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Higher education institutions and its stakeholders are just about to catch up with the rapid pace at
which educational data are being generated. While recent learning analytics research and
applications are mainly focused on learning, there is an increased awareness that data analytics
may provide teaching staff with evidence-based insights for enhancing teaching processes. The
aim of this systematic review is to gain a deeper understanding on how data analytics in the
educational context may play a role in helping teaching staff to leverage their own teaching A
total of N = 18,723 articles were located and screened resulting in a final sample N = 35 key
publications. Findings indicate that empowering teachers with data from educational contexts may
support pre-active, interactive, and post-active reflection phases of teaching. However, teaching
staff are required to further develop their educational data literacy in order to avoid biased
pedagogical decision-making.
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Introduction

Since Skinner’s (1954) distinction between the science of learning and the art of teaching, there has been a
significant growth of theories, concepts and empirical evidence focussing on teaching practices in higher
education (Tight, 2018). Dimensions for successful teaching and their potential relationship for supporting
learning processes and outcomes have been identified (Shulman, 1986). More recently, additional dimensions
for successful teaching with a specific focus on educational technologies have been introduced (Mishra &
Koehler, 2006). Still, the teacher’s way of designing learning environments and acting in teaching processes
largely remains a result of his or her disposition (Peterson, 2016).

Advances in data analytics play a vital role in change processes of higher education institutions and are set to
boost the transformation of the educational sector (Bates et al., 2020). Nevertheless, higher education
institutions and its stakeholders are just about to catch up with the rapid pace at which educational data are being
generated and the extent to which the potentials of data analytics can be used effectively (Buckingham Shum &
McKay, 2018). Recent empirical research demonstrated the potential of learning analytics for supporting
learning processes, related interventions and increasing study success (Larrabee Senderlund et al., 2018). The
main drivers of utilising learning analytics for higher education institutions include (a) understanding students’
learning and motivation, thus reducing dropout rates (or inactivity) (Glick et al., 2019) and (b) supporting the
student’s learning process by providing adaptive learning pathways toward specific goals (Gasevic et al., 2015).

While initial learning analytics research and applications mainly focused on enhancing learner’s retention or
engagement (Gasevic et al., 2019), there is an increased awareness that analytics in the context of education may
also provide teaching staff with evidence-based insights for enhancing teaching processes. However, Ndukwe
and Daniel (2020) claim that research in data analytics for supporting teachers appears to be sporadic and
underdeveloped. Therefore, the aim of this research is to gain a deeper understanding on how data analytics in
the educational context may play a role in helping teaching staff to leverage their own teaching. The guiding
research question is therefore: Can data analytics support teaching staff to make evidence-based pedagogical
decisions?

Background
Teaching staff in higher education are required to utilise pedagogical means to guide and support learning

processes of learners. Moreover, Calderhead (1996) refers to the complexity of teaching as it includes ‘pre-
active’, ‘interactive’ and ‘post-active reflection’ phases. The pre-active phase comprises the curriculum
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development and learning design of learning environments, the interactive phase refers to teaching activities (in
classroom or online) and the post-active phase includes the critical evaluation of learning processes and
outcomes as well as related experiences. Hence, teaching is regarded as a dynamic pedagogical activity which
should be planned, adjusted and (self-)reflected with regard to the context of the individual learner and the
context in which learning takes place (Hativa & Goodyear, 2002). However, evidence for helping teachers to
plan, reflect on and improve their own teaching are often limited (Prieto et al., 2020).

Data analytics in the context of higher education draw on an eclectic set of methodologies and data to provide
summative, real-time and predictive insights for supporting learning, teaching, organisational efficiency and
decision-making. Hence, the field of learning analytics is receiving a lot of attention for its capacity to provide
lead indicators related to learning processes and learning outcomes (Ifenthaler & Yau, 2020). For instance,
Wong (2017) presents several case studies utilising learning analytics for (a) improving student retention, (b)
supporting informed decision making, (c) increasing cost-effectiveness, (d) helping to understand learning
behaviour, (e) providing personalised assistance, and (f) delivering feedback and interventions. More recently,
the field of learning analytics established conceptual variations, including school analytics (Sergis & Sampson,
2016), academic analytics (Long & Siemens, 2011), assessment analytics (Nouira et al., 2019), social learning
analytics (GasSevic et al., 2019), multimodal learning analytics (Blikstein & Worsley, 2016), and teacher or
teaching analytics (Sergis & Sampson, 2017).

However, the relevance of data analytics for teaching staff is less conceptually developed and lacks a rigorous
understanding of teaching staffs’ expectations of analytics services (Kollom et al., 2021). Accordingly, teaching
analytics refers to the tools and methods utilised by teaching staff to help analyse, reflect on, and improve their
learning and curriculum design (Sergis & Sampson, 2017). Teaching analytics provides teachers access to rich
insights about (a) the context of teaching, (b) the development of curricula and the design of learning
environments, (c) the impact of teaching on learning processes and outcomes, as well as (d) their own teaching
practice. Accordingly, data analytics may provide benefits for the pre-active, interactive and post-active
reflection phases of teaching. This assumption is in line with the teaching outcome model (data collection, data
analysis, data visualisation, data action) which is expected to enable teachers to use data to inform their teaching
practice (Ndukwe & Daniel, 2020). Therefore, the purpose of this systematic literature review was to identify
empirical evidence demonstrating how data analytics have been successful in facilitating the different phases of
teaching.

Method

The systematic review was conducted from May to June 2021. We followed Okoli’s (2015) eight steps in the
preparation of this systematic review. The inclusion criteria for the articles to be included were defined as
follows: (a) were situated in the higher education context, (b) were published between January 2013 and May
2021 (2013 marks the rise of LA research publications), (c) were published in the English language, (d) had an
abstract available, (e) presented either qualitative or quantitative analyses and findings, and (f) were peer-
reviewed. The search criteria included a combination of search terms with “/earning analytics” in connection

with “teaching”, “curriculum development”, “learning or instructional design” and “academic design” in titles,
keywords, abstracts, and full texts. The literature search strictly followed the pre-defined research protocol:

» The identification of international databases: GoogleScholar, ACM Digital Library, Web of Science, Science
Direct, ERIC, and DBLP;

» Specific search in relevant scientific peer-reviewed journals including Computers & Education, British
Journal of Educational Technology, The International Review of Research in Open and Distributed
Learning, The Internet and Higher Education, Journal of Educational Technology & Society, Journal of
Computer Assisted Learning, Education and Information Technologies, Educational Technology Research
and Development, Language Learning & Technology, Interactive Learning Environments, TechTrends, The
Turkish Online Journal of Educational Technology, Learning@Scale, Learning, Media and Technology,
International Journal of Artificial Intelligence in Education Computer Assisted Language Learning, IEEE
Transactions on Learning Technologies International Conference on Technological Ecosystems for
Enhancing Multiculturality, Australasian Journal of Educational Technology, Journal of Learning
Analytics, Computers in Human Behavior, and Technology, Knowledge.

A total of N= 18,723 articles were located and screened. A final set of N = 50 publications were identified and
analysed in detail to ensure their quality and relevance. The full text analysis of the remaining publications
focused on the theoretical rigor of the key concepts (i.e., learning analytics, teaching related focus),
substantiality of sampling technique and methodological procedure, and the empirical evidence presented.
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Hence, the final sample included N = 35 key publications for this systematic review.

Results
Summary of the Key Publications

A full list of classifications of the key publications including references and related data is available from the
authors, however, cannot be included in this concise paper due to limited space available. The 35 key
publications included in this systematic review were conducted in the USA (n=5), Australia (#=5), Singapore
(n=3), Taiwan (n=2), Netherlands (n=2), Hong Kong (n=2), Japan (n=2), Brazil (n=1), Philippines (n=1),
Bulgaria (n=1), Morocco (n=1), Spain (n=1), Saudi Arabia (n=1), South Africa (n=1), Ecuador (n=1),
Switzerland (n=1), Estonia (n=1), Finland (n=1), Greece (n=1), Austria (n=1) and Canada (n=1). The year of
publications and their corresponding number of key studies are as follows (in ascending order): 2013 (1), 2014
(6), 2015 (7), 2016 (1), 2017 (7), 2018 (6), 2019 (7), 2020 (0), 2021 (0).

Leveraging Teaching through Data Analytics

We categorised the findings of the key publications in terms of their perspective being related to the pre-active,
interactive, and post-active reflection phases of teaching. Evidence directly impacting the teaching activities
include, 1) to determine if the suggested interventions help the teaching staff to enhance students’ learning
activities and investigate if the use of a dashboard help inform effectively their subsequent teaching steps; 2) to
discover new aspects that affect students’ learning outcomes and inform/improve current/future teaching
practice; 3) to identify potential problems in their students’ learning as well as to incorporate improvements to
the teaching process; 4) to propose a measurable set of indicators which help teachers to be more reflective in
their teaching practice; 5) to utilise teachers’ discussion strategies to make learner interactions, engagement and
performance deeper and more meaningful; 6) to use assessment data for needs analyses and to improve data
representation; and 7) to assist teachers and leverage data to author criteria for improving different teaching and
learning cases. Further evidence focussing on the curriculum development and learning design include, 8) to
provide insights to curriculum review including assessment of subject grades, student satisfaction and cohort
comparisons as well as strategic curriculum decision-making, design, analysis and evaluation and
recommendation; 9) to investigate online curricula mapping as a form of analytics for collecting learning and
curricular design data; 10) to provide curriculum committees with analytics-based evidence to determine
whether curricula should be modified; 11) to generate the competency scores for the entire curriculum across
cognitive and progression levels in order to analyse degree programs. A final set of studies included, 12) to
analyse the qualitative feedback from students to guide learning design practices and curriculum development;
and 13) to help teachers reflect on their teaching design and teaching practices in relation to requirements of the
curriculum.

In summary, the findings of the key publications provide evidence of data analytics related to teaching
processes, such as i) teachers are successfully supported to accurately analyse learning designs and receive
meaningful insights to improve and personalise students’ learning experiences (Sergis et al., 2019); ii) teachers
were able to keep track on activity and progress of their students, and adhere to the learning schedule as well as
quickly identify at-risk students (Gaftandzhieva et al., 2019); iii) teachers could ensure that learner’s motivation
is maintained throughout their learning task, which was particularly important for learning achievement
(Hernandez-Lara et al., 2019); iv) teachers gained an increased understanding of students’ learning behaviour
and how the pedagogical structure of their courses should be changed to adapt to the students better (Corrin et
al., 2015); and v) to understand the strengths and weaknesses of the curriculum and therefore aided
improvements to the curriculum redesign (Gottipati & Shankararaman, 2018).

Discussion and Conclusion

A number of benefits arising from data analytics in the context of education include the identification of at-risk
students (Lawson et al., 2016), the possibility of constructing adaptive support of students’ learning journeys
(Larrabee Senderlund et al., 2018) or providing students with additional support for coping with academic
requirements and expectations (Ifenthaler & Yau, 2020). Data analytics algorithms and methods can also be
used in helping teaching staff to understand, reflect and improve teaching processes and related learning designs
(Ndukwe & Daniel, 2020). The key publications of this systematic review highlight that teachers may benefit
from data visualisations and dashboards specifically designed for teachers and teaching processes (Corrin et al.,
2015). Such visualisations help to effectively reveal patterns and trends of learning processes and related
phenomena of the learning context. Informative teacher dashboards help to identify groups of students that
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might need help or require immediate feedback. Other tools implemented in dashboards assist teachers in
imitating collaborative learning processes. Hence, data analytics on learning processes and learning outcomes,
which may be available in real-time or when needed, support teaching staff in pedagogical decision-making
(Gaftandzhieva et al., 2019) and help to critically reflect and improve their teaching process (Prieto et al., 2020).
As a result, teaching processes are likely to transform from being driven by individual dispositions or beliefs
(Peterson, 2016) toward evidence-based pre-active, interactive and post-active reflection phases of teaching.

However, empowering teachers with data from educational contexts does not only include benefits. The
incomplete nature, fragmentation and interaction of data being available for analytics and their contextual
idiosyncrasies requires caution to avoid biased pedagogical decision-making. Thus, data analytics for supporting
teaching staff has its obvious limitations and data collected from various educational sources can have multiple
meanings. Further, ethical and privacy issues are associated with the use of data from educational context, that
implies how personal data is collected and stored as well as how it is analysed and presented to different
stakeholders (Slade & Prinsloo, 2013). Accordingly, as advances in data analytics related to teaching practice
have been documented in this systematic review, teaching staff are required to further develop their educational
data literacy (Papamitsiou et al., 2021), which is the ethically responsible collection, management, analysis,
comprehension, interpretation, and application of data from educational contexts.
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