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Abstract
Learners are faced with psychological and temporal classroom barriers that may preclude participation and learning. We 
present an asynchronous instructional design modality aiming to address learning barriers, retain active learning, and foster 
quality teacher-learner interactions. We designed and evaluated individualized online lessons constructed with flexible naviga-
tion, short instructional videos, integrated formative assessment, and reflection questions with bidirectional teacher-learner 
communication. Narrative student comments (n = 3075, from 33 basic science sessions over three cohorts of 125 students) 
were extracted from faculty evaluations, and descriptive coding identified strengths and constructive criticisms. Data are 
presented as mean ± SD. A majority of comments were positive (76.6% ± 2.12%) with 43.5% ± 8.7% of these focused on the 
ACQUIRED modality. Within these responses, students most benefited from formative practice questions (18.6% ± 2.3%), 
the modular format (17.3% ± 2.7%), engagement with material (11.1% ± 0.9%), ease of asking questions (9.2% ± 2.4%), 
overall organization (8.0 ± 2.8%), and fast responsiveness from the teacher (7% ± 2.0). Fewer comments were constructive 
(15.0 ± 2.1%), with 51.5% ± 30.9% of these focused on the ACQUIRED modality. More formative questions (30.5% ± 21.8%) 
were described for improvement. Our data informed the design of the ACQUIRED model for asynchronous instruction, 
emphasizing ACcessible QUality Interactions and REsponsive Design. The model addresses learning and participation 
barriers and fosters meaningful, bidirectional teacher-learner interactions.
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Introduction

The vast majority of health profession students in the USA 
are members of Generation Z (Gen Z) [1]. Born after 1994, 
their life experiences are unique from previous generations, 
which may impact how they prefer to participate in higher 
education [2–4]. Despite having a preference for active 
learning strategies, learners may hesitate to participate [2, 
5, 6]. Further, Gen Z learners have described their real learn-
ing as taking place outside of the classroom setting, voicing 

a preference to have resources to use on their own time [6]. 
To date, Gen Z learners have spent more time with remote 
learning options which may impact readiness to participate 
in face-to-face learning modalities [7].

Barriers to participating in face-to-face learning modali-
ties can be described by a combination of intrinsic and 
extrinsic influences which are exacerbated by Gen Z learner 
preferences [8, 9]. Extrinsic or intrinsic factors affecting 
learning in the classroom may arise from the instructor, self, 
or peers (Fig. 1). Instructor-driven factors, such as teacher 
preferences for providing instruction, may not align with 
learners’ preferences. For example, Gen Z learners have 
a strong preference for and reliance on technology with a 
sense of immediacy for communication, driven by their life 
experiences [9, 10]. This is in contrast to previous genera-
tions’ experiences where life was less technology-dependent, 
and classrooms were not heavily integrated with multiple 
technologies. In addition, the teacher’s attitude, approach-
ability, and classroom management have been shown to 
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impact learning or participation [9, 11]. Peer-driven behav-
iors and teacher behavior can impact participation if feelings 
of judgment or a threat to psychological safety are experi-
enced by the learner [12, 13]. Gen Z learners, in particular, 
demand a safe space to engage in discussion and learning 
[2, 3]. Additionally, barriers to participation in a classroom 
may be internally driven. These include students’ attitudes 
and expectations, level of preparation, schedule and per-
sonal time management, competing priorities, and mood 
and health [9, 14–16]. Finally, Gen Z learners are more 
diverse than previous generations [2]. Amplified by holistic 
admissions, learners entering health professions education 
have varied levels of scientific readiness and experiences 
[17, 18], all of which need to be balanced in the classroom. 
Irrespective of the teaching modality, teachers should plan 
to reduce barriers to participation by tailoring instruction 
to meet the needs of the learners, while not compromising 
the desired learning outcomes. Health professions educa-
tors are challenged to meet the educational needs of diverse 
learners, especially when and helping to acclimate learners 
to the highly rigorous and rigid context of the first semester.

While there are many learning modalities, asynchronous 
learning could provide a potential solution to classroom 
barriers by optimizing learning without sacrificing the high 
standards and structure of medical education. Asynchronous 
learning can be defined as instruction that is available for 
learners to access, use, and participate in at a time and place 
of their choosing [19]. Naturally, this definition lends itself 
to an array of instructional designs which are all techni-
cally considered asynchronous. For example, at its simplest 
form, asynchronous learning may be a teacher posting a pre-
recorded video analogous to an in-person didactic lecture. 

To date, studies evaluating the efficacy of asynchronous or 
e-learning are mixed, in part due to the varying types of 
instructional design which makes it difficult to compare 
across modalities [20–24]. Depending on the instructional 
design, one criticism of asynchronous learning is the inabil-
ity for learners to interact with the teacher through questions 
[25]. Further, studies that examined asynchronous learning 
only during emergency remote teaching may need to be re-
evaluated as health restrictions are no longer driving the 
choice of learning modality [26].

Moore’s transactional distance theory, originally pro-
posed in the context of distance learning, can be applied 
broadly to all instructional methods and delivery formats 
[27]. Moore argues that transactional distance, the psycho-
logical space between teacher and learner in which there 
is potential for misunderstanding, can be reduced by maxi-
mizing “instructional dialogue” and minimizing “struc-
ture” [27]. These elements may be thought of as “respon-
sive teaching” and “quality and accessible interactions” and 
can explain how teacher behavior drives student learning. 
A responsive teacher is flexible and adapts to the needs of 
the learner (minimizes structure). Quality and accessible 
interactions provide purposeful, bidirectional communi-
cation between teacher and learner (dialogue). However, 
fostering teacher-learner interaction has been a challenge 
to implement in asynchronous learning modalities [28]. A 
recent study demonstrated that, for asynchronous learning, 
teachers and learners both report a pre-recorded lecture 
being the most frequently used strategy, with fewer interac-
tive opportunities utilized [29]. Furthermore, while feed-
back is possible through asynchronous instruction, it is not 
designed into the learning modality as frequently compared 

Fig. 1   Intrinsic and Extrinsic 
barriers to student participation 
in the classroom. Several fac-
tors, whether instructor-, self-, 
or peer-driven can impact the 
learner’s ability or willingness 
to participate in the classroom
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to synchronous delivery methods [29]. As such, the existing 
literature reveals a gap in strategies aimed at reducing bar-
riers to participation and fostering rapid, bidirectional com-
munication, particularly with Gen Z learners. Asynchronous 
learning that is intentionally designed, grounded in theory, 
and supported with established best practices, could be mod-
ernized to meet the needs of current Gen Z learners [27, 30].

The current study addresses this gap in the literature 
through the following objectives:

1.	 Design a modality for asynchronous teaching of basic 
sciences in undergraduate medical education that is 
focused on facilitating bidirectional communication and 
minimizing barriers to participation for Gen Z learners 
in their first semester.

2.	 Describe and quantify the benefits of the design, as 
expressed by learners.

3.	 Describe and quantify aspects of the design that can be 
improved, as expressed by learners.

Herein, we present a type of asynchronous design, Indi-
vidualized Online Lessons, and report an analysis of data 
collected from end-of-course faculty teaching evaluations, 
over three classes of first-year medical students. This article 
will provide an overview of the modality and culminate in a 
transferrable model with practical tips to aid medical educa-
tors in implementing this asynchronous design.

Methods/Materials

Study Design

This study used a multi-methods approach to inquiry, where 
qualitative coding methods were undertaken to describe 
narrative data from students, and descriptive statistics were 
calculated to quantify the codes. Quantitative analysis was 
necessary to distill and interpret our large narrative dataset 
of over 1000 statements.

Research Setting

This study took place at Oakland University William Beau-
mont School of Medicine (OUWB), an allopathic medical 
school with a class size of 125 per cohort. The medical 
program is 4 years long, with the majority of foundational 
biomedical sciences taught in the first 2 (preclinical, M1, 
and M2) years followed by 2 years of clinical rotations. 
The Individualized Online Lessons used in this study were 
offered during the fall semester (August through Decem-
ber) in the years 2020, 2021, and 2022. In 2020, during the 
COVID-19 pandemic, all preclinical lectures were delivered 
online due to the university’s physical distancing mandate. 

Since 2021, all preclinical courses have been delivered in a 
hybrid format, with some lectures in-person and others held 
remotely online. Each faculty member has the opportunity 
to intentionally choose the best modality for their learning 
objectives, resulting in a variety of delivery modalities used 
within a course. The current study describes and evaluates 
a novel method of asynchronous teaching basic medical 
sciences, using first year biochemistry, cell biology, and 
histology lectures as examples. Each of these disciplines 
was part of integrated foundational science courses and was 
interspersed with laboratories, case-based problem-solving 
sessions, team-based learning (TBL), patient panels, and 
synchronous lectures. Attendance was mandatory during 
instructional methods that relied on peer-to-peer team-
work and patients, while lecture attendance was generally 
optional, although the content was covered on assessments. 
Summative assessments in the form of midterm or final 
examinations were held approximately every 4 weeks, occur-
ring within the respective preclinical course. The examina-
tions were instructor-written, multiple choice assessments in 
the clinical vignette-style of the National Board for Medical 
Examiners [31].

Pedagogical Innovation: Asynchronous Lessons

The content and activities for the Individualized Online Les-
sons in this study were delivered using Moodle Lessons. 
While Moodle lessons were used at this institution, most 
learning management systems have analogous capabili-
ties. Moodle (moodle.org) is a free, open-source learning 
management system (LMS) designed for education. Moo-
dle Lesson is a tool in the LMS that allows the educator 
to custom-build content pages with branching scenarios. 
Content pages can display text, embedded multimedia 
resources, hyperlinks, and assessment questions (multiple 
choice, matching, true/false, short answer, or essay). Using 
Individualized Online Lessons, the teacher can pre-program 
which pages are displayed based on input from the learner. 
The teacher can view a report for each learner, including 
how they progressed through the Individualized Online Les-
son in their individual scores on closed-ended assessment 
questions. Aggregate assessment data from all learners can 
also be accessed by the educator.

The authors each followed the same construction for 
the Individualized Online Lessons described in this study. 
Learners have some autonomy over how they view and inter-
act with the asynchronous lesson. The workflow for our Indi-
vidualized Online Lesson template is displayed in Fig. 2. 
First, learners are directed to view an Introduction page that 
displays the learning objectives, links to the eBook versions 
of required/optional textbooks, a PowerPoint file contain-
ing the slides from the instructional videos, tips for navi-
gating the Individualized Online Lesson, and the teacher’s 
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contact information. Next, the learner can view several mini-
modules within the Individualized Online Lesson. A mini-
module contains an embedded, short instructional video 
(5–15 min) with supplementary resources linked or embed-
ded in the page allowing the teacher to “chunk” information 
for the learner rather than providing all session content as 
a single entity. We provided our instructional videos using 
YuJa (Yuja Inc., San Jose, CA), a video content management 
system designed for educational institutions. The platform 
can be used to stream, record, edit, store, and play videos. 
YuJa was selected for this study for its accessibility fea-
tures, including a clear audio/video feed of the teacher and 
their computer screen, closed captioning, transcripts, user-
controlled playback speeds, and embedding into the LMS.

After each mini-module, learners have the option to com-
plete formative assessment questions and immediately see 
their performance, with answer rationales. The questions 
ranged from assessing recall to the application of foun-
dational concepts, using multiple-choice, matching, and 
short-answer formats. The learner can also decide to skip 
the assessment questions and progress to the next mini-mod-
ule. Once the learner has finished the mini-modules, they 
are routed to the “Muddiest Point” prompt where they are 
encouraged to write about their most confusing point from 
the Individualized Online Lesson, following the prompt, 
“What is your muddiest (most confusing) point from this 

lesson? I will respond directly here.” The Muddiest Point 
was fully optional, and had no minimum or maximum word 
count. The Muddiest Point was created on the backend in 
Moodle using an “essay question” where the teacher can see 
the name of the student and their comment. The teacher can 
respond back directly through the LMS, and a copy of the 
teacher’s message is also sent to the learner’s email address. 
These questions are a private conversation between the 
teacher and learner, without an audience of their peers. The 
formative assessment questions and the “Muddiest Point” 
prompt in the Individualized Online Lesson allows for the 
teacher to provide individualized, just-in-time feedback to 
each individual learner. On average, students received a per-
sonal response to their Muddiest Point within 24–28 h. As 
seen in Fig. 2, learners can choose their own path through 
the mini-modules, formative assessment questions, and 
Muddiest Point, but at minimum are suggested to view the 
mini-modules. The Individualized Online Lessons were fully 
flexible. Although the mini-modules were designed to be 
consecutive and build concepts in a logical order, students 
could choose to complete them in any order and could re-
access material and re-try activities on an unlimited basis.

Data Collection

This study was determined to be non-human subjects 
research by the Oakland University Institutional Review 
Board (IRB-FY2022-267) where the student activities and 
data examined were part of the planned curriculum. At 
OUWB, learners have the opportunity to complete an evalu-
ation survey of a faculty member’s teaching when the faculty 
member has delivered their last session in a given course or 
clerkship. The survey instrument has five Likert-style items 
and three open-ended items. This study examined responses 
provided for the standard open-ended questions:

1.	 Please comment on what the faculty member did well in 
the course.

2.	 Please comment on what the faculty member could do 
to improve the instruction

3.	 Please provide any additional comments you may have 
regarding the instructional materials used by this faculty 
member.

No questions asked the learners to reflect on our asyn-
chronous Individualized Online Lessons specifically. Learn-
ers completed their surveys online from a location of their 
choosing using the OASIS (Schilling Consulting, LLC, 
Madison, WI) student scheduling and administration system, 
OUWB’s tool for giving and receiving learner and faculty 
evaluations. The data were collected anonymously.

Upon preliminary review of the raw data, we observed 
that it was common for a single narrative response from a 

Fig. 2   Individualized Online Lesson Structure and Workflow. Stu-
dents first are presented with an introduction and description of learn-
ing objectives. Then they view several mini-modules containing short 
videos with supplementary learning materials. Students can choose to 
complete several formative assessments following each mini-module 
or advance to the next mini-module, or any chosen point within the 
lesson. Following the mini-modules and formative assessments, stu-
dents can choose to submit a muddiest point where they will receive 
timely feedback from the instructor. Students can continue the dia-
logue as needed directly in the LMS



909Medical Science Educator (2025) 35:905–917	

learner to convey more than one distinct idea. During our 
second review, each learner’s narrative response was divided 
into distinct codable comments that represented a discrete 
idea or meaning. The comments were cut and pasted ver-
batim into a single Google Sheet (Google Inc., Mountain 
View, CA) and served as the units of analysis. In total, the 
data reflect the instruction delivered in three different teach-
ing disciplines (biochemistry, cell biology, and histology), 
across 27 course offerings in the first year of the curricu-
lum spanning the period between August 2020 to December 
2022.

Data Analysis

First, the comments were sorted into the binary categories of 
“strengths” feedback and “constructive criticism” feedback. 
Descriptive coding was used to summarize the essence of 
each comment. A code is a short word or phrase applied to 
a portion of qualitative data to symbolically represent its 
meaning [28]. After independent initial review of the dataset, 
the authors met to create the initial codebook for the study. A 
codebook is a list of all codes, their definitions, and rules for 
when to apply or not apply the code. Each author thoroughly 
reviewed their own learner comments and applied codes as 
appropriate in Google Sheets. Coding one’s own evaluation 
comments was necessary during first-round coding. Some 
codes pertained to the level of detail of the content taught 
or content taught in other parts of the curriculum, which 
could only be accurately applied by the faculty subject mat-
ter expert. The authors met to discuss the first round of cod-
ing, and as a result some new codes had to be created. The 
dataset was reviewed again and adjustments were made to 
comply with the updated codebook. For a second round of 
coding, each author reviewed another author’s coded data. 
Coding disagreements or points of confusion were flagged 
by the second coder, and the discrepancies were discussed 
and reconciled during research team meetings. Where appro-
priate, some related (but still distinct) codes were grouped 
into larger categories. Descriptive statistics were calculated 
for each code and category.

Study Rigor

The low-stakes nature of the teaching evaluation forms con-
tributed to the data’s authenticity. The responses were col-
lected anonymously online, which fostered a safe and private 
environment where students could provide honest feedback 
without fear of repercussions. As the students were not 
prompted to write about the Individualized Online Lessons, 
we can infer that related comments were true thoughts that 
they wanted to share rather than fabricated responses to meet 
an evaluation requirement. Analysis of our own feedback 
from the students contributed to the trustworthiness of the 
results. Certain codes could only be accurately applied to the 
raw data by the faculty subject matter expert with knowledge 
of the curriculum and the context-specific jargon used by 
students. Finally, the use of second coders contributed to 
consistency in coding across the large dataset.

Results

In total, 3075 learner comments, extracted from three sepa-
rate academic years, were included in this analysis (Table 1). 
We have included sub-analysis from each of the three aca-
demic years as while there were no major differences in the 
overall curriculum (above and beyond the 27 select sessions 
analyzed here) across the 3 years, there were differences in 
the amount of overall remote/asynchronous session offerings 
across the years (with Fall 2020 having mostly remote offer-
ings across all courses (again above and beyond these 27 
sessions), vs. a more hybrid curriculum in Fall 2021 and Fall 
2022. Therefore, we believe it is important to review these 
analyses both within individual academic years, as well as 
averaged across all three. The majority of comments from 
each year were in the “strengths” category (average per fall 
semester was 76.6%, SD 2.12%.) Although there was no 
prompt to do so, of the “strengths” comments mentioned by 
the learners, an average of 43.8% (SD 8.7%) were focused 
on the Individualized Online Lessons (Table 2). All narra-
tive comments focused on the Individualized Online Lessons 
were extracted and further analyzed.

Table 1   Total student comments 
on faculty evaluations

Total “Strengths”
comments

 Total “Construc-
tive Criticism” 
comments

Not applicable/
no suggestions

Total Comments

n % n % n %

M1 Fall 2020 569 75.8 121 16.1 61 8.1 751
M1 Fall 2021 908 79.0 144 12.5 97 8.4 1149
M1 Fall 2022 881 75.0 192 16.3 102 8.7 1175
Average 786.0 76.6 152.3 15.0 86.7 8.4 1025.0
Standard deviation 188.4 2.1 36.2 2.1 22.4 0.3 237.6
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Descriptive coding revealed that within the extracted 
“strengths” comments related to Individualized Online 
Lessons, there were 12 distinct codes, with an additional 
three sub-codes. Within the “strengths” comments, the 
most frequent items were learners appreciating the prac-
tice questions within the Individualized Online Lessons 
(average 18.6%, SD 2.3%), preference for the modular 
format (average 17.3%, SD 2.7%), the ability to engage 
with the material (average 11.1%, SD 0.9%), and finding it 
easy to ask questions (average 9.2%, SD 2.4%) (Table 3). 
Example quotes from each of the 12 distinct “strengths” 
codes are provided in Table S1. Representative learner 
comments (extracted across all three academic years, and 
provided verbatim) describing these sentiments include the 
following:

“I loved that she had thinking questions interspersed 
between the mini-lectures!!! I have never watched a lec-
ture like that and found it to be so helpful in making me 
think back to what I had been learning the past 10–15 min 
and synthesizing the most important concepts. I feel I 
already have a great grasp on the material because of 
this method of quizzing myself throughout the lecture. 
I really liked the written format as opposed to multiple 
choice because it made me think harder and organize my 
thoughts.”

“As always, I appreciate the breaking up of the les-
sons with concept check question. I'll admit some-
times I groan when I see them, just cause I want to 
get through the material, but in the end I know they 
help me learn the material by forcing me to recall the 
things I just heard, and putting those concepts in my 
own words.”

“I think she is very good at welcoming questions and 
securing our knowledge by implementing the modules. 
I felt like I could go to her for anything I felt uncomfort-
able with.”

Additional learner comments noted an appreciation of 
the organization of the Individualized Online Lessons, the 
Lessons’ help in facilitating learning, the ability to receive 
a quick response from faculty members, the materials and 
resources provided throughout the lessons, the ability to 
evaluate their learning, feeling supported by the teachers, 
and the opportunity to reflect on their Muddiest Points 

Table 2   Total “Strengths” comments related to the Individualized 
Online Lessons

 Total “Strengths” 
comments

Total Individual-
ized Online Lesson 
“Strengths” com-
ments

N N %

M1 Fall 2020 569 271 47.6
M1 Fall 2021 908 307 33.8
M1 Fall 2022 881 441 50.0
Averages 786.0 339.7 43.8
Standard deviation 188.4 89.6 8.7

Table 3   “Strengths” codes related to Individualized Online Lesson modality

* Strength codes with associated subcodes, further described in Table 4

M1 Fall 2020 M1 Fall 2021 M1 Fall 2022 Average % SD

n % n % n %

Practice questions within module 52 19.2 63 20.5 71 16.1 18.6 2.3
Modular format* 49 18.1 60 19.5 63 14.3 17.3 2.7
Engaging with material 33 12.2 33 10.8 46 10.4 11.1 0.9
Easy to ask questions 28 10.3 20 6.5 48 10.9 9.2 2.4
Organization 13 4.8 30 9.8 41 9.3 8.0 2.8
Facilitates learning* 27 10.0 23 7.5 23 5.2 7.6 2.4
Quick response 24 8.9 15 4.9 32 7.3 7.0 2.0
Appreciates materials and resources (images, visuals, dia-

grams, videos, transcripts, captions)*
14 5.2 30 9.8 24 5.4 6.8 2.6

Evaluate learning 14 5.2 9 2.9 25 5.7 4.6 1.5
General positive impression of lesson 4 1.5 9 3.0 28 6.4 3.6 2.5
Instructor support 8 3.0 11 3.6 18 4.1 3.6 0.6
Muddiest points 5 1.9 4 1.3 22 5.0 2.7 2.0
Total Individualized Online Lesson Strength Comments 271 307 441
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Table 4   “Strengths” codes with their associated subcodes

M1 Fall 2020 M1 Fall 2021 M1 Fall 2022 Average % SD

 n % n % n %

Modular format 49 60 63
Modular format—broken down/

digestible
26 53.1 25 41.7 49 77.8 57.5 18.5

Appreciates materials and 
resources (images, visuals, 
diagrams, videos, transcripts, 
captions)

14 30 24

Appreciates materials and 
resources—extra resources

9 64.3 22 73.3 11 45.8 61.1 14.0

Facilitates learning 27 23 23
Facilitates learning—understands 

how med students synthesize 
content

1 3.7 4 17.4 2 8.7 9.9 6.9

(Table 3). Representative comments (extracted across all 
three academic years, and provided verbatim) categorized 
into these codes include the following:

“ I love how Dr. X organizes her lectures. I normal 
despise recorded lectures, and prefer to be in per-
son. But the way that Dr. X breaks apart the lecture 
into mini-lectures, with concept check questions in 
between, and the "muddiest point" questions at end, it 
great. Plus, she is pretty good about giving feedback 
or at least responding in someway to the open-ended 
Concept Check Questions. This not only make me feel 
better about the material, but trusts that if/when I need 
to reach out to her about the material, she will be will-
ing to help”

“One thing that I can say about Dr. Y is that she gives 
so much attention to all her students and makes them 
feel like an individual and not just another student in the 
cohort. … Your "muddiest point" is a wonderful addition 
and I wish more professors would do something simi-
lar in their async. lectures. You simplify complex topics 

and really take the time to help students find additional 
resources when they ask!”

Three of the descriptive “strengths” codes could be 
broken down into subcodes, with important aspects noted 
by the students (Table  4). The modular format code 
included a subgroup of learners noting specifically that 
they appreciated that the content was broken down and/
or digestible (average 57.5% of the modular format com-
ments, SD 18.5%). Within the materials and resources 
code, a subgroup of learners specifically referenced the 
extra resources offered within the lesson and/or within 
follow ups to questions (average 61.1% of the materials 
and resources comments, SD 14.0%). Finally, within the 
“facilitates learning” code, learners described that they 
felt teachers “understood” how medical students syn-
thesize content (average 9.9% of the facilitates learning 
code, SD 6.9%).

A similar analysis of the narrative data in the 12 dis-
tinct “constructive criticism” codes related to the Indi-
vidualized Online Lessons was also performed (average 
total “constructive criticism” comments were 15.0% of 

Table 5   Total “Constructive Criticism” comments

Total “Constructive Criticism” 
comments

Total Individualized Online Lesson “Constructive Criticism” comments

n n %

M1 Fall 2020 121 26 21.5
M1 Fall 2021 144 43 29.9
M1 Fall 2022 192 86 44.8
Averages 152.3 51.7 32.1
Standard deviation 36.2 30.9 11.8
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total comments offered by learners, SD 2.1%, Table 1). 
Of the total “constructive criticism” comments, an aver-
age of 32.1% (SD 11.8) were related to Individualized 
Online Lessons (Table 5). Although many learners noted 
the appreciation of the practice question opportunities 
throughout the Individualized Online Lessons (Table 3), 
the desire for more practice questions was the most fre-
quent comment within the “constructive criticism” codes 
(average 30.5%, SD 21.8%) (Table 6).

An average 19.3% (SD 9.7%) of additional “constructive 
criticism” comments specifically requested more multiple 
choice questions with a desire to practice exam format 
questions. Additional comments observed some design 
elements which could be improved such as providing the 
solutions to questions in one document for quick review, 
and improving the navigation of the Individualized Online 
Lessons within the LMS (Table 6). Example quotes from 
each of the 12 distinct “constructive criticism” codes are 
provided in Table S2. Representative learner comments 
(extracted across all three academic years, and provided 
verbatim) for these points include the following:

“I think Dr. Z could improve by providing more multiple 
choice practice questions rather than written response 
practice questions because we are never tested by written 
response.”

“did not really like the open response Moodle ques-
tions, but it did help me formulate an answer that's not 
multiple choice. otherwise, no complaints”

“I don't think the modules are an effective way to assess 
knowledge as we go along. I would prefer a separate ppt 
or pdf with all the questions for us to go through once 
we feel confident about the material.”

Discussion

Descriptive coding, categorization, and interpretation of 
both strengths and constructive criticism student evalu-
ation comments revealed that our instructional design 
addresses both intrinsic and extrinsic classroom barriers 
(Fig. 1), provides an accessible venue for learner-teacher 
communication, fosters bi-directional student–teacher 
communication, and provides useful formative feed-
back through an organized and digestible format. Based 
on our findings, we developed a transferrable model, 
“ACQUIRED,” for asynchronous teaching: ACcessible 
QUality Interactions REsponsive Design. The model’s 
elements, mapped to the 12 strengths research codes, are 
presented in Fig. 3. The ACQUIRED elements do not 
exist in isolation, but rather are synergistic.

ACquired—Accessible

Our students reported benefitting from the accessible and 
“easy” nature of learner-teacher communications and the 
materials. The Muddiest Point activity provided students 
with a one-on-one, private channel through which to con-
vey points of confusion and ask questions. This commu-
nication mechanism may have mitigated the anxiety of 
otherwise having these vulnerable conversations in front 
of others [13]. Caton et al. argue that learners ask more 
questions and of a higher complexity in an online set-
ting compared to an in-person environment due to social 
and technical conditions [32]. Integration of the muddiest 
point within the lesson also removed the burden of wait-
ing in line after class or office hours, needing to book 
an appointment, or managing communication through an 
additional platform. Students also appreciated being able 
to access the variety of teaching aids (e.g., videos, tran-
scripts, supplementary visuals) asynchronously within 
one place in the LMS.

Fig. 3   Elements of the ACQUIRED asynchronous delivery model 
(left) mapped to salient research codes (right)
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acQUIred—Quality Interaction

Our data provided evidence of Moore’s quality dialogue 
between learners and teachers [27]. The students valued 
teacher support, made possible by the Muddiest Point 
activity. This tool allowed us direct communication with 
each learner to understand their needs and a mechanism 
to respond back. Outside of teacher-learner interac-
tion, students also valued the interactive nature of the 
optional formative assessment questions. The variety of 
question formats, such as multiple choice, matching, and 
short answer questions, allowed them to actively input 
information into the LMS. Moore also recognized the 
importance of quality interactions between learners and 
content, arguing that learner-teacher, learner-learner, and 
learner-content interaction are essential for quality dis-
tance education [33]. Meta-analyses have demonstrated 
that strengthening these interactions in higher education 
is associated with increased student achievement both in 
distance and in hybrid formats [34, 35].

acquiREd—Responsive

It is well established that the timeliness of formative 
feedback is essential for students to be able to make 
adjustments to their learning accordingly [30, 36]. Our 
data show that learners appreciated a “quick response” 
offered by the teacher through the Muddiest Point, thereby 
supporting responsive teaching. Asynchronous learning 
has been suggested to be “less teacher-dependent” [29]. 
We suggest the opposite; in fact, asynchronous learning 
provides a rich experience where the teacher can be 
highly responsive to the learners without the boundaries 
of time and physical space. Students also described the 
role of receiving a personalized response in making 
them feel recognized as an individual. Sung and Mayer 
define “social presence” in online education as “the 
degree to which a person is perceived as a ‘real person’ 
in mediated communication” [37]. It is important to 
not overlook social presence in lieu of merely focusing 
on content delivery. Social presence is associated with 
improved learning outcomes and student satisfaction in 
higher education [37–39]. Perhaps a misconception is that 
asynchronous teaching allows the teacher to be “absent,” 
where a video is posted and teaching is complete. In 
addition, responsiveness was provided automatically 
through the multiple choice and matching-style formative 
assessment questions. Students could see their immediate 
performance on a question with a rationale for why their 
answer was incorrect, and they could choose to attempt 
the question again.

acquireD—Design

Students consistently commented on the easily “digest-
ible” presentation of content due to its organization into 
mini-modules. Providing material in smaller “chunks” 
has been shown to aid learning and organizing informa-
tion, and reduce cognitive load [40, 41]. We also observed 
learner appreciation for instructional design elements that 
contribute to more inclusive classrooms, such as tran-
scripts and closed captioning for videos, visual aids, and 
select use of supplemental material. In a responsive man-
ner, we routinely reflected on the constructive comments 
to implement small design changes. Most often, learn-
ers requested additional practice problems or alternative 
question formatting. Teacher responsiveness to learner 
feedback is prudent to ensure increased quality of asyn-
chronous materials and their utilization. Herein lies a key 
intersection between the Design of the lesson and teacher 
Responsiveness.

Limitations

The ACQUIRED modality may be limited in some other 
contexts by intended learning outcomes, faculty prefer-
ences, and resources. Our model was developed through 
the backwards design process, beginning with the identifi-
cation of the desired results [42]. The learning objectives 
for our basic science sessions were largely knowledge-
based; thus, we aimed to create a modality that was suit-
able for didactic purposes while mitigating the intrinsic 
and extrinsic barriers to large-group in-person learning. It 
is unknown if our model would be suitable for skills-based 
learning outcomes. Our model was also not designed with 
learner-learner interactions in mind. Second, teachers may 
be resistant to shift from in-person teaching-centered to 
online student-centered approaches due to perceived limi-
tations in learner-teacher interaction. Teachers report hav-
ing more positive impressions of students that they can 
“see,” report a greater job satisfaction and teaching self-
efficacy, and feel better connected and engaged in-person 
[43–45]. Last, preparing for ACQUIRED-delivered teach-
ing requires additional time for video recording, forma-
tive assessment development, and responding to Muddiest 
Points. Nevertheless, as authors and designers, we found 
it reinvigorating to be able to interact with more students 
one-on-one, and found a new sense of professional identity 
within modern health professions education.

This study is limited by its dataset and curricular con-
text. Without having a specific prompt on the faculty 
evaluations regarding the Individualized Online Les-
sons, the dataset may be biased towards students who 
had strong positive or negative perceptions and chose 



915Medical Science Educator (2025) 35:905–917	

to write. There may be additional unrepresented learn-
ing experiences that would have been documented if a 
specific prompt was used. Second, it was not possible 
to contact learners for follow-up in-depth discussion, 
nor evaluate summative assessments and learning out-
comes at the individual student level, due to the anony-
mous nature of the faculty evaluations. That being said, 
in aggregate, there were no major changes to learning 
outcomes related to these content sessions from before 
implementation of the ACQUIRED format to after. 
Finally, we studied asynchronous teaching within hybrid 
courses, alongside interactive, in-person application, 
based and skill development sessions, with delivery 
formats spanning fully in-person, hyflex, synchronous 
online, and asynchronous online. It is unknown whether 
the ACQUIRED format would be as positively received 
in a fully asynchronous course, or if the learners would 
experience modality fatigue.

Future Directions

Using the existing dataset, future studies will characterize 
student–teacher interactions through the muddiest point 
correspondences. In-line with Cook et al.’s recommen-
dations for researching internet-based learning in health 
professions education, an experimental study looking at 
student outcomes should be conducted to compare the 
ACQUIRED model to other asynchronous modalities, 
or to compare variations of the ACQUIRED format [46]. 
Additional studies should be conducted to determine the 
ideal balance for ACQUIRED format and in-person activi-
ties such that social and interpersonal skill development 
are maintained. Finally, as the evolution of asynchronous 
modalities in health professions is dependent on teacher 
buy-in, faculty perceptions of asynchronous learning and 
how it impacts their enjoyment of teaching and profes-
sional identity should be explored.

Recommendations

While we utilized the “Lesson” feature in Moodle, other 
LMSs offer analogous tools, for example, “Pages and Mod-
ules” in Canvas (Instructure Inc, Salt Lake City, UT), and 
“Learning Modules in” Blackboard (Anthology Inc., Boca 
Raton, FL). The following recommendations can be applied 
regardless of the LMS:

•	 Clearly communicate with students regarding the time 
commitment for asynchronous learning, expectations for 
participation, and purpose of the formative assessments 
and Muddiest Point.

•	 Provide a tutorial for navigation.
•	 Break the content into mini-modules (5–15 min).
•	 Follow each mini-module with formative assessment and 

allow students to see their performance immediately.
•	 Embed materials/media, when possible, to keep the user 

interface clean.
•	 Provide prompt feedback to each Muddiest Point through 

the LMS.
•	 Include elements for accessibility, e.g., video closed cap-

tioning and transcripts.
•	 Maintain a back-up document or files with all contents in 

case of technical issues.
•	 Schedule dedicated time for responding to the Muddiest 

Points.

Conclusions

In conclusion, our data informed the design of the 
ACQUIRED model for asynchronous instruction, empha-
sizing ACcessible QUality Interactions and REsponsive 
Design. This work builds on previous studies examining 
recent asynchronous learning during emergency remote 
teaching only, as well as those that found asynchronous 
learning to reduce the interactions of faculty with their 
students [25, 26]. By embracing asynchronous learning, 
intrinsic and extrinsic barriers to student–teacher inter-
actions, prevalent in traditional in-person settings, are 
addressed. Through intentional deployment of asynchro-
nous modalities, meaningful and bidirectional learner-
teacher interactions are nurtured.
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