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The goal of this meta-analysis is to assess the effectiveness of blended learning in biomedical engineering. 

To that end, the PubMed and Medline databases were combed for relevant research through January 2022, 

and the eligible papers were picked using a rigorous PRISMA-based selection approach. Blended learning 

was compared to traditional teaching approaches in all of the research considered. As a consequence of 

the present search, eighteen research articles with a total of 3097 participants adopting blended learning 

for biomedical engineering education were dis-covered. Two studies were included from each of the 

following countries including Australia, Brazil, Germany, Spain and USA. While, one study from China, 

Denmark, France, KSA, Malaysia, Serbia, Turkey and United Kingdom was included. The results of a meta-

analysis employing random effects models revealed a significant difference between all blended learning 

and conventional learning methods [MD and its 95% CI were 2.36 (0.94, 3.78)]. The findings advised that 

biomedical engineering education stakeholders use an innovative teaching strategy based on digital 

pedagogies. 
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INTRODUCTION 

 

The growing number of students enrolled in Biomedical Engineering courses necessitates the 

rationalization of teaching procedures, which includes the use of e-learning, distant learning, and self-

assessment technologies. In the recent decade, the rapid growth of e-learning systems has opened up new 

frontiers for re-solving these difficulties. Students can train separately without direct personal supervision 

using modern e-learning tools. Physiological processes as well as the operation of biomedical devices such 

as a pacemaker are depicted in interactive animations. Due to the nature of Biomedical Engineering, 

presence activities such as laboratory exercises or specialized seminars are required. Blended learning 

mixes online learning with in-person activities to create a long-term platform for effective mentorship of 

Biomedical Engineering students (Kožuško et al., 2012; Marrhich et al., 2021). Biomedical Engineering 

students would be able to efficiently generate and share supportive educational materials and learning re-

sources in an online learning environment that is both efficient and interesting for students. Technologies 

that enable online education by introducing or in-creasing the possibilities of synchronous and 

asynchronous contributions may also assist students in learning in a face-to-face classroom: tasks that can 

be completed before, during, or after class (Hrastinski, 2008; Murray et al., 2014). Blended learning, on the 

other hand, claims to improve classroom learning while simultaneously reinventing the learning 

environment to give students greater autonomy (Smith & Hill, 2019). Students should be allowed to study 
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more independently of time and place, as well as choose their own subject and pace of learning. The major 

concern is whether online tools can substitute for some classroom time while maintaining educational 

quality and performance (Owston & York, 2018). This is especially important in light of the COVID-19 

outbreak. Many universities are considering using an online learning environment to replace part or all of 

their classroom training, both now and in the future (Peters et al., 2022; Saichaie, 2020). Appropriate use 

of technology can help us learn more by helping us to more effectively carry out our current activities or 

invent new ones (Tsekhmister, 2021). The use of a blended learning approach to teach biomedical 

engineering allows students to combine a variety of online asynchronous learning modalities with face-to-

face learning and teaching, potentially promoting active, student-centered learning and the development of 

important problem-solving skills. As a result, educational institutions all over the world are under increasing 

pressure to use current Information and Communication Technologies to teach students and assist them in 

gaining the knowledge and skills they will need in the twenty-first century. The purpose of this research 

was to see how successful blended learning is in bio-medical engineering. 

 

METHODOLOGY 

 

We searched PubMed and Medline databases in January 2022 for this meta-analysis, which included 

the most recent literature on randomized controlled trials and cohort studies for the effectiveness of blended 

learning in biomedical engineering. The search criteria employed were biomedical engineering, higher 

education, randomized control trials, cohorts, and practical experiences. During the first search, we also 

searched through the reference tracking of bibliographies and manual searches to see if there were any 

additional studies that were relevant. Titles and abstracts were separately reviewed for inclusion by the 

authors.  

The studies were identified using the PRISMA method, and they were only considered qualified if they 

satisfied the inclusion criteria (Fig. 1). After removing material that was obviously unconnected, the authors 

separately examined the study abstracts and full texts, deciding which publications to include based on the 

inclusion and exclusion criteria (Table 1). Any issues or conflicts were dis-cussed and resolved by all 

writers. 

 

FIGURE 1 

THE PRISMA FLOW CHART OF THE LITERATURE SELECTION FOR THE 

META-ANALYSIS 
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TABLE 1 

CRITERIA FOR THE INCLUSION AND EXCLUSION OF STUDIES IN 

THE META-ANALYSIS 

 

Inclusion Exclusion 

Original article Reviews 

Randomized control trials Meta-analysis 

Cohort studies Systemic reviews 

Innervation measures Books/documents 

Biomedical Engineering Studies not related to biomedical engineering 

 

Data Analysis  

Review Manager 5.4 was used to examine the retrieved data with a 95% confidence interval. The 

heterogeneity among the studies was determined using the random model. Forest plots were created in order 

to determine the total cumulative impact. Because we predicted heterogeneity among the papers included 

in the meta-analysis, we used a random effects model. 

 

FINDINGS / RESULTS 

 

The PRISMA flowchart in Fig. 1 depicts a simplified research selection procedure. Table 2 shows the 

findings of the current search, which reveal eighteen researches with a total of 3097 participants using 

blended learning method.  

 

TABLE 2 

CHARACTERISTICS OF INCLUDED STUDIES PRESENTING STUDY 

DESIGN AND COUNTRY 

 

Authors Country Study design 

(Ulrich et al., 2021) Denmark 360° video used as e-learning 

(Elzainy et al., 2020) KSA e-learning and online assessment 

(Bartlett & Smith, 

2020) 

USA Blended learning approach with mobile app 

(Lozano-Lozano et al., 

2020) 

Spain Blended learning approach with Ecofisio 

interactive website/app 

(Jarrett-Thelwell et al., 

2019) 

USA Traditional and integrative approach to teaching 

(Shimizu et al., 2019) Japan Blended problem-based learning 

(Marchalot et al., 

2017) 

France Blended learning course and flipped classroom 

(McCutcheon et al., 

2018) 

United Kingdom Online learning versus blended learning 

(Kho et al., 2018) Malaysia Blended learning 

(Rocha et al., 2017) Brazil Educational video game (quiz type) 

(da Costa Vieira et al., 

2017) 

Brazil Blended learning approach with e-learning 

classroom 

(Noll et al., 2017) Germany Augmented reality and blended learning 

(Zhan et al., 2017) China Blended learning and pure e-learning 

(Milic et al., 2016) Serbia Blended learning model 
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(Fernández-Lao et al., 

2016) 

Spain Blended learning approach with interactive/app 

(Ecofisio) 

(Küçük et al., 2016) Turkey Mobile augmented reality 

(Nicklen et al., 2016) Australia Remote-online challenge based learning 

(Lehmann et al., 2015) Germany Blended learning with web-based virtual patients 

(Ilic et al., 2015) Australia Blended learning education 

 

A total of 18 studies were selected for this meta-analysis those reported in various regions of the world 

as presented in Fig. 2. Two studies were included from each of the following countries including Australia, 

Brazil, Germany, Spain and USA. While one study from China, Denmark, France, KSA, Malaysia, Serbia, 

Turkey and United Kingdom was included. 

 

FIGURE 2 

COUNTRY WISE DISTRIBUTION OF SELECTED STUDIES PRESENTING BLENDED 

LEARNING IN BIOMEDICAL ENGINEERING 

 

 
 

The blended learning was compared to traditional learning approaches in all of the research considered. 

When compared to conventional learning, we aggregated seven research with a total of 2010 individuals 

who used online blended learning. The meta-analysis using random effects models showed significant 

difference in online blended learning and traditional learning [MD and its 95% CI were 3.13 (0.81, 5.45)] 

as showed in Fig. 3. This result showed statistically significant (P=0.008) difference between blended 

learning and traditional learning in Biomedical Engineering. A significant heterogeneity was observed 

among studies (I2=99%). 

The test of asymmetry funnel plot indicated publication bias among studies as presented in Fig. 4 and 

suggested that blended learning was more effective than traditional learning. 

Further, for studies using digital blended studies (n=8) a total of 748 participants were included. The 

meta-analysis using random effects models showed non-significant difference in digital blended learning 

and traditional learning [MD and its 95% CI were 0.44 (-0.58, 1.46)] as showed in Fig. 5. These results 

showed no statistically significant (P=0.39) difference between digital blended learning and traditional 

teaching in higher education. 
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FIGURE 3 

FOREST PLOT PRESENTING EFFECT OF ONLINE BLENDED LEARNING WHEN 

COMPARED TO TRADITIONAL METHODS 

 

 
 

FIGURE 4 

FUNNEL PLOT OF ONLINE BLENDED LEARNING VERSUS TRADITIONAL LEARNING 
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FIGURE 5 

FOREST PLOT PRESENTING EFFECT OF DIGITAL BLENDED LEARNING WHEN 

COMPARED TO TRADITIONAL METHODS 

 

 
 

Similarly, we also pooled four studies including a total of 339 participants that used virtual reality 

blended method in their learning when compared to tradition-al learning. The meta-analysis using random 

effects models showed non-significant difference in virtual reality blended learning and traditional learning 

[MD and its 95% CI were 2.29 (0.39, 4.19)] as showed in Fig. 6. This result showed statistically non-

significant (P=0.02) difference between virtual reality blended learning and traditional teaching.  

 

FIGURE 6 

FOREST PLOT PRESENTING EFFECT OF VIRTUAL REALITY BLENDED LEARNING 

WHEN COMPARED TO TRADITIONAL METHODS 

 

 
 

The overall effect of blended learning for selected studies (n=18) in Biomedical Engineering was also 

determined. The meta-analysis using random effects models showed significant difference among all digital 

pedagogies and tradition-al learning [MD and its 95% CI were 2.36 (0.94, 3.78)] as showed in Fig. 7. This 

result showed statistically significant (P=0.05) difference between blended learn-ing and traditional 

learning. 
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FIGURE 7 

 

 
 

DISCUSSION 

 

The advantages of e-learning and blended learning differ depending on the audience. All university 

students prefer flexibility. Students value the ability to learn with well-known instructors at their leisure, 

when and when they wish. Presence activities are required for training using technical devices. If they are 

supported by an e-learning tutorial, they can be implemented more efficiently. The e-learning system, 

particularly the self-assessment components for classifying pupils and selecting an appropriate level of 

difficulty, needs to be improved. It enables for the efficient identification of student collaborators who are 

especially well-suited to research initiatives. A greater use of e-learning and blended learning at all levels 

of the educational process is a necessary condition for success in top universities. Digital learning offers 

various benefits, including enabling students to engage in self-directed learning (Huynh, 2017) and keeping 

curriculum up to date (Ruiz et al., 2006). The goal of this study was to see the effectiveness of blended 

learning in Biomedical Engineering. The meta-analysis using random effects models showed significant 

difference in online blended learning and traditional learning [MD and its 95% CI were 3.13 (0.81, 5.45)]. 

This result showed statistically significant (P=0.008) difference between blended learning and traditional 

learning in Bio-medical Engineering. A significant heterogeneity was observed among studies (I2=99%). 

In one meta-analysis, self-produced films outperformed traditional classroom education on a practical skill 

in a cervical spine scenario by a statistically significant margin (Maloney et al., 2013; Maloney et al., 2013). 

This conclusion needs to be validated in a bigger meta-analysis due to the small number of participants. 

When compared to practical classroom instruction alone, combining practical classroom teaching with 
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students’ self-produced videos practicing practical skills may encourage greater skill development (Li, 

2022). The capacity to relate transferred information to practical consequences and student achievement is 

one reason for this impact. This corresponds to mobile learning, which focuses on students’ newly acquired 

information and abilities (Merrill, 2022; Jamaris et al., 2021). Using self-produced films as a complement 

to practical classroom instruction also allows teachers, tutors, and supervisors to provide feedback on 

students’ clinical performance. Furthermore, self-produced films allow for peer-to-peer learning by sharing 

and discussing the outcomes of the videos, as well as the opportunity for self-reflection as part of the process 

of building professional clinical abilities. In terms of efficacy, the meta-analysis found a statistically 

significant improvement in learning outcomes for blended learning [MD and its 95% CI were 2.36 (0.94, 

3.78)]. These findings are consistent with a comprehensive evaluation of 12 research that found 

considerable increase in nursing students’ self-directed learning skills (Liu et al., 2018). A study of 24 

research in health professions education, on the other hand, found no convincing evidence that the flipped 

classroom im-proved academic outcomes (Evans et al., 2019). The flipped classroom model’s or blended 

learning options have the ability to encourage and engage students in pre-class learning activities, develop 

self-regulatory abilities, and increase the flexibility and transparency of the learning process (Låg & Sæle, 

2019). In addition, in-class activities need engaged students and provide a greater chance for students to 

integrate new subject to past knowledge in order to solve issues, which can lead to higher-order thinking. 

Another option is to get immediate feedback from peers and professors (Merrill, 2022). As a result of these 

pedagogical options, we may infer that the flipped class-room approach has the potential to improve 

students’ learning results (Låg & Sæle, 2019). Further, for studies using digital blended studies (n=8) a total 

of 748 participants were included. The meta-analysis using random effects models showed non-significant 

difference in digital blended learning and traditional learning [MD and its 95% CI were 0.44 (-0.58, 1.46)]. 

These results showed no statistically significant (P=0.39) difference between digital blended learning and 

traditional teaching in higher education. The impact of utilizing a mobile app/computer pro-gram on 

practical abilities was shown to be statistically insignificant (Arroyo-Morales et al., 2012; Cantarero-

Villanueva et al., 2012). These findings are contradicted by a comprehensive evaluation of 29 research that 

found mobile learning to be as successful as, if not more effective than, conventional learning (Dunleavy 

et al., 2019). Students may see how to do practical skills and learn theoretical information through 

interactive websites/apps since they are adaptable, accessible, and transparent. In general, studies 

demonstrate that incorporating mobile learning technologies into higher education courses improves 

student engagement, attentiveness, and learning (Merayo et al., 2018; Ernawati & Ikhsan, 2021). Some risk-

biased research might be to blame for the discrepancy in our findings. Similarly, the current meta-analysis, 

which used random effects models, found no statistically significant difference between virtual 

reality/simulation and traditional learning [MD and its 95% CI were 1.67 (-0.20, 3.54)]. 

The blended learning designs were most likely planned didactic learning designs with digital learning 

technologies and a constructive alignment strategy. Other studies have found greater student involvement, 

engagement, communication, critical conversations, and student–teacher relationship as a result of these 

findings (Damşa et al., 2015; Mącznik et al., 2015; Tsekhmister, 2022). It might be advised that medical 

education stakeholders embrace a new teaching technique based on digital pedagogies. This integration of 

digital tools generates an effective learning environment and encourages self-learning, which enhances the 

pedagogical performance of students and teachers. 

 

CONCLUSION 

 

In terms of knowledge and practical skills development, the findings showed that blended learning are 

either equally or more successful than traditional classroom teaching in higher education. The online 

blended learning had substantial effects on student learning, according to the meta-analyses. However, 

bigger controlled experiments are needed to corroborate these findings. 

 

 

 



264 Journal of Higher Education Theory and Practice Vol. 23(5) 2023 

REFERENCES 

 

Arroyo-Morales, M., Cantarero-Villanueva, I., Fernández-Lao, C., Guirao-Piñeyro, M., Castro-Martín, E., 
& Díaz-Rodríguez, L. (2012). A blended learning approach to palpation and ultrasound imaging 
skills through supplementation of traditional classroom teaching with an e-learning 
package. Manual Therapy, 17(5), 474–478. https://doi.org/10.1016/j.math.2012.04.002 

Bartlett, A.S., & Smith, N. (2020). The effect of a cardiovascular and pulmonary mobile application on 
student learning of assessment skills: A pilot study: A pilot study. Cardiopulmonary Physical 
Therapy Journal, 31(2), 66–73. https://doi.org/10.1097/cpt.0000000000000112 

Cantarero-Villanueva, I., Fernández-Lao, C., Galiano-Castillo, N., Castro-Martín, E., Díaz-Rodríguez, L., 
& Arroyo-Morales, M. (2012). Evaluation of e-learning as an adjunctive method for the 
acquisition of skills in bony landmark palpation and muscular ultrasound examination in the 
lumbopelvic region: A controlled study. Journal of Manipulative and Physiological 
Therapeutics, 35(9), 727–734. https://doi.org/10.1016/j.jmpt.2012.10.00 

da Costa Vieira, R.A., Lopes, A.H., Sarri, A.J., Benedetti, Z.C., & de Oliveira, C.Z. (2017). Oncology E-
learning for undergraduate. A prospective randomized controlled trial. Journal of Cancer 
Education: The Official Journal of the American Association for Cancer Education, 32(2), 344–
351. https://doi.org/10.1007/s13187-015-0979-9 

Damşa, C., De Lange, T., Elken, M., Esterhazy, R., Fossland, T., Frølich, N., & Aamodt. (2015). Quality 
in Norwegian Higher Education: A review of research on aspects affecting student learning. 

Dunleavy, G., Nikolaou, C.K., Nifakos, S., Atun, R., Law, G.C.Y., & Tudor Car, L. (2019). Mobile 
digital education for health professions: Systematic review and meta-analysis by the digital health 
education collaboration. Journal of Medical Internet Research, 21(2), e12937. 
https://doi.org/10.2196/12937 

Elzainy, A., El Sadik, A., & Al Abdulmonem, W. (2020). Experience of e-learning and online assessment 
during the COVID-19 pandemic at the College of Medicine, Qassim University. Journal of 
Taibah University Medical Sciences, 15(6), 456–462. 
https://doi.org/10.1016/j.jtumed.2020.09.005 

Ernawati, D., & Ikhsan, J. (2021). Fostering students’ cognitive achievement through employing Virtual 
Reality Laboratory (VRL). International Journal of Online and Biomedical Engineering 
(IJOE), 17(13), 44–58. https://doi.org/10.3991/ijoe.v17i13.24529 

Evans, L., Vanden Bosch, M.L., Harrington, S., Schoofs, N., & Coviak, C. (2019). Flipping the classroom 
in health care higher education: A systematic review. Nurse Educator, 44(2), 74–78. 
https://doi.org/10.1097/NNE.0000000000000554 

Fernández-Lao, C., Cantarero-Villanueva, I., Galiano-Castillo, N., Caro-Morán, E., Díaz-Rodríguez, L., 
& Arroyo-Morales, M. (2016). The effectiveness of a mobile application for the development of 
palpation and ultrasound imaging skills to supplement the traditional learning of physiotherapy 
students. BMC Medical Education, 16(1), 274. https://doi.org/10.1186/s12909-016-0775-1 

Hrastinski, S. (2008). Asynchronous and synchronous e-learning. Educause Quarterly, 31, 51–55. 
Huynh, R. (2017). The role of E-learning in medical education. Academic Medicine, 92(4), 430–430. 
Ilic, D., Nordin, R.B., Glasziou, P., Tilson, J.K., & Villanueva, E. (2015). A randomised controlled trial 

of a blended learning education intervention for teaching evidence-based medicine. BMC Medical 
Education, 15(1), 39. https://doi.org/10.1186/s12909-015-0321-6 

Jamaris, Hidayat, H., & Muji, A.P. (2021). Mobile Learning application: Effect of Learning Readiness 
and Community Learning Toward Technology Management and Mobile Learning. International 
Journal of Online and Biomedical Engineering (IJOE), 17(13), 20–32. 
https://doi.org/10.3991/ijoe.v17i13.26871 

Jarrett-Thelwell, F.D., Burke, J.R., Poirier, J.-N., & Petrocco-Napuli, K. (2019). A comparison of student 
performance and satisfaction between a traditional and integrative approach to teaching an 
introductory radiology course on the extremities. The Journal of Chiropractic Education, 33(1), 
21–29. https://doi.org/10.7899/JCE-17-26 



 Journal of Higher Education Theory and Practice Vol. 23(5) 2023 265 

Kho, M.H.T., Chew, K.S., Azhar, M.N., Hamzah, M.L., Chuah, K.M., Bustam, A., & Chan, H.C. (2018). 
Implementing blended learning in emergency airway management training: A randomized 
controlled trial. BMC Emergency Medicine, 18(1), 1. https://doi.org/10.1186/s12873-018-0152-y 

Kožuško, J., Weichelt, C., Dietrich, H., Kuß, J., Abdel-Haq, A., Hebestadt, S., & Morgenstern. (2012). E-
Learning in the field of Biomedical Engineering in Saxony (pp. 105–114). New media and 
education: 7. International conference on distance education. 

Küçük, S., Kapakin, S., & Göktaş, Y. (2016). Learning anatomy via mobile augmented reality: Effects on 
achievement and cognitive load: Learning Anatomy. Anatomical Sciences Education, 9(5), 411–
421. https://doi.org/10.1002/ase.1603 

Låg, T., & Sæle, R.G. (2019). Does the flipped classroom improve student learning and satisfaction? A 
systematic review and meta-analysis. AERA Open, 5(3), 233285841987048. 
https://doi.org/10.1177/2332858419870489 

Lehmann, R., Thiessen, C., Frick, B., Bosse, H.M., Nikendei, C., Hoffmann, G.F., Tönshoff, B., & 
Huwendiek, S. (2015). Improving pediatric basic life support performance through blended 
learning with Web-based virtual patients: Randomized controlled trial. Journal of Medical 
Internet Research, 17(7), e162. https://doi.org/10.2196/jmir.4141 

Li, Z. (2022). Influence of online learning behavior and video playing questions on students’ learning 
effect. International Journal of Emerging Technologies in Learning (IJET), 17(02), 223–238. 
https://doi.org/10.3991/ijet.v17i02.28535 

Liu, Y.-Q., Li, Y.-F., Lei, M.-J., Liu, P.-X., Theobald, J., Meng, L.-N., . . . Jin, C.-D. (2018). 
Effectiveness of the flipped classroom on the development of self-directed learning in nursing 
education: A meta-analysis. Frontiers of Nursing, 5(4), 317–329. https://doi.org/10.1515/fon-
2018-0032 

Lozano-Lozano, M., Galiano-Castillo, N., Fernández-Lao, C., Postigo-Martin, P., Álvarez-Salvago, F., 
Arroyo-Morales, M., & Cantarero-Villanueva, I. (2020). The Ecofisio mobile app for assessment 
and diagnosis using ultrasound imaging for undergraduate health science students: Multicenter 
randomized controlled trial. Journal of Medical Internet Research, 22(3), e16258. 
https://doi.org/10.2196/16258 

Mącznik, A.K., Ribeiro, D.C., & Baxter, G.D. (2015). Online technology use in physiotherapy teaching 
and learning: A systematic review of effectiveness and users’ perceptions. BMC Medical 
Education, 15(1), 160. https://doi.org/10.1186/s12909-015-0429-8 

Maloney, S., Storr, M., Morgan, P., & Ilic, D. (2013). The effect of student self-video of performance on 
clinical skill competency: A randomised controlled trial. Advances in Health Sciences Education: 
Theory and Practice, 18(1), 81–89. https://doi.org/10.1007/s10459-012-9356-1 

Maloney, S., Storr, M., Paynter, S., Morgan, P., & Ilic, D. (2013). Investigating the efficacy of practical 
skill teaching: A pilot-study comparing three educational methods. Advances in Health Sciences 
Education: Theory and Practice, 18(1), 71–80. https://doi.org/10.1007/s10459-012-9355-2 

Marchalot, A., Dureuil, B., Veber, B., Fellahi, J.-L., Hanouz, J.-L., Dupont, H., . . . Compère, V. (2017). 
Effectiveness of a blended learning course and flipped classroom in first year anaesthesia 
training. Anaesthesia, Critical Care & Pain Medicine. 
https://doi.org/10.1016/j.accpm.2017.10.008 

Marrhich, A., Lafram, I., Berbiche, N., & El Alami, J. (2021). Teachers’ roles in online environments: 
How AI based techniques can ease the shift challenges from face-to-face to distance learning. 
International Journal of Emerging Technologies in Learning (IJET), 16(24), 244–254. 
https://doi.org/10.3991/ijet.v16i24.26367 

McCutcheon, K., O’Halloran, P., & Lohan, M. (2018). Online learning versus blended learning of clinical 
supervisee skills with pre-registration nursing students: A randomised controlled 
trial. International Journal of Nursing Studies, 82, 30–39. 
https://doi.org/10.1016/j.ijnurstu.2018.02.005 

Merayo, N., Ruíz, I., Debrán, J., Aguado, J.C., de Miguel, I., Durán, R.J., . . . Abril, E.J. (2018). AIM-
Mobile Learning Platform to enhance the teaching-learning process using smartphones. Computer 
Applications in Engineering Education, 26(5), 1753–1768. https://doi.org/10.1002/cae.21979 



266 Journal of Higher Education Theory and Practice Vol. 23(5) 2023 

Merrill, M.D. (2022). First principles of instruction revisited. In International Handbook of Psychology 
Learning and Teaching (pp. 1–33). Springer International Publishing. 

Milic, N.M., Trajkovic, G.Z., Bukumiric, Z.M., Cirkovic, A., Nikolic, I.M., Milin, J.S., . . . Stanisavljevic, 
D.M. (2016). Improving education in medical statistics: Implementing a blended learning model 
in the existing curriculum. PloS One, 11(2), e0148882. 
https://doi.org/10.1371/journal.pone.0148882 

Murray, L., McCallum, C., & Petrosino, C. (2014). Flipping the classroom experience: A comparison of 
online learning to traditional lecture. Journal, Physical Therapy Education, 28(3), 35–41. 
https://doi.org/10.1097/00001416-201407000-00006 

Nicklen, P., Keating, J.L., Paynter, S., Storr, M., & Maloney, S. (2016). Remote-online case-based 
learning: A comparison of remote-online and face-to-face, case-based learning-a randomized 
controlled trial. Education for Health, 29(3), 195. 

Noll, C., von Jan, U., Raap, U., & Albrecht, U.-V. (2017). Mobile Augmented Reality as a feature for 
self-oriented, blended learning in medicine: Randomized controlled trial. JMIR MHealth and 
UHealth, 5(9), e139. https://doi.org/10.2196/mhealth.7943 

Owston, R., & York, D.N. (2018). The nagging question when designing blended courses: Does the 
proportion of time devoted to online activities matter? The Internet and Higher Education, 36, 
22–32. https://doi.org/10.1016/j.iheduc.2017.09.001 

Peters, M.A., Rizvi, F., McCulloch, G., Gibbs, P., Gorur, R., Hong, M., . . . Misiaszek, L. (2022). 
Reimagining the new pedagogical possibilities for universities post-Covid-19: An EPAT 
Collective Project. Educational Philosophy and Theory, 54(6), 717–760. 
https://doi.org/10.1080/00131857.2020.1777655 

Rocha, A.C.B., Pereira, J.L.B., Soares, C.F.T., Barbosa, P., Silva, A.C.D., Moraes, A.M.D., & Martins, 
W.R. (2017). The effects of a video game on student performance in the knowledge test in the 
discipline “professional practice and ethics in physiotherapy” from the University of Brasilia. 

Ruiz, J.G., Mintzer, M.J., & Leipzig, R.M. (2006). The impact of E-learning in medical education. 
Academic Medicine: Journal of the Association of American Medical Colleges, 81(3), 207–212. 
https://doi.org/10.1097/00001888-200603000-00002 

Saichaie, K. (2020). Blended, flipped, and hybrid learning: Definitions, developments, and 
directions. New Directions for Teaching and Learning, (164), 95–104. 
https://doi.org/10.1002/tl.20428 

Shimizu, I., Nakazawa, H., Sato, Y., Wolfhagen, I.H.A.P., & Könings, K.D. (2019). Does blended 
problem-based learning make Asian medical students active learners?: A prospective comparative 
study. BMC Medical Education, 19(1), 147. https://doi.org/10.1186/s12909-019-1575-1 

Smith, K., & Hill, J. (2019). Defining the nature of blended learning through its depiction in current 
research. Higher Education Research & Development, 38(2), 383–397. 
https://doi.org/10.1080/07294360.2018.1517732 

Tsekhmister, Y. (2021). The problem of pedagogical innovations and trends in the development of the 
educational environment. Futurity Education, 1(2), 22–30. 
https://doi.org/10.57125/FED/2022.10.11.16 

Tsekhmister, Y. (2022). Education of the future: From post-war reconstruction to EU membership 
(Ukrainian case study). Futurity Education, 2(2), 42–52. 
https://doi.org/10.57125/FED/2022.10.11.28 

Ulrich, F., Helms, N.H., Frandsen, U.P., & Rafn, A.V. (2021). Learning effectiveness of 360° video: 
Experiences from a controlled experiment in healthcare education. Interactive Learning 
Environments, 29(1), 98–111. https://doi.org/10.1080/10494820.2019.1579234 

Zhan, X., Zhang, Z., Sun, F., Liu, Q., Peng, W., Zhang, H., & Yan, W. (2017). Effects of improving 
primary health care workers’ knowledge about public health services in rural China: A 
comparative study of blended learning and pure E-learning. Journal of Medical Internet 
Research, 19(5), e116. https://doi.org/10.2196/jmir.6453 


