2017, 545,014 candidates sat for Biology, but only 1,503 scored C+ and above. In Mathematics, out
of 609,495 candidates, only 3,926 scored C+ and above. In Chemistry, 606,006 candidates sat for the
exam, but only 54,925 scored C+ and above. Further, in 2018, for Mathematics, out of 653,549
candidates, 98,219 scored C+ and above. Out of the 584,924 candidates in Biology, only 33,126
scored C+ and above. Similarly, in Chemistry, out of the 650,898 candidates who sat for the exam,
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only 73,566 scored C+ and above (Ndiku et al., 2020). Further, integration of ICT use in education
has been propelled through National policy for using ICT, Particularly through programs such as
Computers for Schools in Kenya, ICT equipment for schools, NEPAD e-schools initiative, and
School Broadcasting. However, amidst a myriad of challenges, these initiatives have sluggishly met
the set objectives, one of which is the integration of ICT in teaching and learning (Barakabitze et al.,
2019).

There is extensive research in the area of STEM education and the integration of ICT in schools
across the world. These studies largely focus on teachers' Pedagogical Beliefs on the Use of ICT
Integration in the Teaching of STEM subjects ((Margot & Kettler, 2019; Madani & Forawi, 2019;
(Kurup et al., 2019). The studies point to teachers' absolute belief and intention to acquire the
necessary skills through training and the view that in-service professional training will increase their
capacity to influence learner performance positively. Additional research on Teachers' ICT skills dap
and its Integration in STEM education ((Kurup et al., 2019). Barret et al., 2019; Hennessy et al.,
2010)) show that a skills gap exists among teachers across continents in terms of ICT skills and
integration in their teaching pedagogy and that teacher training does not keenly focus on computer
skills and especially those related to STEM teaching. On the other hand, challenges and barriers to
appropriate STEM subjects' pedagogy, skills, and competencies are associated with teachers' Access
to ICT (Mua Rodanny Kennah, 2017b; Ullah et al., 2019; Ishaq et al., 2020). Additionally, limited
access to digital content as well as to iCloud repositories is a barrier to teachers' advancement in
pedagogy (Walker, Cammy, Ellis, & Seibert, 2011; Bamgbade et al., 2015; Wangila, 2014).
Consequently, this paper intends to bridge this study gap and provide insights on interventions in
terms of capacity building in pedagogy for STEM subject teachers in Kenya. This paper aims to carry
out a systematic literature review on the Influence of Pedagogy and Integration of ICT in Education
on Science, Technology, and Engineering & Mathematics (STEM) Subjects' Learners' Academic
Performance in Kenya. The study also purposes to pave the way for an empirical survey to inform
capacity building interventions in STEM pedagogy and ICT integration in education in Kenya

A systematic review needs to have a focused, well-defined, valuable, and notably answerable
question(s) (Shrestha, 2021). Based on the introduction and problem statement above, ensuing
questions that have been addressed to unveil underlying problems and novel interventions for the
poor performance of learners in STEM subjects in Kenya entail:

1. Does the teacher's plausible skills capacity interventions on ICT integration in
teaching STEM subjects influence students' academic performance?

2. To what extent does Access to ICT in Education in teaching STEM subjects influence
students' academic performance?

3. Does the availability of digital content in the cloud on ICT integration in teaching
STEM subjects influence students' academic performance?

3. THEORETICAL ANALYSIS

According to Hunter, (2017) prior studies interventions focusing on pedagogy have reported findings
founded on traditional psychology theories. These theories are related to behaviorism and
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constructivist theories. However, Hunter, (2017) continues to emphasize that the use of High
Possibility Classrooms (HPC) as a new conceptual framework for technology integration has taken
the Technological Pedagogical Content Knowledge (TPACK) framework. HPC is established from
research on exemplary teachers' knowledge of technology integration in Australian primary and
secondary school classrooms(Hunter, 2017; 2015). The framework's five conceptions of theory,
creativity, public learning, life preparation, and contextual accommodations form an evidence-based
scaffold that reflects these teachers' knowledge of technology integration in action. Each conception
is underpinned by themes of pedagogical strategies and students' learning processes, as depicted in
Tablel.
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the HPC conceptions.
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Theory-driven Creativity for | Public Life Contextual
technology learning learning preparation accommodations
practice through through using using technology
technology technology technology
Technology Technology Technology Technology Technology
drives the | boosts creativity | scaffolds operationalizes | remains
::onst_ructlon of performance | the real world personal and
earning professional
Technology technology Technology technology Technology
enhances creates changes gives voice changes time
purposeful opportunities for | outcomes
teaching production
Technology Technology Technology Technology
focuses unleashes means nurtures
planning playful moments own(_ers_h_lp and community
possibility
Technology Technology Technology Technology
enriches supports reveals defines the
subject matter values effectiveness game
Technology Technology
promo_tes ) differentiates
reflective learning
learning
Technology shifts | technology
conversation and | engages students
thinking in authentic ways

Source Hunter (2017)

On the other hand, studies focusing on ICT integration to improve learner performance have adopted
several theoretical perspectives. These perspectives include:- the Theory of Reasoned Action( TRA)
by Ajzen and Fishbein, (1973) and the Technology Adoption Model (TAM) by Davis, (1989) and
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have been used to explore the features that inform user acceptance of a digital library system
implementation (Miller & Khera, 2010). TAM2 theorizes that external factors are critical to the
perceived usefulness and thus the predictive power of the TAM framework. User acceptance of
information technology (UTAUT) by Vankatesh et al. (2003) has also been used to explain Teacher
Technology integration in practice.

4. MATERIALS AND METHODS
4.1 Study Design

The systematic literature review (SLR) methodology requires a clear title and objectives with explicit
and justified predefined inclusion and exclusion criteria (Shrestha, 2021). This paper adopted a
systematic literature review (SLR) methodology following the seven steps of a comprehensive
literature review (Onwuegbuzie & Frels, 2016). According to Onwuegbuzie and Frels, (2016), SLR
is the integrated process of the seven steps representing a methodology, which yields a synthesis of
information that can stand alone as a type of "desk" or can inform primary research.

4.2. Databases and Search Keywords

A systematic literature review of five databases (Emerald, EBSCOhost, JSTOR, Wiley Online, and
Taylor & Francis) was carried out related to interventions for learners' academic performance in
STEM subjects supported by the integration of ICT in education was carried out in order to obtain
articles in English published during the last ten years 2010-2019. An analysis of the articles'
references list found in the databases was also performed. The research was carried out at the end of
the beginning of 2020. The keywords used to represent interventions, STEM subjects, learners'
academic performance, and teachers' ICT skills—availability of digital content and ICT integration
in education. The keywords used to refer to ICT were: ICT, Web, mobile applications, informatics,
computer-assisted learning, computers, mobile phones, Internet, Smart devices, Tablets, Computer
networks, Mobile networks, radios, televisions, and projectors. The search was limited to the
abstracts, keywords, and titles of the articles.

4.3 Keywords and Search Terms

The keywords and search terms used in the study include ICT access and integration, Skills capacity
interventions, Cloud digital content, and Academic Performance in STEM subjects. These keywords
were also searched per the study objectives. The keywords’ combinations were done as follows:
students’ academic performance, teachers' ICT skills gap on the use of ICT integration in the teaching
of STEM subjects, and students' academic performance. Other combinations included the teachers'
ICT skills gap on the use of ICT integration, students' academic performance, teacher's plausible
skills capacity interventions on the use of ICT integration in the teaching of STEM subjects, and
student's academic performance; Access to ICT in Education on use of ICT integration in the learning
of STEM subjects and students' academic performance. The final combination was the availability of
digital content in the cloud, and ICT integration in teaching STEM subjects that influence students’
academic performance.
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4.4. Inclusion and Exclusion Criteria

Although the search result produced many studies, only the articles that were screened by the
inclusion and exclusion criteria were selected for this systematic review. Articles that did not use ICT
intensely in the interventions or did not focus on learners' academic performance in STEM subjects
were excluded as shown in Table 3.

Table 3: Journal Article Selection Criteria

Inclusion Criteria Exclusion Criteria

1. Factors other than the indicated interventions

1. Interventions in learner's academic
aspects were excluded from the study

performance in STEM subjects and ICT
integration: ICT access, and teacher’s
Skills capacity interventions, Cloud
digital content.

2. Other empirical studies related to STEM
subjects but outside ICT integration related
interventions were excluded

2. Empirical studies related to learners'
academic performance in  STEM subjects
and ICT integration

3. Periods beyond five years and backward
were excluded but only accepted in a lack of
more recent studies on a particular construct.

3. Time 2017-2020; cases of lack of more
recent studies allowed for some beyond
the stated period

4. Studies without a clear abstract and sketchy

4. Studies with a transparent abstract and
study methodology

quality study methodology

5. RESULTS
5.1 Geographic Distribution of the Selected Studies

An excel data sheet was prepared for data mining. Each paper was analyzed for the following data:
general information, including source and year of publication, country/region/continent, study design,
theoretical base, and sample size; result and research reliability.

Table 4: Journal Articles Distribution

No. of studies

Database

Emerald 100
EBSCOhost 60
JSTOR 25
Wiley Online 150
Taylor & Francis 165
Total 500
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The data analysis shown in Table 4 indicates that 500 studies from five databases were reviewed and
based on key search words; most of the studies were found in Taylor and Francis, while the least were
scanned from the JSTOR database. The Emerald database had 100 relevant studies. Therefore, the
studies reviewed emanated largely from Taylor and Francis, Wiley online, and Emerald databases,
all reputable databases with quality research. This information is illustrated in Table 4. Data analysis
and synthesis were categorically done along with the key search words and the associated study
objectives. The results of the study are presented in the next session

5.2. Teacher's plausible skills capacity interventions on the use of ICT integration in the
teaching of STEM subjects and influence on students’ academic performance

Examination of specific studies relevant to capacity interventions on ICT integration in the Teaching
of STEM subjects portrays that most of the studies were from Wiley online and Taylor and Francis,
which are quality research databases. Figure 6 demonstrates these results. The data analysis shows
that 3a total of 60 studies from the five databases was reviewed. These articles focused on teachers'
plausible skills capacity interventions on the use of ICT integration in the teaching of STEM subjects
and its influence on students' academic performance. One hundred and eighty (180) of the studies
were found in Wiley online, while 100 articles were scanned from Taylor and Francis. Forty papers
were from the Emerald database, while five articles were scanned from the JSTOR database.
Therefore, the studies reviewed emanated largely from Wiley online, Taylor and Francis, and
Emerald databases, all reputable databases with quality research. This information is illustrated in
Figure 2.

Teachers' ICT Skills Capacity Intervention Articles Distribution in
Databases

150
100
100
40 35
50
» .
0

WILEY TAYLOR & EMERALD EBSCOhost JSTOR
ONLINE FRANCIS

Figure 2: Teachers' ICT Skills Capacity Intervention Articles Distribution in Databases

60



Journal of Education and Practice
ISSN 2520-467X (Online)
Vol.6, Issue No.3, pp 52 — 75, 2022 www.carijournals.org

Some key studies illustrating key findings, ensuing study, and intervention area gaps were
summarized in Table 5.

Table 5: Summary of Key Findings on Teachers' ICT Skills Capacity Intervention

Study Key findings

(Fred Matiang’i, | Teachers as instructors need to develop STEM-specific competencies.
2017) STEM competence covers both the 'know-what' (the knowledge, attitudes,
and values associated with the disciplines) and the 'know-how' (the skills to
apply that knowledge, taking account of ethical perspectives and values to
act appropriately and effectively in a given context)

(World Intervention to align teachers’ skills and curriculum to the fourth industrial
Economic revolution that requires a rapid response through ICT
Forum, 2020)

(Daly et al., | Intervention on teaching skills and pedagogy for STEM subjects require
2009a) continuous professional development due to constant changes in knowledge
content and dynamic technological changes

Capacity Interventions including In-service training; provision of ICT infrastructure
Interventions in schools is needed. MOE - Projects such as National interventions such
as the SMASE project at CEMASTEA and INSET for primary school
teachers have been intervention avenues for teacher capacity building in
STEM subjects

Gap Robust research gap exists in the evaluation of interventions' impact on
student academic performance in STEM subjects

5.3 Teachers' Access to ICT in Education on the use of ICT integration in the teaching of STEM
subjects and its influence on students’ academic performance

Data collection from various databases on the teachers' Access to ICT integration in teaching STEM
subjects was as follows: Emerald (55), EBSCOhost (50), JSTOR (5), Wiley Online (150), and Taylor
& Francis (180), which totaled to 440 articles. The data analysis of the 440 studies from the five
databases was reviewed. These articles focused on the intervention of Teachers' Access to ICT in
Education and the use of ICT integration in teaching STEM subjects, and its influence on students'
academic performance. This information is illustrated in Figure 3. Indicates that forty-one percent
(41%) of the studies were found in Taylor and Francis, while one percent of articles were scanned
from the JSTOR database. The Emerald database had 13%, and Wiley online had 34% of relevant
studies. Therefore, the studies reviewed emanated largely from Taylor and Francis, Wiley online, and
Emerald databases, all reputable databases with quality research.
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Teachers' Access to ICT Articles Distribution in Databases

EMERALD
TAYLOR & 13%
FRANCIS EBSCOhost
41% 11%

JSTOR
1%

P

\_WILEY ONLINE
34%

Figure 3: Teachers' Access to ICT Articles Distribution in Databases

Some critical studies illustrating key findings and subsequent analysis and intervention area gaps

were summarized in Table 6.

Table 6: Summary of Key Findings on Teachers' Access to ICT Intervention

Study

Key findings

(Mua Rodanny
Kennah, 2017)

ICT can be used to remove communication barriers such as that of
space and time

(Noor-Ul-Amin,
2013a)

ICTs also allow for the creation of digital resources like digital
libraries where the students, teachers, and professionals can access
research material and course

(Hooker, 2017);Noor-

ICT eliminates time barriers in education for learners as well as the

Shittu, (2017)

Ul-Amin, 2013) teacher. It eliminates geographical barriers as learners can log on
from any place
Jibrin,  Musa, and | The finding reveals that the Internet is one of the beneficial tools

in this era of Information and Communication Technology (ICT)
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used in the academic exercise, which cannot be accessed without
appropriate ICT infrastructure

Ghavifekr and Rosdy, | Teachers' well-equipped preparation with ICT tools and facilities
(2015) is one of the main barriers to the success of technology-based
teaching and learning

Ishaq et al., (2020) Most students and teachers in Pakistan had sufficient Access to
ICT tools such as laptops, personal computers at their homes, and
computers at their universities, but the printing and scanning
facilities were less available at homes

Basri, Alandejani, and | ICT access and adoption resulted in the improvement of the
Almadani, (2018) performance of female students more than the male.

Gap Teacher access to ICT Education in parts of the world, including
Kenya, is faced with barriers related to technology infrastructure,
software, and relevant teacher training curriculum for STEM
competencies

5.4. Availability of digital content Intervention in the cloud on the use of ICT integration in the
teaching of STEM subjects and influence on students’ academic performance

Data was collected from various databases on the availability of digital content in the cloud on the
use of ICT integration in teaching STEM subjects. The papers for this objective totaled 300 articles.
The data analysis shows that 300 articles from the five databases were reviewed. These articles
focused on the availability of digital content in the cloud, ICT integration in teaching STEM subjects,
and the influence on students' academic performance. One hundred and fifty-five (155) of the studies
were found in Taylor and Francis, while ten of the articles were scanned from the JSTOR database.
The Emerald database had 35, and Wiley online had 85 relevant studies. Therefore, the studies
reviewed emanated largely from Taylor and Francis, Wiley online, and Emerald databases, all
reputable databases with quality research. This information is illustrated in Figure 4.
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Availability of Digital Content in the Cloud Articles Distribution in
Databases
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Figure 4: Availability of Digital Content in the Cloud Articles Distribution in Databases

Some critical studies illustrating key findings and subsequent analysis and intervention area gaps are
summarized in Table 7.

Table 1: Summary of Key Findings on Availability of Digital Content in the Cloud
Intervention

Study Key findings

(Kumar & Sharma, | Elaborates on the benefits of cloud computing as a catalyst for
2017) STEM education; STEM students can work on authentic solutions
within a technology-mediated learning environment while
inculcating higher-order thinking skills. In addition, technology-
mediated environments support new ideas and real-time
collaboration and promote peer learning.

Walker et al., (2011) | Digital Libraries provide users with coherent access to a very large,
and King et al., (2015) | organized repository of information and knowledge. Additionally,
Digital libraries offer an effective means to distribute learning
resources to students and other users.
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(Bamgbade et al., | Integration of the digital library technology with the educational
2015; Wangila, 2014) | enterprise had come at a similar time when the student
requirements for access to library resources also heightened

(Mwakisole et al., | Digital libraries make learning and access to information very
2018) feasible

(Murphy et al., 2019) | Establishes benefits of digital platforms; can help students engage
in productive dialogue

Gap Glaring lack of access, relevant content, and the necessary
infrastructure for digital cloud solutions; particularly with rich
STEM subjects’ content

Although this study mainly focused on studies from the five critical databases, important
contributions were also found scantly in other databases such as the American Society for Information
Science, Library Philosophy and Practice, Information Management journals, and International
Journal of Academic Research in Business and Social Science. Kenya Bureau of Standards (KEBS),
and Kenya National Examination Council (KNEC), among others.

6. DISCUSSION

6.1 Teachers' Plausible Skills Capacity Interventions on the Use of ICT Integration in the
Teaching of STEM subjects and Student Performance

Capacity building and skills development are integral to harnessing the transformative potential of
the ongoing development and increasing sophistication of information and communication
technologies (ICT) (Cosmas Zavazava, Susan Teltscher, Mike Nxele & Stankovska-Castilla, Letamo,
2018). In the digital era, the demands of the typical student in higher education include the use of ICT
in teaching methods, flexible timing and location to complete studies, and the real-world applicability
of courses. Such demands pressure universities and other higher learning institutions to introduce
new processes and resources. At the same time, teachers may be expected to modify teaching methods
without any additional training. However, the content of effective capacity-building programs
requires frequent re-evaluation, as new ICT trends and technologies now appear over ever shorter
periods. In addition, new challenges for these programs have been presented by the appearance of
next-generation networks (NGNs), IPv6, cloud computing, the Internet of Things (1oT), big data, and
Acrtificial Intelligence (Al). Toni Janevski provides an overview of these challenges and an
examination of the implications of critical associated issues such as Quality of Service (QoS) and
cybersecurity. UNESCO International Bureau of Education, (2019) report on Exploring STEM
Competencies for the 21st century points out that effective STEM subject teaching would
significantly respond to the United Nations' 2030 agenda for sustainable development. Education,
particularly Science, Technology, Engineering, and Mathematics (STEM) education, plays a crucial
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role in achieving the SDGs (Kennedy & Odell, 2014) and alludes to the need for capacity building
in STEM literacy among stakeholders. Such literacy entails:

e Knowledge, attitudes, skills [and values] to identify questions and problems in life situations.
Explain the natural and designed world, and draw evidence-based conclusions about STEM-
related issues;

e Understanding of the characteristic features of STEM disciplines as forms of human
knowledge, inquiry, and design;

e Awareness of how STEM disciplines shape our material, intellectual, and -cultural
environments; and

¢ Willing to engage in STEM-related issues with the ideas of science, technology, engineering,
and mathematics as a constructive, concerned, and reflective citizen.

In a fast-changing world, with technology evolving at an unprecedented pace, competence is
conceptualized as a developmental capacity rather than fixed skills (Burkhalter et al., 1984); (Marope
et al., 2017). Based on these definitions, STEM competence refers to an individual's ability to apply
STEM knowledge, skills, and attitude appropriately in everyday life, the workplace, or educational
context. Teachers as instructors need to develop STEM-specific competencies. STEM competence
covers both the 'know-what' (the knowledge, attitudes, and values associated with the disciplines) and
the 'know-how' (the skills to apply that knowledge, taking account of ethical perspectives and values
to act appropriately and effectively in a given context) (Secretary et al., 2017)

Editor and learning (2019) propose that an intelligent pedagogy for digital transformation, where
artificial intelligence will provide intelligent educational agents, needs to consider how technologies
affect perceptions of reality, cognition, and social interactions. Educators today face a significant
paradigm shift in the form of the fourth industrial revolution that requires a rapid response through
information. In addition, new technologies and infrastructures enable learning to be personalized to
each learner.

In Kenya, Capacity Building for Teachers is done through Continuous Professional Development
(CPD) to improve the quality of education. This is a planned and lifelong process whereby teachers
try to develop their professional and personal qualities and enhance their knowledge, skills, and
practice, leading to their empowerment and improvement of their organization and learners. Effective
teaching requires considerable knowledge and skills, which should be developed as a teacher's career
progresses. The teaching skills and pedagogy for STEM subjects need continuous professional
development due to constant changes in knowledge content and dynamic technological changes (Daly
et al., 2009b). National interventions such as the SMASE project at CEMASTEA, and INSET for
primary school teachers have been avenues for teacher capacity building in STEM subjects; however
pedagogical competencies have not been systematically ingrained in teacher training institutes and
University education offerings. A robust research gap exists in the evaluation of interventions' impact
on student academic performance. Generally, pedagogy in STEM subjects has glaring
aforementioned research gaps, which this study endeavors to bridge, particularly in Kenya's context.
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The ultimate goal is to bring forth capacity-building intervention through teacher training in pedagogy
for STEM subjects.

6.2 Teachers’ Access to ICT in Education on Use of ICT Integration in the Teaching of STEM
subjects and Students' performance

Information communication technology (ICT) is among the latest innovations that have
revolutionized various world operations. It is crucial in education since it has recently created such
platforms and opportunities that have facilitated, to some extent, the acquisition of knowledge and
teachers and learners. The use of ICT in Education lends itself to more student-centered learning
settings. As the world races into digital media and information, the role of ICT in Education is
becoming more and more critical. ICT increases the flexibility of education delivery so that learners
and teachers can access knowledge anytime and from anywhere. ICTs are said to help expand access
to education, strengthen the relevance of education to the increasingly digital workplace, and raise
educational quality. The direct link between teachers' ICT use and students' academic performance
has been in research focus, with justifications that ICT helps in improving the communication
between learners and the instructors (Ishaq et al., 2020)

Generally, people have to access knowledge via ICT to keep pace with the latest developments (Mua
Rodanny Kennah, 2017) ICT can be used to remove communication barriers such as that of space
and time (Lim & Chai, 2004). ICTs also allow for digital resources like digital libraries where the
students, teachers, and professionals can access research material and courses (Noor-Ul-Amin,
2013b). Such facilities allow the networking of academics and researchers and hence sharing of
scholarly material. Furthermore, ICT eliminates time barriers in education for learners as well as the
teacher. Furthermore, it eliminates geographical barriers as learners can log on from any place (;
(Hooker, 2017); Noor-Ul-Amin, 2013).

Jibrin, Musa, and Shittu (2017) investigated the effects of the Internet on students' academic
performance in tertiary institutions within Niger State, Nigeria. The finding reveals that the Internet
is one of the beneficial tools in this era of Information and Communication Technology (ICT) used
in an academic exercise, which cannot be accessed without appropriate ICT infrastructure. However,
the study also revealed some of the problems encountered in internet usage, which include slow
internet speed and lack of stable power supply. Ghavifekr and Rosdy (2015) studied teaching and
learning with Technology and the Effectiveness of ICT Integration in Schools. Findings indicate that
teachers' well-equipped preparation with ICT tools and facilities is one of the main factors in
technology-based teaching and learning success. It was also found that professional development
training programs for teachers also played a key role in enhancing students' quality learning.

Ishaq et al. (2020), in a study on The Impact of ICT on Students' Academic Performance in Public
and Private Sector Universities of Pakistan, concluded that most of the respondents had sufficient
availability of ICT tools, i.e., laptops and personal computers at their homes and computers at their
universities, but the printing, scanning facilities were less available at houses, but these facilities
could be availed from the university. The majority of the students claimed that they used ICT to
perform different tasks, such as preparing assignments and classroom activities and planning their
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lessons more efficiently. Basri, Alandejani, and Almadani (2018) focused on ICT Adoption Impact
on Students' Academic Performance: Evidence from Saudi Universities. The study also examined the
moderators' effect of gender, GPA, and student majors on the relationship between ICT and academic
achievement. The findings reveal that there exists a relationship between ICT adoption and academic
performance in a conservative environment. An additional finding also stated that ICT adoption
improved the performance of female students more than the male.

On the contrary, ICT access is not an obvious key to academic performance. Karamti, (2016) focused
on Measuring the Impact of ICTs on Academic Performance: Evidence from Higher Education in
Tunisia. Using survey data that involved 377 college students and teachers, a multilevel analysis was
conducted to measure the impact of ICT access and use on other student, university, and teacher
attributes that may affect academic performance. The results provided evidence for a distinctive,
though negative, the effect of ICT on performance. These findings raise questions about the
effectiveness of educational policies in Tunisia. The findings also suggest that overall university
support is essential in increasing ICT learning impacts. Across divides, studies demonstrate that ICT
access is necessary for technology integration in education, particularly benefits rest in teacher's
improvement of practice and student democracy in the exploration of knowledge and information.
ICT access has been related to good academic performance in different studies with a few contrary
results; therefore, this study will test if technology access influences teacher integration of ICT in
practice and its effect on student performance in Kenya.

6.3 Availability of Digital Content Intervention in the cloud on the Use of ICT Integration in
the Teaching of STEM subjects and Students' performance

In the 21% century, emerging digital content repositories and cloud storage of information have made
teaching and learning materials not only more accessible but also available to a wide range of users
in a variety of modes. Kumar and Sharma, (2017) concur that Technology integration in the
curriculum makes it more exciting and engaging, where students can learn with flexibility in time and
place. Kumar further elaborates on the benefits of cloud computing as a catalyst for STEM education:

This methodology creates and deepens interest in students towards learning with creativity
and innovation. STEM students can work on authentic and genuine solutions within a
technology-mediated learning environment while teaching higher-order thinking skills.
Technology-mediated environments support new ideas and real-time collaboration and
promote peer learning. However, cloud computing technology can address affordance as an
adoption factor of technology in academics. STEM education on cloud computing technology
will gain access to its content-rich features based on flexibility, accessibility, scalability,
affordability, reliability, and enhanced agility. The cloud computing-based STEM education
infrastructure inculcates development and experimentation skills in students.

Walker et al. (2011) and King et al. (2015) concur that "digital Libraries provide users with coherent
access to a huge, organized repository of information and knowledge. Additionally, Digital libraries
offer an effective means to distribute learning resources to students and other users. However,
planning a digital library requires thoughtful analysis of the organization and its users and
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acknowledging the cost and the need for infrastructure and ongoing maintenance for continued
Access (Bamgbade et al., 2015; Wangila, 2014). Wangila asserts that the integration of digital library
technology with the educational enterprise had come at a similar time when the student requirements
for access to library resources also heightened. As a result, the development of policies, guidelines,
and standards has been common in libraries to ensure professional efficiency and information service
quality.

Nazim, (2009) purports that the most critical component of a digital library is its digital collection.
Therefore, the viability and extent of usefulness of a digital library would depend upon the critical
mass of its digital content. The information content of a digital library includes virtually any kind of
electronic media (text, image, graphic, video, etc.) licensed database of journals, articles, and
abstracts, and a description of the physical collection. Thus, this wide variety in content and formats
have the propensity to catalyze increased use of digital libraries among teachers and students, which
is likely to boost academic performance. In a nutshell, from discussed literature, there are undisputed
extra benefits of using digital content and embracing cloud computing for storage and preservation,
making information accessible anytime, anywhere, and even for simultaneous use by multiple users.
Such benefits can be plowed into STEM subject teaching; teachers in professional training and
development can access rich content to upskill continuously. On the alternate, teachers who use old
"yellow" notes are likely to deliver obsolete information to learners who perform dismally.

7. CONCLUSION

This systematic literature review unravels the fact that pedagogical beliefs of teachers on the use and
integration of ICT in teaching STEM subjects are likely to influence their perceptions and practice,
whereby negative beliefs may also negatively affect learners' education outcomes. Further, the results
of this paper have established that teachers report fairly poor quality and contribution of ICT training
during their teacher education. Further, the teachers as instructors need to develop STEM-specific
competencies. STEM competence covers both the 'know-what' (the knowledge, attitudes, and values
associated with the disciplines) and the 'know-how' (the skills to apply that knowledge, taking account
of ethical perspectives and values to act appropriately and effectively in a given context. Teachers'
well-equipped preparation with ICT tools and facilities is one of the main barriers to the success of
technology-based teaching and learning. This paper Elaborates on the benefits of cloud computing as
a catalyst for STEM education; STEM students can work on authentic and real solutions within a
technology-mediated learning environment while inculcating higher-order thinking skills.
Technology-mediated environments support new ideas and real-time collaboration and promote peer
learning.

Digital Libraries provide users with coherent access to a very large, organized repository of
information and knowledge. Additionally, Digital libraries provide an effective means to distribute
learning resources to students and other users. However, gaps in terms of Digital library
characteristics, Digital library access, Digital library subscription costs; Digital library variety in
content; Digital library availability of content, and how these variables influence extensive reading
culture. Technically lack of technology gadgets, connectivity, and lack of awareness of the use of
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digital libraries intervenes against the goal of vast reading culture. Additional gaps alienated include
the cost of subscriptions to content sources and limitations in the skill of service providers. More so,
the distrust is based on copyright management and plagiarism trends. Finally, limitations also exist
in terms of the availability of a variety of content and the linkage between different user needs in
different world contexts.

8. RECOMMENDATION

This paper has established that there is a need for a more effective pedagogical design promoting
technology-supported collaborative learning to prepare learners for the twenty-first century. STEM
subjects have been purported to hold critical solutions to the 21% Century society's needs.
Additionally, teacher access to ICT Education in parts of the world, including Kenya, is faced with
barriers related to technology infrastructure, software, and relevant teacher training curriculum for
STEM competencies. Consequently, future studies may evaluate some interventions to overcome
these barriers. Further research and interventions are recommended to overcome the glaring lack of
access, relevant content, and the necessary infrastructure for digital cloud solutions, particularly with
rich STEM subjects’ content. Clearly, from the study results, it is recommended that further
comprehensive empirical research be carried out to test the actual influence of the Digital library
characteristics on extensive reading outcomes in society and its effect on STEM subjects learners'
performance.

Chow and Sajonas (2019); suggest using People-Centered research methods to improve the public
Library Experience. Levine-Clark, (2019) projects on a collaborative approach to content collection,
while O'Gara and Osterman (2019) advice on the use of Collective Power of the Consortium to
transform the Journal Subscription Model to reduce the cost of journal subscriptions. This literature
review recommends further studies to explore more digital library characteristics and specific reading
outcomes in different contexts. Intervention measures such as capacity building among librarians and
other digital library users would be necessary. In addition, in situations of infrastructural challenges
such as relevant gadgets to host the digital libraries, interventions in provisions of these gadgets would
make digital library content access more practical.

9. LIMITATIONS

The research process acknowledges the databases used and articles reviewed may not be hundred
percent representative of all factors and constructs relevant to the study. However, the results resonate
with practical experiences on the ground and reasonably provide helpful information for future
interventions.
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