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We propose a model of contextual facilitators for learning activities involving technology (in short: C♭-model) for both
on-site and distance learning environments in higher education. The C♭-model aims at systematizing research on
digital teaching and learning and offers a roadmap for future research to understand the complex dynamic of
factors that lead to successful digital teaching and learning in higher education via suitable learning activities.
First, we introduce students’ learning outcomes as central benchmarks of teaching and learning with digital
technologies in higher education. Second, we want to focus on a major proximal factor for students’ learning
outcomes and thus apply a learning activities perspective. Learning activities involving digital technologies
reflect cognitive processes of students when using digital technologies and are causally connected with students’
learning outcomes. Third, we highlight several contextual facilitators for learning activities involving technology
in the C♭-model: learning opportunities that result from higher education teachers’ instructional use of tech
nology and students’ self-arranged learning opportunities involving digital technologies. Apart from these
proximal facilitators, we include more distal factors, namely, higher education teachers’ knowledge, skills, and
attitudes toward digital technology; higher education teachers’ qualification; students’ and teachers’ digital
technology equipment; and institutional, organizational, and administrative factors.

1. Introduction
Teaching and learning with digital technologies has changed edu
cation in general and specifically higher education in many ways. Digital
technologies can promote new ways of learning and can effectively
contribute to the successful acquisition of knowledge and skills, espe
cially those needed in today’s world (Hamilton et al., 2016; Puentedura,
2006). Digital technologies offer opportunities to support and enhance
on-site learning (e.g., by visually representing complex procedures with
digital presentations or by using audience response systems; Chien et al.,
2016; Hunsu et al., 2016) and they allow for technology-enhanced dis
tance learning (e.g., Surma & Kirschner, 2020). Whereas approaches
such as blended learning and inverted classrooms (Låg & Sæle, 2019;
Owston, 2013; Strelan et al., 2020) combine on-site and distance
learning, other approaches focus on distance learning settings such as
massive open online courses (MOOCs; Zhu et al., 2018). The use of
digital technology for teaching and learning has been discussed for de
cades (see Tamim et al., 2011), but it has moved into the focus of
broader public and political attention due to the COVID-19 pandemic

(Seufert et al., 2021). During the COVID-19 pandemic, a temporary shift
to distance teaching and learning occurred. This led to teaching formats
such as emergency remote teaching (Hodges et al., 2020) or modifica
tions of existing concepts such as online inverted classrooms (Tolks
et al., 2020). Under these circumstances, with the COVID-19 pandemic
entering the stage, institutions of higher education have faced a stress
test with respect to their readiness for teaching and learning with digital
technology: Higher education teachers need to successfully plan and
implement digital teaching; students need to successfully make use of
digital learning opportunities; and both teachers and students need an
infrastructural, institutional, and organizational environment that is
conducive to digital teaching and learning (see Liu et al., 2020).
In this article, we propose a model which is intended to help sys
tematically capturing an overall picture of teaching and learning with
digital technology in higher education and address the complex dynamic
of factors that influence successful student learning. To this purpose, we
want to apply a truly educational perspective by focusing on student
learning activities with digital technologies. These learning activities are
conceptualized as being causally connected to student learning (Chi &
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Wylie, 2014). We propose a model of contextual facilitators for learning
activities involving technology. This model helps to systematize existing
research and to plan for new research on the proximal and distal factors
(Seidel & Shavelson, 2007) that influence students’ learning activities in
digitally supported learning environments. We focus on factors which
are related to digital technologies and which can be influenced by the
main stakeholders of higher education (i.e., students, higher education
teachers, and administration). The resulting model can be seen as a
roadmap for future research on teaching and learning in higher educa
tion and it can also be useful in (organizational) change processes with
respect to the professional development of higher education teachers,
curriculum development, as well as the design and evaluation of digi
talization strategies for institutions of higher education.

explicitly address the specificity of interrelations between different
levels and sublevels and does not account for learning that can take
place outside the organized courses and lectures. Further, the frame
work does not include information about the mechanisms through
which students’ learning is or can be effectively fostered in online
learning.
This brief overview shows that there have been efforts to develop
frameworks to conceptualize teaching and learning with digital tech
nology in both higher education and K-12 education (Knezek & Chris
tensen, 2016; Liu et al., 2020; Martin et al., 2020). However, more
comprehensive models on teaching and learning with digital technology
that include proximal as well as distal factors are lacking. Especially
proximal factors to student learning outcomes (e.g., the learning activ
ities students engage in) have not been explicitly included in existing
models. We argue that the integration of proximal and distal factors can
help to better explain the relationships between technology integration
and learning outcomes as well as to specify the roles that different fac
tors play in the successful integration of digital technology in higher
education. Our model includes an integrative framework for various
lines of research, such as (1) cognitive research on learning processes
enabled through or supported by digital technologies (Chi & Wylie,
2014; Vogel et al., 2017); (2) research on skills and attitudes for using
digital technologies in schools and higher education (Fraillon et al.,
2019; Lachner et al., 2019; OECD, 2012; Sailer et al., 2017; 2018;
Vuorikari et al., 2016); (3) research on organizational development
directed toward digital innovation (Gräsel et al., 2020; Owston, 2013);
and (4) tool-centered research that builds on cognitive perspectives and
focuses on the effects of a specific tool or technology-enhanced scenario
(Chernikova et al., 2020; Låg & Sæle, 2019).
Thus, we offer a starting point to integrate these lines of research and
incorporate teachers’ and students’ perspectives and central factors that
empirical research has identified as factors that facilitate or hinder
successful digital teaching and learning. By doing so, we aim to broaden
the focus on teachers’ use of technology in their teaching to include the
ways in which students engage with it. And this is reflected by their
visible learning activities when they are engaged with digital technol
ogy. Thus, we take into account the types of learning activities that are
afforded to students by digital learning opportunities (Chi & Wylie,
2014). These types of learning activities are central to the model as they
differ in the strength of their relationships with students’ different
learning outcomes (e.g., knowledge retention or skill development).
Therefore, the proposed model comprises contextual facilitators for
learning activities involving technology, which can be abbreviated with
“CFLAT”. C-flat is a musical note that is written as “C♭“. We refer to the
model as the C♭-model because the allusion to music takes up the idea of
successful learning and instruction as an orchestration and arrangement
of learning activities (see Kollar & Fischer, 2013). The C♭-model is
depicted in Fig. 1.
In the following sections, we introduce the components of the C♭model and discuss empirical research on the different aspects. As we
focus on successful student learning with digital technologies in the C♭model, we will start our illustration with students’ knowledge, skills,
and attitudes as desired learning outcomes of higher education (see
Section 2.1). After that, the components will be illustrated in decreasing
proximity to these desired student learning outcomes. The most prox
imal factor to students’ knowledge, skills, and attitudes in the C♭-model
are students’ learning activities involving digital technology (see Section
2.2). These take the center stage in the in the C♭-model. Potential
contextual facilitators for these students’ learning activities involving
digital technologies are higher education teachers’ technology use and
particularly the learning opportunities teachers provide for their stu
dents (see Section 2.3). However, student learning activities will
frequently result from learning opportunities that the students find or
create for themselves (see Section 2.4). The use of digital technology by
teachers in higher education might be influenced by their knowledge,
skills, and attitudes (see Section 2.5); by the qualification they have

2. A learning activities perspective on teaching and learning
with digital technology
Several frameworks and models of digital teaching and learning in
(higher) education have been developed which strive to explain the
relevant conditions of success for higher education in a digital world.
Before introducing our suggested learning activities perspective on
teaching and learning with digital technology, we will have a look at
existing models in K-12 education and higher education.
There have been attempts to create models of digital technology
integration in the school context, such as the will skill tool model (Knezek
et al., 2003). This model postulates that teachers’ attitudes, teachers’
skills, and the available infrastructure will influence digital technology
classroom integration. Petko (2012) suggested an update to the model to
account for teachers’ constructivist beliefs. Knezek and Christensen
(2016) built upon this idea and included teaching styles in their model to
predict technology integration. The resulting model explains a sub
stantial amount of variance in technology integration (Knezek &
Christensen, 2016). However, although the model includes students’
achievement as an outcome of technology integration, it does not strive
to elaborate on the mechanisms through which technology integration
might result in student achievement. In addition, the model focuses on
home and classroom access to technology as an important institutional
factor and places less emphasis on other institutional and organizational
factors of influence such as institutional strategies and support struc
tures for technology integration.
In the context of higher education, Liu et al. (2020) identified factors
that are related to the adaption of learning technologies via a systematic
review. Liu et al. (2020) applied a meta-narrative approach (see
Greenhalgh et al., 2004) in their review of 131 articles. Based on their
review the authors derived a conceptual framework which focusses on
the adoption of learning technologies by higher education teachers. The
framework consists of the main themes learning technology, academic
staff, context, and influencing adaption. In the framework, learning tech
nology, academic staff, and context are reciprocally connected. Influencing
adaption, which incorporates different kinds of institutional strategies,
affects the other three factors (Liu et al., 2020). However, whereas the
framework is more comprehensive with regard to institutional and
organizational factors, it does not cover students’ achievement as the
main outcome of higher education from an educational perspective.
In a systematic review of 619 articles, Martin et al. (2020) analyzed
different themes that have been investigated in research about online
teaching and learning. The review mostly builds on research from higher
education. The authors assign the different themes to different levels of a
framework that includes three levels: the learner level, the course and
instructor level, and the organizational level. The learner level is nested in
the course and instructor level. The course and instructor level is nested
in the organizational level, emphasizing the interrelations between each
level. The different levels include several sublevels such as learners’
engagement and characteristics (learner level), course technologies and
facilitation (course and instructor level), and institutional support
(organizational level; Martin et al., 2020). However, the model does not
2
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Fig. 1. The C♭-model for both on-site and distance learning environments in higher education. The arrows roughly indicate assumed influences and their direction.
Students’ learning activities involving digital technology are central in the model and have reciprocal relationships with students’ knowledge, skills, and attitudes;
student-arranged learning opportunities involving digital technology; and higher education teachers’ digital technology use. The latter is influenced by higher
education teachers’ knowledge, skills, and attitudes; higher education teachers’ qualification regarding teaching and learning with digital technologies; and insti
tutional, organizational, and administrative factors relating to teaching and learning with digital technologies. Students’ and higher education teachers’ digital
technology equipment are assumed to be moderators in the model.

received (see Section 2.6); and by institutional, organizational, and
administrative factors (see Section 2.8). The digital technology equip
ment that students and higher education teachers use is a necessary but
not sufficient factor for successful teaching and learning with digital
technologies and is thus assumed to play a moderating role in students’
learning activities and teachers’ technology use (see Section 2.7).

However, we are aware of the extensive discourse on what important
learning outcomes in higher education are, how they are or should be
measured, and how they need to be conceptualized differently across
disciplines, institutions, or countries (see Michelsen et al., 2017).
2.1.1. Students’ professional knowledge and skills
Higher education is aimed at supporting the advancement of the
knowledge and skills that are instrumental for performing effectively on
certain types of problems in professional fields. Professional knowledge
and skills include (a) conceptual and methodological knowledge and (b)
skills for a specific subject matter (Förtsch et al., 2018). Nowadays, these
will inevitably also include the knowledge and skills that are related to
subject-specific aspects of digital technologies (e.g., on digital human
ities, e.g., Gold, 2012). The advancement of these subject-specific pro
fessional skills is clearly a core goal of many programs of study in higher
education.

2.1. Students’ knowledge, skills, and attitudes as prerequisites for and
outcomes of learning with digital technology
A major rationale for including technologies in higher education
teaching has been to facilitate the understanding of domain-specific
concepts (e.g. Höffler & Leutner, 2007; Merchant et al., 2014) and the
advancement of domain-specific or cross-domain professional skills (e.g.
Chernikova et al., 2020; Cook et al., 2011). Furthermore, the success of
higher education studies as well as later continuing education system
atically depends on the capacities of an individual for self-regulation (e.
g. Schneider & Preckel, 2017). Self-regulation is crucial when reading
extensive bodies of literature to prepare for exams or when participating
in asynchronous online courses (Broadbent & Poon, 2015).
Partially driven by national agendas for digital transformation, an
additional focus with respect to the outcomes of higher education has
emerged: the advancement of students’ digital competences (e.g. Bond
et al., 2018). Concepts of digital competences typically include basic
knowledge and skills, or digital literacy, but also students’ attitudes
towards digital technology, as there is evidence for the positive rela
tionship of students’ attitudes with the use of technologies for learning
(e.g. Al-Emran et al., 2016; Farjon et al., 2019).
The C♭-model hence includes professional knowledge and skills
(Section 2.1.1), self-regulation (Section 2.1.2), basic digital skills (Sec
tion 2.1.3), and attitudes toward digital technology (Section 2.1.4). With
professional knowledge and skills, higher education prepares students
for tasks (e.g., reasoning, problem-solving, creating, decision-making) in
selected fields on the basis of domain-specific theories, concepts, and
methods of academic disciplines. With respect to basic digital skills and
self-regulation, higher education is supposed to deepen and enhance
students’ general education. We suggest these three broad sets of
knowledge and skills as a heuristic, cross-domain categorization.

2.1.2. Self-regulation of students
We propose a broad interactionist perspective on self-regulation
(Prinz, 2012). We suggest that self-regulation entails skills that enable
students to develop and pursue goals, make decisions, act and reflect
individually and together with others, and participate in social and
political deliberation in accordance with values and in a manner that is
responsive to environmental constraints and affordances. In higher ed
ucation, incoming students have typically already developed the basic
capacity for self-regulation with respect to their executive functions
(inhibition, cognitive flexibility, working memory; Diamond & Lee,
2011) and their self-regulation skills (Robson et al., 2020). Building on
this basic capacity for self-regulation, there are more advanced strate
gies for learning and social interaction (e.g., academic help-seeking;
Aleven et al., 2003) that enable individuals to advance their education
in directions that are not determined solely by the teachers and course
content in a specific educational context (Bransford & Schwartz, 1999).
2.1.3. Students’ basic digital skills
Basic digital skills are skills that enable the use of computer software
for writing, calculating, and finding information on the Internet, for
producing textual and audio-visual digital media (e.g., tutorial videos),
3
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as well as for communicating and collaborating with others online
(Carretero et al., 2017; Fraillon et al., 2014). In addition, some frame
works expand the scope of what is considered as basic digital skills under
the label of 21st Century digital skills (e.g., van Laar et al., 2017) by
further including, for example, the use of digital technologies to protect
oneself and others from the potential hazards that come with digital
technologies, or to engage in critical thinking about technology (Digital
Campus of Bavaria research group, 2017). Critical thinking may include
the evaluation of the credibility of sources and the ability to reflect on
the possible functions and impacts of digital technologies (Sailer et al.,
2021). Educational policies typically position primary and secondary
schools and their teachers as those responsible for teaching these ca
pacities to students (e.g., Caena & Redecker, 2019). However, research
has clearly shown that we are currently far from a homogeneous level of
education with respect to basic digital skills in K-12 (Fraillon et al.,
2019), and it seems likely that many students at the threshold of
entering higher education are starting off with low levels of these basic
digital skills.

2.2. Students’ learning activities involving digital technology
Fostering students’ knowledge and skills in higher education through
technology does not primarily depend on the type of technology used or
how often technology is used. Rather, it depends on how technology is
used by the students themselves and how they are cognitively stimulated
by and engage with it (Chien et al., 2016; Tamim et al., 2011; Wekerle
et al., 2020). Student learning activities reflect how students use digital
technology, and they are strongly connected to students’ cognitive
engagement in learning (Chi & Wylie, 2014). Cognitive engagement can
be defined as a student’s investment of cognitive effort in learning (Chi
et al., 2018). Learning (i.e., stable changes in the representations of
attitudes, knowledge, and skills in students’ long-term memories) is
more likely to happen if it relies on the active cognitive processing of
information (Wouters et al., 2008). The ICAP (Interactive, Constructive,
Active, and Passive learning activities) framework is a systematic
approach that builds upon and specifies such a notion of active learning.
It differentiates four types of learning activities that indicate different
levels of cognitive engagement which have differential benefits for
learning (Chi, 2009; Chi & Wylie, 2014; Menekse et al., 2013; Wekerle
et al., 2020). More specifically, the different learning activities are
related to different cognitive processes which in turn cause trans
formations in the learner’s knowledge structures. Four core cognitive
processes are storing, activating, linking, and inferring (Chi et al., 2018). In
contrast to these cognitive processes, learning activities can be directly
observed in a learning context and can be categorized into passive, active,
constructive, and interactive activities (Chi, 2009). The C♭-model includes
these four types of student learning activities involving digital
technologies:
Passive learning activities involving digital technology imply that stu
dents are not exploring or manipulating the environment. They lack an
observable physical activity, which is the case, for example, when stu
dents follow a digital presentation by an instructor, or students are
watching an explanatory video online without taking notes. During
passive learning activities, students are likely to engage in cognitive
processes that are related to storing the presented information (Chi,
2009). Students can retrieve and use the stored information, especially if
adequate context is provided. Storing of new information might be
adequate for some learning contexts in which learning in an isolated way
is sufficient. For example, such passive learning activities can be effi
cient for the acquisition of simple procedures, which include sequential
steps, or for the recall of information in a test (Chi et al., 2018).
Active learning activities involving digital technology include overt ac
tions or the physical manipulation of learning materials performed by
the students, but there is no generation of information that is not already
present in the learning material. Examples of active learning activities
that involve digital technology include taking digital notes, highlighting
or copying-and-pasting parts of a text, and taking an online quiz. While
engaging in active learning activities, students’ prior knowledge is likely
to be activated, and new knowledge can be linked and stored with the
activated prior knowledge (Chi & Wylie, 2014). Due to the activation of
prior knowledge, new information can be assimilated or embedded in
existing knowledge structures thus strengthening the new knowledge
structure and making retrieval easier. To sum up, active (i.e. manipu
lative) engagement increases the probability of the cognitive processes
storing, activating, and linking and can be efficient in many learning
contexts (Chi et al., 2018), for example for the long term storage of a set
of interrelated concepts in a certain academic field (e.g. history or
biology).
Constructive learning activities involving digital technology refer to sit
uations when students produce content and ideas that go beyond the
learning material or when they solve problems and apply the learning
material to another context (Chi et al., 2018). Thus, constructive
learning activities are generative in nature. Engaging in a simulated
learning environment and solving problems or generally creating digital
content are examples of constructive learning activities involving digital

2.1.4. Students’ attitudes toward digital technology
Further, we suggest including attitudes toward digital technology as
being a main driver for engaging in learning activities involving digital
technology (Al-Emran et al., 2016; Farjon et al., 2019). Generally, atti
tudes are defined as negatively to positively valenced evaluations of a
topic, person, or event (Heddy et al., 2017). Specifically, attitudes to
ward digital technology refer to negatively to positively valenced eval
uations of the use of digital technology. Attitudes toward digital
technology are important for determining whether or not students will
engage in learning with digital technologies; it seems likely that the use
of technology during higher education for learning can affect attitudes
toward digital technology in a positive way (Al-Emran et al., 2016; Teo
et al., 2008).
In the C♭-model, this ensemble of students’ knowledge, skills, and
attitudes introduced in Section 2.1.1, 2.1.2, 2.1.3, and 2.1.4 plays two
essential roles in higher education. First, these sets of knowledge and
skills are considered main outcomes of higher education. Students are
expected to learn and are assessed with respect to the degree to which
they have successfully learned these skills during their university
studies. Higher education institutions can be evaluated against their
success in facilitating their students’ learning of these sets of knowledge
and skills. Second, this ensemble of students’ knowledge, skills, and
attitudes is likely to be a crucial prerequisite for successful learning in
digital environments: The capacity of learners to effectively make use of
digital technologies to engage in different kinds of learning activities in a
certain subject crucially depends on what they have already learned and
what they are able to employ to enhance new learning (i.e. their prior
knowledge; Bransford & Schwartz, 1999). In addition, learning critically
depends on learners’ self-regulation, that is, whether they are able to
pursue learning goals over a period of several weeks, whether they are
able to discuss open questions with peers, or whether they can find ac
ademic support in other ways if necessary. Eventually, successful
participation in education is considered to crucially depend on learners’
basic digital skills in retrieving information from the Internet, commu
nicating, collaborating, and solving problems, and using (or not using)
specific technologies for their own learning (Digital Campus of Bavaria
research group, 2017; van Laar et al., 2017). In Fig. 1, this double
functions of students’ knowledge, skills, and attitudes as outcomes of the
successful engagement in learning activities and, at the same time, as
prerequisites to engage in such learning activities are represented by the
arrows leading to them from students’ learning activities and the arrow
leading from them to students’ learning activities. The additional arrows
pointing toward students’ knowledge, skills, and attitudes symbolize
other potential influences such as student characteristics that are not
included in our model (see Schneider & Preckel, 2017).
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technology. Engaging in constructive learning activities is likely to lead
to the generation of new knowledge by inferring from activated prior
knowledge or by inferring from prior knowledge linked with new infor
mation from the instructional material. Further, it includes the storing of
new inferred knowledge. Thus, constructive (i.e. generative) engage
ment includes all four types of cognitive processes mentioned above (i.e.
storing, activating, linking, inferring; Chi, 2009; Chi et al., 2018). This
type of engagement can be particularly effective for creating elaborate
and interrelated knowledge structures that are necessary components of
complex skills, for example complex problem-solving in a domain.
Interactive learning activities involving digital technology have to be
constructive in nature in the first place, but go beyond constructive
learning activities in that they involve the co-construction of knowledge.
Thus, the term interactive refers to interactions between two or more
peers, and the contributions of each individual student must build upon
each other (Chi et al., 2018). Co-constructive interactions between peers
and teachers are included as well. Interactive learning activities can
typically arise in discussions and argumentations in an online forum or
peer-assessment activities on storyboards for the creation of explanatory
videos. With regard to cognitive processes, interactive (i.e. collabora
tive) engagement increases the probability of the whole set of cognitive
processes outlined above, namely storing, activating, linking, and inferring.
However, during interactive learning activities, students can not only
infer from their own knowledge (i.e. infer-from-own) but as well from
information articulated by collaboration partners (i.e. infer-from-other).
This highlights the potential of interactive engagement for the genera
tion of innovative knowledge and ideas that results in enriched knowl
edge structures for all collaborating students (Chi et al., 2018; Chi &
Wylie, 2014). Inferring and further processing of the results of in
ferences are likely to facilitate the development of complex
socio-cognitive skills such as argumentation.
According to the ICAP framework, cognitive processes become
increasingly sophisticated as students move from passive to interactive
learning activities. Thus, learning activities show stronger relationships
with students’ domain-specific knowledge and skills when activities are
characterized as active (vs. passive), constructive (vs. active), and
interactive (vs. constructive; Chi & Wylie, 2014). However, as the
different learning activities bear connections to somewhat different
cognitive processes, they are relevant and suitable for different learning
goals in different phases of learning and instruction. For students’
acquisition of declarative knowledge, activation of prior knowledge,
linking new information with prior knowledge, and storing the new
information are the relevant cognitive processes. Thus, active and pas
sive learning activities that reflect these cognitive processes and that are
on the lower end of the learning activities taxonomy might be sufficient.
However, for students’ skill development, constructive and interactive
learning activities are necessary as they increase the probability of
processes of inferring new knowledge. In view of their potential to
initiate different cognitive processes, it seems plausible to hypothesize a
careful orchestration of all four types of learning activities in on-site and
distance learning with digital technology so that these activities can be
effective for producing successful and sustainable learning.
In the C♭-model, we assume that student learning activities that
indicate students’ cognitive processes are proximal factors for students’
learning outcomes (i.e., the advancement of students’ knowledge and
skills). Further, we outline contextual facilitators for these learning ac
tivities involving technologies in the C♭-model. A Proximal contextual
facilitator to students’ learning activities is the use of digital technology
in higher education through the learning opportunities that the teachers
create (see Section 2.3) and learning opportunities that students arrange
or create themselves (see section 2.4).

learning opportunities (see Section 2.3.2) affect student learning activ
ities with digital technology. However, we assume that the latter is more
closely linked to the learning activities students engage in.
2.3.1. Higher education teachers’ frequency of digital technology use
Research has often focused on how often (higher education) teachers
use digital technologies in their teaching. The frequency of digital
technology use by higher education teachers might be related to certain
learning activities of students: It is important for students to experience
the use of digital technology in general as well as to see their teachers
acting as role models for technology use (Carpenter et al., 2020;
Instefjord & Munthe, 2017). Large-scale studies have indicated that the
general use of digital technology by teachers in higher education is
rather high but that these teachers often fail to provide learning op
portunities that go beyond digital presentations (Marcelo et al., 2015;
Newman et al., 2018; Sailer et al., 2018; Schmid et al., 2017). With
regard to the effectiveness of teachers’ use of technology in higher ed
ucation for students’ learning, the question of how technology is applied
therefore seems more important than how often it is used.
2.3.2. Higher education teachers’ afforded learning opportunities involving
digital technology
We highlight the learning opportunities afforded by higher education
teachers in the C♭-model and assume that they are strongly connected to
different student learning activities. The nature of the learning oppor
tunities can make certain student learning activities more likely to
happen. Whereas digital presentations or video lectures without (plan
ned) interactions with or between students do not facilitate students to
actively engage with the learning material or with peers, other
instructional approaches do so by directly affording learning opportu
nities that make students more likely to engage in active, constructive,
and interactive learning activities. Learning opportunities that include
the exercise and practice of learning content, such as audience response
systems (Chien et al., 2016; Hunsu et al., 2016) or quiz-based gamified
interventions (Bai et al., 2020; Sailer & Homner, 2020), can activate
students’ prior knowledge and help them connect new knowledge with
it. The nature of such learning opportunities mostly emphasizes active
learning activities. Meta-analyses on the use of specific tools such as
audience response systems or gamification have shown small-to medi
um-sized effects on learning (Bai et al., 2020; Chien et al., 2016; Hunsu
et al., 2016; Sailer & Homner, 2020).
Learning opportunities that include students’ problem solving (e.g.,
in authentic online simulations; Chernikova et al., 2020), or the creation
of artefacts in virtual worlds (e.g., in serious games; Clark et al., 2016;
Wouters et al., 2013) focus on cognitive processes that involve the
inference of new knowledge and transfer. Learning opportunities that
include problem solving and generative processes afford students
constructive learning activities—and in the case of collaboration in such
settings, even interactive learning activities. Meta-analytic results on
simulation-based learning have shown large effects on learning (Cher
nikova et al., 2020), and meta-analyses on game-based learning have
shown small-to medium-sized effects on learning depending on the type
of learning activities involved (Clark et al., 2016; Wouters et al., 2013).
Learning opportunities that refer to collaborative problem solving or
reasoning in technology-rich environments (Radkowitsch et al., 2020;
Vogel et al., 2017) as well as learning opportunities that facilitate
mutual engagement in inquiry activities within digital environments
(Donnelly et al., 2014; Lazonder & Harmsen, 2016) allow for the
co-creation of new knowledge. Such learning opportunities can offer
students interactive learning activities, which not only have the poten
tial to foster professional learning but at the same time may contribute to
advancing self-regulation, including collaboration skills. However,
interactive learning activities are challenging to initiate and need to be
guided by teachers, tutors, or computers in online environments (Laz
onder & Harmsen, 2016). Meta-analyses have shown that
computer-supported collaborative learning approaches have small

2.3. Higher education teachers’ digital technology use
We assume that the frequency of digital technology use (see Section
2.3.1) as well as how technology is used to afford different types of
5
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effects on learning and large effects on collaboration skills and
self-regulation (Radkowitsch et al., 2020; Vogel et al., 2017).
Thus, we argue in the C♭-model that students’ learning activities are
stimulated but not determined by their teachers’ use of technology in
their higher education courses (Margaryan et al., 2011). Therefore,
students’ learning activities involving digital technology should not be
taken for granted only because teachers try to initiate them. Teachers
can provide learning opportunities to students; however, these are just
opportunities. Students’ engagement with these learning opportunities
depend on learning prerequisites like prior knowledge or interest
(Helmke & Weinert, 1997; Seidel, 2014). Students’ prerequisites for
engaging in specific learning activities (e.g., constructive and interactive
learning activities that might require higher levels of self-regulation
skills and basic digital skills) have to be considered, too (see Section
2.1). Besides this, guidance in complex learning environments is crucial
for learning (Lazonder & Harmsen, 2016)—especially when prior
knowledge is low (Kiesewetter et al., 2020; Kirschner et al., 2006).
In addition to learning opportunities provided by higher education
teachers, students might also search for or create their own learning
opportunities involving digital technology. We highlight this in the next
Section (2.4).

discussion and argumentation (Kirschner, 2015b).
Nonetheless, students might still engage in the full range of learning
activities, depending on certain prerequisites that help them search or
create (online) learning opportunities: To self-arrange or to self-organize
their own learning opportunities requires students to have advanced
self-regulation skills (Jansen et al., 2020). Similar to the learning op
portunities afforded by higher education teachers, these self-arranged
learning opportunities are more or less likely to result in certain stu
dent learning activities involving digital technologies (see Chi, 2009).
Further, finding external (online) learning opportunities or creating
them requires students to have basic digital skills (Sailer et al., 2021).
Therefore, the C♭-model highlights the influence of students’ skills on
self-arranged learning opportunities. In addition, students need to have
access to the respective equipment to actually take advantage of such
opportunities. Students’ digital technology equipment might therefore
moderate the relationship between self-arranged learning opportunities
and learning activities involving digital technology (see Section 2.7).
We emphasize in the C♭-model that self-arranged learning opportu
nities as well as learning opportunities provided by higher education
teachers are considered to be important contextual facilitators of student
learning activities involving digital technologies. In the next sections,
we introduce factors related to higher education teachers’ digital tech
nology use during teaching. These factors can function as contextual
facilitators as well, however, they are more distal to students’ learning
activities as their effect on student learning activities is mediated via
higher education teachers’ digital technology. Those more distal
contextual facilitators are higher education teachers’ knowledge, skills,
and attitudes (Section 2.5), measures of teachers’ qualification (Section
2.6), and institutional, organizational, and administrative factors (Sec
tion 2.8).

2.4. Student-arranged learning opportunities
Even if higher education teachers do not succeed in providing a
fruitful set of instructional affordances with digital technology, students
might arrange their own learning opportunities by either searching for
existing (online) learning opportunities or creating their own learning
opportunities involving digital technologies. In that case, the learning
activities that students engage in are influenced by the type of selfarranged learning opportunities.
Students can use and take advantage of already existing learning
opportunities that are shared online and that are not mandatory or
supported by the teacher of a higher education course: Students might
use online video-sharing platforms like YouTube as independent
informal learning environments to search for explanation videos (Tan,
2013). Student-arranged learning opportunities arising from online
video-sharing platforms are likely to be primarily connected to passive
and possibly active learning activities as they focus on the provision of
videos. However, by sharing the opportunity and enable interaction and
discussion around the content with other viewers, engagement in
constructive and interactive learning activities is also possible (see Chi &
Wylie, 2014). Other existing (online) resources might be simulation
environments (see Chernikova et al., 2020), serious games (see Wouters
et al., 2013), or a quiz on the course material (see Bai et al., 2020) that
are available online and more strongly emphasize or even require active,
constructive, and interactive learning activities.
Further, learning resources can be exchanged within informal online
communities with peers that might also include discussions about them
(Tan, 2013). Such informal online communities are often established in
social networks such as Facebook (Charlton et al., 2009; Madge et al.,
2009). Besides the exchange of learning resources, social networks can
be used by students to informally organize academic activities such as
group work (Charlton et al., 2009) and thus become informal educa
tional networks (Madge et al., 2009; Sackey et al., 2015). In informal
educational networks students have the possibility of arranging learning
opportunities by themselves that also allow for advanced collaborative
activities (e.g. the co-construction of a shared digital mind-map about a
certain topic that is characterized by its interactive nature; see Chi &
Wylie, 2014).
Social networks, e.g. Facebook or Twitter, also open up possibilities
for online discussions and in argumentation about a certain topic of a
course (Puhl et al., 2015). However, most social networks tend to be
broadcast tools with flat-structured discussions that might impede
argumentation. Thus, critical voices conclude that most social network
services might not be well-suited for knowledge construction via

2.5. Higher education teachers’ knowledge, skills, and attitudes
To successfully implement and carry out digital technology use while
teaching on-site or in distance learning, higher education teachers need
a set of skills and attitudes with regard to digital technology. On the
basis of research from teacher education, the broader school context,
and higher education, we suggest that basic digital skills (see Section
2.5.1) and technology-related teaching skills (see Section 2.5.2) are core
components of digitally literate higher education teachers (Digital
Campus of Bavaria research group, 2017; Krumsvik, 2011). Based on
models of teachers’ competences, it is not only different types of pro
fessional knowledge and skills but diverse motivational aspects which
are of relevance for teaching (Baumert et al., 2010). Thus, we also
include attitudes toward digital technology (see Section 2.5.3) that
might influence higher education teachers’ digital technology use as
well (Christensen & Knezek, 2017).
2.5.1. Higher education teachers’ basic digital skills
Higher education teachers need basic digital skills, just like their
students, or rather, just like anybody else in a digital world (Carretero
et al., 2017; see Section 2.1). These skills are the basic part of a more
complex range of skills that (higher education) teachers need in order to
teach with digital technology (Knezek & Christensen, 2016; Krumsvik,
2011). As higher education is supposed to also contribute to deepening
and enhancing students’ general education, basic digital skills constitute
a central higher education learning outcome that prepares students for
future learning (Bransford & Schwartz, 1999). It seems plausible to as
sume that higher education teachers require at least the same set and
degree of skills that they seek to foster in their students (Digital Campus
of Bavaria research group, 2017). Research has shown that basic digital
skills might indeed affect the digital technology use of higher education
teachers (Liu et al., 2020). Whereas a lack of such skills can be a barrier
to the use of digital technologies in teaching (Chitiyo & Harmon, 2009),
higher levels of digital skills positively affect the use of advanced fea
tures in online course design (Buchanan et al., 2013). However,
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although basic digital skills are necessary, they are not sufficient for a
teacher’s ability to provide the full scope of learning opportunities to
students (Sailer et al., 2021); this might be especially true for opportu
nities to engage in constructive and interactive learning activities.

Luik, 2019). Research on in- and pre-service teachers’ technology use
has indicated that attitudes toward teaching with digital technologies
affect how often teachers use technology (see Scherer et al., 2019).
Further, findings regarding learning opportunities offered by teachers
are ambiguous. There is some evidence that positive attitudes are
associated with higher quality of technology use (Backfisch et al., 2021).
However, other studies that included both technology-related teaching
skills and attitudes in their statistical models found that positive atti
tudes are only related to affording students passive learning activities,
not to other learning activities that include different forms of student
activation (Sailer et al., 2021). On the other hand, negative attitudes can
impede the use of technology in teaching (Hew & Brush, 2007). Related
research has argued that higher education teachers’ lack of interest in
digital learning can hinder innovation (Schneckenberg, 2009). Howev
er, others have pointed to more complex relationships between attitudes
toward technology and the use of technology during teaching by
claiming that having positive attitudes toward digital technology does
not necessarily lead to more or better integration of technology in the
classroom (Belland, 2009).
In the C♭-model, we assume that skills and attitudes are important for
higher education teachers’ use of technology. However, the relationship
of teachers’ skills and attitudes with teachers’ use of technology might
be reciprocal as higher education teachers can also learn from their own
digital technology use (García & Roblin, 2008). This requires higher
education teachers to engage in critical reflection about their own
teaching (Ling & MacKenzie, 2001), which takes us to the qualification
of higher education teachers as a contextual facilitator in the C♭-model:
Higher education teachers’ skills, at least in part, result from their
participation in training and formal education.

2.5.2. Higher education teachers’ technology-related teaching skills
For higher education teachers to effectively use technology in their
on-site and distance teaching, technology-related teaching skills might be
crucial (see Seufert et al., 2021). A precondition for higher education
teachers to be able to effectively use digital technology to foster student
learning is that the teachers must know how digital technology can be
used to do so (Chien et al., 2016; Tamim et al., 2011; Wekerle et al.,
2020). This knowledge has been operationalized and investigated in the
context of pre- and in-service teacher education through the use of the
TPACK (Technological Pedagogical Content Knowledge) model (Mishra
& Koehler, 2006; Seufert et al., 2021). TPACK extends the perspective
presented by Shulman (1986), who postulated that teachers need
pedagogical knowledge (PK), content knowledge (CK), and pedagogical
content knowledge (PCK), which is formed at the intersection of the
other two. Mishra and Koehler (2006) extended Shulman’s (1986)
model by adding a fourth factor called technological knowledge (TK).
Additionally, at the intersections of the different core knowledge areas
(PK, CK, and TK), there are four hybrid components known as peda
gogical content knowledge (PCK; see Shulman, 1986), technological
pedagogical knowledge (TPK), technological content knowledge (TCK),
and technological pedagogical content knowledge (TPCK; Mishra &
Koehler, 2006; Schmid et al., 2020). Some lines of TPACK research have
moved beyond teachers’ knowledge to explore other more comprehen
sive concepts (Petko, 2020). For instance, there is the notion of skills for
teaching with digital technology that puts a stronger focus on what
teachers need to be able to do with technology in teaching settings
(Digital Campus of Bavaria research group, 2017; Kelly & McAnear,
2002). Technology-related teaching skills have been suggested as the
combination and integration of conceptual knowledge facets and
action-oriented knowledge facets (Sailer et al., 2021). Conceptual
knowledge facets refer to knowledge about (scientifically based) models
and frameworks that link digital technologies and successful teaching
and learning. Action-oriented knowledge facets refer to putting these
conceptual knowledge facets into action (Sailer et al., 2021). Research
from the school context highlights the idea that technology-related
teaching skills in different phases of teaching with digital technologies
(e.g., planning, implementing, evaluating, and sharing; Ertmer &
Ottenbreit-Leftwich, 2010; Digital Campus of Bavaria research group,
2017; Zimmerman & Campillo, 2003) are necessary for fostering a broad
range of student learning activities. In fact, they are especially relevant
for fostering constructive and interactive learning activities (Sailer et al.,
2021). However, research on higher education teachers’
technology-related teaching skills and TPACK is scarce (Wekerle et al.,
2020). The focus of TPACK research is on in- or pre-service school
teachers (see Seufert et al., 2021). In the C♭-model, we assume that
technology-related teaching skills are crucial for higher education
teachers’ technology use as well.

2.6. Qualification of higher education teachers
Qualification of higher education teachers can refer to the provision
of and participation in training programs (see Section 2.6.1) as well as to
experiences during academic qualification of higher education teachers
(see Section 2.6.2).
2.6.1. Further education and training
To ensure that higher education teachers have the skills needed to
effectively use advanced technology in their teaching, formal staff
development and quality assurance processes are relevant (Newland &
Handley, 2016). Especially for distance education, specific training in
the use of online learning environments can help higher education
teachers make the most of such environments with regard to their stu
dents’ learning (Owens, 2012). This relationship might be mediated by
higher education teachers’ skills and attitudes, which can be addressed
in further education and training. Research has shown that online
training programs for technology-related teaching skills can be suc
cessful in fostering these skills in teachers (Rienties et al., 2013).
Training can also be part of an informal learning process in the form of
self-study formats as well as exchange, support, and co-design with
colleagues (Gast et al., 2017; King, 2002).

2.5.3. Higher education teachers’ attitudes toward digital technology
Besides higher education teachers’ knowledge and skills, their atti
tudes toward digital technology are important to consider as well
(Kirschner, 2015a; van Merriënboer & Kirschner, 2017). These attitudes
are often correlated with higher education teachers’ knowledge and
skills regarding digital technology (Scherer et al., 2018). In line with
students’ attitudes, higher education teachers’ attitudes toward digital
technology also refer to a negatively to positively valenced evaluation of
the use of digital technology in teaching and in support of student
learning (see Heddy et al., 2017). Research from teacher education has
indicated that higher education teachers’ attitudes indirectly affect their
use of technology in teaching: Attitudes influence knowledge of tech
nology integration, which affects technology use in teaching (Taimalu &

2.6.2. Experiences during academic qualification
The use of technology in higher education is likely to influence stu
dents’ skills and attitudes but also the use of technology after their own
higher education (Voogt & McKenney, 2017). Teachers in higher edu
cation are role models—especially for people who later enter into the
teaching profession themselves (Carpenter et al., 2020; Instefjord &
Munthe, 2017). Thus, for teachers in higher education, their experience
during their own studies as well as during the early phases of their ac
ademic careers can have an impact on the way they will later use digital
technology themselves in their teaching.
In the C♭-model, the qualification of academic staff is connected to
higher education teachers’ knowledge, skills, and attitudes as well as to
institutional, organizational, and administrative factors (Bond et al.,
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2018). On the one hand, qualification measures can result in more
advanced skills (Rienties et al., 2013), and further improving from an
advanced skill level requires more sophisticated training opportunities.
Besides this, positive attitudes toward technology can result in a greater
willingness to participate in further education with regard to digital
technology. On the other hand, institutional, organizational, and
administrative factors (see Section 2.8) are connected to the types and
amounts of additional educational opportunities and requirements that
are present (Liu et al., 2020).

by the teacher or student-arranged, and the learning activities involving
digital technologies. In that sense, digital technology equipment is a
necessary, but not a sufficient factor for teachers’ technology use and
students’ learning activities involving digital technologies (see Sailer
et al., 2018).
It is a question of main concern not only with regard to costs or
general considerations of digitalization policies but to the actual use of
technology in teaching and learning whether institutions of higher ed
ucation should develop and implement digitalization strategies that
involve equipping faculty and students with institutional technology or
rather BYOD concepts. Thus, we assume that institutional, organiza
tional, and administrative factors (see Section 2.8) influence the
equipment that students and teachers have at their disposal.

2.7. Students’ and higher education teachers’ digital technology
equipment
Although the implementation of digital technologies in higher edu
cation depends on numerous factors beyond merely equipping students
and teachers in higher education with hardware, it has been shown that
the level of access to technology can, for instance, influence how often
technology is used during teaching and how many technology-enhanced
learning opportunities higher education teachers afford (Agbonlahor,
2006; Liu et al., 2020; Reid, 2014). Research from the context of sec
ondary schools also shows that teachers generally report higher fre
quencies of digital technology use when there were fewer limitations of
resources, e.g. digital technology equipment (Fraillon et al., 2014).
However, the amount of resources invested in educational technologies
is not related to improved student achievement in reading, mathematics
or science (OECD, 2015). Thus, even though the availability of digital
technologies for teachers and students can be seen as a prerequisite for
teaching and learning with digital technologies, especially in case of
distance teaching and learning, it is no guarantee of its effective use for
student learning (Considine et al., 2009; Fraillon et al., 2014). Based on
these findings, we assume the availability of digital technology equip
ment for teachers and students is a necessary but not sufficient factor
when it comes to student learning activities involving digital
technologies.
Further, in many parts of the world students’ digital technology
equipment ownership is becoming more or less ubiquitous (Sundgren,
2017). Thus, bring your own device (BYOD) concepts are used in higher
education at large scale. However, the success of BYOD concepts de
pends on the actual devices that students can afford and whether or not
they can afford such devices at all (Sundgren, 2017). Even if we take into
account that a relatively large number of higher education students
make use of their own personal technological devices (e.g., notebooks,
tablets) for learning (Cassidy et al., 2014; Sailer et al., 2018), the pro
vision of technology by institutions is likely to make a difference and
address important barriers to the use of technology in higher education
teaching and learning as it sets technological standards, strengthens
reliability, and enables the use of advanced applications (Reid, 2014).
BYOD concepts rely on the precondition that students’ or teachers’ own
technology equipment is sufficient for the intended learning activities
and purposes (Sundgren, 2017) and that enough technical support is
available for these devices (see Gikas & Grant, 2013).
In the C♭-model, we emphasize that availability of digital technology
equipment is no guarantee for effective student learning (Considine
et al., 2009). However, we are aware that equipment itself is a precon
dition for technology being used. Thus, we assume that higher education
teachers’ digital technology equipment might moderate the relationship
between higher education teachers’ knowledge, skills, and attitudes on
the one hand, and their use of digital technology in classrooms on the
other hand. Similarly, this might apply to the relation between higher
education teachers’ qualification and their digital technology use. High
levels of knowledge, skills, and attitudes as well as a high level of
participation in qualification measures can result in actual digital
technology use only as long as the digital technology is available at all.
In a similar way, students’ digital technology equipment is conceptu
alized as having a moderating influence in the C♭-model on the
connection between learning opportunities, which are either provided

2.8. Institutional, organizational, and administrative factors
The use of technology in higher education to enable specific learning
activities is not only a matter of interaction between higher education
teachers and students. Teaching and learning in institutions of higher
education are situated in an institutional and administrative context that
has its own factors of influence—some that might advance specific uses
of digital technology and some that might impede them or even make
them impossible (Agbonlahor, 2006; Schneckenberg, 2009). Indeed, as
technology changes teaching and learning in higher education, suc
cessful implementation will also greatly depend on general structural
and organizational factors of institutions of higher education such as
faculty autonomy or the relative unimportance of teaching in academia
as a whole (Liu et al., 2020; Schneckenberg, 2009). Thus, although there
is a need for more research on organizational-level topics (Martin et al.,
2020), it has been argued that the successful implementation of digital
technology in an educational context might depend on the combination
of personal and institutional factors (Agbonlahor, 2006; Gräsel et al.,
2020; Liu et al., 2020; Schneckenberg, 2009).
With respect to this aspect, the C♭-model accentuates four factors
that are considered to play major roles in higher education teachers’ use
of digital technology and thus student learning activities, namely,
institutional infrastructure (see Section 2.8.1), technical and educa
tional support (see Section 2.8.2), digitalization policy and the
commitment of a university’s administration (see Section 2.8.3), and
organizational development (see Section 2.8.4). In the following sec
tions, we discuss these factors in the order of their decreasing proximity
to the actual teaching and learning that takes place in institutions of
higher education.
2.8.1. Institutional infrastructure
It has been asserted that digitalization policies rather than technol
ogies themselves enable institutions of higher education to harness
digitalization (Orr et al., 2018). However, without a basic (threshold)
level of digital infrastructure on-site and online (e.g., equipping rooms
with technology, on-site access to the Internet, or availability of an
online learning management system), teaching and learning at univer
sities are unlikely to unlock the potential that technology offers for
teaching and learning (Jorgensen et al., 2018). Also, from a learning
activity perspective, with the progress from passive and active to
constructive and interactive learning opportunities, the demand for a
more advanced technological infrastructure is also likely to increase as
higher education teachers afford increasingly rich and complex learning
opportunities with constructive or interactive learning activities that
require a robust and up-to-date digital infrastructure (Liu et al., 2020).
2.8.2. Technical and educational support
However, technological infrastructure alone is not considered suffi
cient for advancing digital teaching and learning if it is not accompanied
by an adequate support system for the teachers in institutions of higher
education (Garrison & Vaughan, 2013; Gräsel et al., 2020; Mercader &
Gairín, 2020; Reid, 2014). Such a support system can address the
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technological aspect (i.e., it can support technology use in teaching and
learning situations), as even higher education teachers with high basic
digital skills will not be able to solve all the problems that can and will
arise in their teaching (Garrison & Vaughan, 2013; Reid, 2014). How
ever, the educational aspect of support for higher education teach
ers—that is, to provide educational assistance for questions about the
planning, development, and implementation of digital learning oppor
tunities on the basis of scientific evidence—might be important as well
(Digital Campus of Bavaria research group, 2017; Gräsel et al., 2020).
Technical support is important for students as well, especially when
relying on BYOD concepts in higher education. A lack of adequate
support for students can lead to frustration (Gikas & Grant, 2013).

In the C♭-model, we assume that institutional, organizational, and
administrative factors are related to the digital technology equipment of
students and teachers either by providing such devices or by offering
support for personal devices (see Gikas & Grant, 2013; Reid, 2014).
Further, institutional, organization, and administrative factors might
influence the way teachers use technology as they include digitalization
strategies that may or may not emphasize technology use in general.
These strategies may also suggest prioritizing certain learning activities
involving digital technologies over others (Orr et al., 2018).
3. Conclusion
3.1. The C♭-model for on-site and distance learning environments in
higher education

2.8.3. Digitalization policy and commitment of university administration
As we move from more proximal to more distal factors of influence,
more general institutional and administrative parameters come into
view, namely, whether institutions of higher education have a clear and
coherent digitalization policy at all and the extent to which they are
committed to it (Czerniewicz & Brown, 2009; Garrison & Vaughan,
2013; Mercader & Gairín, 2020). A deliberate digitalization strategy has
been assumed to play an important role in institutions of education
before (Gräsel et al., 2020; Orr et al., 2018). However, empirical
research on the proportion of institutions that have indeed systemati
cally developed and implemented such strategies and the effects of
having implemented a strategy have provided only inconclusive results
so far (Mercader & Gairín, 2020; Orr et al., 2018; Sailer et al., 2018;
Schneckenberg, 2009). In addition to the formal development of a
digitalization strategy, institutional support has been shown to be an
important factor in the successful implementation of digital technology
in higher education (Reid, 2014), and so has the establishment of an
organizational and social climate in which technology is a positive
contributor to faculty’s institutional status (Agbonlahor, 2006;
Schneckenberg, 2009). These findings suggest that digitalization stra
tegies are more effective when they address institutions of higher edu
cation as complex organizations in a process of transformation and thus
go beyond the mere adding on of technology to an otherwise unchanged
teaching and learning routine (Orr et al., 2018). Thus, the digital
transformation of institutions of higher education seems more likely to
meet with substantial success when it is embedded in an overarching
process of organizational development that addresses several or even all
institutional levels. This is also why, in the C♭-model, we have included
the commitment of university administrations as an indicator of and
factor in the implementation of such a comprehensive digitalization
strategy.

Research on digital teaching and learning in higher education in the
past has taken into consideration various contextual factors and often
focused on frequency of teachers’ technology use as the main success
criterion of technology integration. In contrast, the C♭-model proposes
to shift the focus to students’ learning activities involving digital tech
nology. Thus, it introduces a clear goal orientation by suggesting that
students’ learning outcomes are the most important benchmark of suc
cessful technology integration in higher education. Learning outcomes,
according to the ICAP framework, are directly and causally related to
students’ visible learning activities (Chi, 2009; Chi & Wylie, 2014). And
these are most typically facilitated by instructional affordances by
teachers of higher education – affordances provided on the basis of their
own set of knowledge, skills and attitudes in a larger institutional
context. Thus, the C♭-model concentrates on the most proximal facili
tators of learning outcomes that is students’ learning activities in an
instructional setting and includes contextual facilitators of students’
learning activities involving digital technologies. What is more, the
C♭-model suggests relationships between them – even if the specification
of these relationships is still somewhat coarse at this point. By doing so,
the C♭-model qualifies not only as a general framework, but as a model
in a stricter and more ambitious sense. To date, only part of the complex
(inter-)relationships between different facilitating factors have been
subject of systematic research, thus opening up manifold starting points
for future research.
3.2. Limitations of the C♭-model
The C♭-model focusses on student learning outcomes as the main
goal of teaching and learning with digital technologies. The learning
activities and the contextual facilitators presented in the context of the
C♭-model present proximal and distal factors that are related to those
student learning outcomes. The focus of the model lies on factors which
are related to digital technologies and which can be influenced by
stakeholders of higher education. However, for students’ achievement in
higher education other factors like students’ characteristics (e.g. intel
ligence, personality characteristics) and instructional variables (e.g.
meaningful learning and assessment) that are not explicitly related to
digital technologies are influential as well (Schneider & Preckel, 2017).
Such variables are out of the scope of our model. It is an open question
how well technology integration has to be aligned to other relevant
factors that influence student learning.
Further, we emphasized a perspective on learning activities to
include learning processes in our model. Nevertheless, micro-processes,
such as guidance and scaffolding with digital technology, are less visible
in the C♭-model than the focused learning activities involving technol
ogy and contextual facilitators. However, we tried to emphasize the
importance of supporting, scaffolding, and guiding students during
learning with technology. We are aware that certain learning activities
involving digital technologies require students’ elaborated prior skills
(e.g. basic digital skills or self-regulation skills) and guidance by
teachers or the digital learning environment itself (e.g. by intelligent

2.8.4. Organizational development
Institutions of higher education can be considered learning in
stitutions if they are to harness digital technologies to their best po
tential (Gräsel et al., 2020). As such, any strategic initiative that strives
to contribute to change in teaching and learning on the level of the
learning activities seems more likely to be effective if it addresses
different organizational levels of governance and administration,
teaching and learning, academic life and student participation, and
different stakeholders’ perspectives (Czerniewicz & Brown, 2009; Liu
et al., 2020; Reid, 2014; Schneckenberg, 2009). This is all the more so
because of two reasons: First, the different stakeholders in higher edu
cation rely on a much higher degree of autonomy in their professional
decisions—especially academic teachers in comparison to teachers in
primary or secondary education (Liu et al., 2020; Reid, 2014;
Schneckenberg, 2009). Second, the different factors of influence out
lined in this section bear complex interrelationships between each other
so that, for example, when institutions provide further education in the
field of technology-enhanced teaching, this might result in growing
demands on technological equipment, which, if met, might generate
new types of learning opportunities (see Puentedura, 2006; Sailer et al.,
2018).
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tutoring systems) in case these prior skills are missing (see Kiesewetter
et al., 2020; Kirschner et al., 2006).
Not every aspect and every proposed relation in the C♭-model is
equally well investigated yet. As a consequence, there are relations
specified in the model which are less evidence-based than others. More
specifically, the roles of digital technology equipment as moderators
have not been explicitly investigated in empirical research yet. Further,
the role of institutional, organization, and administrative factors has not
been explored systematically in empirical research yet. In addition,
some findings originate from the school context, particularly those
regarding teachers’ knowledge, skills, and attitudes. These concepts and
their relations need empirical investigation in the context of higher
education. Generally, we encourage empirical testing of the C♭-model
despite its proposed complexity and its limitations. Such research might
rely on self-assessments and survey methodologies; however, it could
provide answers to the questions which contextual facilitators have the
most direct impact and thus, how and in what order contextual facili
tators can be addressed to initiate change in higher education in
stitutions (for an empirical investigation of the C♭-model see Lohr et al.,
2021).

question is which models of loaned digital technology equipment
can contribute to avoiding social injustice with respect to
learning activities and outcomes.
(2) A co-evolution of learning activities, pedagogies, and technol
ogy? Learning activities seem to be among the best predictors of
learning outcomes available to date because engaging in certain
learning activities makes different kinds of cognitive processes
more likely to happen. As laid out in Section 2.2, engaging in
active, constructive, and interactive rather than passive activities
is suggested to afford better learning outcomes (Chi & Wylie,
2014). This raises two questions with regard to the use of tech
nology in higher education. First, it has to be considered that
learning activities that include students’ actions (i.e. active,
constructive, and interactive learning activities) are more chal
lenging for higher education teachers to implement in their
courses. This leads to the question whether well-arranged settings
affording mainly passive learning activities could possibly be
more effective regarding students’ learning than poorly imple
mented settings which call for students’ actions (see Stegmann,
2020). Especially students’ constructive and interactive learning
activities with digital technology require teachers to carefully
guide and scaffold their learning process and thus demand more
advanced technology-related teaching skills. Second, is it plau
sible to assume that digital learning environments include only
constructive and interactive activities? Probably not. Even for the
most effective online discussions, there is a time when listening to
a new argument is helpful and can facilitate learning. It seems
reasonable to assume that different blends of learning activities
or different sequences of activities over time have different effects
on learning as well. Watching an explanatory video that elabo
rates on a complex process may be useful before engaging in
problem-solving activities. There are different pedagogies that
orchestrate learning activities (e.g., around inquiry or
problem-solving). It seems plausible to assume that digital tech
nologies can be used to make certain patterns of learning activ
ities more likely to occur. However, at the same time, it seems
possible that pedagogies and patterns of learning activities
co-evolve with new types of digital technology (see Chien et al.,
2016; Hunsu et al., 2016). We see both the one-directional
“enhancement” mechanism as well as the bi-directional co-evo
lution mechanism as plausible but under-investigated
hypotheses.
(3) The interplay of skills and attitudes of teachers and students.
Many higher education teachers may have decent basic digital
skills. We argued in Section 2.5 that these basic skills are neces
sary but not sufficient for initiating student learning activities
with digital technologies. They are not sufficient mainly because
they do not include knowledge about learning activities and the
specific use of technology to help others learn. There are many
open conceptual and empirical questions resulting from this
assumption, including the following: How are basic digital skills
and technology-related teaching skills connected, and how do
they co-develop over time in higher education teachers? What is
the relative importance of basic digital skills and technologyrelated teaching skills of higher education teachers for explain
ing and predicting the type, combination, or sequence of learning
activities they try to stimulate in their students? Is the relative
importance (i.e., the explanatory and predictive power) of
technology-related teaching skills higher when students’ basic
digital skills and their self-regulation are less advanced? What are
the conditions under which programs to facilitate digital teaching
skills are effective?
(4) On the importance of institutional strategy and change. Although
there is some debate on the relative importance of institutional
commitment for effective digital teaching and learning, there
appears to be a consensus that such a strategy for change is

3.3. Future research based on the C♭-model
Some of the open theoretical and empirical questions for research
include:
(1) Role(s) of technology and the interaction of institutional and
student-owned digital technology equipment. At this point, it
seems trivial to say that digital technology is probably not the
most important factor in the C♭-model, at least not the one to start
with. However, technology is crucial anyway. In the literature,
there have been different suggestions about the role that digital
technology plays in teaching and learning. Some suggestions
concern the amount of technology that is necessary to advance
teaching and learning (e.g., the threshold model; see Sailer et al.,
2018). Some address the degree to which technology is really
changing processes substantially (e.g. SAMR; Puentedura, 2006).
Still others theorize on the interrelation of technological and
pedagogical progress (Co-Evolution). At this point, it seems likely
that there will not be one technology model that outperforms all
the others. Rather, it seems plausible to assume that these models
are valid under certain, yet unknown conditions. An investigation
of these conditions makes sense once a common frame of refer
ence is used, including— most importantly—learning activities
and outcome measures related to student learning. The C♭-model
proposed in this article may qualify as such a joint conceptual
foundation. A threshold model, for example, seems valid to some
extent if we observe a higher frequency of technology use in the
university classroom and a broader spectrum of learning activ
ities afforded by technology from a certain relatively low level of
equipment that does not change substantially when more tech
nology is added. A different set of open questions with respect to
the role of digital technology is related to the fact that many
students increasingly rely on their own technology in order to
follow courses and engage in self-regulated learning (Sundgren,
2017). It seems plausible that BYOD can be effective, but it is also
rather obvious that there can be circumstances under which
BYOD will facilitate social injustice. Therefore, more important
questions are related to the conditions under which BYOD can be
effectively employed to facilitate participation in beneficial
learning activities. For example, open questions include how
flexible platforms can be developed as part of the equipment
owned by the university that can integrate the different tech
nologies that students use, and how these platforms can support
students’ interaction in real time, in hybrid learning environ
ments, and without violating privacy regulations. Another
10
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important (see Orr et al., 2018). We therefore suggest that a more
important question would be: Under what conditions are higher
education strategies for digital teaching and learning effective
with respect to students’ learning activities and learning out
comes? Referring to the C♭-model, we can expect that a strategy
will be more effective when it focuses on learning activities,
technology-related teaching skills, and attitudes, on student skills
as prerequisites, and on technology that supports students’
engagement in effective learning activities. Another line of
research questions could address the approach that is applied to
bring about organizational change (e.g., through professional
learning communities) and the participatory roles of higher ed
ucation teachers, students, and experts on organizational change
as well as experts on digital teaching and learning in developing
an institutional strategy. In addition, questions about the condi
tions for effective implementation seem important, including
aspects such as incentivizing, communicating, and monitoring
goals and instruments.

educational contexts. Educational Research Review, 30, 100322. https://doi.org/
10.1016/j.edurev.2020.100322
Baumert, J., Kunter, M., Blum, W., Brunner, M., Voss, T., Jordan, A., Klusmann, U.,
Krauss, S., Neubrand, M., & Tsai, Y.-M. (2010). Teachers’ mathematical knowledge,
cognitive activation in the classroom, and student progress. American Educational
Research Journal, 47(1), 133–180. https://doi.org/10.3102/0002831209345157
Belland, B. R. (2009). Using the theory of habitus to move beyond the study of barriers to
technology integration. Computers & Education, 52(2), 353–364. https://doi.org/
10.1016/J.COMPEDU.2008.09.004
Bond, M., Marín, V. I., Dolch, C., Bedenlier, S., & Zawacki-Richter, O. (2018). Digital
transformation in German higher education: Student and teacher perceptions and
usage of digital media. International Journal of Educational Technology in Higher
Education, 15(1). https://doi.org/10.1186/s41239-018-0130-1
Bransford, J. D., & Schwartz, D. L. (1999). Rethinking transfer: A simple proposal with
multiple implications. Review of Research in Education, 24(1), 61–100. https://doi.
org/10.3102/0091732X024001061
Broadbent, J., & Poon, W. L. (2015). Self-regulated learning strategies & academic
achievement in online higher education learning environments: A systematic review.
The Internet and Higher Education, 27, 1–13. https://doi.org/10.1016/J.
IHEDUC.2015.04.007
Buchanan, T., Sainter, P., & Saunders, G. (2013). Factors affecting faculty use of learning
technologies: Implications for models of technology adoption. Journal of Computing
in Higher Education, 25(1), 1–11. https://doi.org/10.1007/S12528-013-9066-6
Caena, F., & Redecker, C. (2019). Aligning teacher competence frameworks to 21st century
challenges: The case for the European digital competence framework for educators
(digcompedu). European journal of education. Advance online publication. https://doi.
org/10.1111/ejed.12345
Carpenter, J. P., Rosenberg, J. M., Dousay, T. A., Romero-Hall, E., Trust, T., Kessler, A.,
Phillips, M., Morrison, S. A., Fischer, C., & Krutka, D. G. (2020). What should teacher
educators know about technology? Perspectives and self-assessments. Teaching and
Teacher Education, 95, 103124. https://doi.org/10.1016/j.tate.2020.103124
Carretero, S., Vuorikari, R., & Punie, Y. (2017). DigComp 2.1: The digital competence
framework for citizens with eight proficiency levels and examples of use. In EUR,
Scientific and technical research series (Vol. 28558). Publications Office.
Cassidy, E. D., Colmenares, A., Jones, G., Manolovitz, T., Shen, L., & Vieira, S. (2014).
Higher education and emerging technologies: Shifting trends in student usage. The
Journal of Academic Librarianship, 40(2), 124–133. https://doi.org/10.1016/j.
acalib.2014.02.003
Charlton, T., Devlin, M., & Drummond, S. (2009). Using Facebook to improve
communication in undergraduate software development teams. Computer Science
Education, 19(4), 273–292. https://doi.org/10.1080/08993400903384935
Chernikova, O., Heitzmann, N., Stadler, M., Holzberger, D., Seidel, T., & Fischer, F.
(2020). Simulation-based learning in higher education: A meta-analysis. Review of
Educational Research, 90(4), 499–541. https://doi.org/10.3102/0034654320933544
Chi, M. (2009). Active-constructive-interactive: A conceptual framework for
differentiating learning activities. Topics in Cognitive Science, 1(1), 73–105. https://
doi.org/10.1111/j.1756-8765.2008.01005.x
Chi, M., Adams, J., Bogusch, E. B., Bruchok, C., Kang, S., Lancaster, M., Levy, R., Li, N.,
McEldoon, K. L., Stump, G. S., Wylie, R., Xu, D., & Yaghmourian, D. L. (2018).
Translating the ICAP theory of cognitive engagement into practice. Cognitive Science,
42, 1777–1832. https://doi.org/10.1111/cogs.12626
Chien, Y.-T., Chang, Y.-H., & Chang, C.-Y. (2016). Do we click in the right way? A metaanalytic review of clicker-integrated instruction. Educational Research Review, 17,
1–18. https://doi.org/10.1016/j.edurev.2015.10.003
Chitiyo, R., & Harmon, S. W. (2009). An analysis of the integration of instructional
technology in pre-service teacher education in Zimbabwe. Educational Technology
Research & Development, 57(6), 807–830. https://doi.org/10.1007/s11423-0099136-7
Chi, M., & Wylie, R. (2014). The ICAP framework: Linking cognitive engagement to
active learning outcomes. Educational Psychologist, 49(4), 219–243. https://doi.org/
10.1080/00461520.2014.965823
Christensen, R., & Knezek, G. (2017). Validating the technology proficiency selfassessment questionnaire for 21st century learning (TPSA C-21). Journal of Digital
Learning in Teacher Education, 33(1), 20–31. https://doi.org/10.1080/
21532974.2016.1242391
Clark, D. B., Tanner-Smith, E. E., & Killingsworth, S. S. (2016). Digital games, design, and
learning: A systematic review and meta-analysis. Review of Educational Research, 86
(1), 79–122. https://doi.org/10.3102/0034654315582065
Considine, D., Horton, J., & Moorman, G. (2009). Teaching and reaching the millennial
generation through media literacy. Journal of Adolescent & Adult Literacy, 52(6),
471–481. https://doi.org/10.1598/JAAL.52.6.2
Cook, D. A., Hatala, R., Brydges, R., Zendejas, B., Szostek, J. H., Wang, A. T., Erwin, P. J.,
& Hamstra, S. J. (2011). Technology-enhanced simulation for health professions
education: A systematic review and meta-analysis. Journal of the American Medical
Association, 306(9), 978–988. https://doi.org/10.1001/jama.2011.1234
Czerniewicz, L., & Brown, C. (2009). A study of the relationship between institutional
policy, organisational culture and e-learning use in four South African universities.
Computers & Education, 53(1), 121–131. https://doi.org/10.1016/j.
compedu.2009.01.006
Digital Campus of Bavaria research group. (2017). Kernkompetenzen von Lehrkräften für
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The digital transformation poses considerable challenges not only to
people but to organizations as a whole and not least of all to institutions
of higher education. Institutions of higher education also seem to be
particularly apt to face this challenge because they are inherently
learning organizations, at least much more so than, for example, in
stitutions of primary and secondary education or organizations outside
the educational system. The reason for this is that institutions of higher
education have a specific public mandate to offer both research and
teaching. On account of this double mandate, they observe and describe
current societal transformations (e.g., digitalization), and by doing so,
they generate the very knowledge that enables societies to react
adequately to these transformations. However, if we truly want to un
derstand the complex dynamic of factors that lead to successful digital
teaching and learning in institutions of higher education via suitable
learning activities, we have to try to capture an overall picture of
teaching and learning with technology in higher education. In this view,
C♭-model can be seen as a roadmap for future research to do so.
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Merriënboer, & P. A. Kirschner (Eds.), Ten steps to complex learning (pp. 39–51).
Routledge. https://doi.org/10.4324/9781315113210-3.
Michelsen, S., Vabø, A., Kvilhaugsvik, H., & Kvam, E. (2017). Higher education learning
outcomes and their ambiguous relationship to disciplines and professions. European
Journal of Education, 52(1), 56–67. https://doi.org/10.1111/ejed.12199
Mishra, P., & Koehler, M. J. (2006). Technological pedagogical content knowledge: A
framework for teacher knowledge. Teachers College Record, 108(6), 1017–1054.
Newland, B., & Handley, F. (2016). Developing the digital literacies of academic staff: An
institutional approach. Research in Learning Technology, 24(1), 31501. https://doi.
org/10.3402/rlt.v24.31501
Newman, T., Beetham, H., & Knight, S. (2018). Digital experience insights survey 2018:
Findings from students in UK further and higher education. Jisc. http://repository.jisc.
ac.uk/6967/1/Digital_experience_insights_survey_2018.pdf.

12

M. Sailer et al.

Computers in Human Behavior 121 (2021) 106794
Schneider, M., & Preckel, F. (2017). Variables associated with achievement in higher
education: A systematic review of meta-analyses. Psychological Bulletin, 143(6),
565–600. https://doi.org/10.1037/bul0000098
Seidel, T. (2014). Utilization-of-learning-opportunities models in the psychology of
instruction: Integration of the paradigms of structure and of process. Zeitschrift für
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Fischer, F. (2021). Technology-related teaching skills and attitudes: Validation of a
scenario-based self-assessment instrument for teachers. Computers in Human
Behavior, 115, 106625. https://doi.org/10.1016/j.chb.2020.106625
Scherer, R., Siddiq, F., & Tondeur, J. (2019). The technology acceptance model (TAM): A
meta-analytic structural equation modeling approach to explaining teachers’
adoption of digital technology in education. Computers & Education, 128, 13–35.
https://doi.org/10.1016/j.compedu.2018.09.009
Scherer, R., Tondeur, J., Siddiq, F., & Baran, E. (2018). The importance of attitudes
toward technology for pre-service teachers’ technological, pedagogical, and content
knowledge: Comparing structural equation modeling approaches. Computers in
Human Behavior, 80, 67–80. https://doi.org/10.1016/j.chb.2017.11.003
Schmid, M., Brianza, E., & Petko, D. (2020). Developing a short assessment instrument
for Technological Pedagogical Content Knowledge (TPACK.xs) and comparing the
factor structure of an integrative and a transformative model. Computers & Education,
157, 103967. https://doi.org/10.1016/j.compedu.2020.103967
Schmid, U., Goertz, L., & Behrens, J. (2017). Monitor Digitale Bildung : Die Schulen im
digitalen Zeitalter [Monitor digital education: Universities in the digital age]. Bertelsmann
Stiftung https://www.bertelsmann-stiftung.de/fileadmin/files/Projekte/Teilhabe_in
_einer_digitalisierten_Welt/BST_DigiMonitor_Schulen_web.pdf.
Schneckenberg, D. (2009). Understanding the real barriers to technology-enhanced
innovation in higher education. Educational Research, 51(4), 411–424. https://doi.
org/10.1080/00131880903354741

13

