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ABSTRACT 

 

This study explored how e-learning influences the development of fo-

rensic chemistry skills and professional preparedness among crimi-

nology students in the Philippines. A convergent parallel mixed-meth-

ods design was utilized, incorporating a quantitative survey with 300 

participants and qualitative interviews with students enrolled in a fo-

rensic chemistry course. The survey instrument, adapted from exist-

ing measures, was subjected to content validation and pilot testing, 

showing high internal consistency (α=0.86). Quantitative data were 

analyzed using descriptive statistics, correlations, and regression 

analyses, whereas qualitative data were analyzed using thematic anal-

ysis. The findings indicated that students had favorable views of e-

learning in forensic chemistry, valued multimedia resources, and rec-

ognized both challenges and opportunities. A strong positive correla-

tion (ρ=0.754, p=0.001) was identified between perceptions of e-

learning and readiness to use e-learning tools, with readiness signifi-

cantly influencing positive perceptions (R=0.708+0.806). Qualitative 

themes such as enrichment, utilization, enhancement, resources, and 

foundation underscored the advantages and disadvantages of e-learn-

ing in forensic chemistry education. The study concludes that well-

crafted e-learning platforms can effectively connect theoretical 

knowledge with practical skills, improving students' comprehension 

and critical thinking. However, the absence of hands-on laboratory ex-

perience remains a significant limitation. The findings suggest that a 

blended learning approach, which combines e-learning with tradi-

tional practical training, is crucial for a thorough forensic chemistry 

education. Future research should broaden the study's scope, conduct 

longitudinal studies, and investigate hybrid learning models to en-

hance the effectiveness of e-learning in forensic chemistry education. 
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Background 
Forensic chemistry has become a crucial 

component of criminology and criminal inves-
tigations, with technological advancements al-
lowing scientific measurements outside tradi-
tional laboratories (Kloosterman et al., 2015). 
The increasing significance of forensic science 
underscores the necessity of innovative educa-
tional strategies to prepare future experts in 
this field. E-learning has proven to be a valua-
ble asset in science-related fields, including fo-
rensic chemistry. The Cyber Sleuth Science Lab 
(CSSL) is a virtual educational platform that in-
tegrates educational theory, gender-inclusive 
practices, and practical problem-solving to im-
part digital forensics skills (Casey et al., 2023). 
Utilizing case-based learning through e-learn-
ing platforms has boosted students' motivation 
and performance in forensic chemistry courses 
(Magwilang, 2022) by enhancing their critical 
thinking and problem-solving abilities. Incor-
porating forensic intelligence programs into 
academic curricula can offer graduates a more 
comprehensive understanding of forensic in-
telligence beyond courtroom applications (Mo-
relato et al., 2023). E-learning in forensic chem-
istry education aids in thorough criminal trace 
analysis (Crispino et al., 2014) by employing 
real-case scenarios to foster proactive attitudes 
and prepare students for evolving challenges in 
crime and policing. The combination of e-learn-
ing and forensic chemistry education in crimi-
nology programs can improve students’ learn-
ing and critical thinking skills. Case-based 
learning through e-learning platforms encour-
ages critical thinking and problem-solving 
among forensic chemistry students (Mag-
wilang, 2022), resulting in increased motiva-
tion and success. 

E-learning platforms, such as the Cyber 
Sleuth Science Lab, illustrate the capability to 
merge educational theories with hands-on 
problem-solving in the realm of digital forensic 
education (Casey et al., 2023), thereby empow-
ering underrepresented youth with knowledge 
of digital forensics. Nonetheless, the successful 

application of these methods hinges on effec-
tive interdisciplinary communication (Macassa 
and McGrath, 2024). While e-learning holds 
promise for forensic chemistry education, gaps 
remain in the research concerning its efficacy 
for criminology students. Many current studies 
on educational interventions are based on 
small sample sizes, which restricts the general-
izability of their conclusions (Chan et al., 2021). 
Future research should prioritize large-scale 
studies across various institutions to evaluate 
the effectiveness of e-learning in cultivating fo-
rensic chemistry skills among students. This 
study investigated the influence of e-learning 
on the development of forensic chemistry skills 
and professional preparedness of criminology 
students. The research questions centered on 
students' views regarding e-learning's role in 
enhancing their forensic chemistry knowledge 
and investigative skills, the obstacles faced dur-
ing the learning process, and the impact of e-
learning on the utilization of digital tools in fo-
rensic investigations and practices. These 
questions are vital for understanding how e-
learning can effectively equip future criminolo-
gists with the digital aspects of forensic investi-
gations. The findings have the potential to sig-
nificantly influence curriculum development 
and teaching methods in criminology pro-
grams, thereby enhancing the preparation of 
future criminologists to meet the field’s evolv-
ing demands. By exploring the convergence of 
e-learning, forensic chemistry, and profes-
sional readiness, this study offers valuable in-
sights for educators and institutions seeking to 
optimize criminology training for the digital 
age. 

 
Literature Review  

E-learning has become a crucial part of sci-
ence education, especially in fields such as fo-
rensic science and chemistry. It offers a blend 
of opportunities and challenges, particularly in 
the field of higher education. On the positive 
side, e-learning provides several benefits to 
students. For example, platforms can boost  
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student engagement and motivation by incor-
porating interactive elements, such as virtual 
labs and simulations. These tools help students 
visualize complex concepts and apply their the-
oretical knowledge to practical scenarios. Take 
virtual labs in forensic chemistry, for in-
stance—they can mimic real-world crime 
scene investigations, allowing students to re-
fine their skills without the usual constraints 
and risks of physical labs. This approach can 
lead to enhanced learning outcomes and better 
prepare students for real-world applications 
(Yan and Pourdavood, 2024). Moreover, e-
learning broadens access to educational re-
sources, aiding students from diverse back-
grounds. It helps remove geographical barriers 
and supports lifelong learning, which is crucial 
in rapidly changing fields such as forensic sci-
ence (Masuudi et al., 2024). However, there are 
challenges. A major concern is maintaining stu-
dent engagement and addressing reduced so-
cial interaction compared to traditional class-
rooms. Both faculty and students have raised 
concerns about the lack of personal interaction, 
which can affect the effectiveness of online 
learning (Yan and Pourdavood 2024). Addi-
tionally, technological limitations, such as inad-
equate digital infrastructure and limited access 
to necessary technology, can present chal-
lenges, especially in under-resourced educa-
tional settings (Ramulumo et al., 2024). Initia-
tives such as the Cyber Sleuth Science Lab 
(CSSL) show promise in teaching forensic 
chemistry through e-learning. The CSSL uses a 
virtual learning environment that integrates 
pedagogical theory, gamification, and real-
world problem-solving to teach digital foren-
sics. It has been successful in enhancing stu-
dents' knowledge and skills for real-world ap-
plications and increasing their interest in ca-
reers related to digital forensics and cybersecu-
rity. Gender-inclusive teaching strategies 
within CSSL have been particularly effective in 
engaging underrepresented groups, such as 
girls, without negatively affecting boys' engage-
ment (Casey et al., 2023). Overall, the impact of 
e-learning on student engagement, motivation, 
and achievement in forensic chemistry is gen-
erally positive when it is implemented cor-
rectly. Programs that incorporate collaborative 
assessments and robust support systems can 

significantly enhance students' sense of com-
munity, responsibility, and motivation, leading 
to improved academic outcomes (Mphahlele, 
2024). Despite these challenges, strategically 
integrating technology and collaborating with 
industries can further enhance the quality and 
effectiveness of e-learning in forensic science 
and chemistry education (Priddis and Vanden-
berg, 2018). 

Many studies have explored how e-learning 
can improve critical thinking and problem-
solving skills in forensic science education. A 
significant initiative in this field is the Cyber 
Sleuth Science Lab (CSSL), which combines dig-
ital forensic science with practical problem-
solving. This project uses educational theory, 
gender-inclusive teaching, gamification, and 
computational thinking to engage students, es-
pecially those from underrepresented groups 
and girls, in addressing technology-related is-
sues. By simulating real-world scenarios, stu-
dents gain skills that are directly applicable to 
professional environments (Casey et al. 2023). 
Extended reality (XR) environments further 
enhance this by offering immersive online 
learning experiences. These virtual labs mimic 
actual investigations, allowing students to fa-
miliarize themselves with the tools and tech-
niques used in forensic practices. Although de-
veloping these environments can be expensive, 
they provide significant benefits in terms of 
student engagement and skill development 
(Pringle et al., 2022). A major challenge in e-
learning forensic chemistry is the lack of hands-
on laboratory experience. Virtual and XR re-
sources help address this by providing comple-
mentary learning experiences that reinforce 
knowledge and allow students to interact with 
equipment asynchronously. However, imple-
menting these resources involves overcoming 
technical challenges such as Internet connec-
tivity and platform proficiency (Pringle et al., 
2022). Best practices in e-learning for forensic 
chemistry emphasize content that is both ped-
agogically sound and technologically sup-
ported. An online continuing education model 
highlights the importance of needs assessment 
and the careful selection of delivery methods, 
which has proven effective in engaging a global 
audience (Gluodenis, 2021). Regarding percep-
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tions of e-learning in forensic chemistry, stu-
dents generally have positive experiences with 
blended learning because of its flexibility, alt-
hough some still prefer in-person learning for 
better concentration. The success of online 
platforms largely depends on instructors' com-
munication skills and student engagement, 
which shape perceptions of their effectiveness 
(Khalaf et al., 2023). However, instructors often 
encounter challenges in blended learning. Past 
negative experiences can influence current 
practices, leading many to favor face-to-face in-
teractions and view online teaching as less ef-
fective, prompting them to focus more on in-
person support (Youde, 2020). Blended learn-
ing has been shown to positively impact stu-
dent engagement and the development of soft 
skills. Formats that combine online and face-to-
face elements can enhance engagement and re-
duce cognitive load, but their success depends 
on aligning online content with the teaching 
process (Oshima et al., 2024; Pisoni, 2019). 
Looking forward, there is potential for develop-
ing blended flipped learning models that em-
phasize peer interaction and content. These 
models should include off-campus learning op-
portunities with external tutors to enhance 
their competence and professional develop-
ment (Wang et al., 2024). 

 
Methodology 
Research Design 

In this study, a convergent parallel mixed-
methods design was employed, integrating 
both quantitative and qualitative approaches to 
investigate the effects of e-learning in forensic 
chemistry education. The quantitative compo-
nent consisted of a structured survey aimed at 
evaluating the perceptions, readiness, and chal-
lenges associated with e-learning tools. The 
qualitative component involved semi-struc-
tured interviews and focus group discussions 
to obtain in-depth insights into students' expe-
riences and perspectives. This methodology 
was chosen to ensure data triangulation, 
thereby enhancing the validity and comprehen-
siveness of our findings. By merging numerical 
analysis with thematic interpretation, this 
study provides a thorough assessment of how 
e-learning influences both academic competen-
cies and professional readiness. 

Sampling and Participants 
The study focused on Bachelor of Science in 

Criminology students taking Forensic Chemis-
try at a state college in the Philippines, with an 
estimated total of 1,300 students enrolled in 
the program. By applying Slovin’s formula with 
a 5% margin of error, the minimum required 
sample size was calculated as 1,200. A purpos-
ive sampling method was used, targeting stu-
dents familiar with e-learning platforms such 
as Learning Management Systems (LMS), 
Google Meet, YouTube, and virtual laboratory 
tools. Of these, 300 students participated in the 
quantitative survey, and 10 students were cho-
sen from this group for qualitative interviews 
and discussions. To provide context for the re-
sults, participant demographics, such as age, 
year level, and gender, were documented. 

 
Instruments 

The primary instrument employed in this 
study was a survey crafted by the researchers 
to assess attitudes toward e-learning in the 
context of forensic chemistry education. This 
survey drew on existing frameworks related to 
technology readiness and digital learning, as 
recommended by Hao (2016), Hung et al. 
(2010), and Islam (2019). It comprised various 
sections, with questions rated on a scale from 1 
(Strongly Disagree) to 5 (Strongly Agree). The 
survey inquired about the role of e-learning in 
enhancing students' understanding of forensic 
chemistry, their confidence in using digital 
tools, and the obstacles they encounter online. 
Experts evaluated the survey to ensure clarity 
and precision, and a small group of criminology 
students tested it to refine the wording. The 
survey demonstrated high reliability, with a 
Cronbach’s alpha of 0.86. Additionally, a semi-
structured interview guide was utilized to 
delve deeper into students' experiences and 
complement the survey findings. 

 
Data Collection Procedures 

Data were collected using both digital and 
physical methods. The survey was distributed 
online using Google Forms and in hard copy for 
students with limited Internet connectivity. 
Semi-structured interviews and optional focus 
group discussions were held either in person or 
through online platforms such as Google Meet, 
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based on the availability of participants. Before 
participating, students received informed con-
sent forms that explained the study's goals, the 
voluntary nature of their participation, confi-
dentiality protocols, and their right to with-
draw at any point. The university's research 
ethics committee granted ethical approval, and 
all data were anonymized and securely stored 
to ensure the participants’ privacy. 

 
Data Analysis Techniques 

Quantitative data were analyzed using de-
scriptive statistics (frequency, mean, and 

standard deviation) to summarize student per-
ceptions, as well as correlational analysis 
(Spearman’s rho) and regression analysis to 
determine the relationship between percep-
tions of e-learning and readiness to use digital 
tools. Qualitative data were processed through 
thematic analysis, which involved coding re-
sponses, identifying recurring themes, and in-
terpreting findings in relation to research ques-
tions. To ensure rigor, NVivo software and 
manual coding methods were employed, allow-
ing for triangulation between qualitative and 
quantitative results. 

 
Result and Discussion 
Table 1. Cronbach’s Alpha Ability Values for the Questionnaire Items. 

Items Number of Items Cronbach’s alpha Values 
Total 11 0.936 

Cronbach’s alpha is a well-established 
measure used to assess the internal con-
sistency reliability of scales and questionnaires 
in research, indicating how well the items in a 
test evaluate a single construct. In response to 
your question about the Cronbach's alpha value 
for a set of 11 items with an overall alpha of 
0.936, this reflects a high degree of internal 
consistency, confirming the reliability of the 
questionnaire (Izah et al., 2024; Izah et al., 
2023). Cronbach's alpha is especially beneficial 
in educational settings, as it verifies the relia-
bility of tools used to evaluate student skills 
and preparedness, such as forensic chemistry 
for criminologists. A high Cronbach's alpha 

(generally above 0.7) is considered a sign of 
good internal consistency and indicates that 
the items consistently measure a single latent 
construct across various administrations (Izah 
et al., 2023; Trinchera et al., 2018). The sub-
stantial Cronbach’s alpha value of 0.936 
demonstrates strong internal consistency for 
the questionnaire items, implying that they ef-
fectively measure the construct of competence 
and readiness in forensic chemistry. This high 
reliability ensures that the questionnaire yields 
consistent and repeatable results, which is cru-
cial for equipping future criminologists 
through effective e-learning. 

 
Table 2. Profile of Respondents by Age 

Age Frequency Percentage 
18 – 20 years old 150 50.00% 
21 – 23 years old 132 44.00% 
24 – 26 years old 17 5.67% 
27 years old and above 1 0.33% 
Average  100% 

Table 2 highlights important insights into 
how students perceive e-learning in forensic 
chemistry. Most participants were aged be-
tween 18 and 23 years, were male, and were in 
their second year of study. Students generally 
held positive opinions about e-learning,  

particularly appreciating multimedia re-
sources. They recognized both the challenges 
and opportunities it presents, with the strong-
est consensus being that e-learning offers ex-
cellent value in terms of cost and quality. The 
respondents showed a willingness to use e-
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learning tools, especially in their future careers. 
There was a strong positive correlation be-
tween students' perceptions of e-learning and 
their readiness to use e-learning tools. Addi-
tionally, regression analysis revealed that the 
willingness to use e-learning tools significantly 
impacted students’ positive perceptions of e-

learning in forensic chemistry. Overall, the 
findings indicate that students generally view 
e-learning in forensic chemistry favorably, 
acknowledge its potential benefits and chal-
lenges, and feel equipped to use e-learning 
tools in their studies and future professional 
endeavors. 

 
Table 3. Profile of Respondents by Sex 

Sex Frequency Percentage 
Male 182 60.67% 
Female 112 37.33% 
Prefer not to say 6 2.00% 
Average  100% 

 
Figure 3 illustrates that the analysis of the 

gender distribution among the 300 survey re-
spondents showed a clear dominance of male 
participants. Specifically, 182 individuals 
(60.67 %) were male, accounting for the major-
ity of the sample. Female participants were the 
second largest group, with 112 individuals 
(37.33 %). A small portion of the respondents, 

six (2%), opted not to disclose their gender. 
This gender breakdown offers valuable in-
sights into the survey's demographic composi-
tion, highlighting a notable disparity in repre-
sentation between male and female respond-
ents and recognizing those who chose not to 
specify their gender.  

 
Table 4. Perceptions of E-Learning in Forensic Chemistry 

 
 
 
 
 
 
 
 
 
 
 
Table 4 illustrates students' favorable 

views on e-learning in the context of forensic 
chemistry. The average weighted mean of 3.75 
suggests that students concur with the effec-
tiveness of e-learning for this subject (Gyamfi & 
Sukseemuang, 2017; Khalil & Al-Harbi, 2022). 
Students particularly appreciated multimedia 
resources, which received the highest weighted 
mean of 3.89 (Mezil et al. 2020). This finding is 
consistent with studies indicating that ani-
mated videos boost student engagement in sci-
ence education (Mezil et al., 2020). Although 
students agreed that e-learning facilitates the 
understanding of forensic chemistry concepts 

(3.83), their confidence in learning through e-
learning was somewhat lower (3.62) (Ibrahim 
et al., 2021; Jiang et al., 2022). This suggests 
that while students acknowledge the ad-
vantages of e-learning, there are still adapta-
tion challenges (Roick et al., 2023). The data re-
flect a generally positive reception of e-learn-
ing in forensic chemistry education, although 
standard deviations around 1.00 reveal varied 
student perceptions. This highlights the im-
portance of accommodating diverse learning 
styles and enhancing online platforms to boost 
students’ confidence (Mezil et al. 2020; Roick et 
al. 2023).
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Table 5. Challenges and Opportunities in Using E-Learning 
 

 
 
 
 
 
 
 
 
 
 
 
Table 5 presents a statistical analysis that 

sheds light on both the difficulties and ad-
vantages of e-learning in forensic chemistry ed-
ucation (Stern, 2017). The average weighted 
mean of 3.84 indicates that the students gener-
ally agreed with the statements. One major 
challenge identified is internet connectivity is-
sues, with a weighted mean of 3.83 (Jafar et al., 
2023), which aligns with other studies high-
lighting this as a significant technical obstacle 
(Alsahou et al., 2022). The most significant 
challenge was grasping forensic concepts with-
out direct laboratory experience, which re-
ceived the highest weighted mean of 3.95, em-
phasizing the critical role of practical skills in 
forensic education (Alsahou et al., 2022; Forde 
and O’ Brien, 2022). Students acknowledged 

that e-learning supports self-paced learning 
(weighted mean = 3.79) and provides easier ac-
cess to materials (weighted mean = 3.77), rein-
forcing the opportunities noted in other studies 
(Forde & Obrien, 2022). This is consistent with 
the learner-centered advantages of e-learning 
(Alzahrani 2020). Although e-learning in foren-
sic chemistry faces challenges related to tech-
nical issues and the absence of hands-on expe-
rience, it offers flexible learning and better ac-
cess to study materials than traditional learn-
ing. Institutions should address connectivity 
problems and consider ways to incorporate 
practical components into online forensic edu-
cation (Forde & Obrien 2022; Hayat et al. 
2021).

 
Table 6. Readiness to Apply E-Learning Tools in Forensic Chemistry 
 
 
 
 
 
 
 
 
 
 

Table 6 presents a statistical evaluation 
that reveals generally favorable readiness lev-
els for integrating e-learning tools into forensic 
chemistry education. The weighted averages 
for the three indicators ranged from 3.71 to 
3.80, corresponding to an "Agree" interpreta-
tion on the scale. This indicates that students 
largely agree that they are equipped to utilize 
digital tools in future forensic endeavors, can 

confidently participate in simulations and vir-
tual labs, and believe that digital learning en-
hances their professional readiness (CO-
BANOGLU &amp; COBANOGLU, 2021; Mehran 
et al., 2017). The standard deviations, which 
ranged from 0.86 to 0.89, suggest relatively 
uniform responses among participants, indi-
cating a general agreement on readiness for e-
learning (Coskun et al., 2018; Kalghatgi et al., 
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2023) Interestingly, while students express 
readiness for e-learning tools, some studies 
have identified a preference for face-to-face in-
struction over fully online learning in certain 
situations. For example, one study found that 
students were generally hesitant to enroll in 
fully online courses, highlighting the need for 
digital literacy training before implementing 
such courses (Mehran et al., 2017). In  

summary, the data indicate a moderate-to-high 
level of readiness among forensic chemistry 
students to apply e-learning tools in their edu-
cation and careers. However, institutions 
should consider offering additional support 
and training to improve students' comfort and 
effectiveness with online learning methods 
(COBANOGLU &amp; COBANOGLU, 2021; 
Coskun et al., 2018; Mehran et al., 2017).

 
 Table 7.  Correlation Between Perceptions of E-Learning and Readiness to Apply E-Learning Tools 

 
 
 
 
 
 

Table 7 The analysis results using 
Spearman's rank correlation coefficient reveal 
a strong positive association (ρ = 0.754) be-
tween perceptions of E-Learning in Forensic 
Chemistry and the readiness to utilize E-Learn-
ing tools in practice. The p-value (p = 0.001), 
being below 0.05, indicates that this relation-
ship is statistically significant, leading to rejec-
tion of the null hypothesis (Fitriawan et al., 

2023; Zine et al., 2023). Notably, these results 
are consistent with the findings of similar stud-
ies in other disciplines. For example, a study on 
nursing students identified a strong positive 
correlation between online learning self-effi-
cacy and readiness for online learning 
(Rho=0.708, P=0.001) (Fitriawan et al., 2023). 
Furthermore, research involving economics 
students showed that ability and .

 
 Table 6. Perceived Benefits of Using Lesson Exemplars 

 
 
 
 
 
 

Table 6 The dimension of benefits received 
the highest rating (M = 4.31, SD = 0.60), with 
teachers strongly agreeing that exemplars 
saved time in lesson preparation (M = 4.47, SD 
= 0.52). They also acknowledged that exem-
plars provided a clear benchmark for lesson 
quality (M = 4.20, SD = 0.68) and enhanced 
their confidence in teaching delivery (M = 4.27, 
SD = 0.59). This aligns with the findings of Jimé-
nez and Errabo (2024), who highlighted that 
lesson exemplars serve as effective reference 
tools to help standardize teaching practices 
while ensuring curriculum alignment. These 
results underscore the practical value of exem-
plars in reducing teachers’ workloads and  

improving instructional consistency 
knowledge were the most critical factors affect-
ing their e-learning readiness (Zine et al., 
2023). In summary, the strong correlation be-
tween perceptions of e-learning and readiness 
to apply e-learning tools in Forensic Chemistry 
practice suggests that positive views of e-learn-
ing are associated with a greater willingness to 
implement these tools. This relationship high-
lights the importance of promoting positive at-
titudes towards e-learning to enhance its prac-
tical application in specialized fields such as Fo-
rensic Chemistry (Fitriawan et al., 2023; Nurt-
jahjanti et al., 2021; Zine et al., 2023). 
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 Table 8. Regression Analysis Regression Analysis between Perceptions of E-Learning in Forensic 
Chemistry to the Readiness to Apply E-Learning Tools in Practice 

 
 
 
 
 
 
 

Dependent Variable: Perceptions of E-
Learning in Forensic Chemistry Regression 
analysis examining the link between percep-
tions of e-learning in forensic chemistry and 
the readiness to utilize e-learning tools showed 
a significant and positive correlation. The 
model equation, (R = 0.708 + 0.806a), suggests 
that perceptions of e-learning rise by 0.806 
units for each unit increase in readiness, indi-
cating that readiness is a strong predictor of 
perception. This connection is supported by 
numerous studies that highlight the im-
portance of readiness in determining the effec-
tiveness and perception of e-learning systems. 
For example, research stresses the need to 
evaluate and improve readiness levels before 
implementing e-learning or m-learning sys-
tems, as users' perceptions greatly affect their 
willingness and readiness to use these systems 
(Ramadiani et al., 2020). Another study pointed 
out that digital readiness, including the availa-
bility of technological equipment and digital 
skills, directly affects students' socio-emotional 
perceptions and overall engagement in digital 
learning environments (Händel et al., 2020). 
Furthermore, the impact of readiness is echoed 
in research on digital transformation in educa-
tion, indicating that factors such as computer 
anxiety and digital readiness significantly influ-
ence students' engagement and academic per-
formance during e-learning experiences (Al-
thubaiti et al., 2022). These findings collec-
tively highlight the crucial role that readiness 
plays in shaping perceptions of e-learning and 
in determining the successful application and 
integration of such tools in educational prac-
tices. 
 
Interview Results 

The qualitative data gathered through in-
terviews and focus group discussions revealed 

five central themes: Enrichment, Utilization, 
Enhancement, Resources, and Foundation. 
These themes reflect how criminology students 
perceived and experienced e-learning in foren-
sic chemistry, highlighting both opportunities 
and challenges. 

 
Enrichment 

Students consistently described their learn-
ing experiences in forensic chemistry as enrich-
ing, pointing to the unique blend of theory and 
application. They found the course engaging 
and stimulating, especially when it was facili-
tated by dynamic teaching approaches. One 
student explained, “Forensic chemistry is very 
interesting and unique compared to other sub-
jects, especially when our professor makes it 
fun and interactive.” Many emphasized how the 
subject sharpened their critical thinking and 
problem-solving skills, which they considered 
essential for their future as criminology profes-
sionals. This resonates with Magwilang (2022), 
who argued that case-based e-learning ap-
proaches can increase motivation and achieve-
ment in forensic chemistry. 

  
Utilization 

The level of students’ use of e-learning plat-
forms varied significantly, showing that the uti-
lization was not uniform across respondents. 
Some students admitted that they had not used 
e-learning tools extensively, while others relied 
on platforms such as YouTube, Google Class-
room, and Coursera. As one participant shared, 
“Sometimes I just use Google or YouTube when 
the questions are really hard.” Others men-
tioned anticipating further integration, saying 
that their professor had announced that more 
e-learning activities would soon be introduced. 
This variation reflects what Ramadiani et al. 
(2020) highlighted: that readiness and access 
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strongly influence how effectively e-learning is 
adopted by students. 

 
Enhancement 

A common theme across the interviews was 
that e-learning enhanced the students’ under-
standing of forensic chemistry concepts. Partic-
ipants noted that online lectures, recorded ses-
sions, quizzes, and digital simulations allowed 
them to revisit difficult topics at their own pace 
and convenience. For example, one student 
commented, “E-learning helped me understand 
how different chemicals are applied in forensic 
cases, especially when I could rewatch video 
demonstrations.” Others, however, acknowl-
edged limitations, particularly when studying 
in noisy home environments that hindered fo-
cus. This duality mirrors the findings of Ibra-
him et al. (2021) and Roick et al. (2023), who 
noted that while e-learning supports compre-
hension, distractions and adaptation chal-
lenges can reduce its effectiveness. 

 
Resources 

Students also identified a wide range of e-
learning resources that supported their study. 
Platforms such as Google Meet, LMS, Google 
Classroom, YouTube and ChatGPT were fre-
quently mentioned. One participant explained, 
“YouTube videos helped me understand how 
forensic tests are done when we couldn’t do 
them in the lab, while Google Classroom kept 
me updated with lessons and assignments.” 
Some highlighted collaborative tools, such as 
discussion forums, encouraged peer-to-peer 
learning. These findings align with those of 
Mezil et al. (2020), who reported that multime-
dia resources, such as animations and videos, 
significantly increase engagement in science 
education. 

 
Foundation 

Finally, many students acknowledged that 
e-learning provided a foundation in forensic 
theories and techniques but was insufficient to 
fully prepare them for real-world forensic in-
vestigation. One respondent shared, “E-learn-
ing helps with theory, but it’s just the basis—it 
can’t replace the hands-on experience needed 
in actual crime scene work.” While online 
learning provided knowledge in areas such as 

DNA analysis, chromatography, and evidence 
handling, students stressed that laboratory 
practice and field application are indispensa-
ble. This perspective reflects the findings of 
Forde and O’Brien (2022), who noted that 
while digital resources strengthen conceptual 
knowledge, the absence of physical laborato-
ries limits the transfer of skills into practice. 

 
Synthesis of the Interview Discussion   

According to the interview results, students 
found that learning forensic chemistry through 
e-learning was a beneficial experience that en-
hanced their comprehension and provided ac-
cess to a wide range of resources. However, the 
effectiveness of e-learning largely depends on 
how students interact with these tools and the 
support they receive in accessing reliable plat-
forms. Although e-learning offers a strong the-
oretical foundation, its lack of hands-on prac-
tice means that it cannot fully replace tradi-
tional lab-based education. These insights sug-
gest that a blended learning approach, combin-
ing digital tools with practical training, may be 
the most effective way to prepare criminology 
students for the demands of real-world foren-
sic work. Students view e-learning in forensic 
chemistry as valuable, appreciating its capacity 
to deepen understanding and offer diverse re-
sources, similar to the findings in biochemistry 
and molecular biology education, where virtual 
platforms enhanced engagement and learning 
experiences (Doluweera et al., 2023; Go-
vindarajan & Rajaragupathy, 2021). The suc-
cess of e-learning is heavily reliant on student 
engagement and the support they receive, in-
cluding training to boost digital literacy and ac-
cess to trustworthy platforms, as noted by fac-
ulty perceptions and systematic reviews of vir-
tual lab use (Chudaeva & Soliman, 2024; 
Tatenov et al., 2023). Despite these benefits, e-
learning cannot completely replace traditional 
lab-based education in forensic chemistry be-
cause of its inherent inability to provide the 
hands-on practical experience necessary for 
skill development, as evidenced by the limita-
tions noted in virtual labs for physiology, engi-
neering, and chemistry courses(Schnieder et 
al., 2022; Zhang et al., 2021). Innovative meth-
ods such as gamified virtual labs and blended 
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learning may boost engagement and concep-
tual understanding; however, they remain sup-
plementary rather than replacements for phys-
ical laboratory work(Sanzana et al., 2023; 
Schnieder et al., 2022). Therefore, combining e-
learning with hands-on practice is essential for 
comprehensive education in forensic chemis-
try. 

 
Conclusion 

This study demonstrates that e-learning 
significantly enhances criminology students' 
understanding and competence in forensic 
chemistry by providing accessible multimedia 
resources and flexible learning opportunities. 
Students generally hold positive perceptions of 
e-learning and exhibit readiness to apply digi-
tal tools in their future forensic work, with a 
strong correlation between these perceptions 
and readiness levels. However, challenges such 
as Internet connectivity issues and the lack of 
hands-on laboratory experience remain critical 
limitations that hinder the full effectiveness of 
e-learning in this field. The qualitative findings 
emphasize that while e-learning enriches theo-
retical knowledge and critical thinking skills, it 
cannot entirely substitute practical and lab-
based training. Therefore, integrating e-learn-
ing with traditional hands-on approaches 
through blended learning models is essential 
for comprehensive forensic chemistry educa-
tion that adequately prepares students for real-
world professional requirements. 

 
Limitations and Recommendation 

This study is limited by challenges such as 
internet connectivity issues and the inability of 
e-learning to fully replicate hands-on labora-
tory experiences, which are critical for master-
ing practical forensic chemistry. The reliance 
on self-reported data and focus on a single in-
stitution may also affect the generalizability of 
the findings. To address these limitations, fu-
ture research should expand to multiple insti-
tutions and consider longitudinal designs to 
better assess the long-term impact of e-learn-
ing on students. It is recommended that foren-
sic chemistry education adopt a blended learn-
ing approach that integrates e-learning with 
traditional practical training to enhance both 

theoretical understanding and hands-on com-
petence. Additionally, improving digital infra-
structure and providing targeted support to 
boost students’ digital literacy will further op-
timize the effectiveness of e-learning in the 
field. 

   
References 
Al Masuudi, N. K., Osman, S., Al- Maqbali, H. A., 

& Ahmad Nawi, H. S. (2024). Understand-
ing the Barriers in Adopting the E-Text-
books Among Public School Students in 
Oman. TEM Journal, 1667–1674. 
https://doi.org/10.18421/tem132-79  

Alsahou H., Alfayly A., Abbas Z. (2022). The at-
titude of undergraduates towards E-
learning considering educational and 
technical challenges and requirements in 
Kuwaiti Applied Colleges. Journal of Tech-
nology and Science Education, 12(1), 33. 
https://doi.org/10.3926/jotse.1358  

Althubaiti A., Alghamdi A., Aljedani, R. S., 
Tirksstani, J. M., Mutairii, A. M., & Alsehai-
bany, A. A. (2022). Digital transformation 
in medical education: Factors that influ-
ence readiness. Health Informatics Jour-
nal, 28(1), 146045822210755. 
https://doi.org/10.1177/146045822210
75554  

Alzahrani, N. M. (2020). Augmented Reality: A 
Systematic Review of Its Benefits and 
Challenges in E-learning Contexts. Ap-
plied Sciences, 10(16), 5660. 
https://doi.org/10.3390/app10165660  

ATES COBANOGLU, A., & COBANOGLU, I. 
(2021). DO TURKISH STUDENT TEACH-
ERS FEEL READY FOR ONLINE LEARNING 
IN POST-COVID TIMES? A STUDY OF 
ONLINE LEARNING READINESS. Turkish 
Online Journal of Distance Education, 
270–280. 
https://doi.org/10.17718/tojde.961847  

Casey, E., Jocz, J., Peterson, K. A., Pfeif, D., & 
Soden, C. (2023). Motivating youth to 
learn STEM through a gender inclusive 
digital forensic science program. Smart 
Learning Environments, 10(1). 
https://doi.org/10.1186/s40561-022-
00213-x  

 

https://doi.org/10.18421/tem132-79
https://doi.org/10.3926/jotse.1358
https://doi.org/10.1177/14604582221075554
https://doi.org/10.1177/14604582221075554
https://doi.org/10.3390/app10165660
https://doi.org/10.17718/tojde.961847
https://doi.org/10.1186/s40561-022-00213-x
https://doi.org/10.1186/s40561-022-00213-x


Anselmo et al., 2025 / Learning in Forensic Chemistry Education 

 

    
 IJMABER 6022 Volume 6 | Number 12 | December | 2025 

 

Casey, E., Pfeif, D., Jocz, J., Peterson, K. A., & 
Soden, C. (2023). Motivating youth to 
learn STEM through a gender inclusive 
digital forensic science program. Smart 
Learning Environments, 10(1). 
https://doi.org/10.1186/s40561-022-
00213-x  

Chan, S. C. F., Ngai, G., Ho-Yin Yau, J., & Por 
Kwan, K. (2021). Impact of International 
Service-Learning on Students’ Global Citi-
zenship and Intercultural Effectiveness 
Development. International Journal of Re-
search on Service-Learning and Commu-
nity Engagement, 9(1). 
https://doi.org/10.37333/001c.31305  

Chudaeva, E., & Soliman, L. (2024). Virtual Labs 
for Postsecondary General Education and 
Applied Science Courses: Faculty Percep-
tions. Canadian Journal of Learning and 
Technology, 50(1), 1–30. 
https://doi.org/10.21432/cjlt28177  

Coskun, O., Özeke, V., Budakoğlu, I., & Kula, S. 
(2018). E-Learning Readiness of Turkish 
Medical Students: A Sample from Gazi 
University. Gazi Medical Journal, 29(4). 
https://doi.org/10.12996/gmj.2018.91  

Crispino, F., Rossy, Q., Ribaux, O., & Roux, C. 
(2014). Education and training in forensic 
intelligence: a new challenge. Australian 
Journal of Forensic Sciences, 47(1), 49–
60. 
https://doi.org/10.1080/00450618.201
4.906655  

Doluweera, M., Jayasena, S., Chandrasena, U., 
Yu, G. F. B., Jatunarachchi, A. H., Pastor, C. 
J., Devendra, V. G., Samaranayake, A., 
Thoradeniya, T., Edirisinghe, V. N., 
Sirisena, C. N., Kirihene, K. D. H. K., Dhar-
madasa, S. G., Sugandhika Suresh, T., & In-
dika, N. R. (2023). Students’ perceptions 
of online education: A session at the 
FAOBMB-IUBMB-CBSL virtual education 
symposium 2021. Biochemistry and Mo-
lecular Biology Education, 52(2), 228–
236. 
https://doi.org/10.1002/bmb.21807  

Fitriawan, A. S., Retnaningsih, L. N., Nailufar, Y., 
Wahyu Setyaningsih, W. A., Achmad, B. F., 
& Kurniawan, D. (2023). Association Be-
tween Self-Efficacy and Psychological Dis-
tress with Readiness for Online Learning 

Among Nursing Students. Malaysian Jour-
nal of Medicine and Health Sciences, 
19(1), 125–134. 
https://doi.org/10.47836/mjmhs.19.1.1
8  

Forde, C., & Obrien, A. (2022). A Literature Re-
view of Barriers and Opportunities Pre-
sented by Digitally Enhanced Practical 
Skill Teaching and Learning in Health Sci-
ence Education. Medical Education 
Online, 27(1). 
https://doi.org/10.1080/10872981.202
2.2068210  

Gluodenis, T. J. (2021). Evaluation of a model 
for providing cost effective, accessible 
continuing education to the forensic sci-
ence community. Forensic Sciences Re-
search, 6(3), 224–230. 
https://doi.org/10.1080/20961790.202
1.1928822  

Gyamfi, G., & Sukseemuang, P. (2017). EFL 
Learners’ Perceptions, Practices and 
Achievement with the Online Learning 
Program Tell Me More. Contemporary Ed-
ucational Technology, 8(4). 
https://doi.org/10.30935/cedtech/6204  

Hayat, A. A., Faghihi, S. A., Rezaee, R., Kojuri, J., 
Keshavarzi, M. H., Bazrafcan, L., Amini, M., 
& Zare, S. (2021). Challenges and opportu-
nities from the COVID-19 pandemic in 
medical education: a qualitative study. 
BMC Medical Education, 21(1). 
https://doi.org/10.1186/s12909-021-
02682-z  

Händel, M., Stephan, M., Gläser-Zikuda, M., 
Kopp, B., Bedenlier, S., & Ziegler, A. (2020). 
Digital readiness and its effects on higher 
education students’ socio-emotional per-
ceptions in the context of the COVID-19 
pandemic. Journal of Research on Tech-
nology in Education, 54(2), 267–280. 
https://doi.org/10.1080/15391523.202
0.1846147  

Hao, Y. (2016). Exploring undergraduates’ per-
spectives and flipped learning readiness 
in their flipped classrooms. Computers in 
Human Behavior, 59, 82–92. 
https://doi.org/10.1016/j.chb.2016.01.0
32  

Hung, M.-L., Chou, C., Chen, C.-H., & Own, Z.-Y. 
(2010). Learner readiness for online 

https://doi.org/10.1186/s40561-022-00213-x
https://doi.org/10.1186/s40561-022-00213-x
https://doi.org/10.37333/001c.31305
https://doi.org/10.21432/cjlt28177
https://doi.org/10.12996/gmj.2018.91
https://doi.org/10.1080/00450618.2014.906655
https://doi.org/10.1080/00450618.2014.906655
https://doi.org/10.1002/bmb.21807
https://doi.org/10.47836/mjmhs.19.1.18
https://doi.org/10.47836/mjmhs.19.1.18
https://doi.org/10.1080/10872981.2022.2068210
https://doi.org/10.1080/10872981.2022.2068210
https://doi.org/10.1080/20961790.2021.1928822
https://doi.org/10.1080/20961790.2021.1928822
https://doi.org/10.30935/cedtech/6204
https://doi.org/10.1186/s12909-021-02682-z
https://doi.org/10.1186/s12909-021-02682-z
https://doi.org/10.1080/15391523.2020.1846147
https://doi.org/10.1080/15391523.2020.1846147
https://doi.org/10.1016/j.chb.2016.01.032
https://doi.org/10.1016/j.chb.2016.01.032


Anselmo et al., 2025 / Learning in Forensic Chemistry Education 

 

 
IJMABER  6023 Volume 6 | Number 12 | December | 2025 

 

learning: Scale development and student 
perceptions. Computers &amp; Educa-
tion, 55(3), 1080–1090. 
https://doi.org/10.1016/j.compedu.201
0.05.004  

Ibrahim, M. K., Isaeva, A., & Spitsyna, N. (2021). 
Learning Foreign Languages in a Digital 
Environment: Learners’ Perception of the 
Sudden Transition to e-Learning During 
COVID-19 Lockdown. Electronic Journal 
of E-Learning, 19(6), pp548-558. 
https://doi.org/10.34190/ejel.19.6.2172  

Islam, A. K. M. N. (2016). E-learning system 
uses and its outcomes: Moderating role of 
perceived compatibility. Telematics and 
Informatics, 33(1), 48–55. 
https://doi.org/10.1016/j.tele.2015.06.0
10  

Jafar, A., Kim, J. E., Mittal, P., Mapa, M. T., Idris, 
A., Dollah, R., Tejuddin, D. N. A., Sakke, N., 
Abdullah, M. S., Zakaria, N. S., Vun Hung, C., 
& Joko, E. P. (2023). Readiness and Chal-
lenges of E-Learning during the COVID-19 
Pandemic Era: A Space Analysis in Penin-
sular Malaysia. International Journal of 
Environmental Research and Public 
Health, 20(2), 905. 
https://doi.org/10.3390/ijerph2002090
5 

Jiang, X., Liu, M., & Goh, T.-T. (2022). On Stu-
dents’ Willingness to Use Online Learning: 
A Privacy Calculus Theory Approach. 
Frontiers in Psychology, 13(1652). 
https://doi.org/10.3389/fpsyg.2022.880
261  

Kalghatgi, S., Khairnar, M. R., Adaki, S., Velaga, 
P., Dalvi, T. M., Metha, S., & Patil, C. A. 
(2023). Students’ preparedness and per-
ception of online learning in dental educa-
tion: A cross-sectional study. National 
Journal of Maxillofacial Surgery, 14(2), 
221–225. 
https://doi.org/10.4103/njms.njms_446_
21  

Khalaf, M. E., Ziada, H., & Abubakr, N. H. (2023). 
Students’ Experience of Online Learning 
in a Blended Learning Setting: A Qualita-
tive Evaluation. Education Sciences, 
13(7), 725. 
https://doi.org/10.3390/educsci130707
25  

Khalil, L., & Alharbi, K. (2022). Descriptive 
Study of EFL Teachers’ Perception toward 
E-learning Platforms during the Covid-19 
Pandemic. Electronic Journal of E-Learn-
ing, 20(4), pp336-359. 
https://doi.org/10.34190/ejel.20.4.2203  

Kloosterman, A., Mapes, A., Van Den Berg, J., 
Van Eijk, E., Van Der Steen, M., Koper, C., 
Verheij, S., Geradts, Z., & Van Asten, A. 
(2015). The interface between forensic 
science and technology: how technology 
could cause a paradigm shift in the role of 
forensic institutes in the criminal justice 
system. Philosophical Transactions of the 
Royal Society B: Biological Sciences, 
370(1674), 20140264. 
https://doi.org/10.1098/rstb.2014.0264  

Macassa, G., & Mcgrath, C. (2024). Common 
Problems! and Common Solutions? - 
Teaching at the Intersection Between 
Public Health and Criminology: A Public 
Health Perspective. Annals of Global 
Health, 90(1). 
https://doi.org/10.5334/aogh.4375  

Magwilang, E. B. (2022). Case-Based Instruc-
tion in the Forensic Chemistry Classroom: 
Effects on Students’ Motivation and 
Achievement. International Journal of 
Learning, Teaching and Educational Re-
search, 21(3), 396–414. 
https://doi.org/10.26803/ijlter.21.3.21  

Mehran, P., Alizadeh, M., Koguchi, I., & Take-
mura, H. (2017). Are Japanese digital na-
tives ready for learning english online? a 
preliminary case study at Osaka Univer-
sity. International Journal of Educational 
Technology in Higher Education, 14(1). 
https://doi.org/10.1186/s41239-017-
0047-0  

Mezil, Y., Akhtar-Danesh, N., Timmons, B. W., 
Raha, S., Sharma, B., & Cross, A. (2020). Ex-
ercise Messengers: Exploring Student-
Learning Perceptions of a Science Anima-
tion Video using Q-methodology. The 
FASEB Journal, 34(S1), 1. 
https://doi.org/10.1096/fasebj.2020.34.
s1.06843  

Mokhele - Ramulumo, M., Badaru, K. A., & Iroha, 
G. (2024). Innovative Pedagogy: Reveal-
ing Secondary Physical Science Teachers’ 
Perspectives on the Opportunities and 

https://doi.org/10.1016/j.compedu.2010.05.004
https://doi.org/10.1016/j.compedu.2010.05.004
https://doi.org/10.34190/ejel.19.6.2172
https://doi.org/10.1016/j.tele.2015.06.010
https://doi.org/10.1016/j.tele.2015.06.010
https://doi.org/10.3389/fpsyg.2022.880261
https://doi.org/10.3389/fpsyg.2022.880261
https://doi.org/10.4103/njms.njms_446_21
https://doi.org/10.4103/njms.njms_446_21
https://doi.org/10.3390/educsci13070725
https://doi.org/10.3390/educsci13070725
https://doi.org/10.34190/ejel.20.4.2203
https://doi.org/10.1098/rstb.2014.0264
https://doi.org/10.5334/aogh.4375
https://doi.org/10.26803/ijlter.21.3.21
https://doi.org/10.1186/s41239-017-0047-0
https://doi.org/10.1186/s41239-017-0047-0
https://doi.org/10.1096/fasebj.2020.34.s1.06843
https://doi.org/10.1096/fasebj.2020.34.s1.06843


Anselmo et al., 2025 / Learning in Forensic Chemistry Education 

 

    
 IJMABER 6024 Volume 6 | Number 12 | December | 2025 

 

Challenges of the Flipped Classroom 
Model During Times of Crisis. Africa Edu-
cation Review, 20(5), 63–77. 
https://doi.org/10.1080/18146627.202
4.2403677  

Morelato, M., Cadola, L., Bérubé, M., Ribaux, O., 
& Baechler, S. (2023). Forensic intelli-
gence teaching and learning in higher ed-
ucation: An international approach. Fo-
rensic Science International, 344, 111575. 
https://doi.org/10.1016/j.for-
sciint.2023.111575  

Mphahlele, R. (2024). A Review of Research on 
Collaborative Assessments in the Open 
Distance and e-Learning Environment. 
Journal of Learning for Development, 
11(2), 206–219. 
https://doi.org/10.56059/jl4d.v11i2.762  

Nurtjahjanti, H., Prasetyo, A. R., & Ardhiani, L. N. 
(2021). The role of resilience and readi-
ness to change on students’ learning inter-
est: E-learning implementation during 
Covid-19. Jurnal Cakrawala Pendidikan, 
40(3), 750–761. 
https://doi.org/10.21831/cp.v40i3.3908
0  

Oshima, J., Kayagi, T., & Oshima, R. (2024). Uni-
versity Students’ Knowledge Creation 
Practices in Face-to-Face and Hybrid 
Blended Learning: Development of Epis-
temic Views and Perceptions of the Com-
munity of Inquiry. Journal of Science Edu-
cation and Technology. 
https://doi.org/10.1007/s10956-024-
10191-z  

Pisoni, G. (2019). Strategies for Pan-European 
Implementation of Blended Learning for 
Innovation and Entrepreneurship 
(I&amp;E) Education. Education Sciences, 
9(2), 124. 
https://doi.org/10.3390/educsci902012
4  

Priddis, C., & Vandenberg, N. (2018). Australa-
sian forensic science summit 2016: educa-
tion and training towards 2030. Austral-
ian Journal of Forensic Sciences, 50(3), 
293–304. 
https://doi.org/10.1080/00450618.201
7.1383571  

Pringle, J. K., Stimpson, I. G., Jeffery, A. J., 
Wisniewski, K. D., Grossey, T., Hobson, L., 

Heaton, V., Zholobenko, V., & Rogers, S. L. 
(2022). Extended reality (XR) virtual 
practical and educational eGaming to pro-
vide effective immersive environments 
for learning and teaching in forensic sci-
ence. Science &amp; Justice, 62(6), 696–
707. 
https://doi.org/10.1016/j.scijus.2022.04.
004  

Ramadiani, R., Khairina, D. M., Hidayanto, A. N., 
Azainil, A., & Jundillah, M. L. (2020). 
Teacher and student readiness using E-
learning and M-learning. Bulletin of Elec-
trical Engineering and Informatics, 9(3), 
1176–1182. 
https://doi.org/10.11591/eei.v9i3.2006  

Roick, J., Richter, M., & Poethke, P. (2023). 
Learners’ characteristics and the mastery 
of digital education during the COVID-19 
pandemic in students of a medical faculty 
in Germany. BMC Medical Education, 
23(1). https://doi.org/10.1186/s12909-
023-04012-x  

Sanzana, M. R., Abdulrazic, M. O. M., Wong, J. Y., 
Karunagharan, J. K., & Chia, J. (2023). Gam-
ified virtual labs: shifting from physical 
environments for low-risk interactive 
learning. Journal of Applied Research in 
Higher Education, 16(1), 208–221. 
https://doi.org/10.1108/jarhe-09-2022-
0281  

Schnieder, M., Williams, S., & Ghosh, S. (2022). 
Comparison of In-Person and Virtual 
Labs/Tutorials for Engineering Students 
Using Blended Learning Principles. Edu-
cation Sciences, 12(3), 153. 
https://doi.org/10.3390/educsci120301
53  

Tatenov, A., Sarsenbaeva, Z., Azimbaeva, G., 
Tugelbaeva, K., & Zaurbekova, N. (2023). 
Evaluating the effectiveness of a virtual la-
boratory for inorganic chemistry educa-
tion. Research in Science & Technological 
Education, 43(2), 377–389. 
https://doi.org/10.1080/02635143.202
3.2275139  

Wang, C., Peng, J., & He, X. (2024). Effects of 
flipped blended learning based on assess-
ment: an action research study in transla-
tion technology education. Technology, 
Pedagogy and Education, 33(5), 1–16. 

https://doi.org/10.1080/18146627.2024.2403677
https://doi.org/10.1080/18146627.2024.2403677
https://doi.org/10.1016/j.forsciint.2023.111575
https://doi.org/10.1016/j.forsciint.2023.111575
https://doi.org/10.56059/jl4d.v11i2.762
https://doi.org/10.21831/cp.v40i3.39080
https://doi.org/10.21831/cp.v40i3.39080
https://doi.org/10.1007/s10956-024-10191-z
https://doi.org/10.1007/s10956-024-10191-z
https://doi.org/10.3390/educsci9020124
https://doi.org/10.3390/educsci9020124
https://doi.org/10.1080/00450618.2017.1383571
https://doi.org/10.1080/00450618.2017.1383571
https://doi.org/10.1016/j.scijus.2022.04.004
https://doi.org/10.1016/j.scijus.2022.04.004
https://doi.org/10.11591/eei.v9i3.2006
https://doi.org/10.1186/s12909-023-04012-x
https://doi.org/10.1186/s12909-023-04012-x
https://doi.org/10.1108/jarhe-09-2022-0281
https://doi.org/10.1108/jarhe-09-2022-0281
https://doi.org/10.3390/educsci12030153
https://doi.org/10.3390/educsci12030153
https://doi.org/10.1080/02635143.2023.2275139
https://doi.org/10.1080/02635143.2023.2275139


Anselmo et al., 2025 / Learning in Forensic Chemistry Education 

 

 
IJMABER  6025 Volume 6 | Number 12 | December | 2025 

 

https://doi.org/10.1080/1475939x.2024
.2364740  

Yan, M., & Pourdavood, R. G. (2024). Faculty 
and Student Perspectives on Online 
Learning in Higher Education. Education 
Sciences, 14(8), 801. 
https://doi.org/10.3390/educsci140808
01  

Youde, A. (2020). “Face-to-Face Trumps Every-
thing”: An Exploration of Tutor Percep-
tions, Beliefs and Practice Within Blended 
Learning Environments. Education Sci-
ences, 10(5), 147. 
https://doi.org/10.3390/educsci100501
47  

Zhang, X., Al-Mekhled, D., & Choate, J. (2021). 
Are virtual physiology laboratories effec-
tive for student learning? A systematic re-
view. Advances in Physiology Education, 
45(3), 467–480. 
https://doi.org/10.1152/ad-
van.00016.2021  

Zine, M., Dairi, A., Sun, Y., Terbeche, M., Harrou, 
F., & Bellahcene, M. (2023). E-Learning 
Readiness Assessment Using Machine 
Learning Methods. Sustainability, 15(11), 
8924. 
https://doi.org/10.3390/su15118924 

 

https://doi.org/10.1080/1475939x.2024.2364740
https://doi.org/10.1080/1475939x.2024.2364740
https://doi.org/10.3390/educsci14080801
https://doi.org/10.3390/educsci14080801
https://doi.org/10.3390/educsci10050147
https://doi.org/10.3390/educsci10050147
https://doi.org/10.1152/advan.00016.2021
https://doi.org/10.1152/advan.00016.2021
https://doi.org/10.3390/su15118924

