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ABSTRACT
In the rapidly evolving landscape of engineering education, the shift toward online and hybrid lab formats requires a critical

examination of their impact on students' learning experiences. This study investigates the experiences of 82 students in a logic

control course with campus, remote, and simulation labs, through the lens of the Community of Inquiry framework. Although

our qualitative thematic analysis confirms students' general preference for campus labs, we extend this observation through

nuanced insights into the cognitive, teaching, and social elements of students' perceptions of their learning experiences in the

different lab formats. Students appreciate the increased accessibility and flexibility of remote options, while also identifying

challenges and limitations for cognitive engagement, instructional support, and social connection. Our results suggest that with

targeted improvements, online and hybrid labs can enhance students' learning experience considerably, particularly if inte-

grated purposefully with campus labs. We discuss theoretical and practical key implications for designing blended lab

environments.

1 | Introduction

In contemporary engineering education, labs are central
learning activities that offer opportunities for students to
connect theories and concepts with observations of phe-
nomena [1]. Labs have important merits for practical skills
training such as the opportunity to handle real equipment and
collaborate with teachers and students on site. However,
campus labs typically are expensive, have time and access
restrictions and raise safety concerns [2]. Fueled by techno-
logical advancements, educators therefore have experimented
with different forms of online labs as potentially valid sup-
plements or alternatives [3]. Online labs hold particular
promise in addressing these challenges, as they can provide
more flexible access, reduce costs, enable safe experimenta-
tion, and allow for scalability [2, 4, 5], supporting diverse

learning needs and fostering innovative approaches to en-
gineering education.

Although this has attracted a substantial amount of scholarly
work, more recent studies have identified considerable gaps and
shortcomings in our understanding of online labs as educa-
tional activities. Post et al. [4] critically observe in their review
that scholars have predominantly focused on presenting the
technical details of online lab setups and that examinations of
educational benefits and drawbacks have been superficial.
Studies evaluating online lab formats have also been criticized
for their predominant focus on cognitive learning outcomes [6]
and content knowledge lacking diversity in theoretical and
methodological approaches [7]. Even though focusing on aca-
demic achievement and other valued learning outcomes has a
longstanding tradition in science education evaluation and
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research, it alone cannot provide a comprehensive under-
standing of the educational process [8]. May et al. [9] conclude
that much of the online lab research so far has only reinforced
the point that technology does not directly affect learning. Thus,
there is an ongoing need to study online labs from different
theoretical and empirical perspectives, including combinations
of different lab modalities [6] as well as “individual experiences,
the role of personal characteristics or environments that af-
forded social learning, including interactions with faculty or
teaching assistants” [7].

This paper builds on Fraser's notion that students have a large
stake in what happens to them, and their reactions to and
perceptions of their learning experiences are significant and
important parameters of the social and psychological dimen-
sions of learning environments [8]. We attempt to contribute to
the scholarly discourse about online labs by examining student
perceptions in a project‐ and team‐based lab course in logic
control at a Swedish technical university. In this course, stu-
dents conduct campus labs as well as simulations and remote
labs, that is, online labs, in project pairs, with and without the
teacher's presence. This empirical setup provides us with the
opportunity to study student perspectives of different lab for-
mats within the same course.

To address the multi‐dimensionality of student perceptions, we
use the Community of Inquiry (CoI) [10] as a conceptual
framework providing the theoretical and analytical basis for this
study. The CoI framework revolves around forming an educa-
tional CoI, comprising students and teachers with a shared
objective, engaging in an inquiry process to develop and enrich
knowledge using deep, meaningful, individual, and collabora-
tive methods [11]. When learners are engaged in (and can
create) an interactive and inquiry‐based online learning en-
vironment, the CoI framework offers a valid way of under-
standing learners' experiences of the learning process. The CoI
framework offers a comprehensive exploration in capturing
the learning experiences from three different dimensions
(cognitive, social, and teaching), which are all relevant to cre-
ating high‐quality educational experiences. By analyzing stu-
dents' reflective writings after the course, we aim to provide
more nuanced insights into the cognitive, teaching, and social
elements of students' learning experiences in hybrid and online
lab training. The research question, examined in light of the
three elements within the CoI framework, is as follows:

How do engineering students perceive the cognitive, teaching,
and social elements of their learning experiences in a logic
control course with a combination of campus labs, remote labs,
and simulations?

Before presenting our methodology and results, we continue
with a broad review of prior research on online labs, followed
by a more detailed introduction of the CoI framework.

2 | Prior Research

Previous research on lab sessions in engineering education has
employed a wide range of terminologies to describe different lab
formats. These terms include physical labs [4], traditional labs

[12], hands‐on labs [13, 14], real labs [2], remotely operated labs
[13], simulated labs [13, 14], and virtual labs [2]. To address this
terminological ambiguity, this study adopts standardized
vocabulary for the different types of lab formats. With “campus
lab,” we refer to traditional lab facilities where students par-
ticipate on campus. “Online lab” is used as an umbrella term,
where the literature generally distinguishes two types: remote
labs and simulations [15]. “Remote lab” is used to represent
real‐life experimental setups controlled remotely via the
internet—either directly or via instructions to staff on site.
“Simulations” are software‐based lab environments replicating
real experiments. Finally, the term “hybrid lab” has typically
been employed in literature to refer to setups with different lab
formats in terms of their nature, like remote labs and simula-
tions [16, 17], or campus labs and simulations [18]. However, in
this study, the setup involves diverse lab formats not only in
nature, but also in location, such as campus or online. There-
fore, to avoid confusion, we use “hybrid” to denote a mix of lab
formats across locations, that is, campus and online labs, and
we use “blended” instead to describe a mix of lab formats dif-
fering in nature, such as simulations, campus labs or
remote labs.

Several studies have identified potential benefits of remote labs
and simulations. Foremost, as low‐cost alternatives to campus
labs, they are flexible as they can be accessed whenever or
wherever by students [2, 4]. Increased efficiency via remote labs
can be achieved through nonstop scheduling throughout
the day, less or no setup time of equipment, or distance support
from teachers, enabling them to simultaneously supervise sev-
eral groups of students [4]. Furthermore, the benefits of simu-
lations include simplified maintenance [19], resistance to
damage, easy creation of multi‐component experiments, and
possibility to modify parameters that are hard to change in a
real system [5]. Thus, students can repeat experiments at their
own pace, mistakes are easily fixed, and results are guaranteed
[20]. Additionally, several students can use the same virtual
equipment at the same time [5]. Remote labs and simulations,
despite distance, encourage peer interaction as they make
remote collaboration among students possible [2].

Scholars have also pointed out some of the drawbacks of online
labs. Simulations have been criticized because of their lack of
real‐life feeling and that they seldom create awareness about
health and safety issues [19]. Due to the virtual nature of the
learning environment, students can be less serious, responsible,
and careful when learning in simulations [5]. There also exists a
risk of oversimplifications [19]. Data generated in simulations
often lacks variation, which may result in students not gai-
ning experience of analyzing or interpreting incorrect or
uncharacteristic data [21]. Similarly, critiques of remote labs
argue that most remote labs hardly offer a realistic lab en-
vironment, apart from having access to real measurement data,
students have the same feeling as performing a simulation [2].
Though online labs are unlikely to replace campus labs com-
pletely, the online learning experience can be improved through
more careful design and coordination of group and individual
activities [13]. Teacher support is essential to facilitate students'
learning experiences in online labs, however, organizing lab
activities within remote instructional contexts can be chal-
lenging for the teacher [22].
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The complementary combination of various lab formats
requires further exploration, given that different lab types pos-
sess distinct strengths and weaknesses [9]. Among the few
studies in this area, [18] and [17] have both found promising
results in terms of skill development and student learning ex-
perience when combining simulations with campus or
remote labs.

Finally, the social dimension of learning in engineering lab
environments is under‐researched and requires more in‐depth
investigations [6]. Student collaboration is generally considered
crucial in modern engineering education [23] and of particular
relevance in online learning [24]. Scholars have since long
called for integrating teamwork and peer interaction as essen-
tial components of online lab settings [14], and studies confirm
the value of collaborative learning, for example, in remote labs
[25, 26]. Explore the integration of desktop‐sharing technologies
to support online lab collaboration.

In sum, while research on online labs has identified several
benefits and drawbacks, gaps remain, particularly regarding the
combination of different lab formats and the social dimension
of learning.

3 | The CoI Framework

The CoI framework is rooted in a social constructivist view of
learning through a sense‐making process of learners' interac-
tions in a social‐cultural context [27]. Drawing upon Dewey's
general scientific reasoning process [28] and the concept of a
CoI initially proposed by [29] and further developed within an
educational context by [30], this framework is a “generic and
coherent structure of a transactional educational experience
whose core function is to manage and monitor the dynamic for
thinking and learning collaboratively” [31]. Specifically, CoI
proposes conditions that structure the process of learning, with
significant applications in online environments. In its original
form, the conditions were conceptualized around three inter-
dependent elements: (1) cognitive presence which outlines the
process of learning and is “the core thinking and meaning‐
making element when participants are engaged in individual
and cooperative practical inquiry” [11]; (2) social presence
which reflects the human experience of learning and is
the degree to which students and teachers “feel socially and
emotionally connected with others in an online environment”
[32]; and (3) teaching presence which is the guidance required
to promote learning and “involves preparing, planning, and
structuring learning activities—monitoring, supporting, and
guiding students' inquiry and directing and leading learning
processes” [11] (see Figure 1). The term “presence” reflects the
connectedness required to form a community [11]. Besides
online learning environments, the CoI framework has also been
established for hybrid learning environments [33].

Since the introduction of the CoI framework, it has gained
considerable attention as a theoretical and methodological
means to understand and facilitate learning experiences in
online learning environments [34] and has been widely used in
online education research. It is argued to account for much of
the complexity of the teaching and learning transaction [35],

appeal to common sense, and practitioners who hope to ratio-
nalize their teaching experiences and provide guidance for
online learning research [36]. However, its application in en-
gineering education is quite new [37]. The majority of studies
using the CoI framework are conducted within social science
education [38], which is potentially due to its particular use-
fulness in disciplines that lack a dominant educational para-
digm [39, 40]. In [41], the investigation of CoI presence in
sciences and humanities disciplines revealed notable differ-
ences. Cognitive presence was more evident in science disci-
plines, while social presence was more pronounced in
humanities disciplines.

Numerous researchers have also explored the connection
between CoI presences and students' perceptions of their
learning experiences. For instance, previous studies have rec-
ognized the three presences as crucial factors influencing stu-
dents' satisfaction [42–49]. The role of social presence for
learning is a particular focus area in CoI research given that this
aspect is often overlooked in online learning environments [50]
and is not known to be the focus in science disciplines [41].
Some studies suggest that it is the most important factor in
online education [51–54]. However, CoI has been criticized for
overemphasizing social presence [55], and substantial research
found that cognitive and teaching presence hold greater
importance compared to social presence [56–59]. Thus, studies
have offered mixed conclusions regarding the importance of
social presence [37]. Together, these findings reinforce the
necessity for further research to understand students' experi-
ences of the three different presences in online environments.

For the current study, we selected the CoI framework because it
provides a holistic lens for examining learning experiences in

FIGURE 1 | The Community of Inquiry framework. Image used

with permission from the Community of Inquiry website and licensed

under the CC‐BY‐SA International 4.0 license (https://

creativecommons.org/licenses/by-sa/4.0/). The original image is

located at https://www.thecommunityofinquiry.org/framework.
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contexts where physical and virtual components merge—such
as our combination of campus labs, remote labs, and simula-
tions. The students (or the student pairs) and the teacher in the
course constitute a CoI as they share common learning objec-
tives and participate in an inquiry process, employing collabo-
rative approaches, making the application of the framework a
promising approach. Although other models exist for analyzing
online learning, CoI's explicit attention to social and teaching
dimensions—alongside the cognitive aspects—makes it partic-
ularly suited for investigating the blended lab context, where
student engagement and teacher facilitation are expected to
play critical roles in successful outcomes.

4 | Methods

4.1 | Research Approach

To examine students' perceptions of their learning experiences
in relation to the different lab formats, we conducted a quali-
tative study, applying CoI as a conceptual framework for
question design and analysis. Through a qualitative approach,
we aimed to capture rich narratives within their contextual
setting [60].

We designed prompts to guide students' short reflective writings
that were voluntarily done at the end of the course. The
prompts were based on the three presences of the CoI frame-
work to elicit insights into students' learning experiences.
Despite this conceptual anchor, the prompts were formulated
openly and consisted mainly of “How” questions (see Appen-
dix A). This approach aimed to collect students' reflections in
their own words to gain rich descriptions and variation in the
responses. We analyzed the students' written reflections using
thematic analysis [61] for “identifying, analyzing and reporting
patterns (themes) within data”.

4.2 | Research Context

This study examines a project‐based course in logic control at
Chalmers University of Technology. The course is given at the
end of the first year of the BSc programs in Electrical

Engineering and Mechatronics Engineering. When the study
was conducted, a total of 94 students were enrolled in the
course. The course has a collaborative setup, where students are
paired to work on one of three project tasks of similar com-
plexity that focus on training programming of microcontrollers
and PLCs (programmable logic controllers), and the use of
electronic components for communication between the two
control systems. The projects are built on students' first‐year
studies such as computer engineering, electric circuits, and C
programming. The course supplements this foundation with
new content via seven 2‐h lectures early in the course and
course literature in form of two compendia, various manuals,
and datasheets.

Students are scheduled for a total of 24 h in the lab for project
work, with attendance mandatory until project completion. Up
to 8 h of mandatory lab time can be attended remotely. Simu-
lation models (Codesys for the PLC part, and Tinkercad for the
Arduino Uno microcontroller and electrical components) are
provided for home preparation as well as 20 h of online sessions
for questions between the scheduled lab times. For the lab
sessions, student pairs chose to participate in one of three for-
mats: (1) both students attend labs on campus, (2) one student
is on campus while the other participates remotely, and (3) both
students attend remotely with the teacher handling the equip-
ment. In format (2), although one student is on campus and the
other participates at a distance, the remote student actively
collaborates with the on‐campus student by providing instruc-
tions and guidance. This allows both students to engage in
problem‐solving and work together. In format (3), the teacher
follows the instructions given by the remotely participating
students, ensuring their active engagement. These interactions
enable remote students to maintain a degree of control and
collaboration rather than being mere observers. Figure 2 ex-
emplifies the setup for one student attending remotely, featur-
ing one webcam (highlighted in yellow) and one conference
microphone (highlighted in red). Communication between
students occurred via Zoom, allowing the on‐campus student to
share their screen and grant control to their remote partner.
The conference microphone facilitated simultaneous interac-
tion with the teacher. Figure 3 demonstrates the setup for both
students attending remotely, utilizing one webcam (highlighted
in yellow) capable of angling to display the breadboard
(highlighted in blue). Through Zoom, the teacher shares their

FIGURE 2 | Lab setup featuring one student present on campus and another participating remotely [62]. The setup includes a webcam

(highlighted in yellow) and a conference microphone (highlighted in red). Communication occurs via Zoom, allowing the on‐campus student to

share their screen and grant control to their remote partner, while the conference microphone enables real‐time interaction with the teacher.

4 of 16 Computer Applications in Engineering Education, 2025
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screen, demonstrates code downloads to the PLC and micro-
controller, and conducts functional tests based on the students'
instructions. The course assessment consists of four parts: a
collaborative project task solved in pairs, a joint written report,
an individual short written test, and a paired oral presentation
of the project.

4.3 | Data Collection

The core of the writing reflection consisted of three parts: (1) a
prompt about the perception of the online learning experiences
with remote labs, (2) a prompt about the perception of the
online learning experiences with simulations, and (3) a prompt
about the perception of online labs in general (see Appendix A
for details). The first two prompts asked students to consider
CoI‐related aspects such as the extent to which the remote setup
enhanced or hindered their learning, the collaboration with
their peers, and their perception of the teacher support.

The reflection sheet with the prompts was distributed to all 94
students in the course in May 2022. Of those, 82 students
submitted their written reflections; we do not have information
about the reasons for nonparticipation. This results in a
response rate of 87%, which is comparatively high for voluntary
self‐reports. The reflections were written in either English or
Swedish, and before the analysis, the authors translated all
Swedish reflections into English. If any ambiguity arose while
reading a translated quote, we double‐checked it against the
original Swedish version.

4.4 | Data Analysis

The students' written reflections were analyzed using thematic
analysis, focusing on iterative and thoughtful engagement with
both the data and the coding process. It is important to note that
although not all students participated in remote labs, they were
all impacted by the hybrid setup of the course. Therefore, we
included the reflections from all students to understand how

the hybrid labs setup influenced their learning experiences.
Two of the authors took the lead in the initial coding process,
systematically reading and coding the data. To ensure a rigor-
ous and collaborative approach, all authors participated in
multiple rounds of back‐and‐forth discussions to refine and
reflect on the codes and review themes. This iterative and col-
laborative approach helped strengthen the analytic process and
aimed to enhance trustworthiness by triangulating perspectives.

As the prompts were based on CoI as a conceptual framework,
the analysis was done along three strands corresponding to the
CoI presences, namely, students' perceptions of: (1) conducting
remote labs and simulations, (2) the support provided by
teachers, and (3) the collaborative setup. We relate the first
strand to cognitive presence, as it captures students' reflections
on how the setup facilitated or hindered their learning pro-
cesses and engagement with the course content. The second
strand directly maps onto teaching presence, reflecting students'
experiences of teacher guidance and facilitation. The third
strand aligns with social presence, focusing on students' inter-
actions and collaboration with peers.

For the thematic analysis within each strand, we adhered to the
six phases of thematic analysis outlined by [61, 63]: (1) famil-
iarizing oneself with the data set, (2) coding, (3) generating
initial themes, (4) developing and reviewing themes, (5) refin-
ing, defining and naming themes, and (6) writing up. To illus-
trate our approach, we provide an example of our analytical
process based on this example quote from the student
reflections:

I find it difficult to have a functioning collaboration with

my lab partner. The one attending in person gets a

heavier load.

We began by reading the text multiple times to familiarize
ourselves with it. Next, we assigned code labels to the data and
generated initial themes, such as “imbalanced workload distri-
bution.” When all student writings were coded, we had a list of
the different themes identified across the student writings. After

FIGURE 3 | Lab setup featuring both students participating remotely [62]. The setup includes a webcam (highlighted in yellow) angled to display

the breadboard (highlighted in blue). Through Zoom, the teacher shares their screen, demonstrates code downloads to the PLC and microcontroller,

and conducts functional tests based on the students’ instructions.
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several iterative rounds of refinement and recoding, we then
began to consider how these various themes could be grouped
into overarching CoI dimensions relevant to our research
question. In the example provided, we categorized the gener-
ated theme under the collaborative setup dimension. Then, we
moved to the next phase, where we assessed whether there was
sufficient cohesion within the data to support each theme and
whether the identified themes captured the most important
aspects of the data in relation to the research question. Fol-
lowing this, the themes were refined where necessary. Finally,
we proceeded to the last step, where we composed the article,
providing quotations to support the credibility of our find-
ings [64].

5 | Results

In the thematic analysis along three strands corresponding to the
CoI presences, we examine students' perceptions of their learning
experiences of using remote labs and simulations and their
general attitudes to online labs. To present a clear overview, we
organized the results into five tables. Four of them (Tables 1, 2, 4,
and 5) address the students' reflections on cognitive and social
presence in remote labs and simulations. Table 3 presents stu-
dents' perspectives on teaching presence, as the student reflec-
tions in this dimension addressed mostly the whole course. Each
table includes our explanations of the themes alongside
example quotes. After each table, we provide a brief recap of the
results, summarizing and reflecting on the key insights captured
in the table.

5.1 | Cognitive Presence: Conducting Remote
Labs and Simulations

Students widely appreciated the remote lab option for its ease of
access and flexibility, particularly in situations where illness or
limited campus access might otherwise impede their progress
(see Table 1). They emphasized that the ability to continue
working off‐campus maintained their engagement with the
course material despite external constraints. At the same time,
many students stressed that remote labs served best as a com-
plement rather than a full replacement for hands‐on experi-
ences in campus labs. Although remote setups offered
convenience, the tactile and visual dimensions of physically
handling equipment were still viewed as fundamental to deeper
understanding.

However, the remote environment also introduced drawbacks.
A notable physical disconnect arose from being unable to see or
handle the equipment directly, which some students found to
be a significant barrier to interpreting real‐world signals and
nuances. This challenge was compounded by visual difficulties,
hindering precise observation of on‐site processes. Further-
more, technical difficulties—including system malfunctions
and connectivity interruptions—occasionally disrupted stu-
dents' learning flow.

Students generally found simulations to be an effective tool for
deepening their understanding of the course material (see
Table 2). They appreciated the risk‐free environment, where
repeated, low‐consequence experimentation enabled them to

TABLE 1 | Cognitive presence in remote labs: themes, theme explanations, and example quotes.

CoI dimensions Themes Theme explanations Example quotes

Conducting online
labs (cognitive
presence)

Ease of access,
continued learning,

flexibility

Students' positive perceptions of
remote labs were often attributed to
the ease of access. The remote labs
enabled students to continue their
studies even when they were unwell
or could not physically access campus

facilities.

I think it has worked very well with a
mix of distance and home lab. It

gives greater freedom how the work
should be set up in terms of time. It is
also positive to be able to participate
if you experience symptoms of illness

but are not so ill.

A complement to
campus labs

Students regarded remote labs as a
complement rather than a

replacement for on‐campus labs.

Remote labs are a good jumping off
point for studies in‐person labs. They
can never replace the in‐person labs.

Physical disconnect The lack of direct physical access to
the lab was perceived as an obstacle
by participants, with some expressing
a tangible sense of disconnect in the

remote environment.

They [remote labs] were difficult as
you could not look at the

physical guys.

Visual difficulties Students reported challenges
associated with the suboptimal visual
experiences which hindered students’
ability to observe and comprehend
the activities taking place remotely.

[It was] a little hard to see what was
happening.

Technical difficulties Technical difficulties emerged as a
salient concern, disrupting students’

learning experience.

Online labs were more difficult due
to technical diff[iculties]. It hinders
my learning when interrupted due to

system malf[unction].

6 of 16 Computer Applications in Engineering Education, 2025

 10990542, 2025, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cae.70032 by C

halm
ers U

niversity O
f T

echnology, W
iley O

nline L
ibrary on [11/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



TABLE 2 | Cognitive presence in simulations: themes, theme explanations, and example quotes.

CoI dimensions Themes Theme explanations Example quotes

Conducting online
labs (cognitive
presence)

Providing clarity in
understanding

Simulations were perceived as
effective in enhancing their learning
experiences by most students. They
were considered useful in providing
additional opportunities to achieve a
comprehensive understanding of the

course material.

The simulation has helped to get a
true picture of what it is we are

doing.

Tools for extended
practice

The possibility of easy and
repeatable testing was considered
helpful to achieve higher level

learning outcomes.

The simulator helped a lot to
understand the program as you

have more time to test.

Preparatory function Students viewed simulations as a
valuable preparation for labs and
campus sessions, complementing

on‐site work.

[Simulations are] a great way to
prepare before attending class.

A complement to campus
labs, continued learning,

flexibility

Simulations were seen as a good
complement to campus labs,
enabling students to continue

learning beyond scheduled lab hours
and physical access constraints,

especially when on‐site access was
restricted or unavailable. However,
students also acknowledged the
irreplaceable value of hands‐on

experience with physical equipment.

In combination with physical
components, I think the

simulations do a really great job
and are a good way for students to
keep practicing outside of the lab,
especially when the lab halls aren't

open very often.

Easier to work whenever you want.
But sometimes you really needed
the real stuff to be able to work.

Risk‐free
experimentation

Students emphasized the advantage
of simulations in preventing damage
to program or hardware while trying

out ideas, thereby establishing
simulations as a low‐risk, low‐
consequence environment.

Working with the simulator
allowed us to test ideas without

ruining our program or hardware.

Initial challenges with
unfamiliarity in the setup

Students reported difficulties, in
particular in the beginning due to
unfamiliarity with simulations.

It was a little different at first when
you did not see everything in front

of you and needed to look for
functions. Became easier with time.

Need for sufficient prior
knowledge

Students encountered challenges
due to a lack of prior knowledge

when utilizing simulations.

I found it [simulations] quite
difficult as I have missed a lot in
previous courses that would be

useful here.

Difficulty bridging
simulations and
campus labs

Students experienced difficulty of
connecting the learning through

simulations to actual labs.

[It was] harder to understand
what's going on and if it would

work in the real world.

Time efficiency Simulations running faster than real
equipment was seen as both an

advantage and a drawback. On one
hand, simulations were time

efficient.

The simulator usually runs faster
than the actuator in the hall,

which makes it more efficient when
you have to do all the tests and run

through a gentleman's lot of
programs.

Inaccurate speed
representation

On the other hand, the speed of
simulations was seen as a problem,
as it was not always accurate enough
to provide a realistic representation

of the processes being studied.

My only problem with the
simulator was that the speeds
differed from that in the lab.
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refine their skills without concern for damaging hardware or
programs. In addition, simulations were prized for their flexi-
bility and preparatory function, offering opportunities to prac-
tice outside scheduled lab hours and arrive at campus sessions
better prepared. Some students also highlighted time efficiency,
noting that simulations often ran faster than physical equip-
ment, allowing them to iterate solutions more quickly.

Despite these advantages, students faced several learning
thresholds. One issue was unfamiliarity with simulation plat-
forms, especially for those lacking prior knowledge or experi-
ence, which initially made navigation and troubleshooting
difficult. Another challenge involved bridging the gap between
simulations and real‐world applications. Translating perform-
ance in a virtual environment to actual lab outcomes could be
unclear, particularly if the speed discrepancies in simulations
led to unrealistic representations of physical processes. Conse-
quently, some students questioned whether a successfully tested
solution would truly work in practice.

5.2 | Teaching Presence: The Support Provided
by Teachers

In contrast to cognitive and social presences—which were
closely tied to specific lab formats—student perceptions of
teaching presence were often linked to the broader course
structure (see Table 3). Overall, students expressed mixed and
sometimes opposing views regarding the level and type of

teacher support they received. On one hand, many appreciated
the accessibility of course materials and found that teachers
were proactive in offering help via email or consultation ses-
sions. On the other hand, some students considered the support
insufficient, noting that it did not meet their needs in terms of
frequency or clarity of guidance.

Teacher support also appeared imbalanced in the hybrid setting,
as on‐campus students sometimes received more immediate
attention than their remote peers. Several students remarked that
online guidance could not fully replicate the benefits of real‐life
discussions on site. Furthermore, the open‐ended, less directive
pedagogical approach—intended to foster independence—was
perceived as stressful by some participants in an effort‐intensive
course. These students felt they needed more direct cues or
reassurance from teachers and found the less guided style con-
tributed to anxiety rather than deeper learning.

5.3 | Social Presence: The Collaborative Setup

From a social presence perspective, most students reported
positive collaborative experiences when working remotely (see
Table 4). They took responsibility for coordinating their pair
work by using communication tools, enabling joint problem‐
solving and flexible collaboration regardless of location.
Through this setup, students engaged actively in each other's
learning, supporting one another with challenging tasks and
exchanging feedback in real time.

TABLE 3 | Teaching presence in the course: themes, theme explanations, and example quotes.

CoI dimensions Themes Theme explanations Example quotes

Teacher support
(teaching presence)

Availability of
support beyond class

The accessibility of course materials
and the availability of supportive

teachers were specifically appreciated
by students, and teachers were

perceived as proactive in providing
support, even outside of the regular

classroom environment.

The help from teachers has always
been available via email or

consultation sessions.

Insufficient teacher
support

There were also students who exhibited
negative reactions toward the level of

support provided by teachers.

Teachers’ support was minimal.

Difficulty in
balancing on‐campus
and remote support

Students observed that teachers faced
difficulties in managing the needs of
both on‐campus and remote students,

often prioritizing the former.

The teachers were supportive but since
they had other groups to help, it takes

priority over online.

Inferior remote
support

It was noted that teacher support in an
online learning environment cannot
match real‐life meetings on campus.

Support from teachers is sufficient but
not comparable to real‐life discussion

on site.

Stress from indirect
teacher support

The pedagogical approach of the
teachers was also highlighted.

Students observed that, instead of
providing direct answers, teachers

often adopted a rather open approach
to feedback provision. This approach
was criticized both in terms of tone
and content, particularly in the

context of an effort‐intensive course.

The teachers are good, but sometimes
I think they are a bit harsh. Instead of

helping/putting one in the right
direction, they let one rather figure out
that/problem all by themselves, which
can sometimes be very difficult and
therefore takes too long and then

everything becomes stressful.
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However, not all students found remote collaboration seamless.
A number of participants noted imbalanced workload distri-
bution, typically affecting groups in which one partner was on
campus while the other participated remotely. In these in-
stances, the on‐campus partner often carried a heavier share of
the practical tasks, leading to some frustration and a sense of
inequity. Additionally, the physical disconnect inherent in
remote settings introduced difficulties in reading nonverbal
cues and ensuring both partners maintained a shared under-
standing of the work. Though this distance did not entirely
prevent collaboration, it demanded more deliberate efforts to
communicate effectively and stay aligned in the lab activities.

Students found simulations generally conducive to collaborative
learning, noting that they could distribute tasks efficiently and
prepare jointly for assignments (see Table 5). Just as for remote
labs, digital platforms such as Zoom and Discord allowed them
to work flexibly, regardless of location, and many reported an
equitable division of labor, ensuring both partners fully partic-
ipated and understood the content. At the same time, some
students encountered issues with synchronizing learning paces,
particularly when partners brought different levels of familiarity
or comfort with simulations. Similar to remote labs, the phys-
ical disconnect made it challenging to gauge a partner's com-
prehension without the benefit of face‐to‐face cues.

In sum, our analysis of students' learning experiences using
remote labs and simulations provided a rich and varied number
of perspectives highlighting both potentials and challenges. In
the following, we discuss the results through the lens of the CoI
framework, focusing on cognitive, teaching, and social factors.

6 | Discussion

This study was set out to examine how engineering students'
experience the combination of campus labs, remote labs, and
simulations in a logic control course. Based on the results

presented above, we now discuss these findings through the
lens of the CoI framework and consider implications for prac-
tice and future research.

6.1 | Cognitive Presence in Online Labs

First, we discuss how the different lab formats facilitate or
hinder the students' ability to engage with the content, reflect
on their learning, and apply their knowledge. While all three
formats typically adhere to project‐ or problem‐based learning
with a strong emphasis on cognitive elements [4, 65], our
results showed a clear student preference for campus labs, both
through the reflections and the comparatively low number of
students opting to conduct the labs remotely. This result links
the students' preferences with actual experience of a better flow
of information and deeper engagement in hands‐on experi-
ences, a finding also evidenced by earlier research [4, 66].

Remote labs were seen as a viable alternative when physical
attendance was not possible. The main contribution of remote
labs to cognitive presence therefore is the support of sustained
reflection and continued engagement through increased acces-
sibility and flexibility [2]. However, online elements in courses
are generally prone to technical difficulties, and the impeding
effect on student learning can be significant [67]. In this par-
ticular context, we saw how technical issues such as equipment
malfunctions and suboptimal visual experiences hindered stu-
dents' ability to fully engage and understand the material,
thereby negatively impacting cognitive presence. Hence, it is
essential that technical issues are resolved not to obstruct the
engagement with content. This includes the necessity for ex-
cellent camera positioning and resolution for a great visual
experience, which can be a particular strength of this lab for-
mat [68].

Simulations were recognized for their accessibility, allowing
students to work at their own pace and location, and for

TABLE 4 | Social presence in remote labs: themes, theme explanations, and example quotes.

CoI dimensions Themes Theme explanations Example quotes

The collaborative
setup (social
presence)

Collaborative
problem‐solving

Students managed to find ways to
communicate with each other before
lab sessions and collaborate during labs
using various communication tools like
Zoom and SMS. The collaboration
between students was generally

described as “good”.

[We] did everything together and
helped [each other] with what was

difficult.

Imbalanced
workload
distribution

While there were students who
managed to split work evenly in the
remote setup, there were others who
struggled with the distribution of work,
which could lead to a heavier workload

for those who were attending in
person.

I find it difficult to have a
functioning collaboration with my
lab partner. The one attending in

person gets a heavier load.

Physical disconnect The distance between remote and on‐
campus learners was perceived as a

challenge to overcome.

It is always a little bit harder to
communicate but it did not

hinder us.
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promoting a deeper understanding of course materials [66].
They offer a resilient learning environment that fosters
hypothesis formulation and testing [69]. These factors are key
components of enhanced cognitive presence. However, some
students found it difficult to translate simulated scenarios to
real‐life settings, potentially due to oversimplification or limited
data variation [19, 21]. These findings align with the literature
and underscore the need for well‐designed simulations that
accurately reflect real lab complexities.

Our findings also highlighted difficulties for learners lacking
prior knowledge and familiarity with simulation environments
[70]. These results point at the importance of enhancing stu-
dents' cognitive presence through adequate support to start
navigating and understanding the aim of the simulated ex-
perience. However, difficult cognitive challenges in the early
stages of a project are not necessarily bad for student learning
[71] and might help develop the self‐regulated learning skills
necessary to engage effectively in online learning overall [72].

6.2 | Teaching Presence in Online Labs

Next, we turn our focus to the perceptions regarding instruc-
tional design and organization, support, and direct instruction.
Students reported that the level of support provided by their

teachers was crucial to the success of their online learning ex-
perience, underscoring the importance of teaching presence
[10]. Our study found that the combination of lab formats
resulted in a flexible instructional design, allowing diverse
learning paths based on individual needs. This flexibility is a
key aspect of teaching presence, as it helps cater to individual
preferences and circumstances [73].

Teaching presence also involves facilitating reflective and sus-
tained communication among students. In the context of our
study, the paired learning setups were instrumental in promoting
interaction and joint engagement in the lab activities. While the
study focuses on the labs, it is important to note that the teaching
presence in the course was also—and potentially more so—
enabled through in‐class lectures and online consultation sessions.
These forms of direct instruction facilitated the learning process in
combination with the online labs. Even though students reported
an initial unfamiliarity with simulations, the setup of the course
largely provided the features of teaching presence, such as direct
instructions and facilitating discourse during the lab sessions as
well as enhanced reflective and sustained communication through
the paired work and consultation sessions, with students noting
that “help from teachers has always been available via email or
consultation sessions.” However, a technically demanding learn-
ing environment might always pose a challenge to students,
making the teaching presence extraordinarily important.

TABLE 5 | Social presence in simulations: themes, theme explanations, and example quotes.

CoI dimensions Themes Theme explanations Example quotes

The collaborative
setup (social
presence)

Balanced workload
distribution,

collaborative learning

Collaboration in simulations was
described as both rewarding and

challenging. Students could help each
other, distribute work, and prepare
jointly for tasks through common
communication tools such as Zoom
and Discord. As with remote labs,
there were students that engaged in

true collaborative learning.

Distribution of work has worked
well, and we always make sure
that both understand everything.

Continued learning,
flexibility, collaborative

learning

Students stressed again the increased
flexibility, which allowed for

communication and collaboration at
any time and from any location.

The simulators were good. It
helped to be able to work from

home with the project. Me and my
partner worked together at home

and in school.

Difficulty in
synchronizing
learning pace

Coordinating with other students in
simulations could be challenging,

particularly when there were differences
in learning preferences or paces.

The only problem we had was
working at a different pace.

Physical disconnect Compared to campus in‐person
learning environments where face‐to‐

face interactions and possible
nonverbal cues facilitated a better
understanding among peers, it was
more difficult to assess whether a
student had fully comprehended a
concept or solution in simulations.

This could potentially create obstacles
to effective collaboration and learning.

Due to the distance, it was harder
to know if we both understood the

solution.
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The inherent complexity of the teacher's role in a learning en-
vironment with both on‐campus and remote students was
apparent as achieving a balance in supporting the two student
groups was a challenge. Our results, though mixed, are in line
with research in blended synchronous learning that points at
the increased cognitive load for teachers [74] and the challenge
to keep learner engagement high in both cohorts [75]. They
must concurrently navigate physical and digital spaces, enga-
ging both on‐campus and remote students while creating a
learning environment for all. The pedagogical complexity in
this type of learning environment poses challenges for the
instructional design and organization. Co‐teaching is one
approach that can improve the teaching presence in a hybrid
setting [76]. In such an approach, one teacher focuses on the
on‐campus students and the other on the remote students. In
addition to co‐teaching, teachers may also use technology to
create collaborative virtual spaces where students can actively
participate in discussions, seek clarifications, and receive timely
feedback. This would further strengthen the teaching presence.

The interaction between teaching presence and cognitive pres-
ence is evident in our research. It is complex and influenced by
many factors, including the students themselves. This can be
seen through the varying interpretations of teacher support
within the same course. Intentionally crafted pedagogical
methods, such as encouraging students to “figure out [a]
problem all by themselves,” as described by students, can
occasionally cause stress and frustration among students and
ultimately impact their ability to learn. This observation aligns
with previous research on desirable and undesirable challenges.
For example, [71] argue that teachers should try to find the
right type and number of desirable challenges in conjunction
with providing support for appropriate coping strategies while
avoiding undesirable challenges that might result in a lack of
progress and motivation, or an inefficient use of resources.
Supporting student learning by a combination of teaching
presence and cognitive presence can be achieved through var-
ious strategies, such as encouraging reflective and sustained
communication through discussion prompts and group activi-
ties, offering timely and constructive feedback to students to
promote deeper understanding and reflection, and implement-
ing methods for assessing student stress and frustration levels to
identify areas where teacher support can be improved.

6.3 | Social Presence in Online Labs

Lastly, we discuss the perceptions of students regarding com-
munity building and communication. Social presence is fos-
tered by a hybrid overall course design that combines physical
and online interactions. The course's hybrid nature, where
students meet both in‐person and online, helps create a pre‐
existing level of engagement among participants, built through
the in‐person lectures early in the course. Activities such as the
pair work and synchronous sessions are designed to facilitate
open communication and interaction among students, helping
them form a CoI and engage in collaborative learning [10].

However, the absence of physical copresence irrespective of lab
format presented a challenge to group cohesion for students.
Our study shows mixed results, with some students struggling

to develop a sense of shared commitment and responsibility, for
example, regarding the allocation of responsibilities among
peers or aligning different work pace. These tensions between
collaborative work and personalized learning needs can impact
social presence. Teachers could address this by promoting and
discussing the pedagogical approach with students early in the
course to align expectations regarding the group work. Fur-
thermore, while the course design incorporates concepts of
project and problem‐based learning in groups, and therefore
can expect benefits of collaborative learning [77], our research
has demonstrated that the regulatory and managerial chal-
lenges of group work become particularly relevant in the hybrid
learning environments, as discussed in [71]. Altogether, our
results indicate that social presence is higher in campus labs
due to face‐to‐face interactions with easier communication and
collaboration, which helps build interpersonal relationships and
a sense of community [78]. Despite the hybrid course design
with paired learning setups, maintaining social presence in
remote labs and simulations can be challenging and often
requires deliberate efforts.

Our research demonstrates the interconnectedness of cognitive,
social, and teaching presences within the CoI framework. Spe-
cifically, in addition to the aforementioned interplay between
teaching and cognitive presence, our results also indicate that
students engage in reciprocal assistance in comprehending the
course material, with students noting they help “[each other]
with what was difficult” and “make sure that both [students]
understand everything.” This demonstrates the potential of
social presence to facilitate cognitive presence through pro-
moting knowledge construction and sensemaking. This is
indicative of the dynamics among the three presences, where
the course design to some extent enables students to benefit
from the entanglement of the presences. These findings are
consistent with prior research that has suggested a direct impact
of social and teaching presence on cognitive presence within the
CoI framework [79, 80] and extend it to the educational context
of online labs. In light of this, given the interdependent rela-
tionship among the three presences, alongside the critical role
played by cognitive and social elements in project or problem‐
based learning approaches in online labs, we suggest greater
attention to be paid to a comprehensive analysis of the three
presences to optimize their interplay.

6.4 | Theoretical Implications

In this study, the CoI framework was employed as the conceptual
construct because of its orientation toward essential features of
online learning. During the examination of students' perceptions
of remote labs and simulations, two themes emerged that
diverged from the three presences outlined in the CoI framework
in its classic form. Firstly, the impact of technology itself on
learning. Over the past two decades, technology has experienced
significant advancements, consequently elevating its significance
and increasing its indispensable role in facilitating education. In
this study, technical issues including lagging which affected
visual experience, setup problems, faulty connections, the com-
plicity of uploading files, bugs, and program crashes encountered
by students significantly influenced their learning experiences,
affecting all three presences of the CoI framework. While
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technology may not directly affect learning per se, technology
failure can disrupt students' learning experiences considerably.
Thus, the role of technology appears somewhat sidelined within
CoI, despite it being a framework extensively applied in online
learning research. Research outside CoI has been addressing the
role of technology more thoroughly. For example, Kozma [81]
shows how the various technological capabilities available to
learners can influence their approach to constructing knowledge.
Additionally, Swan [82] identifies the profound effects of specific
online instruction technologies on student engagement with
course content, teacher, and fellow students. In light of the es-
sential role played by technology in engineering education with
online labs, we conclude that future research could also benefit
from examining learning experiences through more technology‐
oriented theoretical perspectives such as the Theory of Transac-
tional Distance [83] or the Technology Acceptance Model [84].

Secondly, the limitation of CoI in addressing self‐regulated
learning skills of students, sometimes referred to as learning
presence [85]. The ability of students to self‐regulate has an
impact on their learning experience, which is consistent with
prior research indicating that self‐regulated learning skills play
a critical role in successful online education [86]. The emphasis
on individual differences in self‐regulation is reflected in stu-
dents' varying opinions on collaboration and teacher support.
As such, this study posits that self‐regulated learning and
learners' characteristics should be given closer consideration to
attain a more comprehensive understanding of the dynamics
within hybrid and fully online learning environments.

6.5 | Practical Implications

The challenge with implications stemming from online lab
research lies in its contextual nature, impeding the derivation
of universal recommendations. However, based on our find-
ings and the specific context of this study, we propose the
following considerations for educators in organizing hybrid
lab learning:

1. Adopt a blended approach

Simulations, as explicitly acknowledged by students, offer
notable benefits. While students' reported experiences re-
garding the benefits of remote labs may not be as clear‐cut as
those of simulations and campus labs, their inclusion
alongside simulations in a course remains valuable as they
provide increased flexibility and accessibility. This approach
aligns well with the needs of modern higher education,
which often serves a diverse population of nontraditional
students. For instance, while essential lab learning experi-
ences are still facilitated through real hands‐on activities,
specific concepts can be reinforced using remote labs [12]
and simulations [14].

2. Sequence labs thoughtfully

In regard to the concrete organization of campus labs, remote
labs, and simulations, our results indicate that simulations are
perceived as a valuable preparation for campus and remote labs.
Nonetheless, this finding deviates from prior research, which
has suggested that the effectiveness of labs may be contingent

upon the level of student belief in them [14], and, consequently,
that campus labs are introduced early to cultivate confidence in
the employment of remote labs or simulations in subsequent
instruction. However, our results also noted initial challenges
due to unfamiliarity with simulations, underlying the necessity
of sufficient scaffolding and tutorials for the technical transition
to the new format.

3. Enhance preparation activities

To enhance students' learning experiences in hybrid lab en-
vironments, teachers might incorporate activities like guided
tutorials or preparatory videos for remote labs and simulations.
These resources can help students become more comfortable
with the tools and processes, minimizing technical challenges
during lab sessions.

4. Integrate simulations beyond labs

Given the perceived high value of simulations, teachers may
consider integrating them into their courses as instructional
activities more broadly. For instance, simulations could be used
to visualize complex concepts, allowing students to interact
with the material in different ways.

Additionally, the findings from this study highlight the signif-
icant impact of technical challenges on students' learning ex-
periences, particularly in remote labs and simulations. Students
reported issues such as visual difficulties, system malfunctions,
and simulator inconsistencies, as reflected in comments like,
“[It was] a little hard to see what was happening,” “It hinders
my learning when interrupted due to system malf[unction],”
and “My only problem with the simulator was that the speeds
differed from that in the lab.” These challenges emphasize the
importance of considering technology as a key factor when
designing online or hybrid labs. Practical measures to mitigate
these issues could include improving visual setups by providing
high‐resolution cameras and optimized lighting in remote labs
to ensure clear demonstrations, using reliable and tested sim-
ulation software that aligns with physical lab setups and min-
imizes bugs or speed inconsistencies, offering real‐time
technical support during labs and ensuring students receive
adequate training to use the platforms effectively, and con-
ducting routine technical checks to identify and resolve
potential issues before sessions begin. While technology may
not directly influence learning per se, its failures can signifi-
cantly disrupt the learning process and hinder students' ex-
periences. Considering these practical adjustments can help
reduce such disruptions and improve student experiences in
online or hybrid learning environments.

6.6 | Limitations of This Study

Our research, by examining a course that integrates campus
labs, remote labs, and simulations, provides a preliminary
foundation for further inquiry into the optimal combination of
diverse lab formats to enhance students' lab‐based learning
experiences. However, in this context, where remote labs solely
provide remote access to real components on campus, the setup
does not fully capitalize on technology. Further investigation
may be conducted to explore alternative types of setups that
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optimally leverage technological advancements. Moreover, the
specific design of our context may limit the transferability of our
findings to other settings. However, our findings are likely to
transfer well to similar contexts with comparable setups, par-
ticularly those involving a combination of various lab formats.
For instance, the recommendation of a blended approach
combining different types of labs to enhance students' learning
experiences may be applicable in other courses or disciplines
with similar hybrid setups. Similarly, the theoretical implica-
tions of the CoI framework identified in this study are not
confined to engineering contexts. They align with and confirm
prior research across a variety of disciplines, suggesting broader
applicability. Future studies could explore whether these find-
ings are consistent or differ in other contexts to further expand
on the insights presented here. Additionally, while our analysis
of student reflections on their experiences with different lab
formats addresses the research gap on online labs and offers
valuable insights, it does not provide empirical evidence of
learning outcomes. Future research could include performance
data to capture the outcomes associated with these lab formats.
Another limitation of this study is that since the reflective
writings of the students were often short, sometimes it was
difficult to interpret the meaning and references made in the
comments. To ensure a well‐rounded and reflexive interpreta-
tion of the data, the author team jointly engaged in multiple
rounds of back‐and‐forth discussions to analyze the data.

7 | Conclusion

This study examined engineering students' experiences with dif-
ferent lab formats in a logic control course, specifically focusing on
campus labs, remote labs, and simulations. The findings under-
score the distinct strengths and weaknesses of each format based
on the CoI framework. Campus labs were preferred for their
hands‐on experiences, which fostered stronger cognitive presence.
Remote labs, while valuable for their flexibility and accessibility,
often faced technical challenges that hindered learning. Simula-
tions provided essential preparation and understanding for cam-
pus labs but occasionally struggled to bridge the gap to real‐world
applications. Overall, a blended approach integrating campus labs,
remote labs, and simulations appears promising for enhancing
students' learning experiences. However, this requires addressing
technical issues and ensuring adequate preparation for the use of
online labs, both for students and teachers.
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Appendix A

Questions and Prompts for Reflection

Student Experiences of Remote Labs and Simulations

We would like to better understand how you experienced the online labs in
comparison with traditional lab exercises. This relates both to the simula-
tions and the remote lab. Your reflection will only be used for research
purposes and will have no impact on your course result. By answering these
questions, you agree to participate in this study and that quotes from your
answers can be used anonymously in academic publications.

Please answer the questions below on the flip side of this paper. You are
welcome to answer in English or Swedish.

1. In a few sentences, please reflect upon your experiences of the remote lab
(s), particularly in comparison to labs conducted on campus.

Please consider:

• How hard or easy was it to conduct the labs online compared to
campus?

• How did the remote setup enhance or hinder your learning?

• How did you organize the collaboration with your peer?

• How did you experience the collaboration?

• How did you experience the support from the teacher(s)?

2. In a few sentences, please reflect upon your experiences of the sim-
ulations in the project work.

Please consider:

• How hard or easy was it to work with the simulators?

• How did the simulations enhance or hinder your learning in the lab?

• How did you organize and experience the collaboration with
your peer?

• How did you experience the support from the teacher(s)?

3. Do you generally think simulations and/or remote labs are a prom-
ising way forward for engineering education? Why or why not?
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