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Abstract 

Leveraging technology is an integral component of any 21st-century learning. Researchers and 

practitioners are still working on ways to improve student learning with the help of technology as a 

learning tool. Therefore, this study was carried out to study the effects of integrating technology-

mediated learning in biology education using a systematic literature review (SLR) by employing the 

PRISMA technique. The analysis of selected literature found that the integration of technology-

mediated learning has a significant positive impact on student’s academic achievement and learning 

experience. Further research can be carried out by investigating the impact of technology-mediated 

collaborative learning on learning experience and academic achievement in histology. Several 
advantages and features of technology-mediated learning are identified by classifying the learning 

methods, approaches, and delivery methods. 
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INTRODUCTION 

 

Information and communication technology (ICT) plays a critical role in teaching and learning. 

Nowadays, most of the population has easy access to the internet via personal computers, smartphones, 

watches, and other gadgets. As a result, learning environments and methods of acquiring knowledge 

have evolved, and multitasking has become ubiquitous. 
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ICT in education 

 

Several studies in the literature explore the role of mobile ICT in the education system. Schrack (2014) 

reported that using ICTs in the classroom positively or neutrally influences both teachers and students. 

The large-sample study involved 4461 schools, 10691 teachers and 102231 students from Austria. Not 

only students, but most teachers, are enthusiastic about using ICTs in the classroom, despite many 

teachers finding it challenging to integrate them (Végh et al., 2017).  

 

Lim & Khine (2006) examined the teachers' reactions to challenges posed by ICT in educational 

activities in Singaporean schools. The study involved two primary and two secondary schools. First-

order and second-order barriers were identified. First-order barriers are not related to the teacher's 

person. The study revealed that teachers had difficulty keeping lessons to the customary 40-45 minutes 

when ICT is used; the lengthy time required to set up ICTs at the start of the session; the dissatisfaction 

created by computers that are obsolete or insufficient in number. For second-order barriers, some 

teachers believed that conventional methods were faster and more efficient than ICT; others saw ICT 

as a threat to traditional education; and still, others were hesitant to communicate the challenges they 

encountered when teaching using ICT (Lim & Khine, 2006). 

 

Meanwhile, Šorgo et al. (2010) investigated 70 biology teachers on why installing computers and 

laboratory equipment in classrooms was not as successful as expected. The biology teachers showed a 

positive response towards the willingness to use the internet and core Microsoft application in 

preparing classroom materials; and the willingness to use computer programs, presentations, and 

virtual laboratories, although some neglected such tools due to the insufficient skills and the size of 

the curriculum. The study revealed that teachers generally responded negatively and refused to use 

ICT, especially when it revolved around gamification and programming (Šorgo et al., 2010). 

 

 Another study in England explored the difficulties related to ICT-mediated learning. Webb (2002) 

mentioned that the knowledge transfer was not working correctly with the tools, even though ICT-

supported school education may be improved by creating these tools. In general, this strategy is more 

difficult to apply in domains, especially in biology, where memorizing is a common pedagogical 

practice (Buckner & Kim, 2014). 

 

Previous research indicates that the presence of various ICT and both teachers' and students' positive 

attitudes open up new and promising possibilities for future teaching techniques. However, much more 

work must be done to describe ICT-mediated teaching methods that may support the teaching and 

learning processes. 

 

ICT in Biology Education 

 

The association and role of ICT in biology education are difficult to assess precisely; however, it is 

known that technology acts as a catalyst, resulting in a shift in teaching style, learning methods, and 

information availability (Watson, 2001). In the case of biology education, the common benefits of 
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employing ICT include facilitating visualization, speeding information transfer between teachers and 

students, eliminating time limits, contributing to repeatable practices, boosting collaboration, and 

assisting in overcoming geographic distances (Végh et al., 2017). 

 

In facilitating the education of biological cells and photosynthesis, using visual applications in class 

was deemed beneficial by 37 teachers who participated in the study (Mikropoulos et al., 2003). 

Computer-mediated stimulation (CMS) applications can also improve students' understanding of Cell 

Theory (Kiboss et al., 2004). Using computer animations, students can better understand abstract 

Molecular biology ideas and processes (Rotbain et al., 2008). Not only are computers, websites, blogs, 

microphones, interactive boards, digital films, online media, and digital games popular for integrating 

ICT and biology lectures, but smartphones, iPods, iPads, and other equipment can be successfully 

employed to increase students' academic achievement (Kagohara et al., 2013). In general, these 

technologies help improve biology study as a whole (Senthilkumar et al., 2014). 

 

Based on the examples above, it is clear that ICT-mediated biology teaching was beneficial in various 

biology classrooms, whether it was a lecture, tutorial, or laboratory work. Biology teaching could be 

significantly more effective and fun for the 21st-century generation by upgrading ICT-mediated 

teaching methodologies and developing more customized programmes or tools for biology teaching. 

The most recent tool is not always superior; rather, it serves as a supplement to the traditional method 

of instruction (Rinaldi et al., 2017). Researchers can either search for, innovate or invent applications 

that meet educational needs (Yang et al., 2019). 

 

Because of the ever-changing technological landscape, basic science teaching methods must be 

innovative (Felszeghy et al., 2019). For some, elements of game-based are incorporated into the 

teaching method. Gamification enhances student learning by providing additional scaffolding 

(Felszeghy et al., 2019). The effects of the web-based Virtual Microscopy platform on students' 

academic performance are cumulative and synergistic (Lee et al., 2020). 

 

Summary for ICT Research 

 

Schacter (1999) summarise the positive and negative impact on student achievement in academic using 

meta-analysis of various technology studies. There is, however, in some of these researches, there is 

evidence that technology-mediated learning is less successful or ineffective when the learning 

objectives are ambiguous, and the focus of technology use is diffuse (Schacter, 1999). Of late, many 

researchers reported a positive effect of using technology in general (Hamzat et al., 2017; Lee et al., 

2020; Maske et al., 2018; Rinaldi et al., 2017; Rojas-Mancilla et al., 2019), but some studies found no 

effect. Some experts think that technology has almost little influence or has a negative effect on 

learning and education, but others believe that using technology in learning and education is beneficial. 

Some have observed a discrepancy between claims and advances brought about by educational 

technology (Cuban & Jandrić, 2015; Mertala, 2020; Selwyn, 2010). Cuban & Jandrić (2015) reported 

no evidence that teachers and students would have benefitted from using computers in terms of student 
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participation in schools. Researchers must bridge the gap left by previous studies because there is no 

agreement on using technology in biology education, particularly in laboratory practical. 

 

 METHODOLOGY 

 

This study is based on a systematic literature review of the last five years, from the year 2017 to the 

year 2021. The most recent material has been presented to contribute to the continuing debate 

concerning the role of technology in the changing educational paradigm. The study primarily focuses 

on the technology-mediated teaching and learning method that makes it easier for learners to obtain a 

better education. Systematic Review and Meta-Analysis (PRISMA) guidelines were used to analyze 

the accumulated articles. The four steps in PRISMA are a) identification, b) screening, c) eligibility 

and d) inclusion. This technique was employed to guide the researcher to synthesize relevant article 

journals. Figure 1 outlines the steps taken in PRISMA, which are adapted and altered from Moher et 

al. (2009). 

 

A. Identification 

Literature had been extensively searched from the databases; ERIC, ProQuest and Google Scholar as 

they cover a massive and offer a wide scope of paid-for databases (Gusenbauer & Haddaway, 2020). 

It was deemed sufficient and comprehensive in literature (Gusenbauer, 2019). Keywords such as 

"technology-mediated learning", "mobile application", "smartphone application", "histology", and 

"biology education" were used for the identification purpose. The keywords used should connect to 

each other by using OR or AND or any suitable logical operator. Overall, 88 article journals were 

found at this stage. 

 

B. Screening 

The screening scope is confined to choosing only research-based articles in 1) learning using 

technology tools such as computers, laptops, smartphones, iPad, and tablets, 2) learning through 

software applications such as Kahoot, WhatsApp and Padlet, 3) learning through gamification. 

Preference is given to the subject matter of histology instead of biology education and laboratory work 

instead of lecture or tutorial. And then, the repeated articles were removed by title and abstract reading. 

After screening, 7 article journals did not adhere to the criteria of research and 39 repeated article 

journals were removed, leaving only 25 article journals. 

 

C. Eligibility 

25 article journals were screened thoroughly, focusing on the title, abstract, methodology, findings, 

and discussions to make sure it is in line with the scope and objective of the study. 10 article journals 

are removed as it does not describe the integration of technology in learning (8 articles) and poorly 

discussed on results of the study (2 articles). 

 

D. Inclusion 

Finally, only 15 article journals adhering to the chosen criteria are selected for this study. This 

qualitative document selection has been made by following the checklist of the Strengthening the 
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Reporting of Observational Studies in Epidemiology (STROBE) (von Elm et al., 2014). 

 

 
 

Figure 1: Adapted and altered process of article selection from Moher et al. (2009) 

 

RESULTS OF THE STUDY 

 

Summary of the Selected Article Journals 

 

The 15 article journals are analyzed into various categories; study (year), sample size, research design, 

major findings, comments, and sources. The results are summarised in Table 1.  

 

Table 1: Summary of the selected article journals 

 

Study 

(year) 

Sample 

Size 

Research 

Design 

Major Findings Comments Sources 

Albino 
(2021)  

45 
students 

Qualitative and 
quantitative 
mixed approach 
on primary data 
from students 

Mixed reality mobile application was 
functional, usable, efficient, portable 
and accepted to support to learning of 
anatomy 

Mixed reality 
mobile 
application as 
a technology 
tool 

International 
Journal of 
Multidiscip-
linary 
Research and 
Explorer 

Anggerein
i et al. 

(2018) 

20 
undergrad 

students 

Quantitative 
approach on 

primary data 
from students 

There is no effect of the ICT-based 
CWPT model on student creativity 

Student creativity in learning ICT is 
affected by the motivational 
influence. There is no interaction 
between the model and the motivation 
to learn ICT with student creativity 

The role of 
motivation 

has a high 
impact in 
influencing 
student 
creativity 

BIODIK 

 

 

Identification

Google 
Scholar

(n = 68)

ERIC

(n = 11)

ProQue
st

(n = 9)

Total 
article

(n = 88)

Screening

Title and abstract reading

Not adhered to criteria

(n = 7)

Repeated 
article

(n = 39)

After 
analysis

(n = 25)

Eligibility

Full text analysis

Not adhered to criteria

(n = 10)

After 
analysis

(n = 15)

Included
Article chosen

(n = 15)
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Study 

(year) 

Sample 

Size 

Research 

Design 

Major Findings Comments Sources 

Felszeghy 

et al. 

(2019) 

215 

undergrad 

students 

Qualitative 

oriented 

quantitative, 

mixed approach 

on primary data 

from students 

Support the use of 

gamification in the 

teaching of histology 

Gamification provides 

additional scaffolding 

for students learning 

Collaborative Kahoot-

mediated has a higher 

impact than individual 

Kahoot-mediated 

Kahoot-mediated 

strengthened the students' 

positive attitudes toward 

histology 

No control group 

BMC 

Medical 

Education 

Gould et 

al. (2019) 

250 

students 

divided 

into teams 

of 5-8 

(20 teams 

selected 

for group 

interview) 

Qualitative 

approach on 

primary data 

from students 

 

Interactive touch-screen 

monitor had many 

positive impacts on 

students and instructors' 

perceptions 

Transform traditional plant 

anatomy lab into a 

collaborative activity 

Technology as a useful 

addition to, though not a 

substitute for, a traditional 

microscope lab 

No control group 

Journal of 

Biological 

Education 

Hamzat et 

al. (2017) 

62 

students 

Quantitative 

approach on 

primary data 

from students 

CAIP significantly 

improved students' 

achievement in practical 

Gender had no 

considerable influence 

on the achievement in 

practical 

Females have more 

advantage in the 

achievement in practical but 

no significant difference 

between gender 

Cypriot 

Journal of 

Educational 

Sciences 

Jimena 

Medina et 

al. (2019) 

122 

undergrad 

students 

Quantitative 

approach on 

primary data 

from students 

NFC technology is a 

simple, favourable, 

user-friendly and 

versatile tool for 

Histology 

Using Near Field 

Communication technology 

as a support in the teaching 

of histology 

No control group 

Wireless 

Communica

tions and 

Mobile 

Computing 

Lee et al. 

(2020) 

1313 

undergrad 

students  

Qualitative and 

quantitative 

mixed approach 

on primary data 

from students 

Web-based Virtual 

Microscopy platform 

effects are cumulative 

and synergistic on 

students' academic 

performance 

VM platform is strongly 

perceived as an 

effective teaching tool 

A combination of virtual 

and light microscopy 

remains the most preferred 

approach 

Anatomical 

Sciences 

Education 
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Study 

(year) 

Sample 

Size 

Research Design Major Findings Comments Sources 

Maske et 

al. (2018) 

250 

undergrad 

students 

Quantitative 

approach on 

primary data from 

students 

The use of WhatsApp 

complements traditional 

teaching as it is feasible, 

effective and student-

friendly 

The use of WhatsApp is an 

acceptable tool in teaching 

histology 

The use of WhatsApp is 

feasible as smartphones are 

readily available 

No control group 

Journal of 

Education 

and Health 

Promotion 

Necheva 

& 

Ingilizova 

(2018) 

108 

undergrad 

students 

Quantitative 

oriented qualitative 

mixed approach 

(narrative) on 

primary data from 

students 

More significant for 

part-time students to 

visualize via electronic 

means for histology 

The E-learning approach is a 

preference by the part-time 

students in studying histology  

Science and 

Technology 

Che 

Ahmad et 

al. (2020) 

100 

students 

Qualitative and 

quantitative mixed 

approach on 

primary data from 

students 

Practical video (V-lab) 

accompanied by manual 

as an alternative to 

facilitate biology 

practical 

Positive perception of using 

practical video and manual by 

students 

Jurnal 

Pendidikan 

Sains & 

Matematik 

Malaysia 

Rinaldi et 

al. (2017) 

39 

undergrad 

students 

Quantitative 

approach on 

primary data from 

students 

No overall difference 

between the treatment 

and control groups. 

Newest tools are not 

always better but rather 

act as a complement to 

the traditional 

instruction method 

Using interactive cloud-based 

classroom response system 

(CRS) 

to identify misconceptions and 

provide feedback. 

 

Anatomical 

Sciences 

Education 

Rojas-

Mancilla 

et al. 

(2019) 

82 

undergrad 

students 

Quantitative 

approach on 

primary data from 

students 

Support the use of 

gamification in the 

teaching of histology 

The vast majority of students 

use gamification to study and 

positively perceive the learning 

method 

No control group 

Internationa

l Journal of 

Morphology 

Subraman

iam & 

Mohd 

Fadzil 

(2021) 

6 students Qualitative 

approach on 

primary data from 

students 

Padlet has the potential 

in enhancing student's 

engagement 

Positive perception of using 

Padlet is going to be retained, 

and negative perception has to 

be improved 

Jurnal 

Pendidikan 

Sains Dan 

Matematik 

Malaysia 

Végh et 

al. (2017) 

58 

students 

Quantitative 

approach on 

primary data from 

students 

Edmodo and ICT 

enhanced students' 

motivation and 

academic achievement 

in biology 

Edmodo usage promotes 

enthusiasm, making the lesson 

more appealing and facilitating 

content delivery 

Problems of 

Education in 

the 21st -

Century 
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Study 

(year) 

Sample 

Size 

Research Design Major Findings Comments Sources 

Yang et 

al. (2019) 

82 

undergrad 

students 

Quantitative 

approach on 

primary data from 

students 

Smartphone application 

benefited students in 

histology 

BAND application is not 

intended for education used 

The need to invent applications 

that fulfil the need for 

education 

Anatomy & 

Biological 

Anthropolo

gy 

 

Thematic Analysis of the Intended Outcomes from Incorporating Technology in Learning 

 

Many researchers reported the positive effects of technology-mediated learning on academic 

achievement or learning experiences. Learning experience is classified into a) perception, b) 

knowledge enhancement, c) skill enhancement, and d) motivation. The classification is adapted, 

deduced and reclassified from (Mohd. Zainuddin et al., 2020). The results are summarised in Table 2. 

 

Table 2: Thematic analysis of outcomes from the research 

 

Study (year) Academic 

Achievement 

Learning Experience 

Perception Knowledge 

Enhancement 

Skill 

Enhancement 

Motivation 

Albino (2021)   *    

Anggereini et al. (2018)     * 

Felszeghy et al. (2019) * * * * * 

Gould et al. (2019)  * * * * 

Hamzat et al. (2017) *     

Jimena Medina et al. (2019) * * *   

Lee et al. (2020) * * *   

Maske et al. (2018) * * * *  

Necheva & Ingilizova (2018) *  *   

Che Ahmad et al. (2020)  *    

Rinaldi et al. (2017) * * *  * 

Rojas-Mancilla et al. (2019) * * *  * 

Subramaniam & Mohd Fadzil 

(2021) 

 *    

Végh et al. (2017) * *   * 

Yang et al. (2019)  *    

 

Analysis of Technology-mediated Learning Method, Learning Approaches and Delivery Method 

 

Teaching and learning technologies are becoming more sophisticated as technology advances. Modern 

technology assists teachers and students who are equipped with cutting-edge technology. Experts offer 

some learning methods that support old methods while transforming current methods through 

technology integration. This study has identified six types of methods as input of learning: student-
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created content, collaborative learning, active learning, blended learning, flipped learning, and 

components of technology-focused learning. This study discovered the following research that focused 

on technology-based learning approaches. The major learning approaches are electronic learning (e-

learning), digital learning (d-learning), mobile learning (m-learning), and ubiquitous learning (u-

learning). Technology-mediated delivery methods are via lecture, tutorial or laboratory work. The 

results are summarised in Table 3. 

 

Table 3: Analysis of technology-mediated learning method, learning approaches and the  

delivery method employed in the research 

 

Study (year) Technology-mediated 

Learning Method 

Technology-mediated 

Learning Approaches 

(d/e/m/u) 

Technology-

mediated 

Delivery Method 

Albino (2021)  Blended learning m-learning 

d-learning 

Lecture 

Anggereini et al. (2018) Collaborative learning u-learning Tutorial 

Felszeghy et al. (2019) Active learning 

Collaborative learning 

e-learning Lecture 

Lab 

Gould et al. (2019) Student-created content 

Active learning 

Collaborative learning 

m-learning 

u-learning 

Lab 

Hamzat et al. (2017) Components of technology-

focused learning 

e-learning Lecture 

Jimena Medina et al. (2019) Active learning m-learning Lab 

Lee et al. (2020) Active learning 

Flipped learning 

e-learning 

m-learning 

Lab 

Maske et al. (2018) Student-created content 

Active learning 

Collaborative learning 

m-learning Lab 

Necheva & Ingilizova (2018) Blended learning 

Flipped learning 

d-learning 

e-learning 

Lecture 

Tutorial 

Che Ahmad et al. (2020) Blended learning 

Flipped learning 

d-learning Lab 

Rinaldi et al. (2017) Active learning 

Collaborative learning 

e-learning Lecture 

Lab 

Rojas-Mancilla et al. (2019) Active learning d-learning 

m-learning 

Lab 

Subramaniam & Mohd Fadzil 

(2021) 

Student-created content 

Collaborative learning 

d-learning Lecture 

Végh et al. (2017) Student-created content 

Collaborative learning 

Blended learning 

d-learning 

e-learning 

Lecture 

Tutorial 

Yang et al. (2019) Active learning 

Collaborative learning 

m-learning Lab 
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DISCUSSION 

 

This section deals with the research results in two main parts; effects of technology-mediated learning 

on academic achievement and learning experience, and b) technology-mediated learning method, 

learning approaches and delivery method. 

 

Based on the systematic literature review, this study can detect the positive effect of technology-

mediated learning in biology education, especially on the subject matter histology. The students can 

observe the positive effects on academic achievement or learning experience. Much research supported 

the integration of technology in learning on academic achievement and gave positive effects (Hamzat 

et al., 2017; Lee et al., 2020; Maske et al., 2018; Rinaldi et al., 2017; Rojas-Mancilla et al., 2019). 

Hamzat et al. (2017) depth in further and reported that females have more advantage in achieving 

practical assessment after integration of technology, but no significant difference between the gender.  

 

On the other hand, students' learning experience can be classified using perception, knowledge 

enhancement, skill enhancement, and motivation. The reclassification is adapted from Mohd. 

Zainuddin et al. (2020) reported that Padlet, in intensifying engagement, enhances learning in students. 

Subramaniam & Mohd Fadzil (2021) suggested that positive perception of using Padlet will be 

retained, and negative perception has to be improved. It is further supported by the study carried out 

by Gould et al. (2019) on the interactive touch-screen monitor during histology practical. The 

integration had many positive impacts on students' perceptions. It transforms traditional plant anatomy 

lab into collaborative activity (Gould et al., 2019). Students indeed will learn collaborative skills as 

well as knowledge enhancement. The concept of technology-mediated collaborative learning should 

be given significant priority in the 21st-Century as this learning method is crucial in biology education. 

There is still a gap in the literature as limited research is being done in this field of study. Felszeghy et 

al. (2019) explored collaborative Kahoot-mediated histology learning, which gave a higher impact than 

individual Kahoot-mediated. Kahoot-mediated strengthened the students' positive attitudes toward 

histology. Besides that, motivations play an important aspect in affecting students' learning experience. 

 

There are many limitations in the studies mentioned in this systematic literature review as there are no 

control groups for the studies done. It is observed in the research done by (Felszeghy et al., 2019; 

Gould et al., 2019; Jimena Medina et al., 2019; Maske et al., 2018; Rojas-Mancilla et al., 2019). Hence, 

there is a possibility for further research to be carried out in supporting the motion of technology-

mediated learning. 

 

The second part describes the technology-mediated learning method, learning approaches and delivery 

method using secondary data. Figure 2 shows the model of leveraging technology-mediated learning, 

adapted from (Islam Sarker et al., 2019). 
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Figure 2: Model of leveraging technology-mediated learning adapted from Islam Sarker et al. (2019) 

 

There are six ways of technology-mediated learning methods, which are revealed from the systematic 

literature search result in Table 3. This study has identified six types of methods as input of learning, 

such as a) student-created content, b) collaborative learning, c) active learning, d) blended learning, e) 

flipped learning, and f) components of technology-focused learning.  

 

This study also identifies the four primary learning approaches associated with technology. They are 

a) electronic learning, b) mobile learning, c) digital learning, and d) ubiquitous learning. U-learning 

(Ubiquitous learning) is a relatively recent idea that can be applied to various disciplines. U-learning 

is the most advanced kind of mobile learning, having moved from e-learning to m-learning and m-

learning to u-learning. It aids in acquiring knowledge from a ubiquitous learning environment at the 

right time, in the right place, and in the right way (Islam Sarker et al., 2019). E-learning and m-learning 

are revealed to be subcategories of d-learning (Kumar Basak et al., 2018). Some learning technologies, 

on the other hand, could be classified as both m-learning and e-learning. D-learning is a technology-

mediated learning approach that allows learners to control their studying time, place, and path (Islam 

Sarker et al., 2019). It is, in fact, a combination of digital content, technology, and instruction. 

 

Besides that, this study delves into the implementation of technology-mediated delivery modes, 

focusing on lecture, tutorial, and laboratory work. The lecture is an effective and conventional mode 

of learning delivery. Though the approach of teaching and learning through lecture is widely 

acknowledged, several modifications are required to reap the full benefits. Instead of a top-down 

approach, effective learning requires two-way communication between teacher and learner. The 

technology could serve as a link in this two-way communication channel. Sometimes, many schools 

use a flipped classroom, a hybrid method that combines a tutorial with conventional class lectures. It 

is now widely accepted in many countries. A laboratory is a venue where students can receive hands-

on experience with theory. In the laboratory, several scientific discoveries are investigated, especially 

for subjects related to science.  

 

But due to rapid advancement of technology, for example, especially in virtual microscopy and slides 

in histology and plant anatomy, some of the laboratory’s works has been substituted or complemented 
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with lecture or tutorial modes by leveraging technology in d-learning. Nevertheless, the ideal or 

optimal alternative in histology teaching would be an active learning approach (Michael, 2006) that 

melds microscope-based learning strategy with computer-based learning tools (Harris et al., 2001; 

Heidger et al., 2002; Pratt, 2009). It is a combination of virtual microscopy, either in lectures or 

tutorials, and light microscopy as laboratory works remains the most preferred approach (Gould et al., 

2019; Lee et al., 2020). 

 

CONCLUSION 

 

In this study, a systematic literature review was carried out to explore the impact of integrating 

technology in biology education (histology). A general conclusion was made based on the analysis of 

the 15 previous research done. There is a significant positive impact on the students' academic 

achievement and learning experience in terms of perception, knowledge enhancement, skill 

enhancement, and motivation by integrating technology in the teaching and learning process. This 

study has identified six types of methods as input of learning, such as a) student-created content, b) 

collaborative learning, c) active learning, d) blended learning, e) flipped learning, and f) components 

of technology-focused learning. This study also identifies the four primary learning approaches 

associated with technology. They are a) electronic learning, b) mobile learning, c) digital learning, and 

d) ubiquitous learning. This study delves into implementing technology-mediated delivery modes, 

focusing on lecture, tutorial, and laboratory work. In order to maximize the full potential of technology-

based learning methods, ICT should be integrated at all levels of curriculum development, learning 

processes, and delivery (Islam Sarker et al., 2019). Innovation and reform are required to ensure better 

education through ICT integration. 

 

The research chosen for this systematic review primarily concerns histology undergraduate students 

as respondents. My proposed study primarily focuses on the Malaysian sixth-form biology students in 

histology laboratory work. My suggested topic is the effect of using the visual communicative platform 

Celebrate® application in technology-mediated collaborative learning for accessing learning 

experience and academic achievement in sixth-form histology practicals. Hopefully, the additional 

research mentioned in this study will be thoroughly investigated in the context of our country's biology 

education. 

 

REFERENCES 

 
Albino, M. G. (2021). Technology tool in teaching biology: A mixed reality mobile application. International Journal of 

Multidisciplinary Research and Explorer, 1(4), 43–46. 

Anggereini, E., Budiarti, R. S., & Sanjaya, M. E. (2018). The effect of ICT-based Classwide Peer Tutoring (CWPT) application 

and motivation to biology education student creativity in ICT learning. BIODIK, 4(2), 105–113. 

https://doi.org/10.22437/bio.v4i2.6177 

Buckner, E., & Kim, P. (2014). Integrating technology and pedagogy for inquiry-based learning: The Stanford Mobile Inquiry-

based Learning Environment (SMILE). Prospects, 44(1), 99–118. https://doi.org/10.1007/s11125-013-9269-7 

Che Ahmad, C. N., Yahaya, A., & Sani, S. S. (2020). Pembangunan modul video amali (V-Lab) bagi mempertingkatkan 

pengajaran dan pemudahcaraan biologi tingkatan empat. Jurnal Pendidikan Sains & Matematik Malaysia, 10(2), 1–7. 

 



Journal of ICT in Education (JICTIE) 

ISSN 2289-7844 / 9 / 1 / 2022 / 86-99 

 

 

98 

 

Cuban, L., & Jandrić, P. (2015). The dubious promise of educational technologies: Historical patterns and future challenges. E-

Learning and Digital Media, 12(3–4), 425–439. https://doi.org/10.1177/2042753015579978 

Felszeghy, S., Pasonen-Seppanen, S., Koskela, A., Nieminen, P., Harkonen, K., Paldanius, K. M. A., Gabbouj, S., Ketola, K., 

Hiltunen, M., Lundin, M., Haapaniemi, T., Sointu, E., Bauman, E. B., Gilbert, G. E., Morto, D., & Mahonen, A. (2019). 

Using online game-based platforms to improve student performance and engagement in histology teaching. BMC Medical 

Education, 19(273), 1–11 

Gould, K. S., Gilbert, A., Pike, A. J., & Menzies, I. J. (2019). Interactive touch-screen monitors facilitate collaborative learning 

of microscopy skills in an introductory-level plant biology lab. Journal of Biological Education, 53(1), 47–53. 

https://doi.org/10.1080/00219266.2017.1420680 

Gusenbauer, M. (2019). Google Scholar to overshadow them all? Comparing the sizes of 12 academic search engines and 

bibliographic databases. Scientometrics, 118(1), 177–214. https://doi.org/10.1007/s11192-018-2958-5 

Gusenbauer, M., & Haddaway, N. R. (2020). Which academic search systems are suitable for systematic reviews or meta -

analyses? Evaluating retrieval qualities of Google Scholar, PubMed, and 26 other resources. Research Synthesis Methods, 

11(2), 181–217. https://doi.org/10.1002/jrsm.1378 

Hamzat, A., Bello, G., & Abimbola, I. O. (2017). Effects of computer animation instructional package on students’ achievement  

in practical biology. Cypriot Journal of Educational Sciences, 12(4), 218–227. https://doi.org/10.18844/cjes.v12i4.2932 

Harris, T., Leaven, T., Heidger, P., Kreiter, C., Duncan, J., & Dick, F. (2001). Comparison of a virtual microscope laborator y 

to a regular microscope laboratory for teaching histology. Anatomical Record, 265(1), 10–14. 

https://doi.org/10.1002/ar.1036 

Heidger, P. M., Dee, F., Consoer, D., Leaven, T., Duncan, J., & Kreiter, C. (2002). Integrated approach to teaching and testing 

in histology with real and virtual imaging. Anatomical Record, 269(2), 107–112. https://doi.org/10.1002/ar.10078 

Islam Sarker, M. Na., Min, W., Monirul Alam, G. M., & Dan, L. (2019). Leveraging digital technology for better learning and 

education: A systematic literature review. International Journal of Information and Education Technology (Vol. 9, Issue 

7, pp. 453–461). https://doi.org/10.18178/ijiet.2019.9.7.1246 

Jimena Medina, I., Gómez-Luque, M. A., Peña Amaro, J., Luque Ruiz, I., & Gómez-Nieto, M. A. (2019). HistoNFC: An 

innovative tool for the practical teaching of histology using NFC technology. Wireless Communications and Mobile 

Computing, 2019. https://doi.org/10.1155/2019/1291364 

Kagohara, D. M., van der Meer, L., Ramdoss, S., O’Reilly, M. F., Lancioni, G. E., Davis, T. N., Rispoli, M., Lang, R., Marschik, 

P. B., Sutherland, D., Green, V. A., & Sigafoos, J. (2013). Using iPods® and iPads® in teaching programs for individuals 

with developmental disabilities: A systematic review. Research in Developmental Disabilities, 34(1), pp. 147–156. 

https://doi.org/10.1016/j.ridd.2012.07.027 

Kiboss, J. K., Ndirangu, M., & Wekesa, E. W. (2004). Effectiveness of a computer-mediated simulations program in school 

biology on pupils’ learning outcomes in Cell Theory. Journal of Science Education and Technology, 13(2), 207–213. 

https://doi.org/10.1023/b:jost.0000031259.76872.f1 

Kumar Basak, S., Wotto, M., & Bélanger, P. (2018). E-learning, M-learning and D-learning: Conceptual definition and 

comparative analysis. E-Learning and Digital Media, 15(4), 191–216. https://doi.org/10.1177/2042753018785180 

Lee, B. C., Hsieh, S. T., Chang, Y. L., Tseng, F. Y., Lin, Y. J., Chen, Y. L., Wang, S. H., Chang, Y. F., Ho, Y. L., Ni, Y. H., & 

Chang, S. C. (2020). A web-based virtual microscopy platform for improving academic performance in histology and 

pathology laboratory courses: A pilot study. Anatomical Sciences Education, 13(6), 743–758. 

https://doi.org/10.1002/ase.1940 

Lim, C. P., & Khine, M. S. (2006). Managing teachers’ barriers to ICT integration in Singapore schools. Journal of Technology 

and Teacher Education, 14(1), 97–125. 

Maske, S. S., Kamble, P. H., Kataria, S. K., Raichandani, L., & Dhankar, R. (2018). Feasibility, effectiveness, and students’  

attitude toward using WhatsApp in histology teaching and learning. Journal of Education and Health Promotion, 7(1), 

158–158. https://doi.org/10.4103/jehp.jehp_30_18 

Mertala, P. (2020). Paradoxes of participation in the digitalization of education: A narrative account. Learning, Media and 

Technology, 45(2), 179–192. https://doi.org/10.1080/17439884.2020.1696362 

Michael, J. (2006). How we learn: Where’s the evidence that active learning works?. Adv Physiol Educ, 30, 159–167. 

https://doi.org/10.1152/advan.00053 

Mikropoulos, T. A., Katsikis, A., Nikolou, E., & Tsakalis, P. (2003). Virtual environments in biology teaching. Journal of 

Biological Education, 37(4), 176–181. https://doi.org/10.1080/00219266.2003.9655879 



Integrating Technology-Mediated Learning in Biology Education (Histology): A Systematic Literature Review  

Received: 28 December 2021; Accepted: 9 February 2022; Published: 24 February 2022 

 

99 

 

Mohd. Zainuddin, N. M., Mohd Azmi, N. F., Mohd Yusoff, R. C., Shariff, S. A., & Wan Hassan, W. A. (2020). Enha ncing 

classroom engagement through Padlet as a learning tool: A case study. International Journal of Innovative Computing, 

10(1), 49–57. https://doi.org/10.11113/ijic.v10n1.250 

Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. (2009). Preferred reporting items for systematic reviews and meta-analyses: 

The PRISMA statement. Journal of Clinical Epidemiology, 62(10), 1006–1012. 

https://doi.org/10.1016/j.jclinepi.2009.06.005 

Necheva, V., & Ingilizova, G. (2018). The role of ICT for the visualization of the histology educational content in higher 

education. Science and Technology, 8(8), 1–9. 

Pratt, R. L. (2009). Are we throwing histology out with the microscope? A look at histology from the physician’s perspective.  

Anatomical Sciences Education, 2(5), 205–209. https://doi.org/10.1002/ase.100 

Rinaldi, V. D., Lorr, N. A., & Williams, K. (2017). Evaluating a technology supported interactive response system during the 

laboratory section of a histology course. Anatomical Sciences Education, 10(4), 328–338. https://doi.org/10.1002/ase.1667 

Rojas-Mancilla, E., Conei, D., Bernal, Y. A., Astudillo, D., & Contreras, Y. (2019). Learning histology through game-based 

learning supported by mobile technology. International Journal of Morphology, 37(3), 903–907. 

https://doi.org/10.4067/s0717-95022019000300903 

Rotbain, Y., Marbach-Ad, G., & Stavy, R. (2008). Using a computer animation to teach high school molecular biology. Journal 

of Science Education and Technology, 17(1), 49–58. https://doi.org/10.1007/s10956-007-9080-4 

Schacter, J. (1999). The impact of education technology on student achievement: What the most current research has to say. 

Milken Exchange of Education Technology, 1–13. https://www.milkenexchange.org 

Schrack, C. (2014). The Austrian network of schools in mobile (e)Learning. UNESCO High-Level Policy Workshop on ICT in 

Education for Eastern and Central European Countries. http://www.unesco.org/education/ICTWorkshop2014-

%0Aday1/AustrianNetwork-ofSchoolsinmobileLearning.pdf 

Selwyn, N. (2010). Looking beyond learning: Notes towards the critical study of educational technology. Journal of Computer 

Assisted Learning, 26(1), 65–73. https://doi.org/10.1111/j.1365-2729.2009.00338.x 

Senthilkumar, R., Sivapragasam, C., & Senthamaraikannan, B. (2014). Role of ICT in teaching biology. International Journal 

of Research, 1(9), 780–788. 

Šorgo, A., Verčkovnik, T., & Kocijančič, S. (2010). Information and communication technologies (ICT) in biology teaching in 

Slovenian secondary schools. Eurasia Journal of Mathematics, Science and Technology Education, 6(1), 39–46. 

https://doi.org/10.12973/ejmste/75225 

Subramaniam, G., & Mohd Fadzil, H. (2021). View of using Padlet to enhance Year 11 students engagement in learning genetic. 

Jurnal Pendidikan Sains dan Matematik Malaysia, 11(2), 39–50. 

https://ejournal.upsi.edu.my/index.php/JPSMM/article/view/5250/3154 

Végh, V., Nagy, Z. B., Zsigmond, C., & Elbert, G. (2017). The effects of using Edmodo in biology education on students’ 

attitudes towards biology and ICT. Problems of Education in the 21st Century, 75(5), 483–495. 

https://doi.org/10.33225/pec/17.75.483 

von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Gøtzsche, P. C., & Vandenbroucke, J. P. (2014). The strengthening the 

reporting of observational studies in epidemiology (STROBE) statement: Guidelines for reporting observational studies. 

International Journal of Surgery, 12(12), 1495–1499. https://doi.org/10.1016/j.ijsu.2014.07.013 

Watson, D. M. (2001). Pedagogy before technology: Re-thinking the relationship between ICT and teaching. Education and 

Information Technologies, 6(4), 251–266. https://doi.org/10.1023/A:1012976702296 

Webb, M. E. (2002). Pedagogical reasoning: issues and solutions for the teaching and learning of ICT in secondary schools. 

Education and Information Technologies, 7(3), 237–255. https://doi.org/10.1023/A:1020811614282 

Yang, K., Park, S.-U., Kim, J.-Y., Lee, H., Choi, I.-J., & Lee, J.-H. (2019). Effectiveness of smartphone application in histology 

practice. Anatomy & Biological Anthropology, 32(1), 17. https://doi.org/10.11637/aba.2019.32.1.17 


