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Abstract
Background The COVID-19 pandemic revealed existing gaps in the medical educational system that is heavily depend-
ent on the presence of medical students and teachers in laboratory and class for instruction. This affects continuity in the 
implementation of the neuroanatomy component of the medical neuroscience laboratory activities during COVID-19. We 
hypothesized that pivoting wet laboratory neuroanatomy activities to online using an adaptive flexible blended method might 
represent an effective approach in the implementation of laboratory neuroanatomy activities during a pandemic.
Methods The current study describes an adaptive flexible blended learning approach that systematically mixes virtual 
face-to-face interaction activities with the online learning of brain structures, and the discussion of clinical cases. Learning 
materials are delivered through both synchronous and asynchronous modes, and Year 1 medical students learn neuroanatomy 
laboratory activities at different locations and different times. Student performances in the adaptive flexible blended learn-
ing approach were compared with the learning of similar activities during an in-person implementation of neuroscience 
laboratory activities.
Results The results of using this adaptive flexible blended learning approach provided an autonomous independent learn-
ing, self-study approach that broadened student performance such that we have more students scoring between 80 and 
89%, whereas the in-person learning resulted in most of the students scoring > 90% in the medical neuroscience laboratory 
activities.
Conclusion An adaptive flexible blended learning approach that combined virtual face-to-face instruction using digital 
technology with online learning of neuroscience laboratory activities provided a unique educational experience for Year 1 
medical students to learn neuroscience laboratory activities during the COVID-19 pandemic.

Keywords Adaptive flexible blended learning · Neuroanatomy · Neuroscience · Wet laboratory activities · COVID-19

Introduction

In the wake of the shutdown of academic activities follow-
ing the onset of the COVID-19 pandemic, we attempted to 
determine how to configure a neuroscience laboratory for 
medical students in a remote learning setting by converting 
wet neuroscience laboratory activities to an online format. 
The absence of wet neuroscience laboratory activities due to 
COVID‐19 may have a lasting impact on student learning. 
This is because providing online cross-sectional or whole 
brain images may not provide medical students with an 

appreciation for the fabric of the anatomy of the brain [1]. 
The advances in technology may allow for online distance 
learning and may represent an important approach for the 
implementation of neuroscience laboratory activities dur-
ing COVID-19 [2]. Therefore, despite the possible limita-
tions of this approach, remote learning during a pandemic 
like COVID-19 provides an opportunity to ask important 
questions about the efficacy of purposely designed, mainly 
online neuroscience laboratory activities, and how these 
activities can be advanced to help medical students take 
control of their learning process as they progress in their 
medical career and in the future. If it is possible, medical 
students and teachers would undoubtedly prefer to keep 
on doing more whole-brain surface anatomy of identi-
fying all the lobes, gyri, and dissecting the coronal and 
sagittal parts to identify subcortical structures in the wet 
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neuroscience laboratory activities. However, being forced 
to think and provide a different platform for learning may 
actually be quite beneficial for both students and teachers. 
Therefore, online and virtual neuroscience laboratory activi-
ties during the COVID‐19 crisis may serve many goals; for 
example, this approach might help investigate whether such 
online activities are effective in enhancing student perfor-
mance compared with in-person wet laboratory neuroscience 
activities. Moreover, it is important to know whether these 
online and virtual neuroscience laboratory activities can be 
suitably integrated into the design of a medical neuroscience 
course that can be used to carefully guide students through a 
learning expedition, rather than simply being made available 
as another resource, for learning during a pandemic.

While the pandemic pushed many medical schools into 
different directions with innovative ideas in delivering neu-
roscience laboratory instruction in an online setting, it is 
very important to take advantage of the resources that are 
available to implement those new ideas. For instance, it is 
important to evaluate whether those new ideas or resources 
are effective. This is because while generating ideas is one 
great advantage of working with an integrated team of neu-
roscientists, transforming the good ideas to help medical 
students perform well in this challenging time may lead to 
important benefits for students. One of the adjustments for 
every neuroscience faculty member in this challenging time 
is learning to use digital technology and communicate to 
students entirely virtually in the implementation of neu-
roscience laboratory activities. Therefore, while there are 
challenges in implementing neuroscience laboratory activi-
ties during the shutdown, there are also opportunities to 
develop a unique model of blended learning that comprises 
the blending of online activities with digital technology. This 
model represented an adaptive blended learning that used 
digital technology infrastructure that supported online learn-
ing, where activities can be designed to adapt in response to 
an individual learner’s needs [3–6].

Adaptive learning refers to a kind of responsiveness [7]; 
for example, the National Academy of Science interprets 
the phrase as “How people learn” or “learner-centered” 
and this responsiveness represents one of the fundamental 
qualities of effective learning [8]. Thus, adaptive learning 
builds on what is known about an individual learner to sys-
tematically adjust content or learning activities [3, 3–12]. 
Medical students are known to be quite sophisticated in 
using digital technology in an integrated medical curricu-
lum [13–15]. In addition, they are also accustomed to self-
study and working independently at their own pace [16–20]. 
Therefore, an adaptive blended learning approach will suit 
the particular needs of medical students, especially in the 
context of geographical location and during the COVID-19 
pandemic. Consequently, knowledge of what is known about 
the technological skills of medical students in an integrated 

medical curriculum could subsequently be used to develop 
adaptive learning activities for medical students in a time 
of pandemic.

While it is important to view blended learning as a con-
tinuum with a form of distance learning, “fully online with 
no classroom teaching,” at one end and “teaching with no 
technology at all on the other end [21, 22],” there should 
be adaptability to reflect the goal of controlling the pace 
of learning, time, place, or geographic location especially 
during a pandemic [23]. In this context, an adaptive blended 
learning approach represented a fundamental shift in a neu-
roscience laboratory instruction method that blended digi-
tal technology with online activities to provide a unique 
learning experience in a time of pandemic. In the adaptive 
blended learning pedagogy, the digital technology replaced 
face-to-face learning with a virtual interaction, and the 
online activities gave students some element of control over 
their learning. This adaptation provided an individualized 
customized, fluid schedule allowing medical students to 
combine virtual learning [24, 25] with online activities for 
student-centered neuroscience laboratory instruction.

In this study, we describe the implementation of an adap-
tive blended learning pedagogy by pivoting brain dissec-
tion from in-person neuroscience laboratory activities to a 
modified adaptive blended learning approach that provides 
a virtual laboratory format of interactive neuroanatomy 
activities, clinical case discussion sessions, online images, 
and a virtual discussion platform that allowed interaction 
between faculty and students. We compared performance in 
summative examinations in the adaptive blended learning 
activities with previous academic performance when neu-
roscience laboratory activities were implemented through 
in-person neuroscience laboratory settings. This comparison 
allowed us to determine whether the adaptive blended learn-
ing of neuroscience laboratory activities enhanced student 
performance when compared with the results of in-person 
neuroscience laboratory activities.

Methods

Participants

A total of 102 first year medical students in years 2019 and 
2020 at the University of South Carolina School of Medicine- 
Greenville who took the medical neuroscience course also 
participated in the neuroscience laboratory activity. In 2019, 
there were 57 female students, compared with 46 male stu-
dents. In 2020, there were 58 female students, compared 
with 46 male students involved in the adaptive blended learn-
ing neuroscience laboratory activities. Average class age for 
both years was 23.0. The average score for admitted students 
on the Medical College Admission Test (MCAT) score for 

734 Medical Science Educator (2021) 31:733–743



1 3

2019 was at the 71st percentile, while that of 2020 was at 
the 73rd percentile. The average GPA for admitted students 
in 2019 was 3.66, while the average GPA for 2020 was 3.65. 
The study was approved by the Institutional Review Board 
(IRB), and all participants consented to participate.

Description of the Typical Wet Neuroscience 
Laboratory Activities and Clinical Case Discussion

Medical neuroscience is a 4-week course taught to medical 
students during the second semester of the first year after 
the Structure and Function 1 and 2 modules. In the imple-
mentation of the course, there were a variety of learning 
activities including active lectures, class discussions, small 
group sessions, clinical case presentations, and laboratory 
sessions in the form of cadaveric dissection. For the labora-
tory activities, medical students spent a total of 6 h during 
wet neuroanatomy laboratory activities in mandatory ses-
sions. Students were able to spend additional time outside 
of the mandatory sessions for individual laboratory review 
of materials. The neuroanatomy laboratory portion of the 
course included detailed examination of the surface anatomy 
of the brain, dissection to identify subcortical structures, 
clinical case discussion, and review of neuroimaging in both 
coronal and sagittal sections. For the implementation of each 
laboratory session, there was a general description and an 
overview of specific objectives for the session, and students 
were provided with instructions for each of the laboratory 
activities (Table 1). The course assessment was comprised 
of five laboratory quizzes that accounted for 12% of the 
final grade, a laboratory and clinical correlation examina-
tion that accounted for 36% of the final grade, and a written 
examination that accounted for 52% of the final grade. In 
general, the laboratory component of the course comprised 
48% of the total grade. During the dissections, a group of six 
to eight students shared a cadaver and rotated turns to dis-
sect the brain under the supervision of neuroscience faculty 
(Neuroscience) and clinicians (Neurologists and Neurosur-
geons). An important element of the neuroscience laboratory 
activity was the clinical case presentation sessions. Clinical 
cases were built on structures identified in the wet neuro-
anatomy laboratory to further reinforce the clinical relevance 
of specific neuroanatomical targets during the neuroscience 
clinical case discussion session. During these presentations, 
students were divided into small groups, and each group was 
provided with a clinical case that related to a component 
of neuroanatomy that was learned during a neuroanatomy 
wet laboratory experience. Students were provided with an 
opportunity to discuss the cases among their small groups 
and solve the problems by identifying the effect of specific 
lesions on specific structures based on the patient’s clinical 
presentation. After the small group meeting, students then 
presented their analysis of the case to the whole class and 

answered related clinical questions pertaining to the clinical 
problem. For the graded examinations, students were tested 
on their knowledge of how to identify gross anatomical 
structures and radiological images in addition to answering 
clinical vignette-style questions in the effect of lesions on the 
patient’s signs, symptoms and on the result of clinical tests.

Description of Adaptive Blended Learning Activities

At the University of South Carolina School of Medicine 
Greenville, the neuroscience laboratory activities were 
changed to online instruction in the 2020 academic year 
due to the COVID-19 pandemic that resulted in the shutting 
down of universities. While there were challenges in the 
adjustment, we implemented the same laboratory activities 
and volume of materials that we have maintained over the 
years. The only change for this year is that all activities were 
accomplished online through the adaptive blended learning 
model.

For the laboratory portion of the course which required 
detailed examination and identification of structures in the 
surface anatomy of the brain and the anatomy of subcorti-
cal structures, students were provided with neuroanatomical 
interactive virtual activities. Implementation of each labora-
tory session in the adaptive blended learning model involved 
a general description and an overview of specific objectives 
for the session, and students were provided with instructions 
for each of the laboratory activities.

From the student perspective, the neuroanatomical inter-
active virtual activities shifted all the lab activities, contents, 
and instructions to the control of the student allowing each 
student to manage the pace with the ability to pause, go 
back, or skip forward through online content as he or she 
wanted during implementation of the different activities. The 
interactive online activities replaced the traditional hands-
on-laboratory neuroanatomical activities that had been the 
mainstay of our neuroscience laboratory activities over the 
years for year one medical students. The neuroanatomical 
interactive virtual activities were implemented by students 
using the “Digital Neuroanatomy” software developed by 
Leichnetz [53]. During the online activities, students were 
able to interact with several human brain dissections with 
the virtual brain, which can be resized and rotated in all 
directions, and certain areas can be selected allowing stu-
dents to identify structures of particular interest. Moreover, 
students could select the particular dissection of interest 
and view the brief animated gifs of the actual dissections 
which demonstrated how each virtual brain was prepared. 
Multiple learning formats were provided comprising writ-
ten instructions, video tutorials, and demonstrations of brain 
dissection, offering students a self-paced, interactive review 
of structures and functions of the brain. In addition, prac-
tice questions were provided to help apply learned concepts 
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to clinical application. In most cases, students chose the 
time at which they performed their neuroscience laboratory 
activities in their different locations. This enabled faculty 
members to have time to interact with each student through 
email communication and the online interactive discussion 
platform on Canvas.

During virtual interactions, faculty members appeared 
in-person in an empty classroom (Fig. 1) to discuss clini-
cal cases using WebEx/Panopto, allowing virtual interac-
tions with students and the opportunity to respond to student 
questions. During these presentations, each clinical case 
was related to a component of neuroanatomy and allowed 
students to solve the problems by identifying the effect of 
specific lesions on specific structures based on the patient’s 
clinical presentation. Therefore, clinical cases were built on 
structures that students identified in their online interactive 
activities concerning the identification of surface and sub-
cortical structures. While the clinical sessions were led by 
faculty members, students participated virtually in the clini-
cal case sessions through WebEx and asked questions for 
clarification of specific clinical concepts.

After the presentation, a detailed description of each 
clinical case presentation was posted online on Canvas for 
students, and all cases were recorded on Panapto/WebEx and 
posted online an hour after each case presentation. Trans-
ferring the recorded case discussions online did much of 
the heavy lifting in terms of saving time which would have 

been used in creating small group activities and delivering 
clinical case sessions in the classroom. The time saved per-
mitted providing support on an as-needed basis through indi-
vidual interactive tutoring sessions on the Canvas platform. 
This provided additional opportunity for students to review 
essential content, ask questions, and go over problems at 
their own pace. Therefore, the adaptive blended learning 
model offered our faculty members and students increased 
flexibility because online learning was helpful in delivering 
laboratory neuroanatomy instruction while digital technol-
ogy played a major role in the clinical case discussion. The 
Canvas platform allowed faculty members to track student 
activities and progress in understanding of materials in the 
clinical case discussion and online activities. In general, we 
blended the online interactive neuroanatomy activities with 
virtual or live interactions to provide an integrated learning 
experience with appropriate level and topic for all activities 
in the neuroscience laboratory.

Data Analysis

Students had a weekly laboratory quiz assessment during all 
4 weeks of the neuroscience module. The format of the labo-
ratory quizzes involved identification of surface anatomy 
and subcortical structures using the neuroanatomy interac-
tive software and clinical vignette style questions similar 
to the format used by questions on the National Board of 

Fig. 1  The empty class room is shown while faculty members meet to 
discuss clinical cases and interact with students virtually. Panapto and 
WebEx platforms were very effective for live or virtual interaction in 
the discussion of clinical cases. This was very helpful in providing 
clinical relevance to learned neuroscience concepts and in the peri-
odically interactive discussion platform. The different cases were dis-
cussed by faculty members to further reinforce the clinical relevance 

of specific neuroanatomical targets identified by students in their 
online activities. During the clinical case discussion by faculty mem-
bers, online discussions on the Panapto and WebEx platform were 
also ongoing allowing virtual interaction with students, and real-time. 
Each session was recorded on Panopto and sent to students one hour 
at most after each lecture

736 Medical Science Educator (2021) 31:733–743



1 3

Medical Examiners (NBME) STEP 1 Examination. The 
clinical vignette questions tested materials in the clinical 
case discussion sessions that were recorded on Panopto/
WebEx and posted on Canvas for students. We used the 
same examination format for the laboratory quizzes and 
the final laboratory exam. All proctoring was done using 
proctoring software developed by Examsoft Worldwide INC 
was used. The same set of questions used in 2019 were also 
used in 2020 for all examinations. The format for stand-
ard item analysis including the difficulty index and biserial 
values were calculated for each of the test questions. This 
analytical tool evaluated the performance of questions used 
on both laboratory quizzes and the final laboratory exami-
nation. The reliability of the examination was determined 
using the KR20 (Kuder–Richardson Formula 20) which is 
an index of the internal consistency reliability [26]. Values 
for KR20 generally range from 0.0 to 1.0, with higher val-
ues representing a more internally consistent and reliable 

test capability of discriminating between students who had 
a higher understanding of the test material versus those with 
a poorer understanding. A KR20 value of 0.5 or higher is a 
good threshold value for determining whether or not a test 
is reliable [27]. The KR20 is calculated using the equation 
below; 

All summative questions were mapped to each of the mod-
ule level objectives. The mean percentage of performance 
for each of the module level objectives was computed for 
2019 during wet lab neuroanatomy laboratory activities and 
in-person small group clinical case discussion and for 2020 
involving flexible blended learning of all the materials. Nor- 
mality of data distribution was determined using Shapiro-
Wilk’s test (P < 0.05). Student’s t-test (two-tailed) was 
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Fig. 2  Item performance measures for summative questions during the in-person (2019) and the adaptive blended learning sessions (2020)

Table 1  Learning objectives for the integrated medical neuroscience course

Obj # Learning objectives

1 Explain the biochemical processes that are important in the integrated functioning of the nervous system in complex
2
3

Describe the development and structure of major components of the nervous system at the macroscopic, microscopic, and 
molecular levels

Correlate the structure of essential components of the nervous system to their physiological functions
4 Identify and correlate clinical gross anatomical features of the nervous system using common analytic and imaging modalities
5 Identify cross sectional anatomical features of the nervous system
6 Correlate spatial relationships and orientation of anatomical features of the nervous system
7 Explain clinical observations following lesions of structures and functional pathways of the nervous system
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used to determine the significance of differences between 
2019 and 2020 for the final summative laboratory exami-
nation. This analysis compared differences in student per-
formance between the adaptive only blended learning and 
in-class clinical case discussion or wet neuroscience labo-
ratory activities. Since student performances were spread 
between 70–79%, 80–89%, and > 90% for both classes, we 
used ANOVA with repeated measures or within-subject and 
this enabled us to make broad comparisons for 70–79%, 
80–89%, and > 90% for both classes. Post hoc analysis was 
used to determine significant differences between the per-
formance categories in the adaptive blended learning and 
the in-person activities. Statistical significance was estab-
lished at P < 0.05. All statistical analyses were performed 
utilizing SPSS statistical package, version 25.0 (SPSS Inc., 
Chicago, IL).

Results

The results for the biserial analysis of students’ perfor-
mance in the test questions are presented in Fig. 2. The 
results indicate high discrimination for test questions for 
the final summative exams for both years, and they were 
not significantly different (*,**P < 0.05). The results for 
the reliability (KR20) of the laboratory quizzes and final 
examinations are shown in Table 2. As shown in the table, 
KR20 values for the laboratory quizzes ranged between 0.18 
and 0.69 for 2019 and 0.26 and 0.52 for 2020. The KR20 
value was higher in 2020 (0.80) than 2019 (0.70), indicating 
the stronger reliability of the final laboratory examinations 
in the adaptive blended learning sessions when all activi-
ties were delivered online. The mean score achieved in the 
examinations was broken down by each of the seven objec-
tives and presented in Fig. 3. A direct comparison using the 
two-tailed, paired Student’s t-test revealed that students’ per-
formances on objectives 1, 2, 3, 4, and 5 were significantly 
higher in 2019 (P < 0.001) when compared with 2020. 
However, objectives 6 and 7 were not significantly different 
(P > 0.05) for 2019 and 2020. A direct comparison of stu-
dent performance between 2019 and 2020 revealed a higher 

performance in 2019 (M = 92, SD = 0.15) when compared 
with 2020 (M = 90, SD = 0.11), t(101) = 2.66, P = 0.009). 
ANOVA with repeated measures found a significant differ-
ence among students in the different performance catego-
ries between 70–79, 80–89, and > 90 (F(2,399) = 9.996, 
P = 0.0471). Post hoc analysis revealed a significant differ-
ence (P < 0.05) among students in performance categories 
for 2019 and 2020 (Fig. 4).

Discussion

Three major findings arise from this study. First, the KR20 
value was higher in 2020 than 2019, indicating the strength 
and reliability of the final laboratory examinations in the 
adaptive blended learning method when all activities were 
delivered online compared with the in-person learning of 
neuroscience laboratory activities. Also, the biserial ana-
lytical tool revealed high discrimination, and an acceptable 
level of difficulty. This tool provided a suitable mechanism 
for validating questions and testing the performance of the 
same questions used in 2019 and 2020 examinations. Sec-
ond, student performance was significantly higher in six of 
the seven module objectives for 2019 when compared with 
2020. Third, students’ performances in the final laboratory 
summative examination were higher in 2019 than 2020. 
This result suggested a better performance in the in-person 
neuroscience laboratory activities. Finally, the stronger per-
formance in 2019 was mainly due to 70% of the students 
scoring > 90%, whereas in 2020, the scores were more 
broadly distributed between students that scored 80–89% 
and > 90%. These findings reveal that the in-person neuro-
science laboratory activities which involved the dissection 
of the brain during wet neuroanatomy laboratory activities 
and small group discussion of clinical cases were associated 
with a better performance when compared with the adaptive 
blended learning of all the materials.

In 2019 (in-person learning), 70% of the students 
scored > 90% while 2% scored between 70 and 79. Students 
who scored > 90% in the summative examination reflect 
high performing students, and the in-person wet laboratory 

Table 2  The Kuder–Richardson Formula 20 (KR20) tests for the reli-
ability of the formative examinations. The formative examinations 
had KR20 values that range between 0.19 and 0.90 for 2019 and 0.58 

and 0.88 for 2020. The scores for both years were high, indicating the 
strong reliability of the formative examinations

Yr 2020
Mean ± S.E

Yr 2019
Mean ± S.E

P-value 2019 KR 20 2020 KR 20

Quiz 1 98.12 ± 0.13 99.36 ± 0.16 > 0.05 0.19 0.28
Quiz 2 99.13 ± 0.17 99.37 ± 0.24 > 0.05 0.18 0.26
Quiz 3 94.76 ± 0.15 94.29 ± 0.16 > 0.05 0.61 0.52
Quiz 4 96.98 ± 0.21 77.30 ± 0.24 < 0.05 0.63 0.29
Quiz 5 93.97 ± 0.20 91.63 ± 0.18 < 0.05 0.34 0.33
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neuroscience activities and clinical case discussion session 
format may have been more favorable to these sets of stu-
dents. In the in-person neuroscience laboratory activities, 
students applied the information they learned in the neuro-
science lecture sessions about the anatomy of the brain to 
an actual cadaveric brain. They worked together in small 
groups, interacted, and discussed with one another about 
identified different structures on the cadaveric brain. In addi-
tion, during the weekly wet neuroanatomy laboratory session 
that involved both biomedical science faculty members and 
clinicians, students had the opportunity to interact with clini-
cians who shared clinical cases related to the neuroanatomy 
of structures observed on the cadaveric brains. Clinicians 
analyzed clinical cases that they diagnosed related to specific 
structures learned and highlighted their clinical relevance. 
Therefore, analyzing clinical cases also during cadaveric 
brain dissection in the wet neuroanatomy laboratory activi-
ties probably provided a suitable format for high-performing 
students especially in processing-related clinical neurosci-
ence concepts. Medical students are specifically known to 
show preference to learning materials that emphasize clini-
cal relevance that they deem relevant to their future careers 
[28–30]. Therefore, it is possible that the presence of clini-
cians in the dissection laboratory during the wet neuroanat-
omy laboratory activities was very helpful in emphasizing 
the clinical relevance of identified structures. Moreover, the 

reinforcement of concepts that occurred through the iden-
tification of structures in the wet neuroanatomy laboratory 
activity during the weekly clinical correlates or case discus-
sion sessions presented by biomedical science faculty mem-
bers played a major role in further simplifying the learned 
concepts. This reinforcement enables the immediate learning 
of the association between structures and its applicability 
to a particular neurologic disease [31–37]. This format was 
probably very helpful to low- and high-performing students 
resulting in more students scoring > 90% and fewer students 
scoring less than 70% in the final neuroscience laboratory 
examination.

While the in-person neuroscience laboratory activities 
that included wet neuroanatomy laboratory and clinical case 
discussion sessions produced more students with very high 
scores, the adaptive blended learning produced more catego-
ries of students with 70–79% and those that scored 80–89%. 
The major feature of the adaptive blended learning is that 
it allowed students to move on an individually customized, 
fluid schedule for learning activities. The approach also pro-
vided a virtual interactive learning environment to replace 
the face-to-face interaction with students. Therefore, while 
medical students were able to operate independently and 
control the pace of their learning neuroscience laboratory 
activities during a pandemic, they also received help from 
biomedical science faculty through WebEx and Panopto to 

**

*

**
** ** ** **

** *

%
 o

f s
tu

de
nt

s 
Pe

rf
or

m
an

ce

*

80

85

90

95

100

Objective 1 Objective 2 Objective 3 Objective 4 Objective 5 Objective 6 Objective 7

Yr 2019 Yr  2020

**
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the 2019 (n = 102) during the blended learning activities compared 

with 2020 adaptive flexible blended learning of all materials in an 
online format (n = 102)
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provide virtual support for their learning. In general, the 
adaptive learning model generated personalized learning 
materials that helped medical students to improve mastery 
of learning neuroscience laboratory activities and virtually 
connected students to faculty members. This type of model 
helped faculty members to interact with medical students 
at a much deeper level to address student concerns and to 
facilitate their learning process [38–40].

A major finding in this study is that in the adaptive 
blended learning, more students scored between 80–89% 
and 70–79%, and fewer students scored > 90% when com-
pared with the in-person learning of neuroscience laboratory 
activities. A major factor that appeared to encourage the 
effectiveness of the adaptive blended learning for medical 
students is that it blends digital technology with online activ-
ities. Medical students that are trained in an integrated medi-
cal curriculum are very effective in using digital technology 
[13–15]. They are also familiar with self-study and working 
independently at their own pace [16, 17]. The effortlessness 
with which medical students explore digital technology-
based learning [41, 42], along with the independence they 
have developed within the integrated medical curriculum, 
made the transition to an adaptive blended learning a little 
less stressful [11, 43–47].

While the adaptive blended learning provides an auton-
omy of independent learning, self-study approach that allows 

for a fluid schedule for students to work at their own pace, it 
broadened our medical student performance such that more 
students scored between 80 and ˃ 90%. By contrast, in-person 
learning skewed the student performance and identified 
high performing students (scoring > 90%) in medical neu-
roscience laboratory activities. An important finding in this 
study is that more students scored between 70 and 79% 
in the adaptive blended learning approach compared with 
fewer students in the in-person approach. Therefore, while 
the adaptive blended learning provided greater flexibility 
for independent learning, self-study approach, it is possible 
that this non-traditional learning format was probably not as 
suitable for the < 10% medical students that scored between 
70 and 79%. These students might well have performed bet-
ter using the in-person interactive laboratory activities to 
process learned materials.

While adaptive blended learning provides an individu-
alized learning experience with technologies focused on 
the learners’ strengths [48, 49], we recognized that medi-
cal students have different levels of depth in understanding 
digital technology [50]. While some may achieve compe-
tency in using digital technology relatively quickly, others 
may struggle to do so [51, 52]. Variation in competency 
in using digital technology is well known among medical 
students, but the problem may not easily be solved when 
learning materials are taught in the traditional classroom. 

%
 o

f s
tu

de
nt

s'
 p

er
fo

rm
an

ce
s

0

10

20

30

40

50

60

70

80

70-79 80-89 >90

Yr.2019 Yr.2020

**
*

**

*

**

*

Fig. 4  Student performance in grade categories for 70–79%, 80–89%, 
and >  90%. Differences between students of different grade levels 
were determined with ANOVA with repeated measures for all vari-
ables with homogenous variance across groups. Post hoc analysis for 
all significant differences found by ANOVA between different student 

grade levels. A Tukey post hoc analysis followed each significant 
result from a Fisher’s ANOVA, while a Games-Howell post hoc anal-
ysis followed each significant result from all post hoc analysis from a 
Welch’s ANOVA as noted in Fig. 4. *, **P < 0.05
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Adaptation in our adaptive learning approach is not just 
limited to ensuring that materials are delivered accord-
ing to the needs of the medical students and during the 
COVID-19 pandemic. Other forms of adaptation were 
considered including their strengths and capability in 
the use of adaptive digital technology that medical stu- 
dents could easily navigate the contents of the neurosci-
ence laboratory materials and implement virtual interac-
tive activities—such as using the WebEx/Panopto/Canvas 
for the discussions to connect peers and faculty with each 
other. Therefore, in our adaptive blended learning model, 
we provided an adaptive environment of an individual-
ized learning experience using digital technology as a 
strength of medical students to enhance faculty-student 
interactions, and student-content interactions. This model 
recognized medical students’ strengths and ensured that 
learning materials were learner specific, and the adaptive 
learning platform helped individual medical students to 
better utilize their competency strengths in learning the 
content materials of the neuroscience laboratory activities 
during this pandemic.

Limitations

While our data indicated that students performed better in 
the wet lab in person when compared with online, future 
studies are needed on whether personal interactions with clinicians 
during the wet lab and clinical cases discussion might 
facilitate such a better performance. Our results indicate 
that an adaptive flexible blended learning approach that 
combined virtual face-to-face instruction using digital 
technology with online learning of neuroscience labora- 
tory activities provided a unique educational experience 
for Year 1 medical students to learn neuroscience labora- 
tory activities during the COVID-19 pandemic. It is also 
important to implement the model in other courses such 
as anatomy and histology to compare the performance of stu-
dents in neuroscience and other courses. Therefore, a future 
study on the adaptive flexible blended learning approach model 
in anatomy or histology courses is worth pursuing. Although 
students reported positive impact of the model in their evalua-
tion, collecting qualitative and quantitative feedback from stu-
dents is another limitation. Also, feedback was not collected 
from academic staff who participated in the sessions. Results 
from academic staff members with positive feelings about 
adaptive flexible blended learning approach would have pro-
vided the perspective of the instructors concerning the positive 
impact produced by the use of the model. The use of proctoring 
software and remote surveillance may have had an effect on 
students’ performance. A future study to determine whether 
the remote surveillance may affect students’ performance will 

inform medical educators about the effects of remote proctoring 
on students’ performance in online learning.

Conclusion

In the adaptive blended learning approach, we used a digi-
tal technology platform to create a virtual interaction that 
replaced face-to-face interaction with students for clinical 
case discussions sessions and to facilitate interactive discus-
sions for swift tutor feedback and guided learning. We com-
bined this modality with learning of neuroscience laboratory 
activities to provide a unique educational experience for year 
one medical students during the time of a global pandemic. 
Evaluation of student performance indicated that the method 
offered medical students the appropriate opportunity to learn 
neuroscience laboratory activities required in their medical 
professional education in a challenging time with a pan-
demic disease, where the opportunity for in-person learning 
is difficult to implement. Compared with traditional learn-
ing, online learning has its advantages to enhance students’ 
learning and should be an important component in designing 
an integrated medical curriculum. To enhance its effective-
ness, digital learning materials, learning goals, and students’ 
preferences should be considered.
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