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Abstract
The global pandemic forced us to rethink education to fight Covid-19 and apply 
social distancing during lectures. Luckily, we could rely on earlier research into dis-
tance education in general, and more specifically, into synchronous hybrid learning. 
During synchronous hybrid learning both on-site and remote students are connected 
and taught synchronously in what we call at our university the ‘hybrid classroom’ 
or ‘hybrid lecture hall’. In order to further substantiate this potential new normal, 
research is needed to investigate the influencing factors of engagement and learning 
in these new environments from a student and teacher perspective. In this study, two 
different hybrid learning designs and practices are explored and analysed through 
the lens of the activity-centred analysis and design (ACAD) framework. Next to this 
more qualitative approach, this study also presents quantitative results on the effect 
of the level of presence (on-site versus remote, with or without interaction) on con-
ceptual and affective outcomes. In terms of the student perspective, this study did 
not find any significant differences between physical and remote presence regarding 
conceptual understanding, yet significant differences were found in regard of affec-
tive engagement in favour of the on-site students and remote students having the 
opportunity to interact. In line with the ACAD framework, our research found that 
successful learning and teaching activities are interrelated with set, epistemic, and 
social design decisions.
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Background of the Study

Over the course of the last 15  years, more attention has been devoted towards 
learning and teaching spaces, with many researchers claiming that flexible spaces 
better meet the needs of a diverse student population (Amoroso 2014; Joy et al. 
2013; Wang et al. 2018). JISC, a not-for-profit company in the UK that was set up 
to provide computing support for education, suggested in their report (2006) that 
a learning space should be able to motivate learners and promote learning as an 
activity, support collaborative as well as formal practice, provide a personalized 
and inclusive environment, and be flexible in the face of changing needs.

In line with this, the European University Association (European University 
Association 2021) imagines future universities to be without walls, meaning that 
universities will be open and engaged in society whilst at the same time retaining 
their core values. They will provide an open, transformative space for common 
knowledge production through research, education, innovation and culture. It is 
stated that together with other societal stakeholders, they will shape the future of 
a knowledge-driven society (European University Association 2021: 5).

These transformative spaces are also conceptualized as postdigital learning 
spaces, aiming to open up institutional spaces to form universities beyond tradi-
tional dichotomies (O’Bryrne and Pytash 2015). This means that in postdigital 
learning and teaching, physical environments merge with digital environments. 
As stated by Feenberg (2019), within postdigital learning spaces, the digital will 
be integrated and inherent in the everyday actions, interactions and experiences 
of teaching and learning.

In line with this societal and educational transition, KU Leuven, one of 
Europe’s oldest universities located in Belgium, started in 2016 with the research 
project TECOL (see: https://​www.​kuleu​ven-​kulak.​be/​tecol) to investigate how 
technology could be integrated to support future-proof teaching and learning. 
As KU Leuven is a multi-campus university spread across nine different cities, 
the project aimed to investigate how the various educational programs across 
the different campuses could become more flexible. In addition, the project 
aimed to investigate how the university would be able to better support expertise 
exchange and connectivity irrespective of place, in order to create a more open 
and multidisciplinary approach in which students get acquainted with different 
perspectives.

Creating hybridity starts with technical solutions and set-ups, and within the 
research and development project Lecture + (see https://​www.​imec-​int.​com/​en/​
what-​we-​offer/​resea​rch-​portf​olio/​lectu​re), a technological solution has been co-
created and accordingly been called the hybrid classroom. The hybrid classroom 
connects both on-site students and individual remote students during synchro-
nous teaching and learning (see Fig. 1). This classroom is operational since 2017 
and aims to provide the pedagogical freedom to reach students and teachers from 
any place in the world, increasing societal access to education as well as improv-
ing the quality of education, as knowledge now transcends the boundaries of the 
classroom.
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Creating Conceptual Clarity

Although our university decided to conceptualize the concept of merging on-site 
and remote students at the same time as synchronous hybrid teaching and learning, 
many more concepts can be found in the literature that tries to capture the phenom-
enon of merging modes. Irvine (2020) emphasized the importance of focusing on 
the meaning of concepts in order to create a shared understanding for the future of 
our academic discourse. She provided an overview of the main terms, including 
hyflex, multi-access, (synchronous) blended and (synchronous) hybrid. The HyFlex 
(hybrid-flexible) model was developed by Beatty (2007, 2019) and is described as a 
combination of hybrid, i.e. combining both online and face-to-face modalities, and 
flexible, as students may choose whether or not to attend face-to-face sessions. With 
support from the Canada Foundation for Innovation, Irvine introduced the multi-
access learning model at the 2009 AACE EdMedia Conference and then expanded 
on the idea in a 2013 article (Irvine et  al. 2013; Irvine 2020). The model identi-
fies four levels of access: (1) face-to-face, (2) synchronous online, (3) asynchronous 
online and (4) open access. Hybrid and blended both refer to combining modes 
(Lakhal et al. 2017), but the term synchronously has later been added (see e.g. Shi 
et al. 2021; Zydney et al. 2020) as without this specification blended or hybrid are 
also used to describe learning scenarios operationalizing online and offline as dichot-
omies in which learning takes place either online or offline. Ladd (2020) (Dean of 
the San Francisco campus) for example mentioned in his article that he is reserving 
the term ‘hybrid’ for educational experiences where the students in a class group 
are either all online or all face-to-face in a classroom together. To describe a class-
room which has both people online and in-person at the same time, Ladd (2020) put 
forth the term ‘concurrent classroom’. Other less common terms are synchromodal 
(Bell et al. 2014) and dual-mode teaching, meaning that both online and classroom-
based instruction is provided in a course at the same time. The term dual-mode is 

Fig. 1   Hybrid classroom implemented at KU Leuven, Campus Kulak Kortrijk ©imec
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used within CETL (Centre for the Enhancement of Teaching and Learning) at the 
University of Hong Kong. Recently, Nørgård (2021) also introduced the concept of 
hybridity, meaning that both physical and digital forms take place synchronously, for 
example through learning interactions that unfold as a coherent experience of being 
in multiple places at once.

Related Studies

Engagement Within Hybrid Teaching and Learning Settings

Although creating hybridity starts with technological solutions and set-ups, this is 
only one of the conditions creating the user experience within a certain setting, as 
no form of technology has the capacity to change practice (Stahl et al. 2014). In line 
with Goodyear et al. (2021), learning space is conceptualized as the ecosystem of 
learners, teachers, pedagogical practices, digital and material resources, buildings 
and furniture. This perspective aims to investigate the interrelations within this eco-
system. In that sense, it is crucial to investigate how people think about hybrid mod-
els of learning and teaching and to investigate how hybrid teaching and learning is 
experienced by both teachers and learners.

One of the main reasons why learning experience has been receiving much 
more attention over the last decade is that student engagement is regarded as one 
of the top factors affecting student performance (Furlong and Christenson 2008; 
Fredricks et al. 2004). Based on previous research and as shown in Fig. 2, we can 
state that engagement involves three dimensions: (1) behavioural (e.g. attending 

Fig. 2   Three component model 
of engagement (Fredricks et al. 
2004)
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lectures, asking question, participation in quizzes), (2) emotional (e.g. feelings of 
interest, sense of belonging, boredom, frustration or enjoyment) and (3) cognitive 
engagement (e.g. learning outcomes, metacognition and self-regulated learning). 
This three-component model has been used by several researchers in the past (e.g. 
Dobbins and Denton 2017; Gobert et al. 2015). In our research, we are particularly 
interested in unravelling emotional or affective engagement within the new learning 
spaces.

As literature stresses that student engagement is influenced by contextual vari-
ations such as learning environments (Bond and Bedenlier 2019; Fredericks et  al. 
2004; Raes et al. 2020; Shi et al. 2021) or teacher strategies (Heilporn et al. 2021), it 
is important to investigate how student engagement as an affective learning outcome 
is influenced both by the design of the synchronous hybrid learning environment as 
well as by the type of participation, given that students can access the hybrid class-
rooms in different ways (see Figs. 3, 4 and 5).

Previous research focusing on student engagement in hybrid classrooms is 
scarce (Raes et al. 2019; Lakhal et al. 2017; Miller et al. 2021), but the existing  
literature is consistent in that they all report that although hybrid education pro-
vides a lot of benefits, including flexibility, it brings many challenges, which are 
both pedagogical and technological in nature. The main pedagogical challenge 
reported in previous literature is that on-site students and remote students expe-
rience the lesson differently in the hybrid synchronous situation (Beatty 2007, 
2019; Szeto 2014; Zydney et  al. 2019), although the Research & Development 
field strives for designing and implementing both pedagogical strategies and tech-
nological systems that enact comparable learning experiences (Butz et al. 2016;   
Butz and Stupnisky 2017; Cain et al. 2016). Previous research shows that remote 
learners feel a significant sense of distance towards their teacher and their face-
to-face classmates (Ramsey et  al. 2016). A qualitative study conducted by Olt 
(2018) concluded that the experience of the remote participant can be explained 

Fig. 3   Hybrid classroom@KU Leuven, Campus Kulak Kortrijk
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and understood by the concept of ‘ambiguity’ in regard to group membership, 
functionality of technology, and place. Also, Huang et al. (2017) showed that the 
remote students felt excluded from the chief class, because they were physically 
separated from the face-to-face class, especially when the remote class encoun-
ters technical difficulties without immediate support. In the study of Weitze et al. 
(2013), remote students indicated that it is difficult to alert the teacher that they 
want to answer a question, which makes them feel frustrated and uninvolved. 
Therefore, it is important to take this into consideration in the design of the 
classes and to be aware that remote students need to feel more invited into the 
class activity.

Fig. 4   Hybrid classroom from the perspective of the remote participant

Fig. 5   Hybrid lecture hall@KU Leuven, Campus Kulak Kortrijk
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Designing for Effective Teaching and Learning

As stressed above, learning experience, and student engagement more particu-
larly, is influenced by contextual variation. That same idea is shared by the found-
ers of the activity-centred analysis and design (ACAD) framework (Carvalho and 
Goodyear 2014; Goodyear et al. 2021). Previous research has provided evidence 
on the fact that the way a learning environment is designed and which tools are 
provided matters for learning (Carvalho et  al. 2020). The ACAD framework 
acknowledges the physical, epistemic and social situatedness of learning and 
conceptualizes this as set, epistemic and social design. Set design includes the 
specific tools, artefacts and learning space used to support learning and teach-
ing. Epistemic design is related to the tasks or activities students are asked to do 
in service of learning, and social design is related to how students are grouped 
or how networks or communities are built. ACAD has previously been used to 
analyse emergent learning activity in both online and place-based spaces for net-
worked learning. In this study, it will be used to describe the design of two syn-
chronous hybrid learning practices and to analyse the results for student outcomes 
within these new settings.

Previous research within the context of hybrid education stresses that the loss 
of visual and audible cues, which normally are observable for the on-site students, 
impacts the learning and teaching experience (Weitze et al. 2013). In order to com-
pensate for this loss and to mitigate for perceived distancing effects, it has been 
argued that teachers should frequently pause for questions throughout the lecture 
and be attentive to student responses (Heilporn et al. 2021; McGovern and Barnes 
2009). In addition to this, students who attend the class remotely should perceive the 
same audio quality as students who are present face-to-face since the audio compo-
nent has been found to be decisive for the success (Bower et al. 2015; Cunningham 
2014). Irvine et al. (2013) found that synchronous hybrid tools that mimic face-to-
face delivery can help students maintain closer connections with peers. This means 
that next to audio quality, good video quality and an optimal framing of the teacher 
are challenges for the set design.

Research Objective and Research Questions

In this paper, I present the results of an exploration of learning and teaching expe-
riences within synchronous hybrid environments. Although the concept of the 
synchronous hybrid learning spaces had been developed before the pandemic hap-
pened, this study describes the exploration of two types of design which have been 
tested during the Covid-19 pandemic. As displayed in Figs. 3 and 4, we differentiate 
between three levels of presence in the synchronous learning environment, i.e. (1) 
face-to-face or on campus, (2) remote, visible on the screen in the classroom and 
full interaction possible; (3) remote, following through livestream, not visible for the 
teacher and peers, not able to interact.
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From a student perspective, I aimed to answer the following research questions:

1.	 How does the level of presence (i.e. physical or remote presence) affect students’ 
conceptual understanding?

2.	 How does the level of presence affect students’ emotional or affective engagement 
during learning?

3.	 According to students, what are the determining factors to be engaged during 
synchronous hybrid lectures?

From a teacher perspective, this study aimed to investigate to following research 
question:

4.	 What are teachers’ experiences during hybrid teaching and how does space affect 
their practice?

It has been claimed that it is important to investigate both the teacher perspec-
tive as well as the student perspective since what teachers do in their courses is 
linked with student engagement (Heilporn et al. 2021), but what teachers do or 
can do is also related to where they teach, i.e. the teaching space.

This study attempts to bridge this knowledge gap by presenting the stu-
dent and teacher results of the exploration of two different postdigital learning 
spaces, where students engage with learning through different modes and with 
different levels of presence in the learning environment.

Methodology

Research Design, Participants and Procedure

This study is part of a larger university innovation, research and development pro-
ject which is inspired on design-based research methodology in order to get a bet-
ter theoretical understanding of effective teaching and learning in our new learn-
ing spaces and in order to be able to define evidence-based design-guidelines. 
The design-based research approach is frequently used in educational research 
conducted in authentic learning settings (McKenney and Reeves 2019). Design-
based research (DBR) intends to produce new theories, artefacts and practices 
that account for and potentially impact learning and teaching in naturalistic set-
tings (Barab and Squire 2004). It is characterized by its use of iterative cycles 
of design, enactment, analysis and redesign. As this paper presents teaching and 
learning in two different hybrid learning environments with differences in set-up 
and measured variables, this study needs to be viewed as a first exploration of 
these settings with the same research questions in mind.

In what follows, I focus firstly on the design in the two hybrid learning envi-
ronments using the ACAD framework. This is followed by a description of the 
methodology.
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Case Design Analysis 1: Problem‑Based (Group) Learning in the Hybrid Classroom

The first case is visualized in Figs. 3 and 4 displaying the hybrid classroom from 
the perspective of the on-site student and the remote student. Data has been col-
lected within the course on Biostatistics attended by third-year bachelor stu-
dents within the Faculty of Medicine at KU Leuven, Campus Kulak Kortrijk. 
Within this course, 45 third-year bachelor students participated in the study. The 
teacher is a female professor who has been teaching this course for 5 years. She 
is open to innovation and has been involved in teacher-researcher collaboration 
since 2017, within the context of the larger research project. The data collec-
tion within the course on Biostatistics was organized in September 2020. In the 
hybrid classroom, students can follow the course on-site and at the same time, 
remote students can connect synchronously. In this case, students were randomly 
divided over the two conditions (on-site versus remote presence).

Epistemic Design  The learning activity organized in the hybrid classroom was built 
on the theory of delayed instruction or productive failure (Kapur 2016). The lecture 
started with a collaborative problem solving (CPS) task which was designed in line 
with the content of the lecture. Students were asked to set up a survey to evaluate the 
psychosocial wellbeing of students at campus. The focus of the task was not on how 
to formulate the questions of the survey, but rather on how to select the method of 
data collection, how to select a good sample, how to deal with randomness, how to 
deal with non-response, and how to solve the problem of over-and under-sampling 
through weights. In the second part of the lecture, the teacher taught the theory on 
sampling methods and bias in research including the input of the students.

Social Design  Group learning was mainly integrated in the first part of the lecture. 
The remote students formed groups based on the screen on which they were dis-
played. On-site students formed groups based on their seating. In the second part of 
the lecture, the teacher interacted with both on-site and remote students by launch-
ing several polls.

Set Design  The hybrid classroom facilitates launching quizzes and polls by using 
the Wacom tablet. By means of the same Wacom the teacher can start and end 
break-sessions. After launching a quiz or poll, the answers of the remote students 
become visible on the screens. Also, the names of the remote students are visible on 
the screens which means that the teacher can easily address to a certain remote stu-
dent. As a remote participant, it is possible to choose between different sources (e.g. 
whiteboard, teacher camera, teacher content), and it is possible to ask questions in 
the chat. As a remote student, it is possible to raise your hand, to share your content, 
to mute or unmute yourself and to turn off your camera. Because of a ceiling micro-
phone remote students can easily hear on-site students talking.
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Case Design Analysis 2: Hybrid Lecture Hall

The second case is visualized in Fig. 5 and consists of two lectures given within 
the same hybrid lecture hall, taught by two different professors within the Faculty 
of Law. Participants included 75 first-year bachelor students within the course 
on Contract law and 38  s-year bachelor students within the course on Family 
law. The Contract Law course is taught by a male professor and Family Law by 
a female professor. For both professors, it was the first time they participated in 
research within the context of the larger research project on learning spaces. Nev-
ertheless both teachers were among the first users of the hybrid lecture hall. The 
data collection within the hybrid lecture hall was organized in March 2021.

Epistemic Design  Both lectures could be described as theoretical sessions focusing 
on knowledge transmission. Both teachers asked oral questions during the lecture, 
without using polling software.

Social Design  Students had been asked to subscribe in advance and they could indi-
cate how they would follow the course, choosing between three options: on-site, 
remote on-screen with interactivity or remote through livestream. Places for option 
1 and option 2 were restricted because of Covid-19 restrictions. No group work or 
break-out sessions were integrated in the sessions.

Set Design  Up to 60 students can follow the course remotely by being displayed on 
the screen in front. Students could also choose to follow the course synchronously 
through livestream. Students who followed the session through livestream could 
not connect to the on-site students or the remote students visible on the screens. 
Remote students visible on the screens could easily answer the teacher’s questions. 
Answers of remote students were audible through the boxes. As the hybrid lecture 
hall does not have a ceiling microphone, when on-site students answered to ques-
tions, this was not audible for remote students, unless the teacher passed on his/her 
microphone.

The three teachers who were responsible for the courses agreed to participate 
in the study to investigate student and teacher experiences during hybrid educa-
tion. Their participation included data collection from their students and also 
required them to give an interview themselves. The research project ‘Measuring 
and optimizing students’ engagement in remote and (hybrid) virtual classrooms’ 
has been evaluated and approved by the Social and Societal Ethics Committee 
of the university (G- 2018 06 1264). In line with our research protocol, students 
could voluntarily participate in the study by signing an informed consent. A week 
before the start of the course, students were informed about the objectives of the 
study by means of a 5-min video, which had been shared on the learning manage-
ment platform. In addition to this video, informed consents have been collected 
in advance of the first survey. Participants were informed that they were going 
to be videotaped, that data from self-reports and from the learning platform was 
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going to be collected, and that all data was going to be processed anonymously. 
Students were asked permission to be photographed during the courses.

Data Collection and Measures

As explained earlier, the set-up and data collection for both cases were slightly dif-
ferent, but within both cases the main objective was to investigate differences in 
student experiences regarding the level of presence (on-site versus remote) and to 
unravel the determining factor for student engagement. Below, the measured vari-
ables are described per case analysis. In both cases, a mixed-method approach has 
been used which implies the combination of quantitative and qualitative research 
methods (Cohen et al. 2011). This approach strengthens the inferences in the analy-
sis of student experiences in this new learning space.

Case Design Analysis 1

To answer research questions 1 to 3 focusing on the student perspective, quantitative 
data has been collected through a pre- and post-test. The pre-test aimed to measure 
prior knowledge on sampling methods and bias. The post-test aimed to measure the 
gain in conceptual knowledge and measured students’ intrinsic motivation, experi-
enced relatedness and perceived value of past learning activities by means of vali-
dated scales based on the self-determination theory (Deci and Ryan 1985). At the 
end of the post-test, students could add open thoughts about the course and they 
were asked for suggestions for improvement.

Case Design Analysis 2

In terms of the courses given at the Faculty of Law, we were only able to conduct 
a post-intervention survey measuring student engagement, yet in this setting, we 
explored different scales to get a better sense of the emotional engagement in this 
new learning space. Next to the scales borrowed from the self-determination theory 
(Deci and Ryan 1985), case study 2 included the Eduflow scales Flow and Cognitive 
Absorption (Heutte et al. 2016) and a measurement of Sense of Presence (Barfield 
and Weghorst 1993; Dinh et al. 1999) and Sense of Belonging (Yorke 2016). The list 
of variables is presented in Table 1, providing sample items for the different variables 
and the accompanying reliability scores. The Cronbach’s alphas regarding the differ-
ent subscales indicate that the scales were reliable. At the end of the course, students 
could complete the digital survey supported by Qualtrics software in about 15 min by 
means of their smartphone or their personal computer. Qualitative data consisted of 
open answers given by the students at the end of the questionnaire, where they were 
asked about the determining factors for student engagement and about whether they 
had any open suggestions for improvement.

To answer research question 4 focusing on the teacher perspective, a semi-structured 
interview has been organized with each teacher separately in order to get insight into 
their experiences and thoughts about hybrid teaching and learning.
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Data Analysis

Quantitative data has been analysed by means of the statistical software pack-
age SPSS. As we were particularly interested in possible differences between 
conditions, independent t-tests and ANOVAs have been conducted regarding the 
different dependent variables (see Table 1), including learning setting as a fixed 
factor. One sample t-test has been used to investigate if scores significantly dif-
fered from the neutral score. Regarding case study 1, where next to affective 
engagement also cognitive understanding has been measured, an analysis of 
covariance has been carried out to investigate the effect of the learning setting 
on learning gain.

Qualitative data including both written answers from students and teach-
ers’ transcribed interviews have first been analysed inductively. Content analy-
sis was used to generate common experiences and valuable feedback regarding 
their experience of learning and teaching in the hybrid classroom and to give a 
deeper insight into the quantitative data. Subsequently, students’ answers about 
the determinants for engagement have been clustered based on the ACAD frame-
work, allowing us to better analyse the connections between design elements and 
students’ engagement.

Results

How Does the Level of Presence Affect Students’ Conceptual Understanding?

The first research question could only be tested in the first experiment, which included 
the third-year bachelor students who had participated in the pre-test-post-test design. 
With regard to students’ conceptual understanding, an analysis of covariance revealed 
no differences between both conditions. This means that all students achieved signifi-
cant learning gains and that remote and on-site students scored equally on the post-
test (after controlling for pre-test scores) (see Table 2).

Table 2   Conceptual understanding between remote and on-site students (Case analysis 1)

Dependent variable: 
conceptual understand-
ing

Level of presence as independent variable

Remote students 
present from a 
distance

On-site students 
physically 
present

Statistical testing Significance

M (SD) M (SD) Independent sample 
t-test

p-value

Pre-test score out of 10 3.53 (2.66) 3.98 (2.51) .54 .59
Post-test score out 

of 10
6.48 (1.50) 6.66 (1.88) .34 .73
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How Does the Level of Presence Affect Students’ Engagement during Learning?

Regarding students’ affective engagement, significant differences were found when 
comparing the different learning settings in both experiments. Table 3 presents the 
results revealed in case analysis 2 comparing three different levels of presence.

On-campus students showed to experience high levels of affective engagement 
operationalized as 1. enjoyment, 2. relatedness, 3. pressure, 4. value, 5. autotelic 
experience, 6. cognitive absorption, 7. sense of belonging and 8. sense of presence. 
Regarding on-site students (N = 58), all means significantly differ from the neutral 
score. As for remote students, significant differences were found between visible 
and invisible remote students with significant higher engagement scores for students 
who were visible on the screens compared to students following the course through 
livestream.

Based on these findings and based on additional qualitative comments, we can 
state that the feature of the remote setting, i.e. being displayed in the classroom and 
being able to interact with the teacher, influences students’ engagement.

It’s easy to follow the lesson and it’s good to see other students as well. 
Because you turn on the camera and interact, you are obliged to be more 
attentive than you would be when following any other type of class remotely. 
(remote student, case analysis 1)

The results for sense of presence and sense of belonging show that it is easier to 
realize a sense of presence, conceived as a feeling of being in the classroom, than 
to create a sense of belonging, conceived as a feeling of being close and connected 
to your peers. It is important to note that during case analysis 2 no group work or 
breakout sessions were organized, whereas this was the case in case analysis 1. 

Table 3   Comparison of affective engagement scales in the different learning settings

Mean scores presented in bold with an asterisk do significantly differ from the neutral score (i.e. 4 for vari-
ables 1 to 6 measured on a 7-point Likert scale, and 50 for variables 7 and 8 measured on a scale 1–100)

Dependent variables Educational setting as independent variable

On campus 
(N = 58)

Remote on screen 
with interaction (N 
= 33)

Remote through 
livestream (M 
= 15)

Significance 
of ANOVA’s

M (SD) M (SD) M (SD)

1. Interest/enjoyment (1–7) 5.67 (0.78)* 4.57 (1.01)* 3.83 (1.41)  < .001
2. Relatedness (1–7) 5.05 (1.20)* 4.02 (0.98) 3.13 (1.51)  < .001
3. Pressure/tension (1–7) 3.05 (1.11)* 3.46 (1.13)* 3.84 (1.37)  < .05
4. Value/usefulness (1–7) 5.60 (0.76)* 5.36 (0.78)* 4.76 (1.01)*  < .01
5. Flow/autotelic experience 

(1–7)
4.46 (1.14)* 4.01 (1.09) 3.57 (0.94)  < .01

6. Cognitive absorption (1–7) 4.46 (0.90)* 4.44 (0.78)* 3.75 (0.84)  < .05
7. Sense of presence (1–100) 90 (13)* 74 (14)* 51 (26)  < .001
8. Sense of belonging (1–100) 84 (21)* 49 (26) 32 (26)*  < .001
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Qualitative data from this first analysis reveals that group work (as part of social 
design) might have influenced the sense of belonging.

I found it useful to work together in small groups online. You feel less alone 
and there is a good interaction with the professor. (remote student visible on 
screen with interaction, case analysis 1)

Moreover, qualitative feedback indicates that remote students were surprised that 
being at a physical distance did not preclude affective presence and connectivity:

Even though I was not physically present, I felt connected to the fellow stu-
dents. (remote student visible on screen with interaction, case analysis 1)

Unfortunately, during case analysis 1, we did not collect scores for sense of pres-
ence and sense of belonging.

According to Students, What are the Determining Factors for Engagement 
during Synchronous Hybrid Lectures?

By means of an open question, all participants of case analysis 2 were asked to 
answer the following question: ‘What is, according to you, the most determining fac-
tor for engagement during the synchronous course?’. Ninety-six students answered  
this question and all answers were analysed and categorized based on the ACAD 
framework (Goodyear et  al. 2021). Task or student activity-related answers were 
categorized under Epistemic Design. Answers related to the learning space, the 
set-up, and the features of the space, were categorized under Set Design. Finally, 
answers referring to peers and the community of learners were categorized under 
Social Design.

As displayed in Fig.  6, 34 out of 96 (35%) students referred to the epistemic 
design as the most determining factor for engagement during a course, 31 (33%) 

Fig. 6   Students’ answers categorized based on the ACAD framework (Goodyear et al. 2021)
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referred to the set design, and 7 referred to social design. Some of the answers could 
be categorized under two categories. The following citation for example is both 
linked to set and social design:

Personally, what is determining for me, is feeling the ‘atmosphere’ in the audi-
torium, at home you cannot hear the conversation that is going on between 
your peers that are physically present at campus, that makes me feel excluded 
as a remote student. (remote student visible on screen with interaction, case 
analysis 2)

A combination of set and epistemic design has been found as well, in the follow-
ing statement:

What is determining for me, is being present in the room and experiencing a 
real-life lecture and being able to interact with the teacher who can ask you a 
question anytime. (remote student through livestream, case analysis 2)

How Does the Teaching Space Affect Teaching Practice?

Next to investigating students’ engagement in hybrid settings, additionally, this study 
sought to gain insight into the way in which teachers experience hybrid teaching and 
how space affects their practice. The results are given based on three 1-hour interviews  
with the professors who taught in the new learning context. These teachers have not 
only been teaching in the hybrid classroom and hybrid lecture hall shown respec-
tively in Figs. 3, 4 and 5, but also used other solutions during the past year. At some 
times, strict lockdown requirements prevented students and teachers from coming to 
the campus altogether. During these times, teachers used systems like Blackboard 
(BB) Collaborate or Teams, both of which are provided at the institution and could  
be used from any place. Given the fact that these teachers have taught in many set-
tings, they could easily come up with an answer to the question of what affects their 
teaching practice. Each interview started with an overview of the (anonymized) 
results collected in cooperation with their students. Next, it was stated that in the 
remaining time, we would focus on the teaching space instead of the learning space.

When comparing their teaching experience in the hybrid classroom/lecture hall 
with their experience using alternative systems (i.e. Teams and/or BB Collabo-
rate), designed to teach from home, actually seeing the students was mentioned as 
the main advantage of the design of the hybrid classroom and hybrid lecture hall. 
Teachers mentioned that, in the alternative systems, students can see the presenting 
teacher in combination with the slides, but the teacher is not always able to see the 
students, or only a small number of them. Most of the time, they argue, students turn 
off their camera and their microphone. Teachers reveal that although it was indicated 
that students could ask questions using the chat, interaction was nearly non-existent.

One of the teachers described teaching from home and sitting behind the screen as 
cold and detached. That teacher also taught several classes just before the Christmas 
period in an empty auditorium, to which students were connected through livestream. 
That teacher mentioned that she had shared her feeling of loneliness with the students 
and once brought Christmas lights to decorate her desk to improve the astrosphere. 
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According to that teacher, this small change to the teaching space really made a dif-
ference both for the students and the teacher. She also added that she even prefers 
livestream teaching over teaching behind a desk, as during livestream recording within 
an auditorium, students can at least see the posture of the teacher within the teaching 
environment and not only their face. In line with this, another teacher mentioned that 
(s)he likes to use a lot of gestures during teaching which do not come across as well 
when teaching behind a screen.

All the teachers revealed that teaching feels much more natural and intuitive in 
the hybrid classroom/hybrid lecture hall, because they have space to walk around, 
they are able to write something on a whiteboard, and, most importantly, they can 
interact with their students because they are visible on the screens. The teachers 
mentioned that they often tend to interact with their students based on their facial 
expressions: ‘You can see it on their faces if they do not understand something’. 
One of the teachers pointed out that when teaching a course without seeing your stu-
dents, it is very difficult to evaluate the quality of your course. The teacher stated the 
following: ‘you are only able to evaluate your own performance, but it is so much 
nicer to get something in return and to feel and see to what extent your message has 
arrived and been understood by your students’.

When asking the teachers what would be their ideal scenario for a future without 
restrictions, the three teachers were all looking forward to teaching again in the audi-
torium with all students present. One of the teachers revealed that (s)he missed the 
crowded auditoria, sometimes so full that students even had to sit on the stairs. ‘This 
gives you the kick and the adrenaline you need to give a good performance; whether 
you are a speaker, athlete, teacher, or actor, having an audience is very important to 
perform’.

In all three of the interviews, the value and limitations of recording sessions was 
briefly discussed. A shared observation at our university, but also at universities 
worldwide, is that synchronous learning activities are attracting less and less stu-
dents as students seem to prefer to watch lesson recordings. All teachers revealed 
that they agree that in some case recordings can be useful, for example for students 
who cannot attend the course if they combine work and study. Still, watching asyn-
chronous recordings should not be seen as an equal alternative for attending the syn-
chronous course.

Discussion and Conclusion

Looking into the literature on hybrid learning environments, it is generally viewed 
as both engaging and relevant due to its high level of flexibility (Nørgård 2021). 
More and more researchers claim that the nature and structure of future universities 
will be hybrid to better deal with changing contexts (Miller et al. 2021). This will 
entail that physical and digital learning and research environments must be designed 
in a holistic way in order to accommodate the different needs of a diverse university 
community. Hybrid learning environments allowing learners to attend synchronous 
online courses at home, at work or when traveling, are not new in the field. The last 
15 years, new educational models have been proposed such as HyFlex learning and 
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teaching conceptualized by Beatty (2007, 2019) and multi-access education concep-
tualized by Irvine et al. (2013). Yet to be able to make thoughtful design decisions, 
more empirical research is needed about how these new learning spaces are experi-
enced by both students and teachers, as the latter has often been neglected in previ-
ous research. Moreover, research is needed to inform pedagogy in these postdigital 
learning spaces. This paper aimed to fill this knowledge gap by both studying the 
learning and the teaching space through the lens of the ACAD framework. Since one 
of the key components for optimal experience is engagement, this study first inves-
tigated this multidimensional construct by quantitatively using different theoretical 
constructs. Second, by means of a qualitative approach, this study shed light on the 
determining factors to foster engagement during hybrid teaching and learning.

This research revolved around four research questions, three of them focusing on 
the student perspective, one of them focusing on the teacher perspective. Regarding 
the student perspective, this study did not find any significant differences between 
the levels of presence (i.e. physical and remote presence) in terms of conceptual 
understanding, yet significant differences were found regarding affective engage-
ment, including intrinsic motivation, relatedness, experienced pressure, cognitive 
absorption, autotelic experience, sense of presence and sense of belonging. These 
findings are in line with previous research claiming that on-site students and remote 
students experience courses differently in the hybrid synchronous situation (Beatty 
2007,  2019; Szeto 2014; Zydney et  al. 2019). Nevertheless, this study provided 
both quantitative and qualitative evidence that the design of the learning space 
really does matter to the remote experience. Students following the course through 
livestream without interaction or visibility to the teachers had the lowest engage-
ment scores. Next, the qualitative data in relation to research question 3 showed that 
one out of three students referred to the set design as being determinant for being 
engaged during synchronous courses. This is in line with what previously has been 
claimed by Irvine et  al. (2013), namely that synchronous hybrid tools that mimic 
face-to-face delivery can help students maintain closer connections. Yet, it is also 
known that having the innovative infrastructure will not guarantee anything. In line 
with the ACAD framework, successful learning is interrelated with set, epistemic 
and social design decisions, and this was also reflected in the results of this study. 
Two-thirds of the students indicated that the actions of the teacher during the course 
(epistemic design) and having the feeling that you are not alone (social design) are 
the most important for engendering engagement. Nonetheless, social design and 
epistemic design are closely interrelated with set design, as a certain teaching space 
can better support interaction and sense of belonging. Regarding our fourth research 
question, it has been explored how teachers experienced the teaching space, as those 
experiences have drastically changed over the course of the past year. The teachers 
expressed that they felt lucky to have experienced the new teaching spaces as they 
believe that the spaces supported them in qualitative teaching, and they believe that 
the facilities of the new spaces serve to engage both staff and students (Joy et  al. 
2013). Yet, we should be realistic in the sense that not every space will have all the 
facilities included. Next, when having huge student groups, the livestream option 
will still be used in future education. In these settings it will be important to incor-
porate live engagement, e.g. through polls and/or quizzes. Previous research has 
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shown that using quizzes is effective for increasing engagement (Raes et al. 2020). 
This means that to design supportive hybrid learning and teaching it is crucial to 
take into consideration pedagogical, social and technical elements as being part of 
the epistemic, social and set design of a learning and teaching space.

Limitations and Suggestions for Future Research

Several limitations should be noted in this study. First of all, the case design analy-
ses should be seen as explorations within the new settings and not as experiments 
which are comparable and generalizable. The differences between the cases do not 
allow the study to make generalizations to other postdigital learning spaces. Second, 
the present study only investigated academic performance in the first case analysis. 
It will be important to include academic performance in future research studies to 
investigate if our finding can be replicated. Although just a first step in investigating 
teaching and learning experiences in new synchronous hybrid learning settings, this 
paper highlights the importance of both the level of presence and the design of the 
space to support effective learning and teaching in hybrid learning spaces.
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