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The systematic analysis of 36 empirical papers supports the view that knowledge gains from
instructionist learning designs are facilitated by distributed and more frequent learning activities
enabled by push mechanisms. They also lend themselves to the activation of learners during classroom
lectures. In addition, and as a particular advantage of mobile technology, “hybrid” designs, where
learners create multimodal representations outside the classroom and then discussed their substantiated

ﬁg;fenf;mmg experiences with peers and educators, helped to connect learning in formal and more informal and
Ubiquitous learning personalized learning environments.

Higher education Generally, empirical evidence that would favour the broad application of mobile and ubiquitous
Systematic review learning in higher education settings is limited and because mobile learning projects predominantly take

instructionist approaches, they are non-transformatory in nature. However, by harnessing the increasing
access to digital mobile media, a number of unprecedented educational affordances can be oper-
ationalised to enrich and extend more traditional forms of higher education.
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1. Introduction

Like no previous technology, mobile technology has spread at an
unprecedented pace in the last few years. For example, in 2014, the
number of mobile phone subscriptions reached six billion (ITU,
2014). Mobile devices are considered cultural tools that are trans-
forming socio-cultural practices and structures in all spheres of life
(Pachler, Bachmair, & Cook, 2010). This transformation is consid-
ered central even from an evolutionary perspective because it
empowers humankind to engage in interactions that are free from
the constraints of physical proximity and spatial immobility for the
first time (Geser, 2004). Digital mobile devices such as cell phones,
PDAs, and smart phones are also being used increasingly often for
educational purposes. The educational use of digital mobile tech-
nology is at the core of vibrant and expanding streams of research
known as mobile and ubiquitous learning. Both concepts are
strongly interconnected. While some authors describe ubiquitous
learning as a next-generation form of mobile learning where
technology fades more into the background (Park, 2011), the terms
are often used interchangeably (Hwang & Tsai, 2011). In essence,
both approaches strongly emphasise the notion of 'context’ in
learning. The field of mobile learning conceives the crossing of
contexts as one of its constitutional characteristics (Pimmer, 2016).
For example, in one the most widely accepted definitions, Sharples,
Taylor, and Vavoula (2007) define mobile learning as "the processes
of coming to know through conversations across multiple contexts
among people and personal interactive technologies“. Similarly, in
ubiquitous learning studies, mobile and portable technologies are
conceived either as tools that allow learners to access information
irrespective of their physical context, for example on a bus (Chen,
Chang, & Wang, 2008) or, alternatively, as a way to provide
learners with location-based information, for example while they
are exploring a butterfly garden (Liu & Hwang, 2010).

To ground the present research on prior literature, the two un-
derlying tenets are briefly and selectively introduced in the next
sections: findings from prior mobile and ubiquitous learning
studies, and, more broadly, the role of digital media in higher ed-
ucation settings.

1.1. Findings and limitations of previous reviews

To date, the educational qualities of mobile and ubiquitous
learning have been examined in a number of settings: in formal
education settings in and outside the classroom (e.g. Frohberg,
Goth, & Schwabe, 2009), in the workplace (e.g., Pimmer &
Pachler, 2014), and in the context of lifelong learning (e.g.,
Sharples, 2000). Regarding higher education, some authors expect
mobile learning to radically transform this field by providing “new
strategies, practices, tools, applications, and resources to realise the
promise of ubiquitous, pervasive, personal, and connected learning”
(Wagner, 2005). Two recent meta studies provide an overview of

and insights into the emerging socio-technical phenomenon
(Hwang & Tsai, 2011; Wu et al.,, 2012). Wu et al. (2012) found in
their meta-analysis that research has most commonly concentrated
on the effects of mobile learning, followed by design aspects, the
investigation of the affective domain during mobile learning and
the analysis of learners’ characteristics. Regarding the course sub-
jects, mobile learning was studied primarily in the setting of lan-
guage and linguistics courses, followed by computer classes and
health sciences (Wu et al.,, 2012). The authors also noted the pre-
dominance of higher education settings among mobile learning
environments; more than half of the learners included in the meta-
analysis were from post-secondary education environments (Wu
et al., 2012). Similarly, Hwang and Tsai (2011) reported that
higher education students were the most often researched target
group for mobile learning studies. Notably, in both meta-analyses,
most of the included studies reported positive learning outcomes.

In these reviews, relatively little attention was paid to the
different forms, practices and outcomes of mobile learning and
their theoretical underpinnings. For example, in the instructionist
sense of learning, mobile devices can be used to test vocabulary
(Brett, 2011), while a constructionist approach might have students
use mobile devices to create video materials (Zahn et al., 2013).
While both uses could be labelled “mobile learning”, the associated
learning activities and underlying theories are diverse and are
likely to result in different forms of engagement and educational
effects. One of the first reviews that differentiated mobile learning
on the basis of different theoretical strands was written by
Naismith, Lonsdale, Vavoula, and Sharples (2004). They distin-
guished behaviourist, constructivist, situated, collaborative,
informal and lifelong learning categories. Their review, however,
was based on examples and was not systematic. Another literature
analysis was conducted by Frohberg et al. (2009). In their critical
review of mobile learning projects, the authors used activity theory
(Engestrom, 1987; Sharples et al., 2007) as an analytical framework.
They analysed more than 100 projects according to the categories
context, tools, control, communication, subject and objective.
Frohberg et al. (2009) observed that although mobile phones are
primarily communication devices, communication and social
interaction played a surprisingly small role in mobile learning
projects. However, the reviewers did not focus on higher education
settings, and more importantly, their review included projects that
were published before the end of 2007. As noted in subsequent
systematic reviews, the number of mobile learning studies
increased sharply after this period (Hwang & Tsai, 2011; Wu et al.,
2012). In the more recent analysis of mobile lifelong learning pro-
jects, Arrigo, Kukulska-Hulme, Arnedillo-Sanchez, and Kismihok
(2013) also suggest that most of the projects were centred on the
distribution of content instead of on social interaction between
tutors, teachers or peers using mobile devices.
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1.2. Educational technology in higher education

More generally, the use and role of digital technology in higher
education is contested. Its transformational potential has been
frequently stressed by some scholars, especially if online learning is
blended with face-to-face teaching. Garrison and Kanuka (2004)
argue, for example, that these formats have started to question
the "dominance of the lecture in favor of more active and meaningful
learning activities and tasks* (p. 100). Specific reviews, for example
from the field of health professions, reveal moderately positive
results to date. Although internet-based education formats are
associated with large positive effects compared with no in-
terventions, they show a similar effectiveness when compared with
traditional non-internet-based teaching (Cook et al, 2008a).
Beyond the outcomes of specific interventions, authors who
consider the “bigger picture” of higher education are more critical.
It is argued that, despite the abundance of digital technologies, the
usage of new technologies in higher education is sporadic, uneven
and rigid (Selwyn, 2007) and concentrates on the content-driven
reproduction of behaviourist educational patterns (Blin & Munro,
2008). This is reflected in Cuban, Kirkpatrick, and Peck (2001)
study, in which they observed that access to digital technology
did not lead to its widespread use; and, when used, computers
sustained rather than changed existing teaching practice. They
explain this tendency with a lack of time and ICT training on the
teachers’ part (2001). In addition to teachers, students are also
affected by constraints in the use of online learning in higher ed-
ucation, for example regarding the lack of a sense of community in
online environments, difficulties in understanding learning goals
and technical problems (Song, Singleton, Hill, & Koh, 2004). Cuban
et al. (2001) tie the modest adaptation of digital technology to the
concept of a 'slow’ revolution, which means that individuals and
organisations require decades to learn how to fully use and exploit
new technologies. While the observations of Cuban et al. (2001)
were made in a high school context, the arguments regarding
slow change patterns were also found in higher education settings,
with digital technology being gradually adopted over decades in
ways that improve existing practices, rather than radically chang-
ing them (Kirkup & Kirkwood, 2005).

To conclude this introduction, after more than 20 years of mo-
bile learning research there is still relatively little systematic
knowledge available, especially regarding the use of mobile tech-
nology in different educational designs and with associated
educational effects in higher education settings. Of interest is also
the question whether, and if so, how a technology marked by many
as “revolutionary” can impact on established learning and teaching
in a context which appears to be resistant to change.

2. Materials and methods
2.1. Research question and goal

This review intends to address the following broadly focused
research question: How can mobile and ubiquitous learning for-
mats in higher education be synthesized according to their theo-
retical underpinnings and to what extent are these categories tied
to different educational outcomes? Addressing these questions is
expected to result in a more nuanced and theoretically grounded
understanding of the pedagogical effects of different mobile
learning arrangements.

3. Search strategies and techniques

The overall procedure followed the steps that Cook and West
(2012) suggested for conducting systematic reviews. First, the

research questions, as stated above was defined; this was followed
by protocol writing, the search for eligible studies, decisions about
inclusion/exclusion criteria, the review of title abstracts, and the
actual analysis. Finally, the synthesis was written up. Mobile and
ubiquitous learning activities can be highly diverse, offering
different educational qualities and depending on and interacting
with complex social systems and contextual influences. Thus, an in-
depth understanding of this emerging phenomenon requires not
just the consideration of quantitative studies, but the pooling of
selected quantitative, qualitative and mixed-method study designs.
This selection process should also allow a consideration of the
nuanced theoretical understandings of the different studies and the
elicitation of relationships across the selected works. Accordingly,
the selected qualitative synthesis methodology approach was the-
matic analysis, which includes the analysis and interpretation of
texts and refining the findings into key ‘themes’ (Bearman &
Dawson, 2013). The approach was integrative, in that the litera-
ture was grouped according to pre-existing educational designs(s);
it was also interpretative, in that those designs were further
developed, and key themes were identified within these categories
(Bearman & Dawson, 2013). The themes were identified and
developed via iteratively reading, re-reading and interpreting the
text, as outlined below.

To identify relevant high-quality papers, the first wave of
searches involved identifying publicly available and peer-reviewed
articles in the Web of Science databases. The search was conducted
in August 2013 and included contributions in English from 2000 to
2013. The search terms combined the concepts of mobile and
ubiquitous learning and higher education in the meta field “topic”,
which included the search in article titles, abstracts, author key-
words, keywords and plus fields. More precisely, the terms mobile
learning, m-learning and ubiquitous learning were combined (AND)
with higher education or university or post-secondary or post-
compulsory. The search yielded 175 results. In addition, the data-
base ERIC was searched in September 2013 because this source
contains a broad selection of articles specific to the fields of edu-
cation and learning sciences. The search was based on the same
combination of concepts and search terms and yielded another 176
publications. The third wave of searches comprised scans of Google
scholar using the same key terms.

3.1. Selection process and inclusion and exclusion criteria

After deleting 56 duplicates, the first author conducted a review
of 295 publications’ abstracts. Of this body, 194 studies were
deleted because they did not meet the inclusion criteria. For the
remaining 101 publications, the full texts were retrieved and
reviewed against the following six criteria: (1) sound methodo-
logical design; (2) higher education setting; (3) involvement of
mobile technology; (4) educational orientation; (5) primary study
designs based on mobile learning activities:

First, a study needed to include sound qualitative, quantitative
or mixed method research designs. Studies of lower methodo-
logical quality were not considered. That is, qualitative studies
needed to both describe their data-gathering procedures (tech-
niques, participant numbers, and recording/transcription) and
indicate their analytical techniques (e.g., grounded theory and
constant comparison analysis). Regarding quantitative designs,
exclusively descriptive studies were not included. The studies
needed to describe study population (e.g. number of participants,
gender, etc.), intervention and (experimental) procedure, and all
necessary information regarding the statistical tests used (e.g.
mean and standard deviation for parametric tests, etc.). For mixed-
method studies, at least the qualitative or quantitative re-
quirements needed to be met for the respective results to be



C. Pimmer et al. / Computers in Human Behavior 63 (2016) 490—501 493

included.

Second, the target group needed to consist of students from
higher education settings. Such learning settings included lectures,
excursions, museums, field visits or placements that were part of
higher education programs. Third, the studies needed to investigate
the use of digital mobile technology, including such devices as
mobile phones, PDAs, tablets and mp3 players. Excluded were less-
portable devices such as laptop or desktop computers because the
application of these devices has been analysed and discussed
broadly in the 1:1 computing literate (e.g., Bebell & Kay, 2010).
Fourth, to be considered, the studies needed to have a clear
orientation towards education. This included studies with a pri-
mary focus on learning that involved teacher-centred, self-directed
and informal forms of learning. Studies were excluded if they
centred on arrangements that were not directly related to educa-
tional activities, such as the design of mobile library services. Fifth,
the studies needed to be based on the collection and analysis of
primary data about mobile and ubiquitous learning activities.
Studies were excluded if they (a) were theoretical and conceptual
papers without an empirical basis; (b) described only the design of
a system without evaluating usage and learning patterns; (c) ana-
lysed students’ general perception of mobile and ubiquitous
learning without referring to or describing any specific activity or
didactical setting; and (d) focused on the future or intended use of
mobile devices, e.g., Delphi studies.

4. Data coding and analysis

Based on the criteria, 36 studies were identified as eligible for
the review and were comprehensively analysed by two of the au-
thors. The analytical process included the reading, re-reading and
analysis of the papers according to the following parameters: The
main analytical parameter was the educational design and the
underlying theoretical orientation. The analysis for this category
was applied in a semi-grounded way: The investigation started
with a synthesis of categories from previous research, specifically
the categories proposed by Laurillard (2009) and Naismith et al.
(2004): instructionist, constructionist, situated and collaborative de-
signs. During the analysis, the nature of the studies suggested
merging the constructionist and collaborative categories and
considering the emerging category of hybrid designs. It should be
noted that these categories are very broad theoretical strands and
that the analysis could not do justice to the different, historically
developed nuances and detailed interpretations of those categories.
However, the analytical system was a viable tool for considering
and analysing the different educational designs and attendant
theoretical underpinnings at the core of the identified studies. The
second main criterion concerned the effects of the intervention.
These were analysed according to three dimensions: (a) learning
outcomes, i.e., the self-reported or measured changes in skills,
knowledge or attitudes associated with a learning programme/ac-
tivity; (b) satisfaction, i.e., the learners’ acceptance of and reaction
to a mobile learning activity; and (c) usage, i.e., the frequency, in-
tensity and/or quality of the learners’ engagement. The last aspect
is an important complementary indicator because mobile learning
activities that are highly rated but rarely used by learners would
have only limited effects. The reported effects were extracted and
qualitatively and quantitatively described (see also Appendix), and
the results are synthesised in the results section. In addition, the
following parameters were used to classify the identified publica-
tions: the subject of the course (e.g., computer science) and the
country from which the study originated. Regarding the subjects,
the sub-disciplines of the classification that Wu et al. (2012) used in
their m-learning review were applied. For this classification, the
themes of the individual courses were extracted; e.g., if computer

science students used their mobile phones to participate in an
English class, English (and not computer science) was extracted as
the discipline. For the geographical background, the location of the
university was used; e.g., if university students from Germany
learned during an excursion in Spain, Germany was extracted as the
country.

Regarding the quality of the research design, all the selected
studies were reviewed independently by the first and the second
author. Differences in the interpretation were resolved upon dis-
cussion. The same measures were applied regarding the two main
categories (parameters), i.e., the effects of the intervention and the
educational design. However, this was an iterative, discursive and,
in part, inductive process (involving the generation of a new cate-
gory, the hybrid design). That mean, although the results represent
the agreement of the first and second author, no inter-rater reli-
ability measures were calculated.

5. Characterisation of the sample

In the 36 examined papers, 47 educational designs were iden-
tified. Of those designs, instructionism was by far the most preva-
lent category: 22 studies in which instructional elements formed a
central part of the didactic design were identified. This was fol-
lowed by constructionist learning (13) and situated action (12). In
addition, 6 studies were characterised by a hybrid of situated,
constructionist and collaborative designs. From a geographical
perspective, the majority of the studies were from the United
Kingdom (10), followed by Taiwan (6) and the United States (5).
Two studies each were from Australia, Cyprus, Germany, Japan and
China. As in the sample of Wu et al. (2012), the three dominant
subjects were language learning studies (9), health sciences (7) and
computer sciences (6). These subjects were followed by psychology
and history, with two studies each.

6. Results: pedagogical strategies and outcomes

In the following sections, the usage and outcomes of mobile and
ubiquitous learning are synthesised and presented according to the
categories of (1) instructionism, (2) situated action and contextual
scaffolding, (3) constructionist and collaborative learning and (4)
hybrids of situated, constructionist and collaborative designs.

7. Instructionist education

Instructionism, as characterised by Laurillard (2009) - who is,
in turn, referring to Seymour Papert (e.g., 1991) - puts the focus on
the organisation of instruction and is teacher driven and prescrip-
tive. Instructionism is rooted in the broader psychological concept
of behaviourism, which highlights the stimulus-response mecha-
nism. Considering the role of technology, this means using com-
puters to instruct learners or even having computers present the
instruction. Instructionism places the presentational and testing
capabilities of media in the foreground. In the analysis, three
themes were differentiated according to the ways the mobile
learning activities were organised:

7.1. Ad hoc and post hoc transmission of lectures

The first sub-category is centred on the delivery of lectures, the
core format of higher education (Apel, 1999; Gehlen-Baum &
Weinberger, 2014). Generally, the opportunity to participate in live
lectures independent of one’s location was positively received by
students (Shen, Wang, Gao, Novak, & Tang, 2009; Solvberg &
Rismark, 2012). Using repeated group interviews, Solvberg and
Rismark (2012) found that the provision of multimedia-streamed
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presentations by external lecturers resulted in the creation of new
learning spaces: In addition to the classroom, students also gath-
ered in groups at other locations on the campus, where they fol-
lowed the lecture through smart phones and laptops. Individual
learning space involved the post hoc and off-campus study of lec-
tures, which also led to positive attitudes. However, conflicting
pressures from family, work and leisure time tended to prevent
students from watching entire lectures in one sitting (Solvberg &
Rismark, 2012). A similar and also well-received post hoc lecture
format was podcasts, which either presented whole lectures
(Pearce & Scutter, 2010; Mckinney, Dyck, & Luber, 2009) or sum-
marised key aspects of lectures (Evans, 2008; Lee & Chan, 2007).
However, the qualities of mobile devices for podcasting were not
convincing: the students tended to listen to the podcasts primarily
on laptops and desktop computers at home and used mobile de-
vices to a much lesser extent being on the move (Evans, 2008; Lee &
Chan, 2007; Pearce & Scutter, 2010). Using an experimental, non-
randomised approach with post-knowledge tests, Mckinney et al.
(2009) found that students who engaged with audio-synced
PowerPoint slides on their own mobile devices in a classroom
setting learned significantly more compared with students who
watched the traditional lectures. This unexpected result was
explained by students who took more extensive notes in the pod-
cast condition and who listened repeatedly to the lectures.

7.2. Supplementary text and multimodal materials

Beyond the delivery of lectures, the second category comprises
supplementary study materials that were provided to the students’
mobile devices using linguistic, audio and visual representations.
The use of written language was found to be effective and was well
regarded by the learners (Cavus & Ibrahim, 2009; Chen & Hsu,
2008; Thornton & Houser, 2005). For example, SMS messages
with medication knowledge were sent twice a day to nursing stu-
dents who attended a pharmacological lecture. This resulted in
significant knowledge gains for the SMS group over time and
compared with a control group that did not receive the SMS mes-
sages (Chuang & Tsao, 2012). Significant pre-post knowledge gains
and high satisfaction rates were also observed in a study in which
learners received personalised recommendations and extracted
vocabularies for English news articles based on their reading abil-
ities (Chen & Hsu, 2008). Studies also contrasted different mobile
and non-mobile delivery formats: Thornton and Houser (2005)
showed that students who received vocabulary lessons sent to
their mobile phones via email had significantly increased retention
rates compared to groups that accessed the same content in a pull
format on websites through their mobile phones and PCs in a first
experiment and compared with a group that accessed the same
content provided on paper in a second experiment.

In addition to the use of written language, studies also examined
and contrasted the use and combination of multimodal knowledge
representations through pre- and post-knowledge tests. For the
retention of English materials, the simultaneous presentation of
written and oral language (sound) on smartphones was found to be
superior to sound only (Chang, Tseng, & Tseng, 2011). Integrated
mobile delivery formats that include text, sound and images were
also found to have significantly positive knowledge outcomes for
computer science and language learning students: These effects
were measured in comparison with control groups who accessed
learning content via websites (Mcphee, Thomas, Thomas, & Ware,
2006; Saran, Seferoglu, & Cagiltay, 2012) and via paper based-
hand-outs (Saran et al., 2012). Both studies used a quasi-
experimental non-randomised pre-post-test design. Comparisons
were also conducted with traditional classroom instruction using
an experimental between-group post-test design: A group that

engaged with English listening, writing, text and image-based in-
formation and quiz exercises on mobile devices in a self-paced
manner performed significantly better than a group that received
synchronous instruction from a teacher using the same exercises;
this effect was attributed to the first group’s opportunity to repeat
learning sequences and check correct answers (Oberg & Daniels,
2013). Regarding the use of moving images, one study demon-
strated improvements in practical competences through mobile
video instruction, which were evaluated via a post-test only control
group design: medical students and residents who studied a
stepwise instruction on a PDA performed a chest-tube insertion
significantly better than a control group who did not have this
support (Davis et al., 2013).

7.3. Activation and formative assessment

Beyond the presentation of content, a number of studies focused
on analysing how a mobile system could facilitate learning during
lectures by posing questions and activating exercises via mobile
devices (Gikas & Grant, 2013; Markett, Sdnchez, Weber, & Tangney,
2006; Shen et al., 2009; Wang, Shen, Novak, & Pan, 2009). Gener-
ally, this approach resulted in active participation and engagement
during lectures (Markett et al., 2006; Wang et al., 2009) and in high
levels of motivation and satisfaction (Shen et al., 2009; Wang et al.,
2009). Students who were reported to be otherwise passive in large
classroom settings not only responded to tasks but also expressed
self-confidence, praised their instructors, made suggestions, and
showed emotions, humour and even disagreement (Wang et al.,
2009). The same system was also found to correlate with signifi-
cantly higher final grades for mobile users compared with non-
mobile users (Shen et al, 2009). Interview-based studies also
suggest that lecturers appreciated the mobile activation and
response systems because they gained immediate feedback from
students about their teaching methods and content and received
insights into the students’ progress (Markett et al., 2006; Wang
et al., 2009).

Formative assessment and activation that were initiated outside
the lectures yielded mixed results with respect to learning out-
comes, attitudes and usage: De-Marcos et al. (2010) reported a
study in which students used their mobile phones to answer
multiple choice questions tailored to the learning objectives of the
course and found that the students had positive attitudes toward
the system. However, the comparison of the final marks for the
intervention group and the control group (who received the same
questions on paper during the lectures) revealed significant results
only for the secondary education groups and not for the university-
level life sciences students. Using group interviews, log-file analysis
and a descriptive survey, Brett (2011) reported less positive findings
for a system that provided SMS quiz questions and correct answers
for university students: only half of the students engaged with the
quizzes. The participants’ opinions about the value of SMS learning
were similarly split between those who found it valuable to their
learning and those who did not and who perceived the use of
personal mobile technologies as an intrusion of their privacy. In
work-based placements, health and social care students used
smartphones to receive formative competence assessments from
their supervisors (Coulby, Hennessey, Davies, & Fuller, 2009), other
team members, patients and university tutors in the form of text
and voice messages (Taylor et al., 2010). In both studies, the stu-
dents required considerable support and training in the use of the
mobile system. The analysis of the focus groups tied the mobile
assessment to an increased level of feedback and found that the
learners in the mobile assessment group were more aware of their
goals (Coulby et al., 2009) and embedded reflection more regularly
in their daily work (Taylor et al., 2010).
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8. Situated action and contextual scaffolding

Situated action focuses on the learners’ responsiveness to their
environments and the ways in which human action arises in “the
flux of real activity” (Nardi, 1996). In terms of educational design,
this means facilitating problem solving and inquiry-based learning.
Compared to instructionism, situated action learning occurs in a
more spontaneous and fluid and much less teacher-guided way in
authentic and real-life situations. Instead of controlling and
assessing each behaviour, learners should be oriented toward the
material (Streibel, 1989). In the analysed studies, orientation in
poorly structured environments was supported through mobile
devices that provided spatial, sequential and cognitive scaffolds
according to the specific contexts of the learners. In contrast to
“traditional” approaches to technology-enhanced scaffolding
(Sharma & Hannafin, 2007), mobile technology provided dynamic
scaffolding in complex and messy real-world settings that are not
confined by the boundaries of computer screens. One way to ach-
ieve scaffolded situatedness was for learners to establish the scaf-
fold, for instance, by accessing knowledge relevant to their needs
using pull mechanisms. One example from a qualitative, focus
group-based study is the use of PDAs by nurse and medical stu-
dents during placements to access reference and support tools that
facilitate informed decision-making directly at the point of care
(Garrett & Jackson, 2006).

Situated learning was also investigated with two groups of
biology students who used mobile DVD players on the beach to
study static images and dynamic video representations of fish
species between snorkelling activities (Pfeiffer, Gemballa, Jarodzka,
Scheiter, & Gerjets, 2009). According to the results of this experi-
mental study, the situated learning activities significantly increased
the students’ ability to recognise fish species, regardless of whether
the presentations were dynamic or static. In addition, nearly all of
the students found the activity to be helpful or very helpful for their
learning. However, no comparison was made with a “non-situated
learning” control group, for example, with learners who studied the
same content in traditional settings, such as a classroom. Studies
also examined the role of mobile technology in the information-
rich settings of museums: Using interviews, Tsai, Tsai, and Hwang
(2011) investigated students’ perceptions of mobile learning after
they had learned about coins in a museum via contextualised
scaffolding messages that were sent to their PDA and adapted to
their situation, visit time and prior knowledge. The phenomeno-
graphic analysis revealed five categories of conceptions of learning,
one of which emphasised the value of mobile technology for of-
fering situated, sequential and cognitive scaffolds, i.e., providing
timely guidance and direction in the learning processes. This value
was expressed in the statement "Learners can know what they
should pay attention to or what they should do.” (Tsai et al., 2011).
Reynolds, Walker, and Speight (2010) observed design students in a
similar setting: During a museum visit, the students were guided
via paper or PDA-based trails that provided additional information
in the form of text, audio and images. The qualitative evaluation
showed that the mobile trails served as practical tools that provided
orientation in space and as cognitive tools that supported the
students’ meaning-making and facilitated and intensified their
engagement with the museum objects. However, no clear advan-
tages of the PDA over the paper-based trails were identified. On the
one hand, the PDA trails were found easier to follow, and the use of
audio facilitated active exploration; on the other hand, paper was
deemed to be more flexible, better allowing learners to look ahead
or to change the order of the trail objects. The students were
divided in their evaluation of the scaffolding capacities of mobile
devices: some argued that handling the PDA distracted them from
engaging with objects, while a similar number found the PDA

helpful for structuring the visit (Reynolds et al., 2010) because it
provided a sequencing scaffold. Similar observations were made in
the randomised experiment of Sung, Chang, Hou, and Chen (2010),
in which psychology students used a tablet PC-based guidebook to
participate in historical role play in a museum and answered his-
tory questions related to exhibits. Compared with students who
used paper-based worksheets and students who did not receive any
materials, the group with the mobile role play spent significantly
longer in front of the exhibits. However, no significant differences
regarding the conceptual understanding of exhibits were measured
(Sung et al., 2010).

9. Constructionist learning

This paradigm is centred on the notions of construction and co-
construction as a process of learning. As coined by Papert and Harel
(1991), constructionism emphasises learning by making something
that makes sense in the real life of the learners. This process can
involve making “real” objects, such as building a sand castle, or
virtual entities, such as programming digital calendars. Construc-
tionist approaches also embrace social learning settings, thus
involving co-construction by groups or teams of learners. According
to the mobile literature that was reviewed, the multimodal and
communication capabilities of mobiles devices support the con-
struction, co-construction and sharing of knowledge in the form of
linguistic representations (written and recorded speech) and visual
representations (photographs and videos), as detailed in the
following sections.

9.1. Designing linguistic representations (written and recorded
speech)

While the production of lengthy texts with small keyboards can
be cumbersome, mobile phones were used and valued for taking
quick written notes (Schepman, Rodway, Beattie, & Lambert, 2012;
Taylor et al,, 2010). Schepman et al. (2012) implemented a note-
taking software. They found that, compared with PC and web
users (n = 25), students who used mobile devices (n = 30) for note
taking did not record more notes in total. However, mobile note-
takers recorded notes in significantly more locations, and impor-
tantly, they created significantly more notes that were labelled
“ideas”. This finding points to the value of mobile technology for
capturing and thus better harnessing ephemeral and fleeting ideas.
However, the students made little use of notes for reflective
practice.

In the literature examined, the value of recording speech to
represent meaning to another and to oneself (Cope & Kalantzis,
2009) was perceived inconsistently. In two studies, audio
recording for reflective purposes was viewed critically and used
minimally by students who were not comfortable talking into their
mobile devices (Garrett & Jackson, 2006), particularly in the pres-
ence of other people (Schepman et al., 2012). Similarly, initial
concerns were also observed in an ethnographic study in which
language learners produced voice recordings about personal
learning experiences and shared them later in the classroom with
teachers and peers. After initial concerns, the learners became used
to hearing their own voices and found it easier to speak in front of a
machine and not directly to their “authoritative” teachers or the
whole class (Ros i Solé et al., 2010). Similarly, language students
who audio-recorded their reflections on their academic experi-
ences clearly preferred to use mobile phones rather than a studio
because this allowed them to make recordings in familiar envi-
ronments. The analyses of 400 recordings from 40 students
revealed that, compared with the studio production, the “mobile”
setting led to a significant increase in language fluency. Students
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expressed a decreased sense of anxiety when they were able to
record their reflections flexibly using mobile devices (Kessler,
2010). Similar to the findings of Schepman et al. (2012), the
phenomenological analysis of interviews by Wang, Wiesemes, and
Gibbons (2012) revealed that doctoral nursing students used the
audio-recording function of PDAs to document fleeting ideas and
thoughts related to their work. This feature allowed them to extend
learning and reflection beyond the normal working hours and was
aligned with their 24/7 life style and work patterns.

9.2. Designing visual representations (photographs and videos)

The construction of visual representations in the form of pho-
tographs taken with mobile devices was perceived as a valuable
aspect of the learning design in many studies. For example, in a
project in which computer science students used audio-recording
and camera features to explore information technology in their
environments, the camera function became one of the most pop-
ular learning activities, and it supported information collection and
knowledge construction (Lan, Tsai, Yang, & Hung, 2012). In a setting
in which teacher students discussed issues through the exchange of
SMS messages and digital pictures taken at training events, a
similar observation was made: The semi-grounded analysis of
messages and of the group interview revealed that the photo-
function of mobile devices was valued for learning and was
frequently used (Seppadla & Alamaki, 2003). It was noted that the
photographs supported the development of the students’ profes-
sional identity because they helped the students gain an impres-
sion of how they looked in front of a class. The students then used
these photographs to compile teaching portfolios. The use of
portfolios to document work experiences was also investigated in
the qualitative study by Garrett and Jackson (2006). While busy
clinical environments prevented students from creating long e-
portfolio entries, they valued the mobile photo function as a viable
feature for documenting images as instant reminders. Beyond the
creation of still images, Zahn et al. (2013) investigated groups of
psychology students who produced videos about obesity stigma-
tisation with their mobile devices. The quasi-experimental
approach showed an increased understanding of the complex
subject by the students, who created the videos in small groups.
The effects were significant over time and in comparison with the
non-equivalent control group, which read a newspaper article on
the topic (Zahn et al., 2013).

9.3. Hybrids of situated, constructionist and collaborative designs

This category synthesised a number of studies that followed a
similar pattern: Firstly, situated and constructionist designs were
integrated in informal learning situations outside the classroom.
More precisely, this process was initiated through an activity that
included the construction of linguistic and/or visual representa-
tions (e.g. notes or photographs) through mobile devices in
authentic learning environments. This activity made learners scan
and reflect on their environments more actively and link their ob-
servations with concepts and knowledge from more formal edu-
cation. Secondly, these personal and “substantiated” learning
events were linked with more formal environments, i.e., with real
or virtual classrooms. This was enabled through a process that
entailed the structured sharing and discussion of the learning ex-
periences with peers and/or tutors in a way that resembles
orchestrated collaboration. In essence, studies indicated that hybrid
designs facilitated the learners’ reconciliation of the different levels
of knowledge and experience across formal and informal learning
environments.

A number of studies support the observation that “mobile

documentation” in authentic environments enhanced “situated
awareness” and immediate engagement (Gikas & Grant, 2013;
Uzunboylu, Cavus, & Ercag, 2009; Lan et al., 2012; Seppala &
Alamaki, 2003; Hsu & Ching, 2012; Ros i Solé et al., 2010): For
example, students in a design course were required to use mobile
devices to capture design examples in their daily lives. The content
analysis of the students’ tweets and open survey questions illus-
trated that the assignment to take photographs made the partici-
pants aware of course-related themes in their daily lives that they
would not have otherwise noticed. As one student noted, the
assignment.

“ ... made me aware of all of the things that I read about being
applied in everyday life. Examples of design that may have gone un-
noticed by me were caught” (Hsu & Ching, 2012).

This learning sequence did not end with the documentation
assignment; the students were required to share their experiences
with their peers through microblogging and to analyse and
comment on their peers’ photographs. In addition to the mutual
inspiration and the co-construction of knowledge, the students also
reported that the collaborative exercise strengthened the identity
of the learning community during this course, which was exclu-
sively held online (Hsu & Ching, 2012). Increased awareness was
also reported in the quantitative study by Uzunboylu et al. (2009),
in which students took photographs of environmental blights. Ac-
cording to the findings of the pre-post survey design study (n = 41),
the students’ attitudes toward the usefulness of mobile learning as
a means of improving environmental awareness increased signifi-
cantly. Again, in addition to the documentation task, the students
subsequently discussed their documented learning experiences
with peers via chat and suggested solutions for overcoming envi-
ronmental problems. Furthermore, in the research of Lan et al.
(2012), computer science students collected, shared and dis-
cussed artefacts (text and images) in authentic settings to solve
tasks related to the evaluation of computer hardware and software.
The results were eventually presented and discussed in the class-
room. The content and sequential analysis revealed that compared
with the groups that used web and desktop interfaces, the mobile
phone users paid more attention to course topics in their day-to-
day experiences and incorporated these experiences into the on-
line discussion. The mobile group engaged more often in reflective
practice, shared more diverse information and achieved higher
levels of co-construction of meaning among group members. The
authors stated that these differences were explained by the mobile
phone features that allow more immediate and situated engage-
ment: the learners did not need to wait until they were in front of a
desktop computer to collect, share or discuss their discoveries, and
this was interpreted as a motivation for students to more constantly
participate in the discussions.

Immediacy was also relevant in the ethnographic study by Ros i
Solé et al. (2010), although not in the sense of virtual collaboration:
language learners audio-recorded their learning experiences on the
spot in authentic and personal spaces, such as when describing a
preferred place or conducting interviews with native speakers.
These activities led to contextual learning and deep engagement. It
was noted, for example, that in a task that involved conversations
with native speakers, the learners spontaneously adjusted the
themes according to the sensitivity of the audience. Back in the
classroom, the learning continued; the learners shared and dis-
cussed their documented experiences with peers and lecturers. The
students reported that listening to own and other recordings in the
classroom made them aware of having a different personality in a
foreign language; they referred to having “a voice I do not normally
hear”. This reflective process made the learners revisit both their
learning and their self-perception. This reflection was reported to
result in the development of self-awareness and positive self-
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images in the target language (Ros i Solé et al., 2010). Notably, in all
of these studies, the collaboration activities that included a dis-
cussion of previously substantiated experiences formed an integral
and explicit part of the learning script on a macro level
(Dillenbourg, Jarvela, & Fischer, 2009), i.e., the required collabora-
tive format was pre-structured and sequenced (Hsu & Ching, 2012)
and accompanied and closely supported by moderators and lec-
turers (Lan et al., 2012; Uzunboylu et al., 2009; Ros i Solé et al.,
2010).

10. Discussion and critical analysis

In the following sections, the main findings are synthesised (see
also Table 1) and critically discussed, especially in view of the
broader use of mobile and ubiquitous learning in higher education.

10.1. Key messages: the value of mobile technology in higher
education

For instructionist approaches, the value of mobile devices can be
observed in the facilitation of distributed and more frequent
learning and the activation of learners. In contrast to massed de-
livery, distributed presentation takes advantage of mobile systems’
ability to push learning items to students and distribute learning
over time. The advantages of distributed delivery for learning and
retention have been demonstrated in a number of psychology re-
views (see e.g., Cepeda, Pashler, Vul, Wixted, & Rohrer, 2006).
However, in the studies reviewed, the spacing periods could not be
controlled because the students tended to postpone studying the
items they received on their mobile devices (Thornton & Houser,
2005). Positive knowledge gains were mainly explained by more
frequent practice and repetition as a result of push delivery (Saran
etal., 2012; Thornton & Houser, 2005; Mckinney et al., 2009; Oberg
& Daniels, 2013; Chuang & Tsao, 2012; Mcphee et al., 2006). This
observation reflects the findings of another systematic review
about podcasting that linked significant knowledge gains to situa-
tions in which podcast groups were allowed to listen and review
material multiple times (Hew & Cheung, 2013). Spacing and repe-
tition effects must be treated with caution in view of scalability. If
students are prompted with a great deal of additional content to be
studied and are frequently contacted on their private mobile
phones outside the classroom, this would likely lead to an addi-
tional burden and might be considered as an intrusion of their
privacy, as indicated in the study by Brett (2011).

Posing questions and disseminating activating exercises for
formative assessment via mobile devices was reported to stimulate
and activate learners in the lecture hall (Markett et al., 2006; Wang

Table 1
Synthesis of learning designs and outcomes.

et al., 2009) and to be positively correlated with final grades (Shen
et al,, 2009). These observations are strengthened by the findings
from reviews about classical audience response systems that
facilitate participation and engagement, interaction, and learning
performance (Kay & LeSage, 2009a,b). Compared to a few sets of
standard voting devices administered by the university, an
approach that makes use of the students’ growing ownership of
mobile devices and the increasing wireless network coverage in
classrooms is easier to scale and can thus present logistical
advantages.

Regarding the different modalities, the use of multimodal de-
signs in instructionist settings is no prerequisite for the successful
implementation of mobile learning; text-based content was also
found to produce significant learning gains (Cavus & Ibrahim, 2009;
Chen & Hsu, 2008; Thornton & Houser, 2005). However, in line
with the dual coding theory and the theory of multimedia learning
(e.g., Clark & Paivio, 1991; Mayer, 2005), the integration of audio
and text were linked to higher knowledge gains compared with
audio only (Chang et al., 2011).

Much of the evidence for the instructionist design of mobile and
ubiquitous learning in higher education is grounded in what is
known as rote learning and the majority of relevant studies
measured the acquisition of simple items, such as vocabulary
acquisition (e.g., in language-learning studies). This puts the focus
on assessing retention and does not measure higher-level learning
goals, such as deeper understanding, sense-making or the appli-
cation of knowledge to new situations (Mayer, 2002). In other
words, rote learning contributes little to powerful higher education
environments that focus on generating a thorough understanding
among students and on building their sense of identity, as envi-
sioned, for example, by Entwistle and Peterson (2004).

Beyond instructionist affordances, there is some mostly quali-
tative evidence that mobile devices lend themselves to supporting
learners on the move by allowing them to capture ephemeral
thoughts, in the form of audio recordings related to work situations
(Wang et al., 2012), quick noting of ideas (Schepman et al., 2012;
Seppala & Alamaki, 2003; Taylor et al., 2010) and photographs as
instant reminders (Garrett & Jackson, 2006), for later use.

However, the most convincing non-instructionist studies
involved hybridisation; that is, integrating situated and construc-
tionist approaches and connecting these learning situations from
the users’ life worlds with more formal learning environments
through orchestrated collaboration. Assignments to construct
multimodal representations in situated, real-life learning environ-
ments enhanced the students’ “situated awareness”: It made them
observe, scan and reflect on their life worlds more consciously and
deliberately (Seppald & Alamaki, 2003; Uzunboylu et al., 2009) and

Categories Subcategories/descriptions

Summarized findings

Instructionist
podcasts

Ad hoc and post hoc transmission of lectures, e.g. students listen to

Positively received, but rarely used by learners on the move via mobile
devices; limited evidence for knowledge gains

Supplementary text and multimodal materials, e.g., text messages with Well regarded by learners; significant knowledge/retention gains compared

key knowledge messages

with no-intervention and non-mobile learning control groups; effects
explained by more frequent practice and push mechanisms

Activation and formative assessment, e.g. mobile response systems during Mobile response systems enhanced participation and engagement of

lectures; SMS quiz questions sent on mobile devices outside classroom

Situated
with context-specific information

Constructionist Learners design linguistic and visual representations (e.g. take
photographs with mobile phones)

Hybrid

Situation action and contextual scaffolding, e.g. learners are provided

Learners tasked to document learning experience (notes, photographs)

learners in lecture hall; formative assessment and activation initiated
outside lectures yielded mixed results

Situated instruction helps learners, but no clear advantages of mobile-based
over paper-based scaffolding found

Inconsistent results: conducive to capturing fleeting ideas, limited evidence
for reflective learning; taking photographs was highly valued;

Helped learners to reconcile learning from inside and outside the classroom;

outside the classroom and discuss it then with peers and educators in more enabled by more immediate and situated engagement and personalisation

formal environments (real or virtual classroom)

of learning
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connect their observations with concepts and knowledge from
formal education. In this way, prior conceptions could be used as
foundations upon which to “hang” relevant impressions. These
filtered and substantiated ‘lived’ experiences are again connected
with more formal educational spaces in the form of immediate or
follow-up collaboration with peers and lecturers in virtual spaces
(Hsu & Ching, 2012; Seppala & Alamaki, 2003) and/or in the
classroom (Ros i Solé et al., 2010; Lan et al., 2012). In these inte-
grated settings, the affordances offered by mobile technologies are
evident and can hardly be operationalised through other digital or
non-digital formats: for example, portability and increasing
ownership allow activities to be embedded in learners’ daily
practices. Multimedia capacities enable the digitisation and
multimodal re-presentation of learning experiences, and connec-
tivity is a pre-requisite for instant and sharing and collaboration.
Studies that involve hybridisation by connecting situated,
constructionist and collaborative learning provide convincing ar-
guments for what is viewed as the core of mobile learning: the
facilitation of learning across multiple contexts, as defined by
Sharples et al. (2007) or Pachler et al. (2010). Context crossing also
incorporates the integration of formal and informal learning envi-
ronments. This aspect is frequently stressed in mobile learning
literature (Cook, Pachler, & Bradley, 2008b) and also in other
related domains, such as personal learning environments (Dabbagh
& Kitsantas, 2012). Although authors acknowledge that this process
extends formal classroom-bound and teacher-guided education
with learning practice driven by the interests of the students
(Wong & Looi, 2011), it is rarely explained how pedagogical benefits
play out through the integration of these two worlds. As shown,
studies with hybrid designs provide further insights into this pro-
cess: They associate this integration with enhanced “situated
awareness” outside the classroom, i.e. rendering unconscious
learning and meaning-making more deliberate and tying it to prior
conceptions. In turn, through the multimodal substantiation of
‘informal’ learning episodes and their acknowledgement and dis-
cussion back in more formal settings, the reconciliation of formal
curricular knowledge and the learners’ live-world learning expe-
rience is facilitated. Notions of formal and informal learning are,
however, very vague and need to be clarified in this context:
Regarding hybridisation, the notion of ‘informal’ does not mean
unplanned or voluntary. Instead, in all the studies, learning goals
and the nature of the tasks were clearly pre-structured by the ed-
ucators. Only the initiation (time) and the specific geographical and
cultural environment of the “outside” learning episodes were not
pre-determined. As indicated, also the re-integration of the life-
world experiences was not left to chance but formed an inte-
grated part of the didactic design, closely guided and supported by
educators. Instead of speaking of “informal learning, it is thus more
appropriate to conceptualise hybrid designs by enhanced levels of
personalisation, because it allows learners to connect prior
knowledge with their own private life worlds and bring these
substantiated experience back into the virtual or 'real’ classroom.
Regardless of the use of technology, the consideration and
integration of multi-faceted educational practice outside the
classroom only minimally represents the reality of today’s higher
education, which is characterised by environments in which
lecturing - i.e., classroom-based and one-directional communica-
tion - are the main route of education (Apel, 1999; Deroey &
Taverniers, 2011; Gehlen-Baum & Weinberger, 2014). Such condi-
tions certainly do not facilitate the integration of situated, collab-
orative and constructionist learning, as described in the studies.
Mobile learning can help to expand narrow and restricted educa-
tional curricula and connect learning within and outside higher
education environments. The key to achieving these goals is,
however, not the implementation of technology, but educators who

create new and extended learning designs that link the different
pedagogical strategies highlighted in this review. What can be
learned from the past, and, what has also been confirmed in this
review, is that the simple availability of creative and apparently
empowering media does not per se lead to changed and enriched
learning and teaching practices in higher education. In contrast to
the expectations of a “revolutionary” change in higher education
through mobile technology, past and recent studies, in line with
previous mobile learning reviews (Arrigo et al.,, 2013; Frohberg
et al,, 2009), do not seem to make an exception here. Most of the
projects included in this study followed classic instructionist and
behaviourist paradigms, and the richest and most creative peda-
gogical category, the hybrid design, had only a limited number of
studies. The finding that technology is used (at least initially) to
support pre-established teaching practices and that there is no
comprehensive use made of its creative potential is not new and
has been revealed also in other fields. For example, a review on the
educational adoption of the social network site Facebook in edu-
cation comes to the conclusion that, irrespective of the platform’s
connectivist features, it is rather used as “fenced space” that har-
bours traditional forms of content delivery and instruction (Manca
& Ranieri, 2013). The authors explain this with implicit institu-
tional, teacher and student-related pedagogies and cultural issues.
Also Cuban et al. (2001) link the reasons for a conservative
approach to the adoption of educational technology to contextual
factors. These include limited time for the preparation of lectures,
restricted opportunities for a cross-departmental exchange which,
in turn, inhibits the cross-fertilization of new ideas. Another
constraint is that, instead of systematically leveraging the qualities
of ubiquitous technology to extend narrow designs, today’s public
discussion is focused on whether to ban mobile devices in the
classroom or not (Barkham & Moss, 2012; Gao, Yan, Zhao, Pan, &
Mo, 2014).

10.2. Limitations and directions for future research

This review represents only a snapshot of the current situation:
most of the included studies are based on the evaluation of smaller
portable devices, such as smartphones or PDAs. The findings are
likely to change with ongoing technological development. For
example, tablet PCs, which are increasingly used in higher educa-
tion (Nguyen, Barton, & Nguyen, 2014), or wearable technologies
(McCann and Bryson, 2009) may offer qualities that differ from the
ones observed here. Another limitation is that this review was
systematic but not exhaustive. While the included papers met the
defined quality criteria, the authors make no claim that these
publications represent a comprehensive selection. In this sense, the
focus on peer-refereed publications excluded other potentially
high-quality contributions and grey literature, such as project re-
ports, from the analysis. Another limitation is that the review
explicitly searched for studies of mobile and ubiquitous learning.
While this approach allowed for interesting insights into con-
ceptualisations and understandings of this emerging and increas-
ingly relevant field, it potentially excluded studies that
incorporated elements of mobile learning without explicitly
labelling them as such. However, the systematic search led to a
considerable volume of high-quality contributions that offered
relevant insights and formed a suitable basis for a thematic analysis
(Bearman & Dawson, 2013).

To more comprehensively understand the meaning and role of
mobile and ubiquitous learning in higher education settings, future
research requires both qualitative and quantitative methods. This
phenomenon constitutes learning across contexts, and the inter-
action of learners with and within these contexts needs to be
explored by generating thick descriptions through qualitative,
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ethnographic techniques that can be linked to existing theories or
can form the basis for developing new theoretical concepts. In this
respect, many of the current qualitative investigations remain
rather superficial and focus on reproducing learners’ positive and
negative experiences. One rare example was illustrated by Ros i
Solé et al. (2010), who conceptualised rich insights into the
learners’ context-crossing that were interconnected with changes
in self-concept following a socio-cultural understanding of
learning. More generally, many of the qualitative or mixed-method
designs should have been specified more in detail. That is, analyt-
ical techniques, e.g., how concepts emerged from the data, were
only vaguely described, lacked details about the steps of the ana-
lyses. In addition, qualitative studies rarely reported validation
mechanisms such as triangulation, intercoder agreement and
respondent validation (Mays & Pope, 2000).

The analysis also showed that more elaborated quantitative
approaches that measure changes from cognitive perspectives are
required. Instead of testing knowledge recall (e.g., of vocabularies),
as the majority of the instructionist studies did, future research is
encouraged to evaluate “meaningful learning” (Mayer, 2002). This
can be achieved using the following measures, which were applied
in some of the studies considered for this review: (1) quantitatively
and qualitatively evaluating the students’ interaction patterns (Lan
et al., 2012) following an understanding of learning as interactional
achievement (Koschmann et al., 2005); (2) measuring the learners’
understanding of complex subject matters by coding and quanti-
fying their responses to open questions (Zahn et al., 2013); (3)
assessing their conceptual understanding by requiring learners to
construct a concept map (Sung et al., 2010); or (4) evaluating the
extent to which learners can apply their knowledge in practice
situations via observation (Davis et al., 2013) or in new situations.
The evaluation of learners’ re-application of knowledge in new
situations (as applied, for example in the mobile learning study by
Pimmer, Mateescu, Zahn, and Genewein (2013) was not used in any
of the identified studies. While these research approaches are
certainly more time consuming, they represent the essence of what
can be characterised as deep and meaningful learning in higher
education. Notably, these approaches are not limited to researching
instructionist learning; as the examples illustrate, they can and
should be used to test situated, collaborative or constructionist
designs.

Despite the range of higher education subjects, the dominant
categories examined in the included studies were language
learning, health and computer science studies. Thus, there is also a
clear need to more extensively demonstrate the affordances and
constraints of mobile and ubiquitous learning in other subject
areas. It is also noteworthy that in most of the studies, a rather
limited time span of a few months to a semester was examined.
Thus, it is unclear to what extent the observed outcomes have to be
ascribed to the novelty effects of using modern technology (Hew &
Cheung, 2013). More mid- and long-term studies would be helpful
to gain an understanding of how students’ learning and concep-
tions are changing over time. These changes were impressively
demonstrated by Tossell, Kortum, Shepard, Rahmati, and Zhong
(2014), who showed how dramatically students’ perceptions of
mobile learning experiences changed over the course of one year.
For some of the identified learning formats, conflicting results were
reported. This relates to the use of a dynamic scaffolding design in
ill-structured situated learning environments where, for example,
only half of the students found the mobile tool helpful for struc-
turing the learning experience (Reynolds et al., 2010). Thus, more
research is required to better understand the conditions and
attendant designs of mobile learning that facilitate effective scaf-
folding in situated learning environments.

11. Conclusion

Instructionist qualities of mobile learning applications in higher
education that are based on the presentational and testing capa-
bilities of mobile devices can facilitate distributed and more
frequent practice and can activate learners in and across class-
rooms. Beyond instructionism, the hybridisation of situated,
collaborative and constructionist approaches via the use of mobile
devices can also create new and unprecedented educational op-
portunities. This integration can result in situated awareness that
connects knowledge from formal learning settings more directly
with informal learning practices and, in turn, makes these educa-
tional experiences more readily available for later reflection and
discussion in the classroom. Confirming previous reviews, the
broad majority of mobile and ubiquitous learning studies showed
positive effects. However, empirical evidence that would favour a
broad application of mobile and ubiquitous learning in higher ed-
ucation settings is still limited. In addition, the expectation that
mobile learning could transform higher education cannot be
confirmed because the majority of the reviewed studies followed
instructionist paradigms.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.chb.2016.05.057.

References

Apel, H. ]. (1999). “Das Abenteuer auf dem Katheder”. Zur Vorlesung als rhetorische
Lehrform. Zeitschrift fiir Padagogik, 45, 61—79.

Arrigo, M., Kukulska-Hulme, A., Arnedillo-Sanchez, 1., & Kismihok, G. (2013). Meta-
analyses from a collaborative project in mobile lifelong learning. British
Educational Research Journal, 39, 222—247.

Barkham, P.,, & Moss, S. (2012). Should mobile phones be banned in schools? [Online].
theguardian. Available http://www.theguardian.com/education/2012/nov/27/
should-mobiles-be-banned-schools [Accessed 8.8 2014].

Bearman, M., & Dawson, P. (2013). Qualitative synthesis and systematic review in
health professions education. Medical Education, 47, 252—260.

Bebell, D., & Kay, R. (2010). One to one computing: a summary of the quantitative
results from the berkshire wireless learning initiative. Journal of Technology,
Learning, and Assessment, 9(2). Retrieved from: http://www.jtla.org.

Blin, F., & Munro, M. (2008). Why hasn’t technology disrupted academics’ teaching
practices? Understanding resistance to change through the lens of activity
theory. Computers & Education, 50, 475—490.

Brett, P. (2011). Students’ experiences and engagement with SMS for learning in
Higher Education. Innovations in Education and Teaching International, 48,
137-147.

Cavus, N., & Ibrahim, D. (2009). M-Learning: an experiment in using SMS to support
learning new english language words. British Journal of Educational Technology,
40, 78-91.

Cepeda, N. ], Pashler, H., Vul, E., Wixted, J. T., & Rohrer, D. (2006). Distributed
practice in verbal recall tasks: a review and quantitative synthesis. Psychological
bulletin, 132, 354.

Chang, C.-C, Tseng, K.-H., & Tseng, ].-S. (2011). Is single or dual channel with
different english proficiencies better for english listening comprehension,
cognitive load and attitude in ubiquitous learning environment? Computers and
Education, 57, 2313—2321.

Chen, G.-D., Chang, C.-K., & Wang, C.-Y. (2008). Ubiquitous learning website: scaf-
fold learners by mobile devices with information-aware techniques. Computers
& Education, 50, 77—90.

Chen, C.-M., & Hsu, S.-H. (2008). Personalized intelligent mobile learning system for
supporting effective english learning. Educational Technology and Society, 11,
153—-180.

Chuang, Y. H.,, & Tsao, C. W. (2012). Enhancing nursing students’ medication
knowledge: the effect of learning materials delivered by short message service.
Computers & Education, 61, 168—175.

Clark, J. M., & Paivio, A. (1991). Dual coding theory and education. Educational
Psychology Review, 3, 149—170.

Cook, D. A., Levinson, A. ]., Garside, S., Dupras, D. M., Erwin, P. J., & Montori, V. M.
(2008a). Internet-based learning in the health professions: a meta-analysis.
Jama, 300, 1181-1196.

Cook, J., Pachler, N., & Bradley, C. (2008b). Bridging the gap? Mobile phones at the
interface between informal and formal learning. Journal of the Research Center
for Educational Techology, 4, 3—18.

Cook, D. A, & West, C. P. (2012). Conducting systematic reviews in medical


http://dx.doi.org/10.1016/j.chb.2016.05.057
http://dx.doi.org/10.1016/j.chb.2016.05.057
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref1
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref1
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref1
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref1
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref2
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref2
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref2
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref2
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref2
http://www.theguardian.com/education/2012/nov/27/should-mobiles-be-banned-schools
http://www.theguardian.com/education/2012/nov/27/should-mobiles-be-banned-schools
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref4
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref4
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref4
http://www.jtla.org
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref5
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref5
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref5
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref5
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref5
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref6
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref6
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref6
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref6
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref7
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref7
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref7
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref7
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref8
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref8
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref8
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref9
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref9
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref9
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref9
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref9
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref10
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref10
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref10
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref10
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref11
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref11
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref11
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref11
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref12
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref12
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref12
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref12
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref12
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref13
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref13
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref13
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref14
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref14
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref14
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref14
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref15
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref15
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref15
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref15
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref16

500 C. Pimmer et al. / Computers in Human Behavior 63 (2016) 490—501

education: a stepwise approach. Medical Education, 46, 943—952.

Cope, B., & Kalantzis, M. (2009). “Multiliteracies”: new literacies, new learning.
Pedagogies: An International Journal, 4, 164—195.

Coulby, C., Hennessey, S., Davies, N., & Fuller, R. (2009). The use of mobile tech-
nology for work-based assessment: the student experience. British Journal of
Educational Technology, 42, 251—265.

Cuban, L., Kirkpatrick, H., & Peck, C. (2001). High access and low use of technologies
in high school classrooms: explaining an apparent paradox. American educa-
tional research journal, 38, 813—834.

Dabbagh, N., & Kitsantas, A. (2012). Personal Learning Environments, social media,
and self-regulated learning: a natural formula for connecting formal and
informal learning. The Internet and higher education, 15, 3—8.

Davis, J. S., Garcia, G. D., Jouria, J. M., Wyckoff, M. M., Alsafran, S., Graygo, ]. M., et al.
(2013). Identifying pitfalls in chest tube insertion: improving teaching and
performance. Journal of Surgical Education, 70, 334—339.

De-Marcos, L., Ramon Hilera, J., Barchino, R., Jimenez, L., Javier Martinez, J., Antonio
Gutierrez, J., et al. (2010). An experiment for improving students performance
in secondary and tertiary education by means of m-learning auto-assessment.
Computers & Education, 55, 1069—1079.

Deroey, K., & Taverniers, M. (2011). A corpus-based study of lecture functions.
Moderna sprdk, 105, 1-22.

Dillenbourg, P, Jarvela, S., & Fischer, F. (2009). The evolution of research on
computer-supported collaborative learning. From design to orchestration. In
N. Balacheff, S. Ludvigsen, T. De Jong, A. Lazonder, & S. Barnes (Eds.), Technology-
enhanced learning.

Engestrom, Y. (1987). Learning by expanding: An activity-theoretical approach to
developmental research. Helsinki: Orienta-Konsultit.

Entwistle, N. J., & Peterson, E. R. (2004). Conceptions of learning and knowledge in
higher education: relationships with study behaviour and influences of learning
environments. International Journal of Educational Research, 41, 407—428.

Evans, C. (2008). The effectiveness of m-learning in the form of podcast revision
lectures in higher education. Computers & education, 50, 491—498.

Frohberg, D., Goth, C., & Schwabe, G. (2009). Mobile Learning projects. A critical
analysis of the state of the art. Journal of Computer Assisted Learning, 25,
307-331.

Gao, Q., Yan, Z., Zhao, C,, Pan, Y., & Mo, L. (2014). To ban or not to ban: differences in
mobile phone policies at elementary, middle, and high schools. Computers in
Human Behavior, 38, 25—32.

Garrett, B. M., & Jackson, C. (2006). A mobile clinical e-portfolio for nursing and
medical students, using wireless personal digital assistants (PDAs). Nurse Edu-
cation in Practice, 26, 647—654.

Garrison, D. R, & Kanuka, H. (2004). Blended learning: uncovering its trans-
formative potential in higher education. The internet and higher education, 7,
95—-105.

Gehlen-Baum, V., & Weinberger, A. (2014). Teaching, learning and media use in
today’s lectures. Computers in Human Behavior, 37, 171-182.

Geser, H. (2004). Towards a sociological theory of the mobile phone. In Sociology in
Switzerland: Sociology of the mobile phone. Zuerich: Online Publications [On-
line]. Available http://socio.ch/mobile/t_geserl.htm [Accessed 28.10. 2013].

Gikas, J., & Grant, M. M. (2013). Mobile computing devices in higher education:
student perspectives on learning with cellphones, smartphones & social media.
The Internet and Higher Education, 19, 18—26.

Hew, K. F,, & Cheung, W. S. (2013). Use of Web 2.0 technologies in K-12 and higher
education: the search for evidence-based practice. Educational Research Review,
9, 47—-64.

Hsu, Y.-C., & Ching, Y.-H. (2012). Mobile microblogging: using twitter and mobile
devices in an online course to promote learning in authentic contexts. Inter-
national Review of Research in Open and Distance Learning, 13, 211—227.

Hwang, G. J., & Tsai, C. C. (2011). Research trends in mobile and ubiquitous learning:
a review of publications in selected journals from 2001 to 2010. British Journal
of Educational Technology, 42, E65—E70.

ITU. (2014). The world in 2014, ICT facts and figures [online]. Available http://www.
itw.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2014-e.pdf
[Accessed 8.8 2014].

Kay, R. H., & LeSage, A. (2009a). Examining the benefits and challenges of using
audience response systems: a review of the literature. Computers & Education,
53, 819—827.

Kay, R. H., & LeSage, A. (2009b). A strategic assessment of audience response sys-
tems used in higher education. Australasian Journal of Educational Technology,
25, 235-249.

Kessler, G. (2010). Fluency and anxiety in self-access speaking tasks: the influence
of environment. Computer Assisted Language Learning, 23, 361—-375.

Kirkup, G., & Kirkwood, A. (2005). Information and communications technologies
(ICT) in higher education teaching—a tale of gradualism rather than revolution.
Learning, Media and Technology, 30, 185—199.

Koschmann, T., Zemel, A., Conlee-Stevens, M., Young, N., Robbs, ]J., & Barnhart, A.
(2005). How do people learn. In R. Bromme, F. W. HessE, & H. Spada (Eds.),
Barriers and biases in computer-mediated knowledge communication. Computer-
Supported Collaborative Learning Series. US: Springer.

Lan, Y.-F, Tsai, P-W, Yang, S.-H., & Hung, C.-L. (2012). Comparing the social
knowledge construction behavioral patterns of problem-based online asyn-
chronous discussion in e/m-learning environments. Computers & Education, 59,
1122—-1135.

Laurillard, D. (2009). The pedagogical challenges to collaborative technologies. In-
ternational Journal of Computer-Supported Collaborative Learning, 4, 5—20.

Lee, M. ]. W,, & Chan, A. (2007). Pervasive, lifestyle-integrated mobile learning for
distance learners: an analysis and unexpected results from a podcasting study.
Open Learning, 22, 201-218.

Liu, G. Z., & Hwang, G. ]. (2010). A key step to understanding paradigm shifts in e-
learning: towards context-aware ubiquitous learning. British Journal of Educa-
tional Technology, 41, E1—E9.

Manca, S., & Ranieri, M. (2013). Is it a tool suitable for learning? A critical review of
the literature on Facebook as a technology-enhanced learning environment.
Journal of Computer Assisted Learning, 29, 487—504.

Markett, C., Sanchez, I. A., Weber, S., & Tangney, B. (2006). Using short message
service to encourage interactivity in the classroom. Computers & Education, 46,
280—293.

Mayer, R. E. (2002). Rote versus meaningful learning. Theory into practice, 41,
226—-232.

Mayer, R. E. (2005). Cognitive theory of multimedia learning. In R. E. Mayer (Ed.),
The Cambridge handbook of multimedia learning. Cambridge: Cambridge Uni-
versity Press.

Mays, N., & Pope, C. (2000). Qualitative research in health care: assessing quality in
qualitative research. British Medical Journal, 320, 50—52.

McCann, J., & Bryson, D. (Eds.). (2009). Smart clothes and wearable technology. Great
Abington, Cambridge: Woodhead Publishing in Textiles.

Mckinney, D., Dyck, J. L, & Luber, E. S. (2009). Can podcasts replace professors?
computers & education. 52 pp. 617—623). iTunes University and the classroom.

Mcphee, D., Thomas, N., Thomas, P., & Ware, ]J. M. (2006). Evaluating the effec-
tiveness of m-learning in the teaching of multi-media to first year university
students. International Journal of Emerging Technologies in Learning, 1, 6.

Naismith, L., Lonsdale, P., Vavoula, G., & Sharples, M. (2004). Literature review in
mobile technologies and learning. Futurelab: University of Birmingham.

Nardi, B. (1996). Context and consciousness: Activity theory and human-computer
interaction. The MIT Press.

Nguyen, L., Barton, S. M., & Nguyen, L. T. (2014). iPads in higher education—Hype
and hope. British Journal of Educational Technology, 46, 190—203.

Oberg, A., & Daniels, P. (2013). Analysis of the effect a student-centred mobile
learning instructional method has on language acquisition. Computer Assisted
Language Learning, 26, 177—196.

Pachler, N., Bachmair, B., & Cook, ]. (2010). mobile Learning: Structures, agency,
practices. New York, Dordrecht, Heidelberg, London: Springer.

Papert, S., & Harel, I. (1991). Situating constructionism. In I. Harel, & S. Papert (Eds.),
Constructionism: Research reports and essays, 1985-1990. Norwood, N.J: Ablex
Publishing Corporation.

Park, Y. (2011). A pedagogical framework for mobile learning: categorizing educa-
tional applications of mobile technologies into four types. The International
Review of Research in Open and Distributed Learning, 12, 78—102.

Pearce, K., & Scutter, S. (2010). Podcasting of health sciences lectures: benefits for
students from a non-English speaking background. Australasian Journal of
Educational Technology, 26, 1028—1041.

Pfeiffer, V. D. L., Gemballa, S., Jarodzka, H., Scheiter, K., & Gerjets, P. (2009). Situated
learning in the mobile age: mobile devices on a field trip to the sea. Association
for LearningTechnology Journal: Research in Learning Technology, 17, 187—199.

Pimmer, C. (2016). Mobile learning as boundary crossing. An alternative route to
technology-enhanced learning? Interactive Learning Environments. http://
dx.doi.org/10.1080/10494820.2015.1128211.

Pimmer, C., Mateescu, M., Zahn, C,, & Genewein, U. (2013). Smartphones as multi-
modal communication devices to facilitate clinical knowledge processes - a
randomized controlled trial. Journal of Medical Internet Research, 15, e263.

Pimmer, C., & Pachler, N. (2014). Mobile learning in the workplace. Unlocking the
value of mobile technology for work-based education. In M. Ally, & A. Tsinakos
(Eds.), Increasing access through mobile learning. Vancouver: Commonwealth of
Learning Press and Athabasca University.

Reynolds, R., Walker, K., & Speight, C. (2010). Web-based museum trails on PDAs for
university-level design students: design and evaluation. Computers & Education,
55, 994—-1003.

Ros i Solé, C., Calic, J., & Neijmann, D. (2010). A social and self-reflective approach to
MALL. Recall, 22, 39—52.

Saran, M., Seferoglu, G., & Cagiltay, K. (2012). Mobile language learning: contribu-
tion of multimedia messages via mobile phones in consolidating vocabulary.
Asia-Pacific Education Researcher, 21, 181—190.

Schepman, A., Rodway, P., Beattie, C., & Lambert, ]. (2012). An observational study of
undergraduate students’ adoption of (mobile) note-taking software. Computers
in Human Behavior, 28, 308—317.

Selwyn, N. (2007). The use of computer technology in university teaching and
learning: a critical perspective. Journal of Computer Assisted Learning, 23, 83—94.

Seppald, P, & Alamadki, H. (2003). Mobile learning in teacher training. Journal of
Computer Assisted Learning, 19, 330—335.

Sharma, P,, & Hannafin, M. J. (2007). Scaffolding in technology-enhanced learning
environments. Interactive Learning Environments, 15, 27—46.

Sharples, M. (2000). The design of personal mobile technologies for lifelong
learning. Computers & Education, 34, 177—193.

Sharples, M., Taylor, J., & Vavoula, G. (2007). A theory of learning for the mobile age.
In R. Andrews, & C. Haythornthwaite (Eds.), The handbook of e-learning research.
London: Sage.

Shen, R., Wang, M., Gao, W., Novak, D., & Tang, L. (2009). Mobile learning in a large
blended computer science classroom: system function, pedagogies, and their
impact on learning. IEEE Transactions on Education, 52, 538—546.

Solvberg, A. M., & Rismark, M. (2012). Learning spaces in mobile learning


http://refhub.elsevier.com/S0747-5632(16)30384-3/sref16
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref16
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref17
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref17
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref17
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref18
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref18
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref18
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref18
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref19
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref19
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref19
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref19
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref20
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref20
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref20
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref20
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref21
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref21
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref21
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref21
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref22
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref22
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref22
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref22
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref22
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref22
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref23
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref23
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref23
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref24
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref24
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref24
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref24
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref24
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref24
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref25
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref25
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref25
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref26
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref26
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref26
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref26
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref27
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref27
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref27
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref27
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref28
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref28
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref28
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref28
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref28
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref29
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref29
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref29
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref29
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref30
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref30
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref30
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref30
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref31
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref31
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref31
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref31
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref32
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref32
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref32
http://socio.ch/mobile/t_geser1.htm
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref34
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref34
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref34
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref34
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref34
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref35
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref35
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref35
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref35
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref36
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref36
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref36
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref36
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref37
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref37
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref37
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref37
http://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2014-e.pdf
http://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2014-e.pdf
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref39
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref39
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref39
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref39
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref39
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref40
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref40
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref40
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref40
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref41
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref41
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref41
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref42
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref42
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref42
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref42
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref42
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref43
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref43
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref43
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref43
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref44
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref44
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref44
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref44
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref44
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref44
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref45
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref45
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref45
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref46
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref46
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref46
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref46
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref47
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref47
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref47
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref47
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref48
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref48
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref48
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref48
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref49
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref49
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref49
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref49
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref49
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref49
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref50
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref50
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref50
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref51
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref51
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref51
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref52
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref52
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref52
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref53
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref53
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref54
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref54
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref54
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref54
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref55
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref55
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref55
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref56
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref56
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref57
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref57
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref58
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref58
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref58
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref58
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref59
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref59
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref59
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref59
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref60
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref60
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref61
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref61
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref61
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref62
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref62
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref62
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref62
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref63
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref63
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref63
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref63
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref64
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref64
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref64
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref64
http://dx.doi.org/10.1080/10494820.2015.1128211
http://dx.doi.org/10.1080/10494820.2015.1128211
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref65
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref65
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref65
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref66
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref66
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref66
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref66
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref67
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref67
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref67
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref67
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref67
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref68
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref68
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref68
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref68
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref69
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref69
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref69
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref69
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref70
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref70
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref70
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref70
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref71
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref71
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref71
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref72
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref72
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref72
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref72
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref72
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref72
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref73
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref73
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref73
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref74
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref74
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref74
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref74
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref75
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref75
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref75
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref76
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref76
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref76
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref76
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref77

C. Pimmer et al. / Computers in Human Behavior 63 (2016) 490—501 501

environments. Active Learning in Higher Education, 13, 23—33.

Song, L., Singleton, E. S., Hill, ]. R,, & Koh, M. H. (2004). Improving online learning:
student perceptions of useful and challenging characteristics. The Internet and
Higher Education, 7, 59—70.

Streibel, M. J. (1989). Instructional plans and situated learning: the challenge of
Suchman'’s theory of situated action for instructional designers and instruc-
tional systems. In Annual meeting of the association for educational communi-
cations and technology. Dallas, TX, february 1-5.

Sung, Y.-T., Chang, K.-E., Hou, H.-T., & Chen, P.-F. (2010). Designing an electronic
guidebook for learning engagement in a museum of history. Computers in Hu-
man Behavior, 26, 74—83.

Taylor, J. D., Dearnley, C. A. Laxton, ]J. C, Coates, C. A. Treasure-jones, T.,
Campbell, R, et al. (2010). Developing a mobile learning solution for health and
social care practice. Distance Education, 31, 175—192.

Thornton, P.,, & Houser, C. (2005). Using mobile phones in english education in
Japan. Journal of Computer Assisted Learning, 21, 217—228.

Tossell, C. C., Kortum, P., Shepard, C., Rahmati, A., & Zhong, L. (2014). You can lead a
horse to water but you cannot make him learn: smartphone use in higher
education. British Journal of Educational Technology, 46(4), 713—724.

Tsai, P.-S., Tsai, C.-C.,, & Hwang, G.-H. (2011). College students’ conceptions of
context-aware ubiquitous learning: a phenomenographic analysis. The Internet

and Higher Education, 14, 137—141.

Uzunboylu, H., Cavus, N., & Ercag, E. (2009). Using mobile learning to increase
environmental awareness. Computers and Education, 52, 381—-389.

Wagpner, E. D. (2005). Enabling mobile learning. EDUCAUSE Review, 40, 41—42.

Wang, M., Shen, R., Novak, D., & Pan, X. (2009). The impact of mobile learning on
students’ learning behaviours and performance: report from a large blended
classroom. British Journal of Educational Technology, 40, 673—695.

Wang, R., Wiesemes, R., & Gibbons, C. (2012). Developing digital fluency through
ubiquitous mobile devices: findings from a small-scale study. Computers &
Education, 58, 570—578.

Wong, L-H., & Looi, C.-K. (2011). What seams do we remove in mobile-assisted
seamless learning? A critical review of the literature. Computers & Education,
57,2364—2381.

Wu, W. H,, Jim Wu, Y. C, Chen, C. Y, Kao, H. Y,, Lin, C. H,, et al. (2012). Review of
trends from mobile learning studies: a meta-analysis. Computers & Education,
59, 817—827.

Zahn, C,, Schaeffeler, N., Giel, K. E., Wessel, D., Thiel, A., Zipfel, S., et al. (2013). Video
clips for YouTube: collaborative video creation as an educational concept for
knowledge acquisition and attitude change related to obesity stigmatization.
Education and Information Technologies, 1—19.


http://refhub.elsevier.com/S0747-5632(16)30384-3/sref77
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref77
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref78
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref78
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref78
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref78
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref79
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref79
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref79
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref79
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref80
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref80
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref80
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref80
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref81
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref81
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref81
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref81
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref82
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref82
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref82
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref83
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref83
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref83
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref83
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref84
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref84
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref84
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref84
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref85
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref85
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref85
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref86
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref86
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref87
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref87
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref87
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref87
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref88
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref88
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref88
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref88
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref89
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref89
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref89
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref89
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref89
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref90
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref90
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref90
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref90
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref90
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref91
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref91
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref91
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref91
http://refhub.elsevier.com/S0747-5632(16)30384-3/sref91

	Mobile and ubiquitous learning in higher education settings. A systematic review of empirical studies
	1. Introduction
	1.1. Findings and limitations of previous reviews
	1.2. Educational technology in higher education

	2. Materials and methods
	2.1. Research question and goal

	3. Search strategies and techniques
	3.1. Selection process and inclusion and exclusion criteria

	4. Data coding and analysis
	5. Characterisation of the sample
	6. Results: pedagogical strategies and outcomes
	7. Instructionist education
	7.1. Ad hoc and post hoc transmission of lectures
	7.2. Supplementary text and multimodal materials
	7.3. Activation and formative assessment

	8. Situated action and contextual scaffolding
	9. Constructionist learning
	9.1. Designing linguistic representations (written and recorded speech)
	9.2. Designing visual representations (photographs and videos)
	9.3. Hybrids of situated, constructionist and collaborative designs

	10. Discussion and critical analysis
	10.1. Key messages: the value of mobile technology in higher education
	10.2. Limitations and directions for future research

	11. Conclusion
	Appendix A. Supplementary data
	References




