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Abstract
The aim of this paper is two-fold: firstly, to provide an overview of emerging digital 
practices that support collaborative learning, competency development, and digital 
literacy for student-centered learning environments in higher education during the 
rapid digital transition caused by pandemic-related lockdowns across the world, and 
secondly, to analyze and discuss how systematic reviews of generalized themes and 
trends can be combined with contextualized experiences and the lessons learned 
from the Covid-19 crisis to inform the digital transformation of higher education, 
with a particular focus on bridging the gap between campus-based teaching and 
online learning and on the identification of the digital competencies that teachers 
and students must acquire during the continuing shift into a ‘new normal’ for post-
pandemic educational practices. This study was motivated by questions and find-
ings emerging from an early reactive case study conducted by three of this paper’s 
co-authors (Lyngdorf et al., 2021a). By reviewing the full texts of 18 articles, this 
study provides a systematic literature review which maps the general landscape of 
the online, hybrid, and blended digital practices applied in existing student-centered 
learning environments in higher education since the onset of the pandemic. Fur-
thermore, this mapping is used to revisit data and findings from the earlier reactive 
study of emerging digital practices in a specific problem- and project-based learn-
ing (PBL) environment. This study’s findings highlight critical factors and barriers 
related to emerging practices which support students’ interactions with teachers, 
content, and each other, as well as the emerging competencies that these practices 
will require. The paper concludes with a discussion of the main findings and their 
implications for further research and practice.
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1 Introduction

The COVID-19 pandemic substantially disrupted established campus-based teaching 
and learning practices in higher education around the world. Almost overnight, insti-
tutions were forced to rapidly adapt to new modes of delivering online and hybrid 
teaching in order to ensure educational consistency while complying with govern-
mental restrictions. In the past few years, educational systems have undergone vari-
ous different iterations of both full and partial lockdowns and re-openings, and thus 
different variations of online, hybrid, and blended modes of teaching. Although the 
concept of distance learning (DL) is not new (Valentin, 2002; Bayne et al., 2014), the 
pace and urgency of the transition from face-to-face learning to exclusively online 
environments has been unprecedented. As such, the phenomena of emergency remote 
teaching (ERT) (Hodges et al., 2020) has emerged in preliminary reports and research 
covering digital practices during the pandemic to encompass the improvised, often 
technology-driven, arrangements that were quickly developed to ensure the delivery 
of teaching. Inevitably, the crisis has also afforded new digital practices and neces-
sary pedagogical innovations, reigniting an ongoing conversation about quality in 
education and the need to rethink higher education and teaching in order to integrate 
tools and methods that foster more active, flexible, and meaningful learning (Rapanta 
et al., 2021).

To ensure the documentation of contextualized knowledge and experiences from 
the pervasive digital transformation, we, along with many others, conducted a local-
ized empirical study in the early stages of the first lockdowns in order to explore 
experiences of student-centered and competency-focused learning environments 
transitioning into exclusively online teaching (Lyngdorf et al., 2021a, b). This study 
thus takes as its point of departure a case study situated in a systemic problem-based 
learning (PBL) environment with a long tradition of practicing PBL at the curricu-
lum level, rooted in pedagogical principles such as group-based and collaborative 
learning, exemplarity, and authentic problems as the starting point of the learning 
process (Kolmos & Graaff, 2003). Key aspects of this model have been found to be 
particularly useful for supporting the development of students’ competencies to allow 
them to handle disruptive changes in their learning environments as well as in their 
daily lives.

Subsequent case studies and literature reviews have discussed the numerous 
new practices and technologies adopted in early reactive studies (Bond et al., 2021; 
Khan, 2021). Many of these papers have emphasized the need for attention towards 
aspects inherent to student-centered learning environments, such as student motiva-
tion, interaction, engagement, and self-efficacy (Crawford et al., 2020; Hodges et al., 
2020; Aguilera-Hermida, 2020) and teacher readiness (Scherer et al., 2021). How-
ever, research has yet to provide a systematic review and mapping of these emerging 
digital practices in student-centered, collaborative, and competency-focused learning 
environments.
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Thus, the aim of this paper is two-fold. The first aim is to provide an overview of 
emerging digital practices that support collaborative learning, competency develop-
ment, and digital literacy in student-centered learning environments in higher educa-
tion during the rapid digital transition caused by lockdowns across the world. The 
second is to analyze and discuss systematic reviews of generalized themes and trends 
that can be combined with contextualized experiences and lessons learned from the 
crisis to inform the digital transformation of higher education, with a particular focus 
on bridging the gap between campus-based teaching and online learning and on iden-
tifying the digital competencies required by teachers and students during the continu-
ing shift into a ‘new normal’ for post-pandemic educational practices.

In the following section, we will introduce the early reactive case study and discuss 
its research methods and main findings as the basis for the research questions which 
guide the systematic literature review and scope of the present study. Section 3 will 
then outline the methodological approach of the systematic review and elaborate on 
the connections between the literature review and the revisited case study. Section 4 
presents findings from the review and the subsequent revisiting of the case study 
from the perspective of the themes emerging from these findings. Finally, Sect. 5 
discusses the implications of these findings as well as the potential and challenges 
of conducting research in a field undergoing accelerating transformation. Section 6 
concludes this paper and provides suggestions for future work.

2 Background: conducting exploratory research in a time of crisis

At the onset of the pandemic and during the subsequent lockdowns, many educational 
researchers across the globe began to conduct ongoing research gathering knowledge 
of and experiences with ERT in different educational contexts, including K12 and 
higher education, to continuously inform and develop both research and practice 
(Jandríc et al., 2020, 2021, 2022; Graham 2022; Georgsen, 2021). One such study 
was an extensive qualitative case study on digital practices and ERT in a specific 
student-centered learning environment with problem- and project-based learning as 
the curriculum model at its core across all faculties and departments. In this par-
ticular context, students generally spend half their time each semester (15 out of 30 
ECTS) in semester-long group-based project work, and each group (usually consist-
ing of 4–7 students) is assigned a supervisor. Thus, most teachers spend a significant 
amount of their teaching time supervising students. The case study sought to explore 
experiences and practices related to these new online and hybrid modes of teaching 
and learning in an otherwise mostly campus-based, student-centered learning envi-
ronment. It is important to note that restrictions varied throughout the Covid-19 pan-
demic: the nation-wide lockdown in the spring of 2020 was significantly eased in the 
summer of 2020, and students were allowed to be physically present on campus in 
their group rooms and workspaces as well as in larger clusters without social distanc-
ing during lectures for most of the fall of 2020. However, in December of 2020 the 
number of Covid-19 cases increased significantly, and a campus-wide lockdown was 
once again implemented to prevent the spread of the virus. This meant students and 
teachers worked from home during the winter and for the entirety of the 2021 spring 
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semester. Thus, students’ experiences of interacting with teachers/supervisors, fellow 
students, and digital content varied significantly between 2020 and 2022 depending 
on the specific lockdown rules in place at the time. Naturally, this is reflected in the 
data collected from August 2020 to November 2020.

2.1 Case study approach and findings

The case study applied an inductive and qualitative approach to data collection in 
order to ensure the collection of in-depth and nuanced student and teacher perspec-
tives on their experiences with digitally supported PBL during the first lockdown in 
the spring of 2020, and into the re-opening with restrictions in the fall of 2020. In 
the study, 22 focus group interviews were conducted with 60 teachers and 35 stu-
dents (15 interviews with four teachers each, and seven interviews with five students 
each) representing 16 departments across all faculties. Particular attention was paid 
to ensuring representation across educational levels, national and international stu-
dent and staff backgrounds, and different conditions for participation in online learn-
ing (e.g., whether or not the student or teacher had children living at home). Each 
interview lasted one hour and was conducted online (using MS Teams) or in-person 
when restrictions allowed for this. The interviews were then transcribed and coded 
systematically and iteratively in NVivo using thematic analysis (Braun & Clarke, 
2006) to apply an inductive approach to the patterns and themes emerging from the 
dataset. Through the initial thematic analysis, 34 codes were identified, revised, and 
condensed into a final total of 31 codes. These codes were related to themes such as 
digitally supported teaching and active learning, project collaboration and supervi-
sion, as well as organizational matters, such as organizational barriers and manage-
ment issues, teachers’ workloads and work-life balance, and digital content rights, 
among other issues.

Findings from the case study showed, that both teachers and students, being accus-
tomed to a learning environment characterized by on-campus, active, problem-based 
and collaborative learning in a systemic PBL educational model, were largely dissat-
isfied with the transition to ERT that dominated the first lockdown. Despite this, ERT 
was still widespread among teachers and was in some cases preferred to more active 
and demanding learning approaches such as flipped classroom by some students in 
the fall of 2020 when restrictions were lifted temporarily (Lyngdorf et al., 2021a, b). 
This was explained by a lack of digital competence among both groups and limited 
organizational resources and investments to properly develop, facilitate, and support 
new digital/hybrid and active learning experiences.

However, the study also found that some of the core elements of the PBL univer-
sity model did prove agile and resistant to many of the challenges presented by the 
lockdown. Students were able to sustain a viable level of social interaction supporting 
the general well-being of students as well as socio-cultural learning processes. Fur-
thermore, the student-centered educational culture of PBL meant that students were 
still highly self-directed and took responsibility for their own learning by identifying 
and adapting to the new situation supported by their supervisors, who made an extra 
effort to make themselves available to students as needed. This allowed for highly 
contextualized and contemporary project work addressing complex and authentic 
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discipline-specific problems imposed by the pandemic. Whereas both students and 
teachers reported challenges related to communication, conflict management, and 
the increasing individualization of the otherwise collaborative learning process, the 
supervisors were generally quite impressed with students’ ability to adapt to this new 
norm. Students in later semesters seemed particularly resilient and well-equipped to 
adjust to the problems they were addressing, their data collection methods, and their 
collaboration practices, while also inventing new ways to support each other.

Whereas the study highlighted the issues, potential, and barriers involved in digi-
tally transforming PBL during a time of crisis and restrictions, the study was naturally 
highly contextualized and exploratory. Thus, the findings are not necessarily gener-
alizable or comparable across other student-centered learning environments. Conse-
quently, the purpose of this paper is to provide a systematic overview of research on 
emerging digital practices that support collaborative learning, competency develop-
ment, and digital literacy in student-centered learning environments in higher educa-
tion as reported during the rapid digital transition caused by the global lockdowns, 
and to revisit the case study in light of the themes emerging from the review.

3 Methodology

This paper builds upon two main methodologies: (1) analysis of the case study 
presented in Sect. 2; and (2) a systematic literature review guided by the research 
questions raised on the basis of the case study. Figure 1 visualizes the connections 

Fig. 1 Visualization of methodological approach
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between these two methods. Findings from the systematic literature review and case 
study will be combined in a joint analysis and discussion, highlighting critical factors 
and barriers as well as implications for post-pandemic student-centered educational 
practices in the continuous shift into a ‘new normal.’

3.1 Systematic literature review

A systematic literature review was conducted following the PRISMA 2020 guide-
lines (Page et al., 2021). A search string was built around three blocks focusing on 
the following: (1) student-centered learning models and approaches; (2) variations of 
digital practices and technologies; and (3) literacy and competencies. In each block, 
we attempted to include as many keywords as possible to cover the relatively broad 
fields, especially in relation to block 1 and 2, and as a result the search terms shown 
in Table 1 were included in each block.

The search for relevant records was conducted in August 2022 in the scientific 
databases ERIC and Scopus, which were selected due to their focus on education 
research and broad interdisciplinary coverage, respectively. Due to the scope of the 
review, only peer-reviewed studies published in English between 2020 and 2022 
were included in the search. Querying the selected databases resulted in a total of 
1809 records, from which 72 duplicates and two retracted items were removed. The 
remaining 1735 records were then subjected to a screening process conducted by four 
researchers in which first the abstracts then the full texts of the papers were assessed. 
The four researchers ensured that the sorting processes were aligned through two 
initiatives: (1) the assessments were initiated by collaboratively assessing a number 
of articles, (2) another researcher went through papers that were marked with doubt 
by the researchers in order to make decisions about whether these papers should be 
included. Each study was assessed according to the following inclusion criteria: (1) 
the study must include empirical data collected between 2020 and 2022; (2) the study 
must focus on higher education; (3) the learning environment must have been char-
acterized as student-centered prior to the pandemic; (4) the digital practices described 
must focus on the facilitation of the learning process (as opposed to other processes 

Block Search terms
1 PBL OR PJBL OR PPL OR “problem based learning” 

OR “project based learning” OR “problem oriented 
project learning” OR “inquiry based learning” OR IBL 
OR “challenge based learning” OR CBL OR “discovery 
learning” OR “discovery based learning” OR “reflective 
practice based learning” OR RPL OR “student centered 
learning” OR “collaborative learning” OR “experiental 
learning” OR “experiental teaching” OR “cooperative 
learning” OR “active learning” OR “constructivist 
teaching” OR “constructivist learning”

2 online OR virtual OR digital OR technolog* OR remote 
OR distance OR flipped OR ICT OR hybrid OR blend-
ed OR “e-learning” OR web OR “learning management 
system*” OR LMS OR videoconferenc* OR VLE

3 literacy OR competenc* OR “21st century skills” OR 
“computational thinking”

Table 1 Included search terms 
in each block
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or content not related to the learning process). If a study did not meet the specified 
criteria, it was excluded from the review. However, if the necessary information was 
not clearly stated in the abstract, the researchers assessed the keywords and metadata 
during abstract screening, or searched the full text, to identify whether data was col-
lected prior to the pandemic. In total, 1642 and 75 records were excluded based on 
the abstract and full text assessments, respectively. This resulted in a final pool of 18 
studies eligible for inclusion in the review. Figure 2 displays the process of identify-
ing and screening the record pool.

3.2 Revisiting codes from case study

As mentioned above, the themes and questions emerging from our case study moti-
vated a systematic literature review to explore whether these patterns have emerged 
in similar contexts across student-centered and collaborative learning environments, 
and to what degree. The findings from the literature review were used as a basis for 
revisiting the themes identified in the case study in order to explore the similarities, 
differences and nuances of emerging digital practices and competencies, and to con-
textualize these findings within a broader perspective. This process was systematized 
through qualitative tabulation, in which the themes and codes from the literature 
review constituted the structure and point of departure for revisiting the processed 
data from the case study using NVivo software. Each code from the review repre-
sented a row, and a corresponding column was dedicated to the case study data. We 
revisited the codes from the case study and inserted relevant inputs into the table in 
order to obtain a comparative overview of the data. The findings were then synthe-
sized in the joint analysis presented in Sect. 3.2.

Fig. 2 Flow chart of the identification and screening process
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4 Results

The final pool of eligible records was subjected to a mapping process in order to 
extract relevant information regarding authorship, year, country, research design, 
participants, learning model, activities, technologies, and competencies targeted by 
the learning design. Table 2 presents key information extracted from the 18 studies 
included in the review.

Author Year Country Research design Primary learn-
ing model

Targeted 
competencies

Alkhowailed et al. 2020 Saudi Arabia Quantitative PBL Research skills 
and technical 
competencies

Cho & Kim 2021 South Korea Quantitative Flipped 
learning

Self-directed 
learning

Conde et al. 2021 Spain Mixed PBL Teamwork
Garay-Rondero et al. 2021 Mexico Mixed Competency-

based 
education, 
challenge-
based 
learning, and 
experiential 
learning

Ethical argumen-
tation, diagnoses 
an organizational 
process, designs 
an improvement 
situation for an 
organizational 
system or pro-
cess, commitment 
to sustainability

Hauck & Melle 2021 Germany Mixed (Mobile) 
computer-
supported 
collaborative 
learning

Collaboration

Jaiswal et al. 2021 USA Mixed PBL Teamwork
Kalmar et al. 2022 The Netherlands Mixed Collaborative 

learning
Communication, 
cooperation, and 
empathy

Latorre-Cosculluela 
et al.

2021 Spain Quantitative Flipped 
classroom

21st century skills

Logemann et al. 2022 International Mixed Experiential 
and collabora-
tive learning

Digital com-
munication and 
intercultural 
competencies

Barbalho et al. 2021 Brazil Mixed PBL Problem-solving
Morsi & Assem 2021 Egypt Mixed Collaborative 

learning
Digital 
competence

Ota & 
Murakami-Suzuki

2022 Japan Mixed PBL Global awareness, 
problem-solving 
and finding, 
critical thinking 
and multicultural 
communication 
and understanding

Table 2 Included studies
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4.1 Narrative synthesis

Following the mapping, the team of researchers conducted an inductive thematic 
analysis by coding the findings and topics of discussion of each study, resulting in 
10 individual codes. These were condensed into four overall themes relating to the 
effects digital practices have on students’ interaction with teachers, other students, and 
content, as well as the competencies these types of interactions require and/or incite 
according to the study. Table 3 displays an overview of these codes and themes. The 
following section presents a narrative synthesis of key insights related to each theme.

Author Year Country Research design Primary learn-
ing model

Targeted 
competencies

Rachman et al. 2022 Indonesia Mixed Mobile-
enhanced 
collaborative 
learning

Oral presentation

Ramachandran et al. 2021 USA Mixed PBL Scientific literacy, 
critical thinking, 
problem-solving, 
and collaboration

Ripoll et al. 2021 Spain Mixed Cooperative 
learning

Transversal skills

Rook & McManus 2020 Australia Quantitative Non-place-
ment work-
integrated 
learning

Responsible 
leadership

Sá & Cruz 2021 Portugal Quantitative Active learn-
ing (using 
game-based 
learning 
activity)

Communication

Velaora et al. 2022 Greece Quantitative Gamification 
and PBL

Self-learning, 
problem-solving, 
teamwork

Table 2 (continued) 

Theme Codes
Student-teacher interaction Classroom interaction

Instructor role and skills
Feedback and assessment

Student-student interaction Classroom interaction
Groupwork
Formal versus informal setting
Tools promoting collaboration 
and connectivity

Student-content interaction Self-efficacy
Self-directed learning
Concentration

Student competencies and emerging digital literacy

Table 3 Themes and codes 
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4.1.1 Student-teacher interactions

The interactions between teachers/instructors and students emerged as a prevalent 
theme in nine of the 18 studies included in the review, which highlighted critical fac-
tors in and barriers to plenary interaction during lectures, as well as the provision of 
feedback from teachers and supervisors during group work. Some studies addressed 
overall classroom interaction in relation to synchronous and plenary online modali-
ties, such as open discussion during live streaming sessions, with which the students 
in one study reported an average level of satisfaction (Alkhowailed et al., 2020). In 
other studies, students reported positive experiences with the online environment, 
the professors’ performance, and the provision of opportunities to express opinions 
during class, as well as a high degree of individual interactions between instructors 
and students when answering questions (Barbalho et al., 2021; Garay-Rondero et al., 
2021; Cho & Kim, 2021).

Furthermore, teachers attempted to maintain connectivity and belonging in their 
classes by using tools which support video conferencing as well as synchronous and 
asynchronous communication between lectures, while adapting further practices, such 
as personalizing their communications, to add empathy and behavioral engagement in 
an effort to build social presence (Logemann et al., 2022). Nevertheless, an exclusively 
online environment affords less room for informal feedback, while a face-to-face pres-
ence can stimulate the students to ask more questions (Kalmar et al., 2022). The pre-
liminary results of one study highlight the absence of a shared process between groups 
and lecturers when conducting synchronous collaborative sessions using breakout 
rooms: teachers lack easy access to group conversations online, while in face-to-face 
settings aspects of improvement can potentially be identified by simply walking into 
the room and listening to conversations among students (Sá & Cruz, 2021). However, 
in Morsi & Assem’s (2021) study instructors emphasized that answering questions 
for each group in collaborative group projects with large numbers of students can be 
difficult and time consuming in face-to-face settings, whereas asynchronous online 
provision of feedback provides an opportunity for detailed and documented feedback 
and allows problematic areas in the project report to be formatively highlighted.

In student-centered learning environments, the role of the instructor becomes that 
of a facilitator and advisor, and it has been demonstrated that this can be more effi-
ciently achieved in face-to-face settings (Cho & Kim, 2021). One study suggests 
that during the rapid transition to an exclusively online environment and emergency 
remote teaching this role was further expanded to encompass the roles of coach and 
mentor, providing compassion to students as well as flexibility, understanding, and 
empathy (Logemann et al., 2022). However, as pointed out by Ota and Murakami-
Suzuki (2022), online modes of instruction demand that teachers and instructors pay 
more attention to the individual student than is necessary when using face-to-face 
modes, and digital means of reaching students should thus be carefully considered.

4.1.2 Student-student interactions

Common for the studies included in the review is seeing interactions between stu-
dents as a fundamental pillar of active and collaborative student-centered approaches. 
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These interactions have received substantial attention from 10 studies, of which sev-
eral have reported successful experiences with collaborative learning during the pan-
demic (Hauck & Melle, 2021; Jaiswal et al., 2021; Kalmar et al., 2022; Rachman 
et al., 2022; Rook & McManus 2020). The results demonstrate various benefits of 
online collaborative learning: it significantly enhances student participation (Rook 
& McManus, 2020); helps shy and introvert students participate more actively (Cho 
& Kim, 2021; Rachman et al., 2022); increases transversal competencies including 
communication, cooperation, and empathy (Kalmar et al., 2022); and improves team 
effectiveness and bonding (Jaiswal et al., 2021).

During the transition to fully online environments, collaboration and communica-
tion between students was commonly encouraged through the use of tools support-
ing both synchronous and asynchronous communication, file sharing, and learning 
management systems (LMSs), as well as video conferencing (used in 16 out of 18 
studies in the review). In one study, breakout rooms, polling, and annotation features 
were emphasized to create an inclusive setting in which isolated students could work 
collaboratively (Ramachandran et al., 2021). Online collaboration tools were used 
to build a sense of togetherness and co-presence, and to compensate for the lack of 
in-person interactions (Logemann et al., 2022; Jaiswal et al., 2021). Furthermore, 
one study reports that online tools enabled better and more efficient collaboration 
compared to face-to-face settings, indicating that online tools may have caused stu-
dents to be more diligent in their communication. However, improved efficiency in 
this regard cannot definitively be ascribed to the online mode of instruction (Jaiswal 
et al., 2021).

On the other hand, other findings suggest that motivation and team productivity 
was impeded in the online environment due to the lack of informal interactions and 
discussions among group members, ultimately resulting in a shift toward cooperation 
rather than collaboration (Kalmar et al., 2022). The absence of informal interactions 
is also addressed by Ota and Murakami-Suzuki (2022), who suggest that it is dif-
ficult for students to share moments prior to or after the formal online class, as they 
would in a conventional offline class. In addition, it can be challenging in online 
environments for group members to make the initial connections which allow them 
to establish relationships and trust. Furthermore, the limited presence of non-verbal 
communication online, especially in relation to asynchronous communication, has 
been found to afford more miscommunication in team meetings, ultimately making 
socio-emotional communication more challenging (Kalmar et al., 2022).

Although social and emotional connection may be difficult in an exclusively online 
environment, some studies indicate that the extent of the problem may be related to 
certain factors linked to the dynamics and demographics of the group. For instance, 
Logemann et al. (2022) found that teams with a high level of belonging reported more 
positive experiences with building co-presence on an online collaboration platform, 
reflecting positive relationships and solidarity in relation to their team dynamics. 
In addition, some studies emphasize that teams benefited from face-to-face meet-
ings and interactions prior to the shift to exclusively online collaboration (Jaiswal et 
al., 2021), and groups which had existed before the lockdown had greater potential 
to succeed when working in an exclusively online environment than newly-formed 
teams did (Kalmar et al., 2022). Another key factor in the success of online  teamwork 
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may relate to students’ previous experiences with teamwork and the stage of edu-
cation that they have reached. As Jaiswal et al. (2021) point out, teamwork skills 
develop over time, and team effectiveness has therefore been found to improve as 
students spend more time with one another over the semester. Consequently, remote 
learning might impede effective teamwork when this skill is yet to be developed by 
students (Conde et al., 2021).

4.1.3 Student-content interactions

Student interactions with learning content such as materials and learning activities 
were identified as a recurrent theme in 13 studies included in the review, indicating 
a broad variety of different modalities and emerging digital practices. Findings indi-
cate that a student-centered and self-paced learning approach offers increased flex-
ibility (Sá & Cruz, 2021) and enables students to work at their own pace and control 
their progress through the affordances provided by, for example, interactive videos 
and quizzes (Hauck & Melle, 2021). The asynchronous delivery of learning content 
allows students to view videos at any time; one study suggests that this can result 
in fewer requests for teacher support (Ripoll et al., 2021). In addition, synchronous 
activities may also yield benefits in online environments, as findings from one study 
suggest that working online may improve student motivation and focus by alleviat-
ing distractions such as side-chats (Morsi & Assem, 2021). However, distractions in 
online environments, such as games, YouTube videos, or other content that pops up 
on students’ screens, may also impact student concentration (Cho & Kim, 2021). This 
issue can be accommodated through interactive elements that keep students engaged, 
minimizing the risk of them zoning out (Hauck & Melle, 2021).

Despite several benefits, interactions with learning materials and the environment 
have not been seamlessly integrated into the emergency online teaching prompted 
by the Covid-19 crisis, and some of the studies address the challenge of transferring 
certain activities and learning experiences to online modes; one example is hands-
on training in practical and clinical settings (Alkhowailed et al., 2020). In addition, 
several studies emphasize technology-related limitations, such as overloaded learn-
ing management systems, software-related constraints, frustration with technology 
among students, along with technical issues including sound failures, problems with 
memory availability, and unstable internet connections (Alkhowailed et al., 2020; 
Hauck & Melle, 2021; Kalmar et al., 2022; Rachman et al., 2022; Ripoll et al., 2021), 
which ultimately disrupt the learning process.

4.1.4 Student competencies in the ‘new normal’

As mentioned earlier, we were particularly interested in how emerging digital prac-
tices are guiding the shift into a ‘new normal’ and what competencies this shift 
requires and/or incites according to the studies. Thus, all the studies included in the 
review address competency development in varying degrees, with a substantial focus 
on literacy as a prevalent theme throughout the thematic analysis. Figure 3 displays 
a visual representation of the frequency of competencies explicitly targeted by the 
online learning interventions among the studies included in the review.
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A notable pattern across the studies is the aim of supporting students in the devel-
opment of transversal skills, such as teamwork and collaboration, which was iden-
tified in a total of seven studies. Another prevalent social skill is communication, 
which was identified in a total of five studies, of which one study specifically targets 
digital communication (Logemann et al., 2022). In general, social and transversal 
skills have received extensive attention among the studies, whereas other examples 
include cooperation, intercultural competence, multicultural communication and 
citizenship.

Despite the challenges presented by the pandemic, online collaborative learning 
has been found to help students acquire key competencies and autonomy (Ripoll et 
al., 2021), while the acquisition of transversal skills related to emotional connections 
and empathy has been found to help students combat the negative effects of social 
distancing during the pandemic (Logemann et al., 2022). The teaching and practice 
of social skills is central to the future development of online courses based on collab-
orative learning (Kalmar et al., 2022). As such, lessons learned from the pandemic, 
which will gain further relevance in the emerging hybrid workplace, should increase 
the attention to the development of social and transversal skills in higher education 
(Kalmar et al., 2022; Logemann et al., 2022).

Several studies also addressed the potential of blended, hybrid, or inverted learn-
ing approaches in a post-pandemic era (Latorre-Cosculluela et al., 2021; Ota & 
Murakami-Suzuki, 2022; Kalmar et al., 2022). These approaches may support stu-
dents in developing skills such as creativity, critical thinking, communication and col-
laboration, and improve their self-efficacy by developing their self-directed learning 
and self-learning skills (Latorre-Cosculluela et al., 2021; Cho & Kim, 2021; Velaora 
et al., 2022). The online component of the blended learning experience can provide 
readily available and personalized online teaching materials and learning trajectories 

Fig. 3 Explicitly targeted 
competencies across studies 
included in the review
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while facilitating collaboration, problem-solving, and reflection. Beyond the online 
components of blended learning, the planning of physical on-campus sessions may 
strengthen the sense of community and increase unplanned socio-emotional interac-
tions and peer feedback (Kalmar et al., 2022). Furthermore, knowledge acquisition 
and knowledge sharing can be supported by a combination of asynchronous and syn-
chronous online learning activities (Ota & Murakami-Suzuki, 2022).

4.2 Joint analysis: Revisiting the case study through the lens of the literature

In the following sub-sections, the findings from the literature review will be used 
as the basis for analysis of the empirical data collected in the early reactive case 
study and comparison of findings related to the identified themes, highlighting simi-
larities, differences and nuances that might further inform the transition into online, 
hybrid, and blended modes of student-centered learning. In this analysis, we group 
findings into two overarching themes based on the four themes identified in the lit-
erature review: (1) emerging digital practices, i.e. student interactions with teachers 
and supervisors, content, and each other; and (2) emerging digital literacy, i.e. the 
development of competencies among students and teachers that are relevant to this 
‘new normal’ in higher education.

4.2.1 Emerging digital practices: interactions revisited

The literature review above has emphasized the emergence of new digital practices 
supporting student interactions with teachers, content, and one another during ERT 
in student-centered learning environments. Prior to the pandemic, these interactions 
mainly took place in classrooms and lecture halls, in group rooms and collabora-
tive workspaces, as well as in individual settings, which have all been substantially 
disrupted due to the alternating confinement measures imposed by the pandemic. 
Despite these measures, studies in the review indicate that teachers have supported 
student-teacher interactions by experimenting with digital practices supporting con-
nectivity, belonging, social presence (Logemann et al., 2022), by situating the inter-
actions in distributed online spaces supported by means of existing technologies. The 
emergence of these practices has similarly been observed in the case study, in which 
teachers experimented with video conferencing platforms and both synchronous and 
asynchronous communication tools in and between lectures, along with online col-
laborative whiteboards, class timing and duration, quizzes and polls, class sizes, the 
combination and mixing of classes, online seminars, chat communication, and learn-
ing analytics for differentiation based on the needs of learners. Thus, in spite of lock-
downs and restrictions, teachers in the case study managed to maintain a certain level 
of social interaction and student engagement in the digital space.

Experimental and reactive digital practices have similarly been adapted to support 
interactions between students and build togetherness and co-presence, as well as to 
compensate for the lack of in-person interactions (Logemann et al., 2022; Jaiswal et 
al., 2021) through online collaboration tools. However, as with other studies in the 
literature review (Kalmar et al., 2022; Ota & Murakami-Suzuki, 2022), teachers and 
students in the case study both emphasized the absence of informal learning and situ-
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ated knowledge-sharing both among students and groups and between students and 
teachers that would usually take place spontaneously in-between lectures or meetings 
in a physical setting. As such, the overall experience with these reactive practices is 
mixed; while they inevitably contribute to a reduction of issues related to social well-
being and isolation due to physical restrictions, new issues have emerged in relation 
to the quality of social interactions being affected by the absence of, for example, 
non-verbal cues, informal discussions, and socio-emotional communication (Ota & 
Murakami-Suzuki, 2022; Kalmar et al., 2022), which serve a critical role in collab-
orative student-centered environments.

However, as outlined in the literature review, the extent of these issues may be 
relative to certain group dynamics and demographics, such as the level of belong-
ing felt by the students and the balance between face-to-face and exclusively online 
forms of collaboration, or whether the group existed prior to lockdowns (Logemann 
et al., 2022; Kalmar et al., 2022; Jaiswal et al., 2021). This is confirmed by data from 
the case study: supervisors reported more difficulties in groups in earlier semesters 
compared to later semesters, suggesting that this was due to smaller groups and more 
developed collaboration skills in the later semesters. This variation in students’ abil-
ity to collaborate was highlighted both in the review and in interviews with teachers, 
who argued that while project work ensured a certain level of both social and aca-
demic interaction between students during lockdowns, the quality of collaboration 
varied greatly according to the degree to which the students had advanced in their 
education. According to the teachers, students in their first year and groups that were 
formed after lockdown demonstrated noticeably more individualized patterns and 
more instances of miscommunication and conflict, while groups in later semesters 
did not exhibit these issues to the same degree. As one teacher stated:

My experience supervising was that it [project work] was one of the things that 
worked well. But it should be noted that I supervised Bachelors students [6th 
semester] and Masters students [10th semester] in the spring, and those students 
obviously had the ‘social putty’ already (FOC1/TE2)

Students in larger groups also noted that interactions were significantly impeded in 
online meetings with many participants, while meetings with fewer participants or 
one-to-one meetings conversely supported interaction during lockdowns. During 
group work, short online meetings were also used to supplement face-to-face meet-
ings when students worked in distributed locations. Different phases of project work 
required different modes; when starting or finishing a project, face-to-face meetings 
were preferred for brainstorming ideas, social bonding, and discussion (collaborative 
work), while writing and simple tasks could be completed with mainly online meet-
ings (cooperative work). One student noted that:

Idea generation works best if you are face-to-face, because then you have 
the possibility to interrupt each other. The writing process works fine online. 
The final phase with revisions, etc., works better if you sit together in real life 
(FOC5/ST1)
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Kalmar et al. (2022) observed that exclusively online teamwork shifted toward a 
cooperative distribution of the workload rather than students collaboratively solv-
ing problems together, which may explain why students felt that online teamwork 
was less effective. Thus, as pointed out by the student quoted above, project- and 
problem-based teamwork can beneficially be distributed through a blend of online 
and physical spaces, as certain stages involving collaborative activities may profit 
from face-to-face meetings, which can be supplemented by individual and coopera-
tive activities online.

In a similar vein, both students and teachers in the case study agreed that a 1:1 
transfer of analogue face-to-face pedagogy to an online setting was generally unsat-
isfactory, and preferred flipped or blended approaches to teaching. For teachers, the 
lack of social and emotional response (affect) from students can contribute to an 
experience of lack of control and insight into the students’ learning process. Similarly, 
Sá and Cruz (2021) highlighted the absence of a shared process between groups and 
lectures in synchronous collaborative sessions. In flipped and blended approaches, 
which mainly included preparatory work such as watching pre-recorded lectures, 
short video lectures, and doing exercises, teachers in the case study experienced 
increased interaction with students during class. However, it was noted that students 
struggled with transitioning to a flipped classroom and preferred synchronous online 
lectures, which they were somewhat accustomed to:

(…) I think they need training to accept this [flipped classroom] teaching form. 
That preparation is required … is the principle of flipped classroom; that they 
have prepared before we meet. And I think they find that hard to swallow and it 
will likely be a long haul (FOC7/TE4).

However, preparatory work consisting of different digital teaching resources offers 
valuable repositories for students to revisit in the periods leading up to exams, thus 
making student interactions with content more flexible, continuous, and integrated 
into the entire learning process, including exams. Similarly, data on video views in 
Hauck and Melle (2021) indicated that many students returned to the interactive vid-
eos to work on them a second time when preparing for exams toward the end of the 
semester.

4.2.2 Emerging digital literacy: student and teacher competencies revisited

As described in the previous sections, student-centered learning environments have 
taken new forms for both teachers and students during the pandemic and the various 
lockdowns. Under the pressure of changing conditions, new digital practices have 
emerged at all levels of education and for all roles, from individual student work to 
group work, from simple course activities to the structuring of semesters.

For teachers in the case study, a transition from ERT was initiated at the very begin-
ning of the pandemic, when teachers simply uploaded slideshows with voiceovers or 
conducted lectures through online video conference calls, and led to further experi-
mentation, with models such as flipped classrooms and blended learning emerging 
as the most common models. At the student level, problem-based project work has 
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afforded experimentation with different forms of group work, i.e. distributed vs. face-
to-face, synchronous vs. asynchronous, cooperative vs. collaborative modes, and 
innovative combinations of all of the above, affording new not only digital but also 
transversal competencies:

All the students [in a robotic sailing project] were working from home and part 
of the project then became to produce a technical solution that would allow 
them all to work on this boat, and the computing side of the boat remotely. So, 
they had to completely change their project because there’s only one person 
who had access to the boat and she was kind of being remote controlled by 
the others to do all the tests on it. They were telling her what to do and so on. 
And then they actually created this new thing. So, I think we should take the 
opportunity to increase our skills and our knowledge about how to deal with 
these situations and attack those problems, too. And they can be the topics of 
interesting projects, actually (FOC13/TE3).

This reflects competencies among teachers and students alike to better integrate multi-
modal forms of working. These options were also available prior the pandemic, but 
were not experimented with to the same extent as they were during the lockdowns. In 
traditional educational settings, when classrooms and labs were not accessible dur-
ing ERT, students’ experience of motivation, self-efficacy, and cognitive engagement 
decreased (Aguilera-Hermida 2020), whereas in this case study teachers and students 
alike experienced high levels of student agency and self-efficacy:

I was quite impressed with the creativity they showed with regard to finding 
[project] themes, that were trending right now. In that moment, I was happy and 
a little proud to be working at a university that actually forces the students to 
think in and with time. And it became exemplary learning in the way, that they 
went out and did something in the world, for the world, while it was happening 
(FOC8/TE1).

In a systemic PBL environment, students have considerable responsibility to set 
goals, organize their own time and learning activities, and be reflective about these 
processes. As such, teachers and supervisors reported big differences in students’ 
self-efficacy levels, with younger and academically weaker students still learning 
the skills necessary to perform project work, struggling when facing new challenges, 
and requiring more pedagogical supervision and support from their supervisor. On 
the other hand, experienced and capable students in the higher semesters exhibited 
excellent adaptability in recontextualizing project ideas and plans, given the ongoing 
crisis. However, the supervisors’ competence (and time) to facilitate and assist this 
transition was instrumental to its success:

In my study program, we couldn’t do the lab work we had planned to do. Instead, 
some groups were allowed to make their project results in a theoretical form, 
but my group was lucky to have a flexible supervisor, who gave us the option to 
write about corona. We saw this as an opportunity to learn a lot in a new way 
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(…) It was a good supervisor, who was flexible, replied to our emails and was 
easy to contact (FOC3/ST4).

Supervisors also reported that more extroverted and socially-oriented learners strug-
gled to maintain motivation and discipline, whereas more introverted and individu-
ally cognitive-oriented learners seemed to experience more positive effects from 
online participation, and exhibited a higher degree of self-efficacy. Similarly, studies 
in the literature review report that online collaborative learning led shy and introvert 
students to become more active participants (Cho & Kim, 2021; Rachman et al., 
2022). In the case study, students that were technically adept and had experience in 
participating in online communities adapted to the situation by creating new project-
related online groups and networks: in this case, digital competence helped support 
transversal and collaborative competencies, and vice versa.

5 Discussion

The analysis above highlights the emerging practices adapted in a crisis-prompted 
state to ensure continuity of education in student-centered learning environments. 
The following section will discuss the main findings in light of contemporary 
research and literature, and will address the implications for research and practice 
which qualifies and informs the ongoing transition into a ‘new normal’ for student-
centered higher education.

Many studies, both in student-centered and traditional learning environments, 
emphasize the need to distinguish between emergency remote teaching/learning 
experiences instituted during the pandemic and established online teaching and learn-
ing (OTL) practices (Aguilera-Hermida, 2020; Rapanta et al., 2021; Hodges et al., 
2020; Lee et al., 2022). The latter practices originate from careful consideration of 
instructional design and planning and are often associated with flexibility of teach-
ing in time and space (Hodges et al., 2020), paying particular attention to teachers’ 
readiness for the transition to OTL (Scherer et al., 2021), and which digital spaces are 
compatible with and integrated into students’ daily lives (Conde et al., 2021). Thus, 
it is likely that the most prevalent issues encountered during ERT in student-centered 
environments would have taken different forms if the teachers had time to carefully 
consider the learning design in accordance with the alternating modalities of the 
pandemic period. More organizational focus and support in the ‘new normal’ will 
support the development of OTL and avoid many pitfalls and barriers experienced 
during ERT. These experiences, along with emerging digital practices, will feed into 
and further inform the ‘new normal’ in higher educational practices.

As indicated in our empirical study, one-to-one transfer of face-to-face pedagogy 
in online classrooms is unsatisfying for both students and teachers. Nevertheless, this 
transfer has often been a default strategy in the temporary and crisis-prompted shift 
into ERT, leaving instructors with little time to prepare alternative delivery modes to 
remote solutions that would otherwise have been delivered face-to-face (Hodges et 
al., 2020; Lee et al., 2022); this results in mostly synchronous modalities as well as 
teacher-centered knowledge transmission (Lee et al., 2022; Crawford et al., 2020). 
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Although the contextual factors surrounding the studies included in the review and 
in our own empirical study are inherently student-centered, the pattern of teacher-
centered synchronous modalities has also been observed in relation to ERT during 
online lectures and plenary activities. Some of these unsatisfactory experiences, as 
shown in the literature review and case study, will most likely not translate into the 
‘new normal’ for higher educational practices.

However, these activities have been supplemented with a high degree of student-
centered, collaborative activities, which were experienced as a fundamental strength 
during periods of confinement. While students and teachers still generally prefer 
face-to-face classroom settings, the systematic review and case study suggest that 
student-centered learning models such as PBL were generally considered strengths 
during the early and rapid transitions to online learning during the pandemic, and in 
combination with new digital practices and teachers’ facilitation of the development 
of student competencies and digital literacy.

The lessons learned from crisis-prompted adaption of student-centered education 
to online and blended modalities have three main implications for research and prac-
tice. First, while the critical factors and barriers to social interaction have received 
extensive attention in the studies included in the review, these studies also center the 
aim of supporting students in developing primarily social and transversal skills and 
competence in digital environments, emphasizing a need for the further development 
of digital literacy in online student-centered environments among students and teach-
ers alike. However, further research is required to develop methods to reconstruct and 
increase socio-emotional interactions among teachers and students in these settings 
(Kalmar et al., 2022; Cho & Kim, 2021; Latorre-Cosculluela et al., 2021), as well 
as on teacher professional development (Englund et al., 2017; Kalmar et al., 2022).

Second, the prerequisites for maximizing the benefits of online collaborative 
learning include adequate digital infrastructure, open access to computer equipment, 
stable internet connections, and the training of both teachers and students in the use 
of targeted collaborative platforms (Morsi & Assem, 2021; Rachman et al., 2022; 
Latorre-Cosculluela et al., 2021). These implications serve as an important reminder 
in the design of exclusively online environments. Third, as we transition ‘back’ into a 
post-pandemic world without physical restrictions, it has become crucial to consider 
how to continuously facilitate the necessary pedagogical innovations and emerging 
digital practices introduced in a crisis-prompted state of emergency. It is important to 
conduct longitudinal and cross-contextual studies to generate insights into the long-
term impacts of digital transformation on student learning and digital literacy in order 
to further a qualified and informed transition ‘forward’ into a ‘new normal’ of post-
pandemic higher education that supports student-centered learning and competency 
development.

As the world shifts into a post-pandemic state with other escalating global chal-
lenges, the potential of inverted, flipped, blended, and hybrid modalities has been 
emphasized in the studies included in the review, as well as in our empirical study, 
indicating a future pattern of a mixture between online and campus-based face-to-
face teaching and learning practices in student-centered learning environments. In a 
similar vein, the binary distinction between exclusively online and exclusively face-
to-face learning activities has been challenged in recent years, as scholars argue for 
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a post-digital perspective that sees learning situations as complex entanglements of 
people, spaces, activities, and material, in which the digital and non-digital are intrin-
sically and inextricably interconnected (Networked Learning Editorial Collective 
(NLEC), 2021; Green et al., 2020; Bayne et al., 2014). Thus, while online, blended, 
and hybrid learning might be used as terms to differentiate between design scenarios, 
this distinction might not capture the complexity and intricate connectedness of stu-
dents’ interactions with each other and with learning tasks, teachers, and content co-
present in multiple spaces (Jandrić & Boras, 2015; Fawns 2019; Networked Learning 
Editorial Collective (NLEC, 2021).

6 Conclusion

This paper has investigated the emerging digital practices which have been adapted 
to support student-centered learning environments in higher education since the 
beginning of the pandemic. This investigation has also explored the emerging digital 
literacy that these new practices will require and incite. Motivated by the findings 
of our own reactive study signifying emerging digital practices and the relevance 
and prevalence of certain transversal competencies in relation to student resilience, 
adaptability, self-directed learning, and interpersonal competencies, our aim was to 
explore whether and to what degree these patterns have emerged in similar contexts 
characterized by student-centered educational approaches.

By synthesizing the experiences disseminated in 18 early reactive empirical stud-
ies, our findings highlight emerging practices supporting students’ interaction with 
teachers, content, and one another during ERT in student-centered learning environ-
ments. In general, these interactions have been situated in distributed online spaces 
supported by existing technologies, and both teachers and students have demonstrated 
a high level of adaptability and creativity by experimenting with modalities to support 
core learning activities. Although central social and collaborative aspects of student-
centered learning environments have been highlighted as a particular strength during 
periods of lockdown and social confinement, new issues have emerged in relation to 
the quality of mainly student-student interactions and collaboration in exclusively 
online environments, resulting in individualization of project work, especially for 
younger students and newly formed groups, although project groups were generally 
found to be open to, and successful in, experimenting with emerging digital practices 
for collaboration.

Thus, in spite of critical factors and barriers to social interactions highlighted in 
both the case study and the literature review, the aim of supporting students in the 
development of social transversal competencies in digital environments has been 
brought to the fore, emphasizing the need for the further development of digital lit-
eracy in online student-centered environments in the future—among students and 
teachers alike.

Although this study offers a snapshot into the complex landscape of a practice 
characterized by rapid and constant transformation, these findings may be consid-
ered indicative of existing patterns that have been further accelerated and ampli-
fied through the experience of the pandemic. However, the main limitation of this 
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research is that both our empirical case study and the early reactive studies included 
in the review were conducted in a crisis situation, in which practitioners had little 
time to carefully prepare for the disruptive and rapid shift in modalities and instruc-
tional designs. As such, if this study were to be replicated for more established OTL 
practices, it is likely that the results would be different. Furthermore, the literature 
review only included studies published between 2020 and August 2022. With the 
world shifting in and out of lockdowns and social restrictions, it is likely that a future 
review including studies published in the coming years will be characterized by more 
nuanced experiences with online and blended approaches to supporting student-cen-
tered learning environments and competency development.

Funding Open access funding provided by Royal Danish Library.

Data Availability The datasets generated during and/or analysed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Conflict of Interest The authors have no competing interests to declare that are relevant to the content of 
this article.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use 
is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

References

Aguilera-Hermida, A., P (2020). College Students’ Use and Acceptance of Emergency Online Learn-
ing due to COVID-19. International Journal of Educational Research Open, 1, 1–8. https://doi.
org/10.1016/j.ijedro.2020.100011.

Alkhowailed, M. S., Rasheed, Z., Shariq, A., Elzainy, A., El Sadik, A., Alkhamiss, A., Alsolai, A. M., Ald-
uraibi, S. K., Alduraibi, A., Alamro, A., Alhomaidan, H. T., & Abdulmonem, A., W (2020). Digitali-
zation plan in Medical Education during COVID-19 Lockdown. Informatics in Medicine Unlocked, 
20, 1–6. https://doi.org/10.1016/j.imu.2020.100432.

Barbalho, S., Duarte, C. M., A., H., & Luz, K., S. (2021). Active Learning in Project Management: The 
Life Cycle of a Virtual Scientific Colloquium and Its Impact on Students’ Performance. Interna-
tional Conference on Active Learning in Engineering Education (PAEE/ALE), 398–406. https://doi.
org/10.5281/ZENODO.5098338

Bayne, S., Gallagher, M. S., & Lamb, J. (2014). Being ‘at’ University: The Social Topologies of Distance 
Students. Higher Education, 67(5), 569–583.

Bond, M., Bedenlier, S., Marín, V. I., & Händel, M. (2021). Emergency remote teaching in Higher Educa-
tion: Mapping the First Global Online Semester. International Journal of Educational Technology in 
Higher Education, 18(1), 1–24. https://doi.org/10.1186/s41239-021-00282-x.

1 3

1693Education and Information Technologies (2024) 29:1673–1696

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/j.ijedro.2020.100011
http://dx.doi.org/10.1016/j.ijedro.2020.100011
http://dx.doi.org/10.1016/j.imu.2020.100432
http://dx.doi.org/10.5281/ZENODO.5098338
http://dx.doi.org/10.5281/ZENODO.5098338
http://dx.doi.org/10.1186/s41239-021-00282-x


Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in Psychol-
ogy, 3(2), 77–101. https://doi.org/10.1191/1478088706qp063oa.

Cho, M. K., & Kim, M. Y. (2021). Factors affecting learning satisfaction in Face-to-face and Non-Face-to-
Face flipped learning among nursing students. International Journal of Environmental Research and 
Public Health, 18(16), 1–13. https://doi.org/10.3390/ijerph18168641.

Conde, M., Rodríguez-Sedano, F. J., Hernández-García, Á., Gutiérrez-Fernández, A., & Guerrero-
Higueras, Á. M. (2021). Your teammate just sent you a New Message! The Effects of using Telegram 
on Individual Acquisition of Teamwork competence. International Journal of Interactive Multimedia 
and Artificial Intelligence, 6(6), 225–233. https://doi.org/10.9781/ijimai.2021.05.007.

Crawford, J. K., Butler-Henderson, K., Rudolph, J., Malkawi, B., Glowatz, M., Burton, R., Magni, P. 
A., & Lam, S. (2020). COVID-19: 20 countries’ higher education Intra-Period Digital pedagogy 
responses. Journal of Applied Teaching and Learning (JALT), 3(1), 9–28. https://doi.org/10.37074/
jalt.2020.3.1.7.

Englund, C., Olofsson, A. D., & Price, L. (2017). Teaching with Technology in Higher Education: Under-
standing conceptual change and development in practice. Higher Education Research & Develop-
ment, 36(1), 73–87. https://doi.org/10.1080/07294360.2016.1171300.

Fawns, T. (2019). Postdigital Education in Design and Practice. Postdigital Science and Education, 1(1), 
132–145. https://doi.org/10.1007/s42438-018-0021-8.

Garay-Rondero, C. L., Thierry-Aguilera, R., Schneider, A. K., Bourguet-Diaz, R. E., Salinas, M. L., & 
Zavala, G. (2021). Designing a Cyber-Physical-Systems and Human Factors Engineering Course 
for Industry 4.0. Future of Educational Innovation Workshop Series - Machine Learning-Driven 
Digital Technologies for Educational Innovation Workshop 2021. https://doi.org/10.1109/IEEEC
ONF53024.2021.9733753

Georgsen, M. (2021). Experiences of online teaching at 9 institutions of higher education in Spring 2020. 
Summary. Danish University Colleges.

Graham, R. (2022). Crisis and Catalyst: The impact of COVID-19 on global practice in Engineering Edu-
cation. Massachusetts Institute of Technology.

Green, J. K., Burrow, M. S., & Carvalho, L. (2020). Designing for Transition: Supporting teachers and 
students cope with emergency Remote Education. Postdigital Science and Education, 2, 906–922. 
https://doi.org/10.1007/s42438-020-00185-6.

Hauck, D. J., & Melle, I. (2021). Molecular Orbital Theory—Teaching a difficult Chemistry Topic using 
a CSCL Approach in a First-Year University Course. Education Sciences, 11(9), 1–10. https://doi.
org/10.3390/educsci11090485.

Hodges, C., Moore, S., Lockee, B., Trust, T., & Bond, A. (2020). The difference between emergency 
remote teaching and online learning. Educause review, 27, 1–12.

Jaiswal, A., Thomas, P. J., Karabiyik, T., Perera, V., & Magana, A. J. (2021). Assessing the Impact of 
Transition from Face-to-Face to Online Instruction on Team Cooperation 2021 ASEE Annual Con-
ference and Exposition, Conference Proceedings, Online. https://www.scopus.com/inward/record.
uri?eid=2-s2.0-85124527015&partnerID=40&md5=9d6ef44bbe82a57c64ff5da2f3813b93

Jandrić, P., & Boras, D. (Eds.). (2015). Critical learning in digital networks. Springer International 
Publishing.

Jandrić, P., Hayes, D., Truelove, I., Levinson, P., Mayo, P., Ryberg, T., Monzó, L. D., Allen, Q., Stewart, 
P. A., Carr, P. R., Jackson, L., Bridges, S., Escaño, C., Grauslund, D., Mañero, J., Lukoko, H. O., 
Bryant, P., Fuentes-Martinez, A., Gibbons, A., & Hayes, S. (2020). Teaching in the age of Covid-
19. Postdigital Science and Education, 2, 1069–1230. https://doi.org/10.1007/s42438-020-00169-6.

Jandrić, P., Hayes, D., Levinson, P., Christensen, L. L., Lukoko, H. O., Kihwele, J. E., Truelove, I., Mayo, 
P., Ryberg, T., Monzó, L. D., Allen, Q., Stewart, P. A., Carr, P. R., Jackson, L., Bridges, S., Escaño, 
C., Grauslund, D., Mañero, J., Bryant, P., & Hayes, S. (2021). Teaching in the age of Covid-19–1 year 
later. Postdigital Science and Education, 3, 1073–1223. https://doi.org/10.1007/s42438-021-00243-7.

Jandrić, P., Martinez, A. F., Reitz, C., Jackson, L., Grauslund, D., Hayes, D., Lukoko, H. O., Hogan, M., 
Mozelius, P., Arantes, J. A., Levinson, P., Ozoliņš, J. J., Kirylo, J. D., Carr, P. R., Hood, N., Tesar, M., 
Sturm, S., Abegglen, S., Burns, T., & Hayes, S. (2022). Teaching in the age of Covid-19—The New Nor-
mal. Postdigital Science and Education, 4(4), 877–1015. https://doi.org/10.1007/s42438-022-00332-1.

Kalmar, E., Aarts, T., Bosman, E., Ford, C., de Kluijver, L., Beets, J., Veldkamp, L., Timmers, P., Bessel-
ing, D., Koopman, J., Fan, C., Berrevoets, E., Trotsenburg, M., Maton, L., van Remundt, J., Sari, E., 
Omar, L. W., Beinema, E., Winkel, R., & van der Sanden, M. (2022). The COVID-19 Paradox of 
Online Collaborative Education: When you cannot physically meet, you need more social interac-
tions. Heliyon, 8(1), 1–15. https://doi.org/10.1016/j.heliyon.2022.e08823.

1 3

1694 Education and Information Technologies (2024) 29:1673–1696

http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.3390/ijerph18168641
http://dx.doi.org/10.9781/ijimai.2021.05.007
http://dx.doi.org/10.37074/jalt.2020.3.1.7
http://dx.doi.org/10.37074/jalt.2020.3.1.7
http://dx.doi.org/10.1080/07294360.2016.1171300
http://dx.doi.org/10.1007/s42438-018-0021-8
http://dx.doi.org/10.1109/IEEECONF53024.2021.9733753
http://dx.doi.org/10.1109/IEEECONF53024.2021.9733753
http://dx.doi.org/10.1007/s42438-020-00185-6
http://dx.doi.org/10.3390/educsci11090485
http://dx.doi.org/10.3390/educsci11090485
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85124527015&partnerID=40&md5=9d6ef44bbe82a57c64ff5da2f3813b93
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85124527015&partnerID=40&md5=9d6ef44bbe82a57c64ff5da2f3813b93
http://dx.doi.org/10.1007/s42438-020-00169-6
http://dx.doi.org/10.1007/s42438-021-00243-7
http://dx.doi.org/10.1007/s42438-022-00332-1
http://dx.doi.org/10.1016/j.heliyon.2022.e08823


Khan, M. A. (2021). COVID-19’s impact on higher education: A Rapid Review of early reactive literature. 
Education Sciences, 11(8), 421, 1–14. https://doi.org/10.3390/educsci11080421.

Kolmos, A., & Graaff, E. D. (2003). Characteristics of problem-based learning. International Journal of 
Engineering Education, 19(5), 657–662.

Latorre-Cosculluela, C., Suárez, C., Quiroga, S., Sobradiel-Sierra, N., Lozano-Blasco, R., & Rodríguez-
Martínez, A. (2021). Flipped Classroom Model before and during COVID-19: Using Technology to 
develop 21st Century Skills. Interactive Technology and Smart Education, 18(2), 189–204. https://
doi.org/10.1108/ITSE-08-2020-0137.

Lee, K., Fanguy, M., Bligh, B., & Lu, X. S. (2022). Adoption of online teaching during the COVID-19 
pandemic: A systematic analysis of changes in University Teaching Activity. Educational Review, 
74(3), 460–483. https://doi.org/10.1080/00131911.2021.1978401.

Logemann, M., Aritz, J., Cardon, P., Swartz, S., Elhaddaoui, T., Getchell, K., Fleischmann, C., Helens-
Hart, R., Li, X., Palmer-Silveira, J., Ruiz-Garrido, M., Springer, S., & Stapp, J. (2022). Standing 
Strong Amid a Pandemic: How a Global Online Team Project Stands up to the Public Health Cri-
sis. British Journal of Educational Technology, 53(3), 577–592. Scopus. https://doi.org/10.1111/
bjet.13189

Lyngdorf, N. E. R., Bertel, B. L., Andersen, T., & Ryberg, T. (2021a). Problem-baseret læring under en 
pandemi:: Erfaringer med digitalt understøttede læringsaktiviteter i en nedlukningstid. Tidsskriftet 
Læring Og Medier (LOM), 14(24), 24. https://doi.org/10.7146/lom.v14i24.125686

Lyngdorf, N. E. R., Bertel, L. B., & Andersen, T. (2021b). Evaluering af Digitalt Understøttet Læring på 
Aalborg Universitet i 2020: Underviser- og studenterperspektiver på universitetets nedlukning som 
følge af Covid-19. https://vbn.aau.dk/ws/portalfiles/portal/441101526/Afrapportering_final.pdf

Morsi, W. K., & Assem, H. M. (2021). Online versus face-to-face collaborative learning: Perceptions of 
students and instructors of technical writing for engineers. 2021 IEEE Global Engineering Education 
Conference (EDUCON), 1571–1581. https://doi.org/10.1109/EDUCON46332.2021.9454106

Ota, E., & Murakami-Suzuki, R. (2022). Effects of Online Problem-Based learning to increase global 
competencies for first-year undergraduate students majoring in Science and Engineering in Japan. 
Sustainability: Technology-Enhanced Learning and Innovative Practices in Engineering Education, 
14(5), 1–19. https://doi.org/10.3390/su14052988.

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., Shamseer, L., 
Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J. M., Hróbjartsson, 
A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S., & Moher, D. (2021). The 
PRISMA 2020 Statement: An updated Guideline for reporting systematic reviews. BMJ 2021, 8284, 
n71. https://doi.org/10.1136/bmj.n71.

Rachman, D., Margana, & Priyanto (2022). The application of Mobile-Enhanced collaborative learn-
ing models on oral presentation competence in rural area during Covid-19 pandemic. International 
Journal of Learning Teaching and Educational Research, 21(3), 71–87. https://doi.org/10.26803/
IJLTER.21.3.5.

Ramachandran, R., Bernier, N. A., Mavilian, C. M., Izad, T., Thomas, L., & Spokoyny, A. M. (2021). 
Imparting scientific literacy through an online materials Chemistry General Education Course. Jour-
nal of Chemical Education, 98(5), 1594–1601. https://doi.org/10.1021/acs.jchemed.1c00138.

Rapanta, C., Botturi, L., Goodyear, P., Guàrdia, L., & Koole, M. (2021). Balancing Technology, Pedagogy 
and the New Normal: Post-pandemic Challenges for Higher Education. Postdigital Science and Edu-
cation, 3(3), 715–742. https://doi.org/10.1007/s42438-021-00249-1.

Ripoll, V., Godino-Ojer, M., & Calzada, J. (2021). Teaching Chemical Engineering to Biotechnology stu-
dents in the Time of COVID-19: Assessment of the adaptation to digitalization. Education for Chemi-
cal Engineers, 34, 21–32. https://doi.org/10.1016/j.ece.2020.11.001.

Rook, L., & McManus, L. (2020). Responding to COVID-19: Enriching students’ responsible Leader-
ship through an online work-integrated Learning Project. International Journal of Work-Integrated 
Learning, 21(5), 601–616.

Sá, S., & Cruz, M. L. (2021). Using a Valid Game-Based Learning Activity to Practice Communication 
Competencies Online. 2021 4th International Conference of the Portuguese Society for Engineering 
Education (CISPEE). Scopus. https://doi.org/10.1109/CISPEE47794.2021.9507223

Scherer, R., Howard, S. K., Tondeur, J., & Siddiq, F. (2021). Profiling teachers’ readiness for Online Teach-
ing and Learning in Higher Education: Who’s Ready? Computers in human behavior, 118, 1–16. 
https://doi.org/10.1016/j.chb.2020.106675.

Valentine, D. (2002). Distance learning: Promises, problems, and possibilities. Online Journal of Distance 
Learning Administration, 5(3), 1–11.

1 3

1695Education and Information Technologies (2024) 29:1673–1696

http://dx.doi.org/10.3390/educsci11080421
http://dx.doi.org/10.1108/ITSE-08-2020-0137
http://dx.doi.org/10.1108/ITSE-08-2020-0137
http://dx.doi.org/10.1080/00131911.2021.1978401
http://dx.doi.org/10.1111/bjet.13189
http://dx.doi.org/10.1111/bjet.13189
http://dx.doi.org/10.1109/EDUCON46332.2021.9454106
http://dx.doi.org/10.3390/su14052988
http://dx.doi.org/10.1136/bmj.n71
http://dx.doi.org/10.26803/IJLTER.21.3.5
http://dx.doi.org/10.26803/IJLTER.21.3.5
http://dx.doi.org/10.1021/acs.jchemed.1c00138
http://dx.doi.org/10.1007/s42438-021-00249-1
http://dx.doi.org/10.1016/j.ece.2020.11.001
http://dx.doi.org/10.1109/CISPEE47794.2021.9507223
http://dx.doi.org/10.1016/j.chb.2020.106675


Velaora, C., Dimos, I., Tsagiopoulou, S., & Kakarountas, A. (2022). A game-based Learning Approach in 
Digital Design Course to Enhance Students’ competency. Information (Switzerland), 13(4), https://
doi.org/10.3390/info13040177.Scopus.

Networked Learning Editorial Collective (NLEC). (2021). Networked learning: Inviting redefinition. 
Postdigital Science and Education, 3(2), 312–325.

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

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of such publishing agreement and appli-
cable law.

Authors and Affiliations

Sofie Otto1 · Lykke Brogaard Bertel1 · Niels Erik Ruan Lyngdorf1 ·  
Anna Overgaard Markman1 · Thomas Andersen1 · Thomas Ryberg1

  Sofie Otto
sio@plan.aau.dk

  Lykke Brogaard Bertel
lykke@plan.aau.dk

  Niels Erik Ruan Lyngdorf
nel@plan.aau.dk

  Anna Overgaard Markman
annaom@plan.aau.dk

  Thomas Andersen
thomasan@plan.aau.dk

  Thomas Ryberg
ryberg@iaspbl.aau.dk

1 Aalborg University, Aalborg, Denmark

1 3

1696 Education and Information Technologies (2024) 29:1673–1696

http://dx.doi.org/10.3390/info13040177.Scopus
http://dx.doi.org/10.3390/info13040177.Scopus

	Emerging Digital Practices Supporting Student-Centered Learning Environments in Higher Education: A Review of Literature and Lessons Learned from the Covid-19 Pandemic
	Abstract
	1 Introduction
	2 Background: conducting exploratory research in a time of crisis
	2.1 Case study approach and findings

	3 Methodology
	3.1 Systematic literature review
	3.2 Revisiting codes from case study

	4 Results
	4.1 Narrative synthesis
	4.1.1 Student-teacher interactions
	4.1.2 Student-student interactions
	4.1.3 Student-content interactions
	4.1.4 Student competencies in the ‘new normal’


	4.2 Joint analysis: Revisiting the case study through the lens of the literature
	4.2.1 Emerging digital practices: interactions revisited
	4.2.2 Emerging digital literacy: student and teacher competencies revisited

	5 Discussion
	6 Conclusion
	References


