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Abstract

Education is a complex system that requires multiple perspectives and levels of analysis
to understand its contexts, dynamics, and actors’ interactions, particularly concerning
technological innovations. This paper aims to identify some of the most promising
trends in blended learning implementations in higher education, the capabilities pro-
vided by the technology (e.g., datafication), and the contexts of use of these capabil-
ities. This literature review selected and analyzed forty-five peer-reviewed journal
articles. The findings highlight some common capabilities among digital educational
technologies. In particular, digital tools or platforms with human-to-machine interaction
capabilities may enhance automated processes for blended learning delivery modes. In
this context, digital technologies such as video capsules and intelligent tutoring systems
may improve learning-teaching activities. First, by providing access to more students
and facilitating self-paced online learning activities. Second, by offering an individual
path of learning for each student, thus improving out-of-class activities and feedback.
Educational technology capabilities (ETC) provide complementary insights to identify
the best approach when aligning learning goals in technology-based implementations.
Further research will be required to empirically validate these results.

Keywords Blended learning - Capabilities - Conceptual paper - Digital educational
technology - Higher education - Trends

1 Introduction

The United Nations Educational, Scientific and Cultural Organization (UNESCO) has
identified education as a main societal priority, while acknowledging serious problems
still not solved, especially in developing countries. UNESCO associates access to
quality education with highly positive impacts in terms of income distribution and
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the creation and distribution of human prosperity. UNESCO proclaimed three princi-
ples within the framework Education 2030. The first principle restates the right to an
education as a fundamental human right, as well as an enabling right. The second
principle reaffirms education as a public good. Finally, the third principle prioritizes
gender equality and inclusion in education as a global initiative for future years
(UNESCO 2016). Social, economic, political, and cultural contexts represent both
barriers and enablers that go beyond technological solutions as the only transformative
elements in the education system.

Despite all efforts, most societies and education systems have failed in both elements
of the first principle. In this context, technology is promoted as an effective mechanism
for reducing inequality in education (Graham 2016, as cited in Selwyn 2011). Graham
(2016) identified three ways in which people see technology as a facilitator of inclusion
and equality in education: 1) increasing the diversity of mechanisms and modes in
education; 2) decreasing barriers to education as a democratization mechanism; and 3)
enhancing individual control over one’s own education in terms of content, delivery
mode, and pace of learning. These promises have not yet been fulfilled despite massive
investments in content production and educational technologies such as Open Educa-
tional Resources (OERs) and Massive Open Online Courses (MOOC:s).

Currently, worldwide demand for higher education is increasing despite frequent
critiques related to high costs, accessibility barriers, dropout rates, and the quality of
courses (OECD 2014). Furthermore, educational institutions often face challenges
related to the overall relevance of their programs to graduates’ continuing education
or post-graduate employment (Christensen et al. 2011); and to the actual educational
credentials in the higher education system (Collins 2011). Some of these challenges
include: improving multicultural integration, reducing dropout rates, facilitating fluid
transitions from educational programs to first jobs, and implementing flexible and
relevant lifelong learning processes. To confront these challenges, Redecker and Puni
(2013) as cited in Scott (2015), suggest that institutions require innovative structural
transformations. However, these challenges must first be investigated through broader,
multidisciplinary, multi-level research that addresses the social, pedagogical, economic,
demographic, and financial aspects of education (Geels 2005). In this regard, ap-
proaches such as blended learning may provide alternative opportunities for higher
education institutions to deal with these challenges and respond to external pressures to
effectively deploy technological innovations in the classroom.

In general terms, blended learning integrates traditional, face-to-face classroom
instruction with online digital learning. Programs in this modality are increasingly
being adopted in higher education institutions and are clear examples of techno-
logical, pedagogical, and organizational innovation in universities. By 2007,
almost 50% of four-year institutions in the U.S. offered courses in blended
learning (Parsad et al. 2008, as cited in Arbaugh 2014). This rapid diffusion of
blended learning has led to considerable research about its impact on learning
performance, student outcomes (Torrisi-Steele and Drew 2013), and teaching
pedagogy (Gerbic 2011). This impact will depend on how universities manage
change with respect to the implementation of blended learning initiatives, as well
as how they continue to support these systems once implemented.

The literature shows technology as a complex element operating in a varied set of
educational settings. In this scenario, it is not the technology, but instead how it is used
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that drives the transformational process in blended learning implementations. Further-
more, information (as a key element in innovation adoption and diffusion processes) is
required throughout the entire innovation process, firstly to identify the need for
innovation, and secondly to evaluate implementation outcomes (Rogers 2003). Ac-
cording to Selwyn (2011), one of the biggest challenges in implementing new tech-
nologies is the difficulty of measuring their impact on the educational system. In most
cases, these implementations show a pattern of inconsistency in the use of technology.
As a result, the effects and outcomes of implementing technologies in educational
contexts are uncontrolled and not predictable (Laumakis et al. 2009). Additionally,
Fagerberg et al. (2009) assert that individual and organizational learning processes are
historically path-dependent, which constrains how new blended learning
implementations can be deployed.

Research about these transformations often involves performing analyses of
future technological trends and their impact, which typically involve different
periods of time to develop a potential impact analysis (Selwyn 2011). The short-
and medium-term concern a detailed state-of-the-art description, while the long-
term corresponds more to speculative forecasting. In education, this type of
analysis involves groups of learners in classrooms and institutions, as well as
the entire educational ecosystem. This paper aims to identify trends in literature
about blended learning implementations in higher education, the capabilities
provided by the technology, and the contexts of use of these capabilities.

This paper is divided into seven sections: The first section presents concepts related
to educational technologies, their capabilities, and their use in blended learning
implementations. The second section presents the conceptual framework and research
questions. It is followed by sections dealing with the research method and the finding
and results. Finally, the paper presents a discussion section, some policy implications
for the educational sector, conclusions, limitations of the current analysis, and sugges-
tions for future research work.

2 Concept definitions

For the purpose of this paper, the author defines digital educational technology (DET)
as all digital technologies designed or used for learning and teaching activities in formal
or informal educational contexts. This concept is based on previous definitions related
to technology, digital technology, and educational technology. These three definitions
allow the author to identify the boundaries of digital educational technologies for this
study. First, technology, as defined by Lievrouw and Livingstone (2002), comprises the
designed, built, and deployed artifacts or devices; the enabled practices associated with
their use; and all social and institutional aspects and structures circumscribed in their
use. Second, digital technology is defined as “computer-based systems” in a broad
perspective including contemporary software and hardware systems with the purpose
of handling digital information (Selwyn 2011). Finally, The author identified educa-
tional technology as all technology, digital or otherwise, designed, created, and applied
to the education process (Dutton 2013).

Digital technologies improve some basic characteristics of data and informa-
tion, including storage, record retrieval, distribution, density and compressibility,
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manipulability, and user control (Sydenham and Thorn 2005). These improved
characteristics allow digital technologies to alter the way users interact with their
environment, and thus these characteristics give digital technologies the possibility
to offer capabilities such as convergence, integration, crowdsourcing, personali-
zation, ubiquity, measurability, and (ideally) democratization of access to educa-
tion (Tiwana 2014). These characteristics and capabilities may allow digital
technologies such as computers, the Internet, adaptive software platforms, mobile
computing, and technological platforms to become enablers for organizational
transformations (Berger 2015; Christensen et al. 2009). Nevertheless, these tech-
nological enablers also require alignment with organizational enablers to be
effective. Data and information-intensive processes in higher education institu-
tions may act as potential organizational enablers for transforming existing prod-
ucts or services into more advanced technological products (Tiwana 2014).

Educational technology capabilities (ETC) are defined as a set of common abilities
present in different digital technologies enabling a set of learning purposes (e.g.,
personalization). The main assumption is that capabilities are built on a distinctive
combination of technological characteristics and tool functionalities. Thus, capabilities
may be present in various tools and one tool may provide multiple capabilities. This
perspective may present ETCs as a mechanism for evaluating and comparing technol-
ogy implementations and their transformational potential. Figure 1 presents a concep-
tual model representing the relationship between digital technology characteristics,
tools and platforms functionalities, and capabilities in educational technology.

Finally, blended learning considers content and instructional delivery methods as
key elements for providing better learning experiences (Garrison and Kanuka 2004).
These methods comprise face-to-face classroom instruction with online digital learning
with appropriate integration and balance. However, blended learning lacks a precise
definition which often hinders analyses of its implementations and comparisons
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between implementation outcomes (Picciano 2009; Tshabalala et al. 2014). In one
recent attempt to overcome this problem, Fernandes et al. (2016) provided a more
refined definition which is the selected definition for this research. They state that
blended learning integrates the use of learning theories and teaching practices in a
“flexible, multimodal and multi-linear redesign”, whereby multi-linear learning refers
to self-paced and individualized learning processes.

3 Conceptual framework and research questions

Technology dynamics, as a complex process, requires a broader conceptual framework
for its analysis (Geels 2005, 2011). This study uses Geels’ multi-level perspective on
sustainability transitions to guide the understanding of technology adoption, diffusion,
and educational practice transformations in different levels of the higher education
system. This framework allows describing the transitions of the novelty diffusion
between levels of a socio-technological system in order to identify patterns and trends
in the technological development process analyzed in literature.

Currently, digital technology applications in higher education are numerous and
varied, but their impact on education is uneven. Academic and practitioner research
presents these applications from different perspectives, trends, and levels of analysis.
These analyses focus mainly on evaluating learner outcomes; analyzing students’ and
faculty members’ dispositions and preferences; comparing implementations from dif-
ferent delivery methods; and general interaction among students and instructors
(Halverson et al. 2014). However, little research on blended learning implementations
in higher education has focused on: 1) identifying research trends from a multiple-
perspective approach and 2) challenging main assumptions about capabilities of edu-
cational technology. Based on the selected scientific literature regarding blended
learning in higher education, the author performed a content analysis to identify
some of the most promising trends and capabilities in educational technology.
Identifying these trends and capabilities in educational technology and describing
how instructors can use these capabilities in a blended learning environment in
higher education is the aim of this research. In order to achieve these goals, the
author chose the following research questions:

1. What are the emerging trends in blended learning implementations in higher
education?

2. What are the current capabilities in the educational technology used in these
blended learning implementations in higher education?

3. How are these educational technology capabilities used in blended learning
implementations in higher education?

These questions highlight digital technology as an enabler for improving or
transforming learning activities. In particular, this research focuses its attention on
identifying the most promising educational technology capabilities and the contexts
of their use. Most blended learning literature focuses its attention on specific digital
tools or platforms rather than on distinctive capabilities that technology may offer for a
smoother alignment with pedagogy.
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The author also bases his analysis on the three main elements discussed by
Christensen (1997). These elements include: 1) the technological enabler, which
normally refers to sophisticated technologies that allow for the simplification and
automation of organizational processes; 2) the business model innovation, which may
allow for an organization to deliver services to customers in ways more suitable to their
needs; and 3) the value network, which is the commercial infrastructure network or
ecosystem built by an organization or set of organizations. These elements may allow
higher education organizations to understand the transformation dynamics related to
technology-based innovations from an institutional perspective. All these elements
include a coordinated effort to understand and align strategies, capabilities, and roles
for each player in higher education institutions. In this context, organizational trans-
formations require not only technological enablers, but also organizational enablers
(Christensen 1997) in order to deploy their transformational potential. Thus, transfor-
mations may fail or take a long time if organizational strategies do not take account of
the entire industry ecosystem (Adner and Kapoor 2010; Christensen et al. 2009; Koza
and Lewin 1998).

4 Method

The author structured this research using a literature-based approach to concept devel-
opment (Branch and Rocchi 2015). In the first phase, the author performed a purposive
and iterative search to identify the most relevant articles in the social, organizational,
technological, and pedagogical literature. Table 1 presents the list of keywords and
search terms that were used for identifying a final set of forty-five relevant studies using
the search engines ERIC, EBSCO, SCOPUS and Web of Science. The references
resulted of this search were limited to English-language peer-reviewed scientific journal
articles about blended learning implementations in higher education.

Two technological tools were selected for managing the research data: EndNote
for organizing literature references and ATLAS.ti for handling data from the
qualitative analysis. The author applied a qualitative content approach to analyze
and synthesize the data collected for each perspective. During this process, some
initial themes related to potential trends and educational technology capabilities
were identified. Additional iterations allowed the author to refine the list of capa-
bilities and usage contexts reported in literature. The author structured the findings

Table 1 Keywords and search terms

Categories Keywords and search terms
Blended learning “Blended learning”, “blended education”, “hybrid learning”,
“mixed-mode instruction”.
+ Higher education “Higher education”, university*, college.
+ Innovation adoption Adopt*, barrier*, challenge, change*, diffusion, disruption, driver, factor,
and diffusion impact*, improvement, innovation, innovativeness, invention, pattern,

radical, redefining, reinvention, restructuring, sustainable, transform*.

(* indicates to the database to search/retrieve the string with any ending)
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and results in two subsections: trends in educational technologies and educational
technology capabilities. During the coding and note-taking process, the list of
capabilities was refined and the usage contexts were detailed. These findings
allowed the author to provide a more precise definition of the concept of fechno-
logical capability and served as the basis for the discussion and conclusions.

5 Findings and results

5.1 Research trends in selected literature about digital technologies in blended
learning for higher education

This paper uses the terms trends to describe certain patterns, paths, trajectories, or
orientations that technologies or related aspects may follow. These trends describe
various approaches and purposes in selected literature that relate to: strategic responses
of education institutions to technological challenges; pedagogical frameworks or prac-
tices in classroom contexts; research trends in the sociology of education and technol-
ogy; and classifications of educational technologies. This study uses the varied and
heterogeneous set of trends to identify common characteristics in digital technologies
producing capabilities when used in educational contexts. These capabilities may
provide some criteria to describe the transformational potential of these digital tech-
nologies. This multiple-perspective analysis provides insight into educational technol-
ogy capabilities at different levels of analysis and into how these capabilities are used in
educational contexts. Table 2 summarizes findings from this section.

5.1.1 Research trends from a social perspective

General societal aspects, including educational principles, economic policies, and
cultural values, are main elements of the sociotechnical landscape analysis (Geels
2005). Some of these aspects are also considered trends in research in the emerging
field of the sociology of education and technology. Selwyn and Facer (2014) identified
and classified most of these elements and their related problems in four main trends: 1)
the reconfiguration of space, time, and responsibility; 2) the individualization of
education; 3) the study of educational inequalities; and 4) the educational contexts
where technology is used.

The first trend relates to the human-to-human technology-mediated interactions
among actors in the educational system regarding aspects of space, time, and respon-
sibility. The second trajectory relates to the individualization of education. In these
trends, capabilities such as datafication, human-to-machine interactions, and personal-
ization may provide the required technological support to assure specific and individ-
ualized paths for each student. The third and fourth trends relate to the study of
educational inequalities and the educational contexts where technology is used. Articles
related to these trends analyze technologies with respect to educational access describ-
ing social principles such as the democratization of education; and uncovering struc-
tural societal problems. Technologies identified in these trends may provide capabili-
ties, such as scalability, that higher education institutions cannot provide using existing
resources. However, these technologies have not produced the expected results in terms
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of quality, appropriateness, and acceptance in higher education institutions, despite
their accelerated development.

5.1.2 Research trends from an organizational perspective

Most organizational approaches to blended learning are concerned with techno-
logical innovations, institutional practices, inter-institutional interactions, and the
impact of technological policies (Garrison and Kanuka 2004). Research in blended
learning as an organizational innovation enabled by technological development
focuses on two main streams. The first stream comprises studies using theoretical
frameworks related to the adoption and diffusion of technological innovations.
The second stream reports technology implementations at institutional levels,
particularly strategic responses to technological challenges. These studies show
different analyses of the challenges, barriers, benefits, and drivers behind the
adoption of blended learning innovations. As Torrisi-Steele and Drew (2013) have
stated, innovations may require more than simply embedding technology into
current teaching and learning practices. The literature shows the following as the
most promising trends: unbundling academic programs and curriculums in local
institutions (KleB and Pfeiffer 2013); and implementing strategies to respond to
the accelerated and diverse change in technologies, such as bring your own device
(BYOD) (Brett 2011).

Higher education institutions struggle with constraints to produce or access
content for specialized courses in a cost-effective way. These limitations provide
the basis for the development of the unbundling academic programs and curric-
ulums trajectory. Although technologies and resources such as MOOC platforms,
open educational resources, and commercial digital content provide the necessary
functionalities to enable this trajectory, real-world implementations must still
contend with many organizational and policy challenges. Digital platforms, as
currently implemented, may not be real competitors in the higher education
system, especially in the face of well-established non-profit institutions. However,
the convergence of all these aspects in strong platforms may create a complemen-
tary relationship for credential-granting among educational institutions, multi-
sided platforms (e.g., Coursera and edX), and digital content publishers (e.g.,
Pearson Education). In this scenario, courses from universities and MOOC plat-
forms may facilitate the unbundling of university-level academic curriculums.
However, there is still a low institutional acceptance of these new solutions when
it comes to granting academic credits (Collins 2011).

On the other hand, the use of smartphones and tablets is rapidly growing as
students are bringing these personal devices to classrooms and campuses. These
devices are opening pathways for trends such as BYOD (Brett 2011). This
modality brings new challenges for institutions due to the diverse spectrum of
technologies not considered or supported in their strategies regarding technical
support and staff knowledge. Despite the diversity of these trends, this analysis
identified some common educational technology capabilities comprising the inter-
actions between learners and instructors with digital devices and platforms, the
ability to provide specific and individualized content to multiple learners, and the
ability to offer these services on a larger scale.
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5.1.3 Research trends from a technological perspective

Numerous articles describe technologies that are likely to impact the education
ecosystem in the short- and medium-term. These descriptions usually lead to
classifications regarding technological purposes or main functionalities. The liter-
ature analyzed shows a set of research trends in digital technologies about blended
learning in higher education implementations such as: next generation of learning
management systems (Yang et al. 2014), adaptive textbook and OER (El-Ghareeb
and Riad 2011), learning analytics (Siemens 2013), adaptive learning technology
(Foshee et al. 2016), digital devices ownership and mobile learning (Brett 2011),
and learning spaces (Chang and Liu 2013). Complementary to these trends,
findings also state the need for flexible and integrated technological infrastructures
as major components for allowing interoperability.

On the one hand, most technology-based educational initiative, typically, do not use
the full potential of the implemented technologies. Most e-learning and blended
learning implementations use learning management systems (LMSs) solely as teaching
management or content delivery tools without any true pedagogical transformation of
courses (Woods et al. 2004, as cited in Torrisi-Steele and Drew 2013). Nevertheless,
due to their high level of adoption in academic institutions, these platforms may play an
important role extending their capabilities and moving toward the next generation of
learning management systems. The next step in online content delivery continues with
MOOCs. This technological development is presented as creating a shift from local
institutional platforms to a global-scale development, and thus, according to their
promoters, toward a more democratic access to quality education. However, to date,
MOOC:s have not achieved their desired impact.

On the other hand, interactive and scalable online textbooks and OERs extend LMS
and MOOC capabilities to provide better educational content. These technologies, by
exploiting educational data analysis, may improve learning-teaching processes. Sie-
mens (2013) defines learning analytics as the “measurement, collection, analysis, and
reporting of data about learners and their context, for the purposes of understanding
and optimizing learning and the environments in which it occurs.” These technologies
and capabilities may provide better assessment and feedback processes, and also serve
as the basis for personalization using automated tutoring systems.

Mobile computing devices offer a new convergence point for digital technologies in
hardware and software. These robust devices have the capacity to run most personal
computer software. Their reliable operating systems offer a set of sophisticated func-
tionalities and an open platform for application development, thus constantly improv-
ing their personalization capabilities. These devices are also facilitating access to
existing systems or platforms, including LMSs and MOOC:s. Furthermore, in conjunc-
tion with immersive technologies, such as virtual reality (VR) and augmented reality
(AR), they provide the capability to create new learning spaces. Traditionally, class-
rooms, laboratories, and learning commons provided the required environment for
learning-teaching processes; however, digital technologies are transforming other phys-
ical spaces, such as museums, into learning spaces (Chang and Liu 2013). Finally, the
lack of integration, interoperability, and convergence characteristics in systems and
platforms are also reported as barriers to technological innovations. In this context,
further successful blended learning implementations require a flexible and robust
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technological infrastructure to support them. In particular, for higher levels of institu-
tionalized adoption (Graham et al. 2013).

5.1.4 Research trends from a pedagogical perspective

Instructors, teachers, and institutions incorporated available learning theories and
technologies into the learning process and were met with clear indications of
learning improvement, but not disruptive transformations. Most trends identified
in articles from a pedagogical perspective comprise frameworks, models, and
practices at individual and group levels such as student-centered approaches,
active learning, personalized learning, peer collaborative learning, flipped class-
rooms, and communities of inquiry.

Practices at the individual level include learning differentiation and personali-
zation, multiple intelligence types, learning styles, self-paced learning, and syn-
chronous and asynchronous learning activities (Foshee et al. 2016). Practices at
the group level include cognitive, teaching and social presence as core elements of
the communities of inquiry (Shea and Bidjerano 2010). In these communities,
according to Garrison and Arbaugh (2007), a group of learners engage in collab-
orative work, creating an adequate space for meaningful learning experiences.
Among these approaches, personalization, learner-centered, and enhancing
learners’ motivation and engagement seem to be the most promising for
implementing technology in educational contexts. McLoughlin and Lee (2008)
argue that the principles of personalization, participation, and productivity are the
basis for instruction in the twenty-first century. Personalization as a solution to a
standardized and mass-oriented education system is attracting the attention of
commercial and open-initiative digital technology producers. This approach bases
its development in digital technologies such as Learning Analytics and Big Data,
digital content delivery, adaptive learning platforms, and mobile computing. The
convergence of these technological approaches facilitates the development of more
complex and flexible learning tools.

Other approaches intend to improve learning outcomes and motivation, as well
as the successful transfer of knowledge within the learning process. Particularly
in terms of digital literacy, Littlejohn et al. (2012) contend that some technology
promoting peer learning activities has a positive effect on learners’ engagement
and motivation. However, teachers’ skills not only in virtual class sessions, but
also in in physical classrooms may enhance or undermine learners’ motivation
and engagement. Therefore, it is important to explore the entire educational
system and its components to better understand the barriers to, and drivers of,
learners’ motivation and engagement. This understanding is an essential prereq-
uisite to the incorporation of new technologies as potential solutions in the
learning-teaching process.

Finally, despite these collaborative and supportive social contexts, digital technolo-
gies also provide individualized and personalized practices. These practices may also
offer the educational constructivist model the tools required to prioritize the learner as
the center of the process rather than the instructor (McLoughlin and Lee 2008).
However, aligning these apparently contradictory pedagogical approaches and technol-
ogies is a major challenge for instructors when redesigning their courses.
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5.2 Educational technology capabilities

Based on the selected literature, the author analyzed technology from the perspectives
identified in the previous section. This analysis focused on common characteristics of
the technology (e.g., data collection) producing specific capabilities when used in
educational contexts (Table 3). This section presents these educational technology
capabilities providing a detailed explanation about how these capabilities are used in
blended learning implementations for higher education contexts.

5.2.1 Datafication

Datafication refers to the use of automated tools, technologies, and processes for data
collection, analysis, and reporting to improve the design and deployment of learning-
teaching activities. Findings show improvement in learning-teaching activities when
aligning pedagogical approaches (e.g., student-centered or flipped classrooms) with
existing student’s information on educational tools. Collecting this information may
take place in the classroom as well as pre-class online. When deployed, these processes
(e.g., online assessment tools) offer instructors information about students’ knowledge
gain and difficulties. This information may be used for providing automated and
instantaneous personalized assessments and out-of-class feedback (Francis and
Shannon 2013), or group in-class feedback. The process of collecting data may also
be performed during in-class sessions when using online tutorials, or specific assess-
ment tools such as audience response systems (ARS). When using ARS, instructors
may intend to assess the knowledge level of the class, and also to enhance interaction
among learners (Masikunas et al. 2007).

Traditional tools such as LMSs and MOOCs may also provide datafication
capabilities; however, these are still immature technologies with regard to this
capability. In some cases, (e.g., LMS platforms) this capability provides mecha-
nisms for analyzing students’ behavior or learning difficulties, and thus can
deliver appropriate content (Martin and Whitmer 2016). In other cases,
datafication may help instructors to identify students’ performance when analyz-
ing data from multiple systems (Khawaja et al. 2013), particularly for automated
assessment and feedback processes (Nakayama et al. 2010).

Tools providing this capability use technological approaches, such as learning
analytics and big data, to add value to existing practices. These approaches may
provide the basis for creating customized learning paths for students either in individual
or group activities. These activities may cover in-class lectures (El-Ghareeb and Riad
2011), as well as out-of-class activities (Hsiech and Wu 2013). Initial findings show
differences in the level of detailed information and expertise when instructors use
educational technologies. The patterns in these differences seem to be associated with
the maturity of the implementation with regard to the instructor’s expertise and the
organizational level of adoption (e.g., course-level, academic department, institution).

5.2.2 Human-to-human technology-enabled interactions

The capability of human-to-human interaction facilitates online collaborative activities,
peer review, and synchronous or asynchronous communication and is one of the most
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studied in the literature surrounding blended learning. It relates mostly to online
discussion forums, social networking systems, online conference tools, instant messag-
ing, chat rooms, and email tools among other technologies. Although these technolo-
gies provide space and time independence in communication and collaborative activ-
ities, no studies report substantial transformation in current practices. However,
implementations integrating human-to-human, technology-enabled interactions, and
other capabilities, such as datafication, with specific design considerations present
some level of transformation.

Findings show that, despite initial flexible designs, a permanent iterative adjustment
is required to align data-driven activities and academic students’ needs analysis. For
example, (Li and Chen 2009) identified that appropriate complexity in assignments,
learners’ diversity, and learners’ interactions design are essential elements for improv-
ing learning outcomes. In this context, a recommender system is proposed as a solution
to reduce post-class assistance sessions. This system promotes peer collaboration for
technical questions and answers based on automatic recommendation functionalities,
thus showing improvement in completion rates for coursework assignments. Addition-
ally, (Hoic-Bozic et al. 2016) investigated the impact of technology-based collaboration
and personalized knowledge sharing strategies in a computer science program. The
main technological components of these problem-based learning strategies are based on
LMS, web 2.0 technologies, and a recommender system. This system comprises several
recommendation options, including: optional learning activities, peer-collaborative
assignments, suitable web 2.0 tools, and individual or group advice. These authors
reported on the effectiveness of the implementation, student satisfaction, and also on
improvements in learning outcomes. Additionally, they reported no increase in teaching
loads due to these iterative planning and execution activities. These activities were
designed and performed in a small class context; nevertheless, as they assert, they can
be extended to large classes with some changes in the type of activities and the number
of group participants.

Finally, complexity in face-to-face human interactions is also present in online
environments. The author identified a few studies analyzing negative effects in
this technology-enabled learner-to-learner interaction. (Dursun and Akbul 2012)
explored the relationship between cyberbullying behaviors and communicator
styles in anonymous learner-to-learner interactions using web 2.0 technologies.
Literature shows different negative elements depending of the type of technology.
These authors identified a set of cyberbullying types not presented in their study,
but already identified and analyzed in other studies using different technologies
for interactions such as online gaming and social networking. These findings show
that educational technology capabilities may also block or impede blended learn-
ing implementations when potentially troublesome issues are not considered in
course designs or adjusted during the process.

5.2.3 Human-to-machine technology-enabled interactions

Systems with human-to-machine interaction capabilities integrate characteristics
such as interactivity, interoperability, automation, and technological convergence.
Interactive systems and platforms with artificial intelligence functionalities offer

new alternatives for tutoring activities based on intensive assessment and
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feedback, particularly for large courses. Technologies such as intelligent tutoring
systems (Khawaja et al. 2013), virtual companion systems (Hsieh and Wu 2013),
immersive virtual simulators (Kleinert et al. 2015), wearable devices, and mobile
technologies present clear examples of these kinds of interactions.

Learner-to-machine interactions are becoming more relevant in the scientific litera-
ture, which primarily analyzes educational automation processes. Studies in this cate-
gory reported results on learning performance, knowledge gain improvement, and
students’ motivation. Hsieh and Wu (2013) reported learning performance improve-
ments using virtual learning companion systems (VLCS) and also analyzed their
alignment with students’ cognitive styles. Likewise, in clinical education, Kleinert
et al. (2015) stated that immersive virtual simulators (IVS) showed positive effects in
knowledge gains and motivation. However, no positive impacts on clinical decision-
making processes were observed. According to Kleinert et al. (2015), this may be
related to the number of options available in the system. They argue that a better design
of the system is required to promote improvements in clinical decision-making pro-
cesses and student performance. Finally, technologically mature systems offering this
capability may become active actors in the learning process.

Activities that the literature reports as potential targets for automation comprise:
tutoring, assessment, feedback, and content delivery. These activities provide individ-
ualized learning paths for each student. Technologies providing this capability include
online adaptive content and tutorials, virtual companion systems, learning activities
recommender systems, and intelligent tutoring systems. The following examples show
how and in what contexts instructors are using adaptive technologies to provide
personalization.

First, Khawaja et al. (2013) presented an adaptive tutoring system based on intensive
assessment and feedback in large-size courses. Among other things, this tutorial
allowed for adapting tasks, content, feedback, assessment, and remediation for each
student and showed a general improvement in learning outcomes. Likewise, Bai and
Smith (2010) proposed a scalable and sustainable set of digital content modules and an
intent to investigate their usability. The module containing assessment activities can be
delivered independently of the technological platform. They assert that this solution
provides collaborative functionalities and a cost-reduction strategy for academically
disadvantaged students in under-resourced communities.

Second, as Hsieh and Wu (2013) analyze, VLCSs and e-learning activities recom-
mender systems show improvements in learning performance and, as a result, align
students’ cognitive styles and guidance methods. These systems may also offer specific
and complementary adaptive functionalities for learning purposes. VLCSs were initial-
ly used for children’s entertainment and medical assistance. Recommender systems
allow for combining some pedagogical approaches such as student-centered, personal-
ized, collaborative, and problem-based learning. (Hoic-Bozic et al. 2016), in a com-
parative study of engineering courses using this kind of technology, analyzed the
effectiveness of these approach’s alignment. This implementation showed improvement
in students’ learning outcomes as a result of this integrative model’s implementation.

Third, technological developments in LMSs’ adaptive functionalities and artificial
intelligence-based platforms show some improvements in scalability and quality of
computer-based individualized learning processes. In terms of competency develop-
ment, (Yang et al. 2014), based on their experimental results, argue that contextual and
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adaptive instruction improves critical thinking skills and English literacy, which are two
twenty-first century competencies. In this case, they analyzed some adaptive function-
alities of Moodle for grouping activities, organization, and personalized content deliv-
ery and feedback based on information gathered from a pre-test. Additionally, the
literature describes large-size and teacher-centered classrooms as potential candidates
for higher levels of improvement when deploying technologies providing personaliza-
tion (Danker 2015), particularly when aligned with pedagogical approaches such as
flipped classrooms. This kind of approach may promote individualized learning and
facilitate self-paced pre-class activities (Danker 2015), peer support, one-on-one
tutoring for in-class activities (El-Ghareeb and Riad 2011), or group tutoring in in-
class activities (Kleinert et al. 2015).

5.2.4 Immersive experience

Immersive experience is a capability that provides learners with the sense of immersion
by combining aspects of physical and simulated digital worlds. Peer learning and
collaborative activities are the most common pedagogical approaches with respect to
technologies providing this capability. Some examples of these technologies are aug-
mented reality, virtual worlds (e.g., Second Life), and virtual reality systems. Bahji
et al. (2015) present these technologies as mechanisms for enhancing engagement and
motivation in the learning process and for improving students’ support and competency
development (Kleinert et al. 2015).

Examples of these kind of implementations, particularly for virtual world
technologies, describe their use in course evaluations (Ata 2016). Other authors
have analyzed: how in-class learning activities promote interaction and collabora-
tive environments (Tapsis et al. 2012); how these technologies affect students’
learning behavior (Mitchell and Forer 2010); and the effects of virtual worlds on
students’ achievements by measuring students’ motivation (Pellas and kazanidis
2014). In another example, creating a new learning space, Chang and Liu (2013)
assessed the acceptance of a system promoting a ubiquitous learning environment
and its impact on learning outcomes. By using technologies such as augmented
reality, radio-frequency identification (RFID), and mobile devices, the system
provides physical spaces with learning environment capabilities. According to
them, learners’ acceptance level of the system was high, particularly with regard
to the quality of the animation and technology integration.

Actual developments in technologies related to this capability show that they are
used in educational contexts as a support for traditional practices, but with low levels of
maturity in their use. However, potential benefits for pedagogical practices are also
described in these studies as highly transformational. Findings also show an interesting
blurred boundary between informal and formal spaces for learning acquisition, partic-
ularly when transforming physical spaces, such as museums, into interactive,
immersive learning spaces.

5.2.5 Scalability

The scalability capability may provide required automated resources for higher
levels of service demand in a cost-effective manner. In educational contexts, this

@ Springer



Education and Information Technologies (2019) 24:2523-2546 2539

capability has at least two dimensions: First, providing a means to attend to
different students’ needs in or out of large classes in a flexible and individualized
way (Khawaja et al. 2013). Technology in this dimension may improve learning
processes by scaling an instructor’s capacity to attend to students’ academic
needs (e.g., intelligent tutoring systems). Second, providing a means for creating,
bundling, unbundling, and deploying digital content in multiple platforms to
facilitate content access and sharing activities among instructors and institutions
(e.g., LMS and MOOC).

For the first dimension, Khawaja et al. (2013) analyzed the impact of adaptive
tutoring systems on learning outcomes based on intensive assessment and feedback for
large-size courses. These authors reported “less satisfactory results” in the data ana-
lyzed. They assert that elements related to activities such as cognitive load, influence
final learning outcomes. These elements may be refined for particular contexts to assure
appropriate levels of academic assignments (Khawaja et al. 2013). On the other hand,
Danker (2015) analyzed the impact of flipped classrooms and individualized learning
on deep learning among students in large size and diverse classes. According to this
author, flipped approaches can provide active-learning activities for small groups
within a large lecture class. These approaches based on self-paced pre-class activities
facilitate tutoring activities during the class.

For the second dimension, Bai and Smith (2010) provide an example with
their “scalable, shareable, and sustainable e-learning modules as textbook
chapters.” Students and instructors can access these modules independent of
the platform. Technologies such as LMS, MOOC, and adaptive learning
systems may provide this capability. Gynther (2016) presents a clear example
when proposing and analyzing the use of a framework for an adaptive MOOC in
blended learning contexts. This implementation responded to a requirement of
the Danish government to offer a Bachelor’s degree for school teachers. This
framework is based on general design principles for personalized curriculum and
adaptive learning design. Despite their findings showing good implementation
results, these results also showed low peer support and demonstrated a need for
increasing teacher presence.

Finally, findings showed some relationships between technology capabilities. For
example, in some instances, datafication can be considered as a foundation to allow
personalization and human-to-machine interactions. In others, personalization may not
be possible without scalability. This interrelated nature requires further research to
uncover the specific contexts and the level of dependence.

6 Discussion

The literature analyzes blended learning implementations mainly from two differ-
ent perspectives. First, from a general perspective identifying the effects, barriers,
challenges, drivers, and opportunities affecting the entire organization or system.
Second, from a more specific point of view identifying how particular technolog-
ical tools or platforms impact learning-teaching activities. Units of analysis relate
to different levels of deployment such as classrooms, organizational
implementations, or national initiatives framed by governmental policies. Each
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implementation comprises a large and diverse set of learning-teaching practices,
instructor expertise levels, pedagogical frameworks, technological tools, and or-
ganizational and cultural values forming very complex and unique educational
settings. The main contributions of this paper are: 1) the identification of the most
promising trends in blended learning implementations in higher education, 2) the
identification of some capabilities provided by the technology (e.g., datafication),
and 3) the analysis of the contexts of use of these capabilities.

The set of identified trends provided the author an initial insight into common
educational technology capabilities present in different digital technologies. The
educational technology capability concept analyzed in this study seems also
suitable as a crosswise analysis tool for understanding transformation processes
in a multi-level perspective. As a first step, this paper analyzed the identified
technological trends in order to identify patterns about distinctive characteristics
in digital educational technologies that could produce a major change in the
education system. In a second step, this paper identified some usage contexts of
educational technologies presented in higher education institutions related to
these capabilities.

For particular digital technologies such as LMSs, extensive information exists
about their successful institutional adoption. Dahlstrom et al. (2014) present
statistics showing that 99% of higher education institutions in the U.S. are
operating LMSs, where 85% of instructors use it at least once in its basic
functionality, and 47% use it daily in their courses. On the one hand, Moodle
(for example) can be used for different purposes depending on an instructor’s
expertise and needs. The basic level offers a repository of content that is available
for download. An intermediate level may correspond to a more interactive com-
munication and knowledge-sharing platform. Finally, a higher level may use
adaptive functionalities of this platform. However, personalization as an educa-
tional purpose enabled by human-machine interactions capabilities in LMSs are
still at lower levels when compared with more adaptive platforms such as
Knewton. On the other hand, tools or platforms may present low levels of
technology development. For example, when LMS platforms integrate adaptive
functionalities in basic levels of development or with very restrictive functional-
ities (PeriSi¢ et al. 2018).

Different technologies may provide the same capability; however, such capa-
bility may present different levels of technological development in various tech-
nological tools or platforms. In the case of the human-machine interaction capa-
bility, current LMSs provide basic levels of adaptive functionalities that translate
into a personalized learning path for each student. Other platforms (e.g., Knewton)
use sophisticated artificial intelligence-based tools to improve the scalability and
quality of computer-based individualized learning processes. Although initial
commercial products were technologically insufficient to create a useful and
scalable system (Selwyn 2011), current developments in digital educational con-
tent platforms and in adaptive learning systems may allow for the creation of
integrated, individualized, and scalable learning environments.

Universities and colleges present remarkable differences in course-level content
and curriculums for similar academic programs. These differences may also hinder
more scalable solutions to the entire higher education system. Nevertheless, among
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other elements, these differences provide distinctive institutional characteristics and
potential scenarios for innovations. For example, institutions present differences
regarding the delivery of highly codified and stable content to first-year students
and students in more advanced stages of academic programs. As Thomson (2016)
proposed, eventually all first-year courses may benefit from digital technologies
allowing the transformation of these courses into online-only delivery mode. These
kinds of technologies with human-to-machine interaction capabilities may also
provide more automated delivery processes for blended learning delivery modes.
In this context, digital technologies such as video capsules and intelligent tutoring
systems may improve learning-teaching activities. First, by scaling access to more
students and facilitating self-paced online learning activities. Second, by providing
an individual learning path for each student, thus improving out-of-class activities
(Hsieh and Wu 2013) and feedback (Francis and Shannon 2013).

On the other hand, these technologies may not provide appropriate solutions for
advanced courses where knowledge is less stable and standardized. For these kinds of
courses, digital technologies with human-to-human technology-enabled interactions
capabilities, such as intelligent recommender systems, may enhance interactions among
learners in collaborative learning environments. In this context, this system is proposed
as a solution to reduce instructors post-class assistance sessions. This system promotes
peer collaboration for technical questions and answers based on automatic recommen-
dation functionalities (Li and Chen 2009).

This study has defined educational technology capabilities as a set of common
abilities present in different digital technologies enabling a set of learning purposes.
These capabilities show different levels of maturity and these levels are characterized
by two aspects. The first aspect relates to differences in the development level of the
technological tools and the second aspect relates to the level of instructor expertise in
using a particular technology and aligning pedagogy to potentiate the design of the
learning-teaching activities. This exploratory analysis shows higher levels of transfor-
mation in pedagogical practices when technological tools or platforms show higher
levels of maturity or when multiple capabilities are successfully aligned with learning
goals during the implementation.

Finally, these findings may be explained by a better understanding of the alignment
between technology and pedagogy, and by a reinforcing effect when several capabil-
ities are interacting and providing more refined implementations. As a result, educa-
tional technology capabilities as a concept may provide an alternative and broad
perspective for analyzing and improving not only the level of alignment of pedagogy
and technology, but also a technological investment strategy. In this scenario, various
implementations with different technologies may be analyzed and compared with
respect to cost-effectiveness, instructor and organizational expertise, and technological
development level. However, further research is required to provide more detailed
insights and validate these findings.

7 Policy implications

Different digital tools and platforms used in educational contexts may provide the
same educational technology capability despite their differences in some specific
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functionalities. Deploying, using, and managing various tools or platforms imply
an increase in economic investment, support time, and permanent training pro-
cesses for students, instructors, and faculty members interested in using these tools
in their learning-teaching activities. Educational technology capabilities as a
conceptual tool for analyzing future technological implementations may facilitate
policy makers and practitioners to prioritize institutional efforts in blended learn-
ing implementations. This mechanism provides some insights about redundancy
and wasteful investments in time and economic resources for acquiring and
deploying digital technology in higher education institutions.

8 Conclusions

This paper attempts to identify some of the most promising trends in educational
technology, in the capabilities provided by the technology (e.g., datafication), and
in the contexts of use of these capabilities in blended learning implementations in
higher education.

In order to answer the proposed research questions, this study analyzed the
literature related to technological implementations in a higher education context,
specifically for blended learning delivery. This multi-perspective analysis iden-
tified a set of existing trends that allowed the author to refine a list of
capabilities that new technologies may offer in educational contexts. Educational
technology capabilities, defined as a set of common abilities present in different
digital technologies enabling a set of learning purposes, may provide a distinc-
tive mechanism for evaluating and comparing technologies and their transfor-
mational potential in course-level or institutional implementations. In the process
of identifying how instructors use these capabilities, patterns about potential
relationships among them were uncovered. However, this being an exploratory
study, not all pertinent aspects were covered and further research will be
required on these questions.

Many challenges have arisen due to the rapid development of technology in
response to social demands, and the current digital transformation has created new
pressures for higher education systems. The introduction of MOOCs and other
digital technologies has highlighted the controversies and problems of educational
systems around the world. These new technologies have created an enormous
interest among universities and companies offering educational content and alter-
native technological solutions, allowing the rapid growth of network alliances
among these actors. However, digital technologies still have not addressed several
major social problems (e.g., high costs, high accessibility barriers, high dropout
rates, and low course quality) related to education as envisioned by many in the
academic community. There remains a gap for structural and technological solu-
tions to create a democratic, decentralized, and personalized education system that
succeeds in engaging the majority of students.

In this scenario, alternative mechanisms for analyzing and evaluating
technology-based implementations are required to gain better insight into the
process and its transformational potential. This analysis identified educational
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technology capabilities as a crosswise concept independent from specific techno-
logical tools and perspectives of analysis. This exploratory research provided a
definition for a technological capability and presented a conceptual model de-
scribing the identified relationships between technologies, technological charac-
teristics, and educational technology capabilities. Specifically, this framework
intends to contribute to the analysis and evaluation of blended learning
implementations in higher education, presenting educational technology capabili-
ties as an alternative and transversal concept. This concept may help researchers
and practitioners gain a better understanding of the nature of the relationship
between technology, pedagogy, organization, and society in general in a multi-
level perspective analysis.

9 Limitations and future research directions

This exploratory research has several limitations. First, as this paper performed a
purposive and iterative search, some relevant articles could not be identified and
included. However, this search provided forty-five relevant sources, thus assuring an
appropriate level of comprehensiveness. Second, the multiple perspective of analysis
provided a broader set of sources that enriched the search strategy; however, these
heterogeneous sources made it difficult to reach conceptual saturation when searching
and selecting additional literature.

Future research could explore additional trends identified in social, organiza-
tional, technological, and pedagogical perspectives as a mechanism for validat-
ing the findings and refining the set of educational technology capabilities
identified in this paper. Researchers might also analyze and summarize empirical
studies with regard to educational technology capabilities in order to validate the
propositions about capability maturity levels for the technological development
and user expertise dimensions. Further research might also focus on identifying
factors and barriers promoting or impeding higher capability maturity levels in
blended learning implementations. Finally, a map of digital technologies based
on a typology of capabilities may provide great value for practitioners and their
future implementations.
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