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Abstract

Background Engaging, student-centered active learning activities, such as team-based learning (TBL) and
laboratory practices, is beneficial to integrate knowledge, particularly in Medicine degree. Previously, we designed
and implemented workstation learning activities (WSLA) inspired by TBL, which proved effective for learning
requiring higher-order thinking skills. We now hypothesize that WSLA may also have the potential to be framed into a
theoretical model that stratifies learning into interactive, constructive, active and passive modes (ICAP hypothesis).

Methods An interpretive qualitative research study was conducted to evaluate this idea. Semi-structured interviews
were conducted with students enrolled in health science programs after WSLA sessions, consisting of a series

of activities accompanying a traditional lecture. Interviews were analyzed according to a deductive approach.
Theoretical themes and subthemes driving the analysis were organized around the ICAP modes: passive, active,
constructive, and interactive. An inductive approach was applied to provide additional insights.

Results Students valued preparatory lectures as well as corresponding WSLA activities as highly motivating,
especially for the ability to integrate concepts. Although previous research shows that not all activities require high
levels of cognitive engagement, students appreciated the opportunity the WSLA provided to discuss and clarify
concepts as a group. Furthermore, feedback from professors and peers was highly appreciated, and helped students
to construct new knowledge.

Conclusion In this work, by focusing in understanding the student’s experience, we have evaluated for the first
time the WSLA approach in relation to the ICAP model. We found that not only the activity type determines the
learning mode, but also the environment accompanying WSLA is a determining factor. Our findings can guide future
development of the WSLA approach, which represents an interactive learning methodology with strong potential
within the ICAP framework.
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Background

Active learning is defined by educational researchers as
any activity that ‘involves students in doing things and
thinking about the things they are doing, by engaging
cognitively and meaningfully with the materials [1], for
better understanding of complex ideas and mastering dif-
ficult skills [2]. It does not only entail material manipu-
lation but also reflection about the tasks and how they
relate to the content [3, 4]. Many studies describe active
learning as facilitator of deeper engagement with con-
tent [5]. In this sense, many institutions and particularly
individual educators do support and implement active
learning methodologies, in an attempt to better engage
students’ and improve their learning experience [6]. Such
approach promotes the development of higher-order
thinking skills, such as analysis and synthesis, with major
impact on learning [7].

Cognitive engagement is related to motivation and self-
regulation [8, 9]. According to Greene [10] motivation
is related to students’ engagement with their own learn-
ing process and academic performance. She describes
deep engagement ‘as involving the active use of prior
knowledge and the intentional creation of more complex
knowledge structures by integrating the new informa-
tion with prior knowledge; while superficial engagement
involves rote processing and other intentional cogni-
tive actions that are more mechanical than thoughtful!
Appropriate student-centered active learning leads to
greater motivation to engage with learning materials,
increased content retention and deeper understanding
[11]. Therefore, active learning requires the student to
move from passive to more engaged learning states [12].
Given their major impact in Medical Education, devising
methodological approaches helping teachers to develop
these abilities is essential.

The ICAP framework defines modes of ‘active learn-
ing’ according to student behaviors. ICAP is generally
considered a theoretical construct of cognitive engage-
ment with a behavioral metric [5]. As outlined by Chi, the
ICAP framework establishes four engagement behaviors:
interactive, constructive, active and passive. These four
engagement styles can be observed by teachers (both
teacher-prompted and spontaneous behaviors) while
students perform specific activities or tasks [13]. Thus,
isolated information storage would be described as pas-
sive, while instantiation of previous knowledge would be
considered active. Similarly, incorporating new knowl-
edge with previous knowledge is considered to reflect a
constructive mode and being able to infer new knowl-
edge, especially in collaboration with peers, is considered
interactive [5]. During passive learning, no observable
activity can be described; students seem to receive infor-
mation without any specific action. Some students can,
however, actively listening to a lecture by taking notes,
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summarizing or otherwise showing involvement with
materials [14]. In constructive and interactive modes,
students generate new knowledge through inferences
that go beyond their previous understanding. Interaction
amongst students, and its more evolved content-related
outcomes, helps to differentiate the interactive from the
constructive mode. In the interactive mode, student par-
ticipation should ideally be as symmetrical as possible to
ensure they are actually involved with the material, and
thus knowledge is generated collectively. Finally, effective
learning is achieved when a constructive and interactive
environment promotes quality learning, stimulating cog-
nitive engagement with the subjects taught [15]. There-
fore, ICAP is a theory that defines ‘how students can
engage with instructional materials cognitively, in an
explicit way that is generalizable across learners’ age,
content domain and context’ [14].

WSLA has been designed and previously implemented
as a new active learning methodology that can be used
with large groups of students. It has been implemented
within the curricula for the initial years of undergradu-
ate health science courses [16]. WSLA is an adaptation
of TBL and works to create integrated learning modules
applied to different learning environments, from mas-
ter classes to gamification and laboratory experiences.
WSLA is compatible with other learning approaches,
such as case-based learning or inquiry-based learning, so
that it is flexible and adaptable to curricular needs. Thus,
it may be especially suited to help promote deep and
engaging learning by adhering to the ICAP framework.

Very briefly, WSLA is organized around workstations,
each one focusing students’ work on concrete outcome(s)
within the same clinical case. It follows five different
steps which were described in detail by Gonzélez-Soltero
et al. [16]. Over years of experience, we noted that these
five steps can be operationally related with the different
learning modes mentioned above:

(1) Step 1, autonomous work: Students are provided

with material for manipulative workshop activities,
at least one week before workstation activities,

to promote individual readiness and knowledge
integration.

(2) Step 2, pre-test: Before launching the workstation
activity, each participant runs an Individual
Readiness Assurance Test (iRAT).

(3) Step 3, workstation phase: The professor explains the
clinical case and the work to be performed at each
station (in teams of four to five students), including
details on activity timing and the rotation dynamics
between workstations. Here, the teacher acts as a
facilitator since the students should be responsible
for learning individually and as a team.

(4) Step 4, debriefing: This step provides two-way
feedback, as the student reports back to the teacher
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Table 1 Students profile

Interview criteria
Student Code Motivation Achiever Gender Nationality
Medicine 1 M1 High High Male Latinamerican
Medicine 2 M2 High Low Female European
Medicine 3 M3 High High Male Latinamerican
Medicine 4 M4 Low Low Female European
Medicine 5 M5 High Medium Female European
Physiotherapy 1 P1 Low Low Male European
Physiotherapy 2 P2 High High Male European
Physiotherapy 3 P3 High Medium Male European
Dentistry 1 D1 High High Female European
Dentistry 2 D2 High High Female European
Dentistry 3 D3 High Medium Female European

about what they learned and, in turn, the teacher
provides the student with comments favouring active
and constructive learning.

(5)Step 5, final evaluation: Set by the teacher, this
evaluation can be done individually and in groups,
but it always scores knowledge of the subject. The
final evaluation includes a 50% pre-test score, 25%
the WSLA group score and 25% post-test score.

WSLA has been shown to improve student academic per-
formance specifically for those learning outcomes related
to higher order thinking skills [17]. Here, we hypothe-
sized that the WSLA may have the potential to be framed
into ICAP model. Thus the ICAP hypothesis is used to
provide a theoretical foundation which guides our study,
similarly to the use of Bloom’s taxonomy by other authors
[18]. To further investigate this possibility, we planned
our qualitative research study with an interpretive meth-
odology [18] and conducted semi-structured interviews
with students enrolled in Health Science undergraduate
WSLA programs. We used their reported experiences
in lieu of the overtly observed behaviours, as described
by Chi and collaborators. Our qualitative study aims to
discuss and interpret the educational implications of the
WSLA approach within the ICAP hypothesis. By framing
the WSLA steps within ICAP, we intend to enhance our
understanding of student learning processes.

Methods

The present qualitative study has been planned and con-
ducted following pragmatic approach principles [19].
While this positioning is common in mixed methods
studies, our study was aligned with the pragmatic prin-
ciples that focus on the needs of the research question.
Deeper theoretical positioning will not be discussed here
as it would exceed the objectives of our study, as is usu-
ally the case in applied disciplines, particularly in Health
Science education [20]. Thus, our study is interpretive in
nature [18], as we seek to understand student’s experi-
ence (via semi-structured interviews) and to relate it to

a learning framework, such as the ICAP. This process
requires the researcher’s interpretation of the data, as
Thorne suggests, supporting our interpretative approach.

To run this study at Universidad Europea de Madrid,
students were purposely selected from a variety of Health
Science degree programs [21]. The reasons for adopting
a purposive strategy were based on the assumption that,
given the aims and objectives of the study, specific kinds
of people may hold different and important views about
the ideas and issues at question and therefore need to be
included in the sample. Semi-structured interviews (aca-
demic year 2018-2019) were planned and conducted by
two of the authors. Professors external to this study were
responsible for selecting students meeting a combined
profile (low achievers with high and low motivation and
high archivers with high and low motivation) using a
checklist (motivation/achiever). Motivation was defined
by rate of course attendance and class participation,
while course work completion and midterm and final
exam show up rates (course attrition) defined achieve-
ment. Work consists of a portfolio of different activities,
which were evaluated with different rubrics. Learning
results associated to acquisition of skills were evaluated
through a practical laboratory work. Multiple-choice was
the main evaluation used in the midterm and final exam.
Work completion weighs 40% and midterm and final
exam weighs 60% of total subject mark achieved.

Students meeting the checklist criteria, who also expe-
rienced WSLA, were invited to participate and those
who gave their consent were included in the study. This
resulted in a group of 12 students: 5 students from the
Medicine program (identified with M code), 3 students
from Physiotherapy (P code) and 4 students from Den-
tistry (D code) (Table 1). The aim was not to let the analy-
sis be driven by students’ profiles but to collect diverse
views and to infer the type of ICAP engagement the
WSLA provided to them. International students were
included but neither nationality nor gender were consid-
ered for the analysis (see details in Table 1).
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Table 2 Deductive themes and subthemes
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Deductive themes

Theme Student commitment/participation
Subthemes Passive Active Constructive Interactive
Codes Traditional lectures Student -centered Self-directed learning Able to understand an

Teacher centered Manipulation
Surface learning Integration
Retention

original idea based on an

interaction with their peers
Self-explanation Interacts with the teacher
Reflects on lessons learned

Deep learning

Two of the authors, who had no other form of relation-
ship with students, conducted semi-structured interviews
(40 min each), which were recorded and transcribed. A
mainly theoretical deductive approach was used as a key
analytical strategy. Deductive themes/subthemes were
defined by relevant literature predominantly described
in the ICAP framework: the passive, active, construc-
tive and interactive modes (Table 2). Examples support-
ing these modes were identified in the transcription of
the interviews and most relevant verbatim were selected.
Additionally, our strategy to start from a theoretical
theme (i.e. ICAP) while being open to inductive themes
is considered as a form of thematic analysis [22]. Induc-
tive themes are those not defined prior to the study, but
recognized as relevant during the analysis [22]. Deduc-
tive and inductive subthemes and, most importantly, the
relevant verbatim were all included in the results and dis-
cussion of this paper. Subthemes were defined from the
literature within each theme, and codes and verbatim
were selected for reporting (see theme, subtheme, and
codes in the Table 2).

Ethics approval and consent to participate was obtained
(see Declarations). No statistical method was applied
since this is a qualitative study. No power calculation was
performed to predefine the group size, which follows the
typical design of interpretative qualitative research.

Results and discussion

Given the interpretative approach of this qualitative
study, we herein report and discuss results from semi-
structure interviews to provide a thorough assessment of
the students’ perspective regarding WSLA and ICAP. We
separate reporting of deductive and inductive themes to
ease interpretation and analysis.

Deductive themes

Four deductive subthemes were analyzed from semi-
structured interviews: passive, active, constructive and
interactive.

Passive
We found that students rated positively traditional lec-
tures prior to WSLA. They believed they were necessary

for providing knowledge of the content prior to the
WSLA activities. In fact, in courses that combined tradi-
tional classes with PBL methodologies, students tend to
rely on lectures [23]. In this sense, interviewed students
stated:

M3: ‘What I really liked was that in class they usu-
ally presented the content they were going to ask
about later in the activity (...).

Usually, traditional classes are structured in the passive
mode. In spite of this, as Chi and Wylie [5, 24] already
noted, listening to the professor during the lecture previ-
ous to WSLA can actually entail an active process:

D1: 1 think the theory, the classroom part of it is
important as well. I think it gives you a base knowl-
edge to then build upon in the labs. I think with-
out that base knowledge you would not be able to
squeeze as much out of the lab as you can with the
classroom!

It is also interesting to observe that traditional class rat-
ings were intimately linked to their perception of the
teacher (teacher-centered). This is logical in the passive
mode, as professor structures the classes based on their
own perspective [24]. In this sense, students claimed that
a good professor is one who directs their learning, and
offers their own perception and experience:

M4: You learn so much more when the professor
guides you and tells you (...) Then, everything turns
out much better in the end (...) based on repetition
and seeing the material, but I think that it doesn’t
make sense for them to give you a list of instructions
and say: ‘Figure this out... With the stations you
were assigned. If no one tells me whether or not I got
it right, there’s no point.

M3 T'm pro lecture. What I like about lectures (...)
is that you not only get the professor’s perspective
— which is always great — they also always go on
slightly off-topic tangents. They tell you about their
own experience and such, and if they don’, they
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help structure the material. You might have all the
information in the book, but the professor puts it in
order (...) So, I would certainly recommend having a
lecture before one of these activities. I mean, I don’t
think they should be a replacement, but rather an
additional activity (...).

Students also felt lectures are not enough for effective
learning, suggesting they understand that traditional
classes need to be complemented. In fact, they stated
that, in order to acquire long-lasting learning and deeper
knowledge, they need teaching that supplements lec-
tures. Importantly, as can be noted from our interviews
and other published studies, students do not share nega-
tive opinions held by innovative teachers on lecture-
based classes [24].

Defining the learning process is a common educational
goal. In 2003, Entwistle [25] published a paper research-
ing professors’ and students’ conceptions of teaching-
learning. He described a model in which the different
learning concepts correlated with different approaches
toward studying and the level of understanding they
achieved. Learning can be understood as a reproduc-
tion of the content being taught, a view that is associated
with content-guided and teacher-centered learning. If
teaching is student-centered and geared toward learning,
then it is understood as a process of transforming infor-
mation based on students’ own understanding and prior
knowledge. How can we cognitively involve students in
their own learning so that it is indeed transformative and
meaningful? We address this question in the next section.

Active
Students’ behavior and their degree of commitment to
certain activities while they are learning can be consid-
ered as active learning. Based on this model, we next
analyzed whether student perception about WSLA was
helpful for generating meaningful knowledge. We first
researched whether the active mode was present during
the WSLA activities, by shifting away from a traditional
content- and teacher-centered surface learning. Thus, we
focused analysis on five dimensions: balance of power
in the classroom, the function of the course content, the
role of the professor and students, responsibility over
learning, and the purpose and process of assessment.
Two of these dimensions were vitally important to our
study: learning accountability and the role of professors
and students [26].

With regard to students’ responsibility for their own
learning, they believed that:

M5: {(...) the student has to put in the majority. I
don’t know, maybe it's about 80%-20%:
D1: 1 think you learn better, even if you get it wrong,
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you learn. You learn better from your mistakes or
from where they could have come. By the end of the
lab you never leave confused, you know, by the end
of the lab the teacher took you through what the
answer was, what you were supposed to do’

Student-centered learning is put into practice in the
various active methodologies [26], as in WSLA. Some
students found the independence associated with this
accountability to be rewarding, and they valued this posi-
tively during WSLA activities:

D1: ‘The way that they do it never leaves you con-
fused, just gives you the independence to figure
things out on your own initially, and then at the end
you've learned what you are looking for. I find this
independence is nice’

While literature supports the importance of students’
accountability, the revision done by Weimer [27], indi-
cates that students may be not mature enough to be given
full responsibility, and they let teachers take the lead.
This is consistent with our students’ belief that traditional
classes are necessary before WSLA activities. Impor-
tantly, Chi and Wylie [5], deemed physical manipulation
of educational material, including ‘taking notes; as hall-
marks of active learning mode. When we asked students
about manipulating and interacting with materials during
WSLA activities, they confirmed that they have a posi-
tive perception, as it helps them better understand the
content:

M2: T love class, because I get a lot out of it. I have
all the things discussed in my notes, because if you
open the presentation and didn’t go to class, at least
I'm like, ‘'Oh my god! Why is that? Check the book,
but it doesn’t say the same thing. What are you sup-
posed to do?” Having notes, having the explanation,
is like going. ‘Obviously, it’s so obvious (...).

F1: “Theory is just theory, but when you put it into
practice, you see it and it becomes so much clearer.
(-..) everything you do practically on your own sticks
with you so much more!

F3: ‘While if you do it and see it, I think the concepts
stick with you so much better!

02: ‘Lab is better because at classroom we don'’t
have the material for doing the activities.

M5: 1 like the practicums. We do things so you can
actually see them. They come up to you and explain,
“This is how pulsis works; take a look at the blood,
which type is it? These are things that are really
memorable’



Sanchez et al. BMC Medical Education (2022) 22:748

However, while students may show these active behav-
iors, it does not necessarily mean that significant changes
are occurring at the cognitive level, as we also confirmed
in the verbatim:

F1: T'm talking about something like my last degree
program, where you would go to the lab and theyd
say, ‘make aspirin! Something really traditional. You
follow the instructions and afterwards, what have
you learned? Nothing, because it’s like making cook-
ies. You're following a recipe: 1 did this, this, and
this. Hey what did you do? I don’t know, let me check
the recipe!But if the interaction is: “What would you
do or how would you do it’ your brain has to work
and if you do it, you understand so much more!

In fact, these situations are commonly found in most sci-
ence practical activities. Students are given to follow a
specific laboratory protocol, but that doesn’t mean that
they are integrating or applying the relevant concepts
[28]. In this sense, methodologies such as WSLA may
provide students with the opportunity to design activities
in collaboration with others and with feedback from the
professor.

Finally, we found that the active mode stands out by
helping students to retain information better and to
integrate new knowledge, thus achieving meaningful
learning. In supporting this, students stated that WLSA
activities helped them significantly:

M1: In the best way, I mean, the idea is to really
understand it because knowing something for a test
is one thing and actually learning it is something else
entirely. I really think that — in my particular case,
of course — integrated activity did help me. I remem-
ber a lot!

M5: T really like it because it helps me lock down
the information and not just memorize something,
regurgitate it on the exam, and forget it (...).

D1: 1 think a 100% it’s far more superior than a
classroom experience. I think you need the classroom
experience to gather the information beforehand
and they also make sure that you get the most out of
your labs, but the lab I think is very, very, important
in your learning and I haven't forgot anything that
I've learned in the labs so far, because you are physi-
cally doing and you learn as you are going along and
I personally hadn’t had a lab experience in my pre-
vious studies, it has always been theory-based and
the lab is something that I enjoy the most; it backs
my understanding more than anything else, and yes,
I remember it more than anything else!

M3: Since I really like to analyze what I'm doing, 1
felt like I internalized everything so much better!
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In summary, by permitting physical manipulation of
material within the learning environment, we conclude
that WSLA provides better understanding of the con-
tent and more effective retention and integration of new
information in knowledge from lectures. These general
student’s perceptions are supported by previous work
published by our research group, as we described that
students understand better those learning objectives
associated with higher levels of cognitive learning in
Bloom’s taxonomy in the context of WSLA methodology
[16].

Constructive
Constructive learning implies that learners generate new
ideas beyond what is provided in materials. Self-explain-
ing, for instance, is an ability of the constructive mode.
To promote this mode, learners need articulating what a
text, a sentence or a physiological process should mean
to students by promoting interpretations that are not
explicitly stated, or by providing them an argumentative
explanation. Both the inferences and the interpretation
the students make from this process should go beyond
the information provided. If the students’ self-explana-
tion is just repeating what they read, then they are not
self-explaining constructively, because no new informa-
tion is provided. Thus, we included in the analysis both
independent study and self-explanation codes to deepen
into the constructive mode.

We found that students believed that prior indepen-
dent work was vital for WSLA activities:

O1: {(..) I always prepare quite a bit for labs,
because I like to feel prepared and be able to partici-
pate and understand even more. I never go having
done zero prep work, and when you've already taken
anatomy, histology, physiology, and the biology you
need to know to be able to internalize everything,
when you've already studied the theory, I think it's
great to internalize it in this way (....)

Jones and Edwards [29] evaluated the efficiency of biol-
ogy students getting ready before a laboratory session.
They demonstrated that better preparation led students
to better performance, as well as better compliance with
professor-designed guidelines, including time manage-
ment. Thus, not preparing for WSLA activities requir-
ing prior knowledge may result from poor self-directed
learning abilities, as shown before [30], which relates
to Weimer’s claim on some students being unable to
direct their own learning [27]. In 2011, Abraham [31]
argued that self-directed learning requires a prepared-
ness dependent upon students’ personal attributes. They
concluded that, although first-year medical students
taking physiology seem to be prepared for self-directed
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learning, specific strategies to improve time management
skills should be implemented [32]. In this sense, the self-
directed learning-based design of WSLA, and assessment
using a pretest, require preparedness for the activity.

In an ICAP framework, self-explanation is part of
constructive learning that leads to new understanding.
Another code of interest found in the verbatim within the
constructive subtheme was self-explanation:

M2: {(...) practicums force me to explain it; I'm one
of those people who when they explain it, they know
it. Even if I wrote it down and understood it, if I
don’t explain it and really see that I understand it, I
don’t. Practicums force me do that!

The constructive learning mode also requires students
to synthesize their own ideas and create something
new, beyond what was provided in the material [5, 33].
Weimer [27] claimed that in order to promote construc-
tivism, the subject content itself should entail students
with learning to learn competences. We found this is
something achieved by WSLA methodology:

D1: T'm learning again how to learn’

M5: ‘because you might not know it very well at the
time, but then you check your notes and say: ‘Oh! I
did this in the lab, obviously, and this was the part
that stayed the clearest, and this one did that) or:
“This is the thing that didn’t turn out right!

The process of reflection involves students’ assessment
of what they do and do not understand over the learn-
ing process. That reflection means this knowledge can
be applied in different contexts, entailing interpretation
and generation of new understanding. Thus, according to
the verbatim, we may conclude that students noticed that
reflection process after WSLA activities. Interestingly,
the verbatim also suggested students felt they learn best
when they use the WLSA methodology as it may gener-
ate deep learning:

M1: In the best way, I mean, the idea is to really
understand it because knowing something for a test
is one thing and actually learning it is something else
entirely. I really think that — in my particular case,
of course — integrated activity did help me. I remem-
ber a lot!

M2: 1 really learned a lot with the integrated activi-
ties, and you're not all that aware of it until you take
the exam!

M5: And I think that’s the problem: they don’t
understand things, they’re stuck with the traditional
method, which is understandable, it's been done
for so long, but I really think that the workstations
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helped me to say: ‘Okay, MS, time to shift the mind-
set. You can'’t just memorize it and regurgitate it
because you just can’t. That time has passed.

Although the concept of deep learning in higher educa-
tion is not new, in order to better interpret these state-
ments, it may be important to clarify what surface and
deep learning means from an historical perspective.
When Marton introduced the concept, he proposed
learning has to be described in terms of the content that
is learned and so described two levels of learning pro-
cessing: the superficial and the deep [34]. For example,
in Physiology teaching, the superficial approach would
describe the facts of a physiological process. Instead, a
deep approach would focus on the mechanisms. Biggs
presented a theory of learning based on the importance
of students becoming aware of their own learning pro-
cesses [35]. This yielded to the concept of meta-learning
as a model in which the relationships between personal
factors, the situational context and the quality of the
results are all mediating the learning capacity of the stu-
dents. Thus, learner-centered activities more likely take
students to deeper levels of understanding [36, 37], as it
occurs in WSLA.

As shown above, we found all these reflections in the
verbatim. As already noted Biggs, Entwistle. Ramsden
and Tagg [25, 35, 38, 39], students generally agreed that
deep learning is represented by a personal commitment
to understand the material. Students using ‘surface-level
processing’focus on the substance of information and
emphasize memorization techniques [35, 38]. In contrast,
students using ‘deep-level processing’ look for the under-
lying meaning of the information. We found evidence of
this in the students’ statements regarding the use of vari-
ous strategies such as reading widely, combining a variety
of resources, discussing ideas with others, reflecting on
how individual pieces of information relate to larger con-
structs, and applying knowledge in the WSLA situation.
Another characteristic of deep learning is integrating and
synthesizing information with prior learning in ways that
become part of one’s thinking from different perspec-
tives [10]. In fact, this approach is quite well embedded
with the ICAP which has been used as a framework in
our research. Thus, when students spend a prolonged
amount of time on an activity that may seem challeng-
ing, they are required to work independently beforehand
to then integrate knowledge with that emerging from the
workstations, leading to deep learning and higher-order
thinking.

Interactive

Finally, reflections about the interactive learning mode
were also extracted from our analysis. WSLA workstation
activities are designed for students to discuss the learning
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outcomes worked on in each session. In order for the dis-
cussion to be effective, these conversations must spark
an interactive debate. The quality of student conversa-
tions increases in interactive learning when they have
done self-directed tasks prior to the activity [39]. In most
cases, the substantiality of the conversations will there-
fore be directly proportional to self-directed learning. We
found evidence of the constructive mode of learning in
the students’ verbatim:

M2: (...) For example, one person understands the
theory perfectly, sees the question and says, ‘It’s this,
and another person disagrees saying: ‘No, because it
might actually be that’ and it gets really convoluted.
Another person says, ‘Well, we should do it like this,
and another one goes, ‘Explain it to me. So, even
though it may not seem like it, in the end we all have
such a better understanding. We see all the possibili-
ties of how it could have gone and why x wasn’t the
answer, it was y. You really understand it so well

As defined by Chi and Wylie [5], we considered an
interactive learning mode when the following two cri-
teria were met: (a) dialogs between students must be
constructive, so that new ideas should stem from these
dialogs, and (b) all students should contribute to discus-
sion so that ideas emerge at the group level. According
to the verbatim, students felt that this form of interaction
improved their understanding, so that learning is trans-
formative and meaningful. Along this line, a number
of authors including Wells [40], have focused on the
language of these interactions as a central part of the
teaching-learning process. Some of these principles of
interactive mode can be extracted from our students’
comments:

M4: I think that it’s really important to work with a
group like you: that wants to learn; I really felt that
when I was able to choose my group, I mean, I pick
the people I want to work with (...) generally they’re
people who are there to learn and get something
out of the practicum (...) when you work in a group,
everyone explains their ideas. You might feel very
strongly about your viewpoint, but when you see it
from someone else’s you go, ‘Wow! I hadn’t noticed
that, You know? It’s not just the work at the worksta-
tions and that they make you create a thought pro-
cess, but also that you see your classmates’ ideas and
say, T never would have thought of it that way. That
never would have occurred to me!

M3: ‘Something that I really liked is when we were sepa-
rated into groups. That encourages teamwork, because
youre not only doing the activity, but also exchanging
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information with others and seeing what they think. I
think that’s really valuable’

D1: “When it comes to learning and retaining informa-
tion I find that individually I would second guess myself
more and I would not be 100% sure of what I was get-
ting right whereas if I was in a group, people look at the
same information from different angles and I think that’s
important in retaining your information as well, when it
comes to retaining information group work is maybe a
little better’

In agreement with ICAP, we found that students con-
sider that learning slows when these dialogs are not equi-
table or constructive at the group level:

F1: Your classmates are more important than the
professor, because it’s not the same to have a class-
mate who doesn’t care, who's just going through the
motions, and one who really goes, ‘Hey! Check this
out!.

M3: “There are people who don’t take the activity
as seriously and, since we're in groups, that creates
space for dispersion among groups. Then people are
like, ‘Um, I don’t know what to do,and they waste
time (...).

M4: (...) I think it’s really interesting, but only when
there are people who want to participate, because
you can have people who say, ‘Okay. Let’s just fill in
the paper and go home.So, it's really important in
my opinion’

Another important aspect of the interactive mode is that
students appreciate that conversations with their pro-
fessors are enriching [33]. In fact, the final phase of the
WSLA methodology, the debriefing, targets this aspect
specifically:

M2: ‘Yes, the way I remember it, the entire class was
led by the professor. And that’s also great, because
when you've made an effort to learn something and
suddenly understand it and you share it with the
whole class it’s like, “Wow! I can do this!

M3: “Then each student has the opportunity to share
and say, ‘Look, I think it’s this, and then you debate
the differences of opinion and stuff, and its really
nice, and the professors answer questions (...).

F2: T love the discussion. I really like the conversa-
tion’

Here, feedback can be understood as a corrective tool, in
which the teacher holds the position of expert by provid-
ing information to a passive recipient (the student), or it
can be considered a tool for guidance wherein the pro-
fessor also learns from the student through dialog and
shared experiences guiding them towards meaningful
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knowledge [41]. This approach is in line with the interac-
tive framework, as feedback implies comments and sug-
gestions to allow students to make their own revisions
and the dialog helps them generate new knowledge [42].

Taken together, our assessment of students’ percep-
tions confirms that WSLA is positive for their learning
when dialog is interactive, constructive, and equal for
all group members. Thus, the WSLA methodology pro-
vides the necessary framework to promote the student’s
engagement with the learning material, through equi-
table dialog established student-to-student and student-
to-professor, based on which more meaningful learning
flourishes.

Inductive themes

Having reported results obtained from the deductive
themes, we now describe data extracted inductively.
Three inductive themes spontaneously emerged from the
interview analysis: environment, time and applying the
knowledge. Since these themes were not initially inte-
grated in the design, we consider useful reporting how
many students supported each of them to provide a bet-
ter assessment of their relative importance.

Environment

With regard to the learning environment, 5 out of 12 stu-
dents perceived different learning environments based
on the WSLA they participated. Students associated tra-
ditional classes with a learning environment, and WSLA
with another context. Everything entailing a physical
interaction with the WSLA material was associated with
laboratory work, as these students stated:

M2: T really like my classes and I almost prefer that
the integrated activities are integrated laboratory
activities, because we have a mental separation of
spaces: class is class, and we need to be quiet there,
and it goes from this time to that time, and if we
have a practicum, it’s a practicum, so we have that
dynamism, our routine, our roadmap, etc’

D1: ‘Somehow it does make a difference being in the
lab:

The learning environment can be defined as the work-
load, the methodology, and the structure of the course
[6]. It is correlated with academic performance and
learning effectiveness. Various studies have confirmed
that the student learning results and their own learn-
ing strategies are correlated with the student percep-
tions [43, 44]. Aghamolaei et al. [45], claim that ‘the
educational environment influences how, why, and what
students learn’ and they argue that the physical environ-
ment is one of the main determinants of the learning pro-
cess. Critically, the learning environment influences the
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student commitment to the material, their motivation,
and outcomes [7, 46—48]. Students perceive the environ-
ment as a determining factor for their own behavior [49],
while Modell [50] posits that active learning environ-
ments need to be simulated so that students get involved
in their own learning. This is exactly where WSLA seems
to act to provide with environmental frameworks for the
students to learn actively. The analysis of the verbatim
effectively confirms that the WSLA environment was
decisive for their achievements.

Time
Time was another theme emerging spontaneously in the
verbatim in 2 out of 12 students:

M2: (...) I think it is important to prepare before-
hand, because we don’t have all the time in the
world and we shouldn’t, to go back to the drawing
board and try to understand it from the beginning. I
think the work done before the practicum is also very
important to ensure we really make the most of it!
M1: ‘Integrated activities don’t have much time for
students to really figure out each and every one of
the workstations (...)!

From these statements, it can be surmised that the stu-
dents who failed to properly prepare themselves before
WSLA might waste a lot of time trying to connect the
new information with prior knowledge. That would
result in deviating their attention from what the WSLA
is actually offering [29]. Weimer [27] suggests that course
content should not be treated as a goal, but rather as the
vehicle for students to learn how-to-learn and to develop
time management and study skills, among other things.
Thus, this suggests that the professors running WSLA
activities should be very explicit for the need of prepa-
ration. Remarkably, this theme is associated with the
constructive commitment mode, where self-directed
learning done before sessions is crucial.

Applying knowledge

The third inductive theme that arose from the interviews
is applying knowledge. Six out of 12 students discussed
the importance of both receiving theoretical content and
applying it subsequently in a laboratory practicum for
more effective learning:

F2: T remember the theory because I studied it, but
as time goes by I have to think about it to remember,
while the practicum material is more ingrained.

F3: T understood the theory we looked at because I
was able to apply it!
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Anwar [46] recognizes the effectiveness of including a
variety of sessions and teaching techniques to capture
attention. In fact, the different learning environments
(classroom, laboratory) should be designed based on
learning outcomes. For their part, students need to build
higher-order thinking models to gain a deeper under-
standing of the material. A practicum is more appropri-
ate for higher-order thinking outcomes requiring the
application of knowledge to a real-life simulated situation
as it is the case for the WSLA session. That is why one
effective alternative is to use multiple teaching and learn-
ing approaches to ensure they keep students motivated
and interested [51].

Importantly, we also found students valued background
knowledge:

O1: 1 think I prefer having at least some background
knowledge so I can formulate ideas and have a bet-
ter understanding of how it works. That's my prefer-
ence, but I don’t think it's bad for you to learn those
things straight from the lab’

M2: 1 think there needs to be a time when I'm tak-
ing notes listening to the professor without my com-
puter, and then the practicum. I think we need both,
because leaving us all on our own is very, very risky!

We found this inductive theme to be strongly associated
with the constructive and the integrative mode of learn-
ing discussed as part of the inductive approach.

Conclusion

Using a qualitative approach, we confirmed the hypothe-
sis that WSLA activities may be framed within the active,
constructive, and interactive modes of the ICAP model.
Remarkably, an inductive analysis allowed us to conclude
that not only the activity type determines the learning
mode, but that the environment accompanying WSLA
is a determining factor. Thus, by controlling the learn-
ing environment, student characteristics and the specific
and general organizational aspects of WSLA sessions all
may lead to deep, transformative, meaningful basic sci-
ence learning for Health Sciences students. Our work
thus highlights the educational strengths of the WSLA
approach framed within ICAP, which can be exploited to
promote active, constructive and interactive engagement
of students with their own learning process.

Finally, it is important to note that one limitation of
our study is that it relies mostly on students’ testimoni-
als after WSLA was practiced. Future research may thus
include structured classroom observations during activi-
ties designed with the WSLA methodology, to provide
additional evidence of the educational value of framing
WSLA in the ICAP framework. In fact, we have already
obtained some preliminary data that point out those
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students who interact more and in a symmetric way, are
those who perceive they learn in a deeper and meaning-
ful way.
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WSLA Workstation learning activities
TBL Team Based Learning

Acknowledgements
We thank the students who participated in the interviews for their
contribution.

Authors’ contribution

ML and BG designed the study. JS and ML performed the interviews. JS and
CA analyzed data. All authors contributed to a first version of the paper. BG
curated and wrote the final version.

Funding
This work was supported by the Wilson Award project (UEM/OTRI/2018/11).

Declarations

Ethics approval and consent to participate

All methods were carried out in accordance with relevant guidelines and
regulations. Ethics approval and consent to participate was obtained for this
study (CIPI/011/18) and approved by the Universidad Europea de Madrid
Ethics Committee. All participating students (over 18 years old) signed a
document explaining the aims of the study and guaranteeing anonymity, and
explicitly declared their consent to publication of results. Informed consent
was obtained from all subjects.

Consent for publication

Not applicable Availability of data and materials. The datasets generated and/
or analysed during the current study are not publicly available due European
data protection policy but are available from the corresponding author on
reasonable request.

Competing interests
No competing interest to declare.

Received: 30 March 2022 / Accepted: 4 October 2022
Published online: 31 October 2022

References

1. Bonwell C, Eison J. Active Learning: Creating Excitement in the Classroom.
1991 ASHE-ERIC Higher Education Reports. 1991.

2. Fredricks JA, Blumenfeld PC, Paris AH. School engagement: Potential of the
concept, state of the evidence. Rev Educ Res. 2004;74(1):59-109.

3. Reeve J.How students create motivationally supportive learning environ-
ments for themselves: The concept of agentic engagement. J Educ Psychol.
2013;105(3):579-95.

4. Graffam B. Active learning in medical education: Strategies for beginning
implementation. Med Teach. 2007;29(1):38-42.

5. Chi MTH, Wylie R. The ICAP Framework: Linking Cognitive Engagement to
Active Learning Outcomes. Educ Psychol [Internet]. 2014 Oct 2;,49(4):219-43.
Available from: https://doi.org/10.1080/00461520.2014.965823.

6. Brown SJ, Power N, Bowmar A, Foster S. Student engagement in a Human
Anatomy and Physiology course: A New Zealand perspective. Adv Physiol
Educ. 2018;42(4):636-43.

7. Hopper MK, Kaiser AN. Engagement and higher order skill proficiency of
students completing a medical physiology course in three diverse learning
environments. Adv Physiol Educ. 2018;42(3):429-38.

8. Schunk DH, DiBenedetto MK. Motivation and social cognitive theory.
Contemp Educ Psychol [Internet]. 2020,60(December 2019):101832. Available
from: https://doi.org/10.1016/j.cedpsych.2019.101832.


http://dx.doi.org/10.1080/00461520.2014.965823
http://dx.doi.org/10.1016/j.cedpsych.2019.101832

Sénchez et al. BMC Medical Education

18.
19.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

(2022) 22:748

Berkhout JJ, Helmich E, Teunissen PW, van der Vleuten CPM, Jaarsma ADC.
Context matters when striving to promote active and lifelong learning in
medical education. Med Educ. 2018;52(1):34-44.

Greene BA. Measuring Cognitive Engagement With Self-Report Scales: Reflec-
tions From Over 20 Years of Research. Educ Psychol. 2015;50(1):14-30.
Michael J. Where's the evidence that active learning works? Am J Physiol -
Adv Physiol Educ. 2006;30(4):159-67.

Barr ML. Encouraging College Student Active Engagement in Learning: The
Influence of Response Methods. Innov High Educ. 2014;39(4):307-19.

Chi MTH, Adams J, Bogusch EB, Bruchok C, Kang S, Lancaster M, et al.
Translating the ICAP Theory of Cognitive Engagement Into Practice. Cogn Sci.
2018;42(6):1777-832.

Meguid EA, Collins M. Students’ perceptions of lecturing approaches: tradi-
tional versus interactive teaching. Adv Med Educ Pract. 2017;8:229.
Gonzélez-Soltero R, Learte AIR, Sdnchez AM, Gal B. Work station learning
activities: A flexible and scalable instrument for integrating across basic
subjects in biomedical education. BMC Med Educ. 2017;17(1):1-8.

Sénchez J, Andreu-Véazquez C, Lesmes M, Garcia-Lecea M, Rodriguez-

Martin |, Tutor AS, et al. Quantitative and qualitative evaluation of a

learning model based on workstation activities. PLoS One [Internet]. 2020
Aug 5;15(8):¢0236940. Available from: https://doi.org/10.1371/journal.
pone.0236940.

Krouska A, Troussas C, Virvou M. Computerized Adaptive Assessment Using
Accumulative Learning Activities Based on Revised Bloom's Taxonomy:
Proceedings of the 12th Joint Conference on Knowledge-Based Software
Engineering (JCKBSE 2018) Corfu, Greece. In 2019. p. 252-8.

Thorne S. Applied interpretive approaches. Oxf Handb Qual Res. 2014;99:115.
Morgan DL. Paradigms lost and pragmatism regained: Methodological impli-
cations of combining qualitative and quantitative methods. J Mix Methods
Res. 2007;1(1):48-76.

Sandelowski M. What's in a name? Qualitative description revisited. Res Nurs
Health. 2010;33(1):77-84.

Campbell S, Greenwood M, Prior S, Shearer T, Walkem K, Young S, et al.
Purposive sampling: complex or simple? Research case examples. J Res

Nurs [Internet]. 2020 Jun 18;25(8):652-61. Available from: https://doi.
0rg/10.1177/1744987120927206.

Braun 'V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol.
2006;3(2):77-101.

Demirdren M, Turan S, Oztuna D. Medical students'self-efficacy in problem-
based learning and its relationship with self-requlated learning. Med Educ
Online. 2016;21(1).

Covill AE. College students’ perceptions of the traditional lecture method.
Coll Stud J. 2011;45(1):92-102.

Entwistle N. Promoting deep learning through teaching and assessment:
conceptual frameworks and educational contexts. Oct;; 2003.

Wright GB. Student-centered learning in higher education. Int J Teach Learn
High Educ. 2011;23(1):92-7.

Weimer M. Learner-centered teaching: Five key changes to practice. John
Wiley & Sons; 2002.

McDonnell C, O'Connor C, Seery MK. Developing practical chemistry skills by
means of student-driven problem based learning mini-projects. Chem Educ
Res Pract. 2007;8(2):130-9.

Jones SM, Edwards A. Online pre-laboratory exercises enhance student
preparedness for first year biology practical classes. Int J Innov Sci Math Educ.
2010;18(2):1-9.

Alaagib NA, Musa OA, Saeed AM. Comparison of the effectiveness of lectures
based on problems and traditional lectures in physiology teaching in

Sudan. BMC Med Educ [Internet]. 2019;19(1):365. Available from: https://doi.
0rg/10.1186/512909-019-1799-0.

Abraham RR, Fisher M, Kamath A, Izzati TA, Nabila S, Atikah NN. Exploring
first-year undergraduate medical students'self-directed learning readiness to
physiology. Am J Physiol - Adv Physiol Educ. 2011;35(4):393-5.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

Page 11 of 11

Fu X, Wu X, Liu D, Zhang C, Xie H, Wang Y, et al. Practice and exploration

of the “student-centered” multielement fusion teaching mode in human
anatomy. Surg Radiol Anat [Internet]. 2022;44(1):15-23. Available from:
https://doi.org/10.1007/500276-021-02866-8.

Wiggins BL, Eddy SL, Grunspan DZ, Crowe AJ. The ICAP Active Learning
Framework Predicts the Learning Gains Observed in Intensely Active Class-
room Experiences. AERA Open. 2017;3(2):233285841770856.

Marton F, Saljo R. On qualitative differences in learning: I. Outcome and
process. Br J Educ Psychol. 1976;46(1):4-11.

Biggs JB. Student Approaches to Learning and Studying. Research Mono-
graph. ERIC; 1987.

Ernesto JV, Machado DS, Lellis-Santos C. The presidential election of the
human body: applying contextual learning to promote connections
between the student and the curricular content. Adv Physiol Educ [Inter-
net]. 2022 Jan 13;46(2):228-32. Available from: https://doi.org/10.1152/
advan.00212.2020.

Ballouk R, Mansour V, Dalziel B, McDonald J, Hegazi |. Medical students’
self-regulation of learning in a blended learning environment: a systematic
scoping review. Med Educ Online [Internet]. 2022;27(1):2029336. Available
from: https://doi.org/10.1080/10872981.2022.2029336.

Ramsden P. Learning to Teach in Higher Education. http://Ist-iiep.iiep-unesco.
org/cgi-bin/wwwi32.exe/[in=epidoc1.in]/?t2000=024688/(100). 2003;40.
Tagg J. The learning paradigm college. MA: Anker Publishing Company
Bolton; 2003.

Wells G. Dialogic inquiry in education. Vygotskian Perspect Lit Res.
2000;51-85.

Evans C. Making sense of assessment feedback in higher education. Rev Educ
Res. 2013,83(1):70-120.

Archer JC. State of the science in health professional education: effective
feedback. Med Educ. 2010:44(1):101-8.

Church MA, Elliot AJ, Gable SL. Perceptions of classroom environ-

ment, achievement goals, and achievement outcomes. J Educ Psychol.
2001;93(1):43-54.

John CK. Perception of classroom environment, achievement goals, and strat-
egy use among Hong Kong students. 2006;(November):1-18.

Aghamolaei T, Shirazi M, Dadgaran |, Shahsavari H, Ghanbarnejad A. Health
students' expectations of the ideal educational environment: a qualitative
research. J Adv Med Educ Prof. 2014 Oct;2(4):151-7.

Anwar F. Activity-Based, Teaching. Student Motivation and Academic
Achievement. J Educ Educ Dev. 2019;6(1):154-70.

Kember D, Ng S, Tse H, Wong ETT, Pomfret M. An examination of the interrela-
tionships between workload, study time, learning approaches and academic
outcomes. Stud High Educ. 1996;21(3):347-58.

Lizzio A, Wilson K, Simons R. University students' perceptions of the learning
environment and academic outcomes: implications for theory and practice.
Stud High Educ. 2002,27(1):27-52.

Genn JM. AMEE Medical Education Guide No. 23 (Part 1): Curriculum, environ-
ment, climate, quality and change in medical education-a unifying perspec-
tive. Med Teach. 2001;23(4):337-44.

Model HI. Preparing students to participate in active learning environment.
1996;(1).

Rehan R, Ahmed K, Khan H, Rehman R. A way forward for teaching and
learning of Physiology: Students' perception of the effectiveness of teaching
methodologies. Pakistan J Med Sci. 2016;32(6):1468-73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


http://dx.doi.org/10.1371/journal.pone.0236940
http://dx.doi.org/10.1371/journal.pone.0236940
http://dx.doi.org/10.1177/1744987120927206
http://dx.doi.org/10.1177/1744987120927206
http://dx.doi.org/10.1186/s12909-019-1799-0
http://dx.doi.org/10.1186/s12909-019-1799-0
http://dx.doi.org/10.1007/s00276-021-02866-8
http://dx.doi.org/10.1152/advan.00212.2020
http://dx.doi.org/10.1152/advan.00212.2020
http://dx.doi.org/10.1080/10872981.2022.2029336

	﻿Work station learning activities (WSLA) through the ICAP framework: a qualitative study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Results and discussion
	﻿Deductive themes
	﻿Passive
	﻿Active
	﻿Constructive
	﻿Interactive


	﻿Inductive themes
	﻿Environment
	﻿Time
	﻿Applying knowledge
	﻿Conclusion
	﻿References


