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Introduction
The International Baccalaureate (IB) is at an
interesting time in the use of digital
assessment, with the use of e-Assessment in
the Middle Years Programme (MYP) but
retaining
traditional
paper-and-pen
summative assessment in the Diploma
Programme.
The IB also has a unique approach to
education, and key principles running through
all IB programmes include inquiry,
contextualisation of learning, learning how to
learn, community service and global
understanding. A recent IB publication states
that ‘technology should support assessment’
(IBO, 2018a, 6) but further states that this
should not be done at the expense of these
principles but rather to better channel them
into practices.
In this context, the literature review has
focused on addressing the question ‘What is
the current state of the art understanding of
digital assessment use within the future
educational landscape?’ It looks at the
contemporary context within the evolution
of key movements in education and identifies
the role that digital assessment can and
should play, and some key considerations for
the IB to address moving forward.
Throughout the review we have retained a
focus on the fundamental significance of
purpose and on finding ways to ensure that
the three components of learning, teaching
and assessment work in harmony. This means
the critical importance of retaining a clear
view of objectives in determining the form
and function of digital assessment, as well as
ensuring that there is alignment with teaching
and learning.
Methodology
The literature review has focused on three
key sources of information. First, academic
journal articles and books written by

educational researchers that reflect on the
key philosophies and movements in
education and that also report on initiatives
to enhance educational practices.
One of the limitation of academic literature
is the time lag. It can be several years
between research taking place and the
publication of an article reporting on it. In a
rapidly moving sphere such as digitalisation,
this means that the newest practices may not
yet be reflected.
To address this, the literature review has also
incorporated so-called ‘grey literature’ from
organisations and governments who are
engaged in relevant activities in the areas of
teaching, learning and digital assessment.
These include reports, blogs, websites,
interviews and presentations which engage
with the most contemporary movements in
education.
Finally, the literature review has also engaged
with publicly-available sample assessment
materials from organisations engaged in some
of the most innovative and forward-looking
initiatives. These include large international
bodies such as the Organisation for
Economic Cooperation and Development
(OECD) as well as some of the well-known
assessment bodies.
The researchers involved in this literature
review undertook an approach which was
informed by a combination of their own
knowledge in this field, key word searches in
academic databases, a web search of key
organisations involved in assessment and
utilising key themes that arose in the initial
sources perused to lead them to other
important areas of consideration.
With attention to digital assessment, the
review considered a range of ways in which
this has evolved and is practiced in
contemporary education, including the
opportunities that it offers and the key design
considerations. Reviewers looked at a range
of examples of digital assessment usage in
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international
assessments,
language
assessments,
in
national
assessment
programmes and in initiatives to measure
twenty-first century skills. Both academic and
stakeholder insights were drawn on to
contextualise each of these examples.

its ability to generate a whole series of datainformed insights into the way that learners
are navigating the curriculum. This is often
thought of in terms of the responses that
learners have given to particular test
questions.

Finally, the research focused on some of the
key components of the relationship between
teaching, learning and digital assessment in
the context of best practice approaches to
education. This raised the issue of the
importance of the skills of learners and
teachers, and the reviewers drew on
research to identify best practice approaches
in supporting these key stakeholders to
navigate new dynamics in educational
practice.

But there is much greater scope within digital
platforms, including to measure time-on-task,
misconceptions that lead to errors, and
decisions that learners make about order of
responses. When data is also able to be
collected from digital platforms that learners
use in learning activities, a wealth of insights
are generated. And in a relatively closed, and
big in size, ecosystem such as the IB’s suite of
programmes - the potential of using this data
to enrich education is enormous.

Contemporary contexts

This brings data analytics and artificial
intelligence (AI) to the fore. AI in this context
refers to the ability of digital devices and
systems to undertake tasks normally
performed by humans (such as recognising
speech), while data analytics is the capacity to
draw together a number of sources of data in
order to draw conclusions.

This balance needs to be found in an
educational landscape in which some growing
understandings are reshaping nature of
teaching and learning. The first of these is a
shift towards knowledge creation rather than
acquisition, and this is combined with the
emergent understanding that all learners are
on an individual learning pathway.
This pathway is demarcated by a series of
learning progressions, along which all
learners can make progress. Key to learning
progressions is the regular collection of
empirical evidence to help learners and
teachers identify where they are and where
they need to go next.
Learning progressions raise the need for
ongoing assessment, moving away from the
mutual exclusivity of formative and
summative approaches. Instead, assessment
becomes a ‘present to future’ model in which
a regular flow of insights to teachers and
learners is enabled and assessment
fundamentally embedded in the everyday
nature of teaching and learning rather than
separate from these.
Part of the potential of digital assessment is

These offer vast potential for not only
identifying learner proficiency within
traditional subject boundaries but also across
them and in the sphere of 21st century skills.
This has the potential to significantly
reconfigure how education is enacted but all
three of these movements (learning
progressions, ongoing assessment and the
use of data analytics and AI) are next-toimpossible to achieve in a non-digital
environment.
Thus the contemporary context of education
calls for digitalisation to reflect the broader
digitalisation of our lives. On the one hand,
digital tools are increasingly mainstream in
teaching, learning and assessment. On the
other hand, the purpose of the use of digital
tools in education remains somewhat
unresolved.
Moreover, any mention of digital tools raises
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important ethical questions about the
unequal access of learners and teachers to
digital tools – both in school and at home –
and concerns about inequalities in access to
quality education as a result. The sorts of data
collection activities that result from
movements such as learning progressions,
data analytics and AI also raise issues of
learner’s privacy, especially with regards to
how they will be used to judge performance.
A further issue in the context of the IB relates
to the agency of schools. Schools offering IB
programmes differ significantly around the
world and in this context it is important to
consider what the ideal balance is for the IB
in setting requirements without being
prescriptive.
This returns us to a need to focus on the
purpose that needs to be achieved. If there is
a desire for enhanced learning then to what
extent can digitalisation support that move?
How can digital assessment and digital
pedagogy be best configured in order to
allow for deeper, more effective or more
efficient learning?
Digitalisation
The addition of the prefix ‘digital’ to elements
related to education is the contemporary
expression of a long history of evolution in
educational technology. In recent times it has
been characterised by exponential growth.
There is enormous scope to enhance
educational opportunities but these are often
forgotten in the excitement of innovation.
We are now at a point in which digital tools
used for teaching, learning and assessment
embody a range of exciting possibilities.
Computer based testing has evolved to
enable adaptive testing, the integration of
data analytics the evaluation of 21st century
skills, virtual reality, gamification and the use
of avatars. All of these have begun to be used
in educational contexts with initial research
indicating positive impact on learner
motivation and learning.

Nevertheless, despite all of these stimulating
advances, most digital assessment remains in
a phase where it is basically ‘paper-on-screen’.
It is largely unchanged from traditional
assessment other than learners typing rather
than handwriting their responses. This is
largely a consequence of the cost and skill
required to create more forward looking
tools, but is also due to a degree of anxiety
around any change potentially jeopardising
high-stakes assessments.
This is unfortunate since digital platforms can
enhance assessment in a number of ways,
from providing learners with new forms of
representing knowledge and skills, to using
peer- and self-assessment, the opportunity to
move away from time specific testing, to
supporting collaboration, assessing complex
problem solving and enhancing feedback to
learners.
Interestingly, these opportunities are much
more likely to be utilised in formative types
of assessment rather than in summative
examinations due to the greater flexibility
and lower stakes that characterise formative
models.
Yet even in formative assessment they are
often unable to be fully realised due to
practical reasons such as the digital
proficiency of teachers and learners, the
availability of digital devices, the ability of
teachers and learners to use data to inform
practice and ethical issues around the
collection, usage and storage of data.
Another challenge lies in digital assessment
design. There are multiple formats that could
possibly be used for assessing learners but
these require good assessment design. Digital
assessment is not necessarily good
assessment and getting it right means starting
from its purpose and recognising that the
best methods are those that are able to
collect useful information about the position
of learners in their learning journey.
Moreover, assessment also needs to be seen
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for what it is - merely a vehicle to gather
useful information.
These understandings focus the attention on
how to manage innovation. This means
avoiding the trap of using digital assessment
for its own sake and instead only deciding to
use it because doing so offers clear value that
alternatives are unable to provide.
In addition, the flaws of traditional
assessment practices do not disappear when
a digital device is used. Assessment is still
assessment and much of it involves placing
learners in stressful situations in which the
entirety of their experience in a particular
domain is expected to be summarised in a
few hours of testing, with results exerting a
profound influence on their future lives. The
traditional criticisms of this model in terms of
its very limited ability to capture the gamut of
learners’ capacities remain intact regardless
of the tools used.
While digital assessment offers a range of
possibilities for rethinking assessment, these
can only be optimised if there is an appetite
for
transformation.
Many
education
professionals are very uncomfortable with
changing the way that ‘things have always been
done’ and this means that much digital
assessment looks very much like traditional
assessment, with the opportunity of evolving
approaches to the evaluation of learners
entirely missed.
Best practice in digital assessment
Innovations in digital assessment are
flourishing but robust academic investigation
of their impact on learning is lagging far
behind. In terms of assessment as a whole,
best practice means that the learning of
individuals is made visible through the use of
efficient and well-targeted tools, in a way that
can identify where learners currently are and
the future steps for them to take to continue
their learning journey.

digital assessment means that digital
technologies are used in a way to enhance the
achievement of this goal. This could mean
that digital assessment allows for more
efficient or better targeted tools that are able
to identify learner’s progress. Equally, best
practice in digital assessment could mean that
assessment is able to measure types of
learning that have previously been impossible
to make visible (such as 21st century skills).
The lack of a strong core of empirical
evidence on the value of digital assessment,
or indeed any aspects of a digital educational
environment, places organisations such as the
IB in a difficult situation. Making the best
possible judgement about the format of
assessment that will best meet the needs of
its programmes and stakeholders inevitably
needs to take place in something of a vacuum
in which many of the necessary answers
remain opaque.
To address this, however, the IB can look to
what initiatives are occurring in digital
assessment, the extent to which assessment
bodies have been able to use them to achieve
valuable purposes and the ways in which they
have been implemented. To inform this, the
reviewers considered the most innovative
approaches to assessment that are taking
place around the world. This involved
extensive research in academic and ‘grey’
literature.
One of the challenges to this research – as
well as in evolving the field of digital
assessment practice – is that many
innovations are hidden behind walls
constructed to protect intellectual property.
It is almost impossible to find any details
about innovative approaches used by many
commercial organisations, for example.
Hence, the review has focused on examples
of digital assessment where there is sufficient
information available in the public domain to
enable a clear picture of their characteristics
and the way in which they are used.

With this understanding, ‘best practice’ in
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Freely-available examples of state of the art
use of digital assessment tend to be found in
large-scale and often national or international
assessment programmes. In addition to the
open nature of these programmes, this is
often due to their ability to spread the cost
of innovation and their low stakes nature for
individual learners, allowing greater room for
experimentation.

All of these examples have elements that the
IB can learn from but, overall, the eassessment used in the IB’s MYP programme
is close to global best practice, and indeed
eclipses some of these much larger-scale
examples.

Examples from international assessments
include the use of avatar-like agents to
support the assessment of collaborative
problem solving in PISA 2015; a range of
interactive stimuli including posts from a web
forum in PISA 2018; the use of interactive
scenarios in eTIMSS 2019; the requirement
for learners to navigate a series of curated
websites in ePIRLS 2016; and the use of dragand-drop tasks in ICILS.

For digital assessment to work in harmony
with teaching and learning it is important that
there is a focus on the dynamics involved
between them. Key to these are the
participants, processes and products that
comprise them. Both backwash (the influence
of assessment on teaching and learning
practices) and forewash (the influence of
teaching and learning practices on
assessment) are mediated through a range of
variables, including teacher and learner
attitudes and experiences, access to
resources and self-efficacy. Importantly, both
backwash and forewash can be both positive
and negative influence.

From national assessments examples,
learners in Denmark have free access to the
internet during online assessments while in
Finland learners and teachers have prior
access to the testing system to enable
familiarisation. In Norway, all marking is fully
digitised, and in Scotland, a form of adaptive
assessment is used, with instant results
provided.
In English language proficiency tests, IELTS
has used a computer delivered version of its
test for some time and is currently looking
into the possibility of using videoconferencing to assess speaking skills; PTE
Academic is investigating the use of AI to
assess speech and/or writing; and speaking
and writing tasks for TOEFL are marked
through online networks.
At the same time, there is great interest in
using digital assessment to measure 21st
century skills but this has been stymied by a
lack of definition of the constructs
themselves. Nevertheless, ongoing efforts
are being made such as the inclusion of
modules on critical thinking, problem solving
and global competency in PISA.

Backwash and forewash

In pedagogy, as in assessment, there are
certainly many benefits in using digital tools.
Similarly to assessment, however, the
benefits are often different to the ambitions.
Moreover, there is little evidence for the
assumption that digital natives (whether
teachers or learners) can more easily adapt
to digitalisation than others.
The backwash of digital assessment into
teaching can put immense pressure on
teachers and they are increasingly required to
have Technological Pedagogical Content
Knowledge (TPACK) and to be digital
learning designers.
Achieving this requires a multiplicity of types
of support, resourcing, changes in
institutional cultures, scaffolding and the
understanding that there is no one-size fits all
approach. This poses interesting challenges
for the IB as it considers how best to support
teachers in its programmes, particularly in
light of its 7 year curriculum review cycle.
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Seven years is a very long time in the world
of digitalisation and many educational
practices can be transformed within this
period, potentially leading to guides becoming
out-of-date increasingly quickly. Equally,
constant innovation and change can be
profoundly disruptive to learning and
teaching and hence charting a sensible course
between the two dynamics is profoundly
important.
Resourcing digitalisation
A further consideration for the IB lies in the
resourcing that schools require for digital
teaching, learning and assessment to work in
harmony with each other. All IB schools must
have digital devices but the number, type and
capabilities of these varies significantly. This
means that teachers and learners across IB
programmes have differing access and
exposure to digital tools and modes of
learning. Tailoring support in this context
requires a deft approach.
There is extensive academic and ‘grey’
literature about the digital divide between
learners with greater access to digital tools
and those with less, and the consequences
that this can have in terms of disadvantaging
some learners in relation to others. This is a
major concern for educational bodies around
the world and is an aspect that will not be
easy for the IB to resolve. Even when learners
have equal access to devices, irregular
internet connectivity can undermine their
opportunities to use them.
Moreover, the resources (particularly in
terms of skills) required to design and
develop digital assessment that makes the
most of its promise, cannot be understated.
Moving to interactive, augmented reality,
scenario-type assessment is very attractive in
theory but the practicalities of bringing this to
reality are very different.
The skill levels required, not only in terms of
programming expertise design but also in
terms of assessment design, greatly transcend

those available within most educational
assessment bodies. Rapid developments in
educational/instructional technology mean
that skills also need to evolve continuously as
educational bodies such as the IB
continuously evolve their approaches to
digital assessment, as well as the digitalisation
of teaching and learning.
Even at the level of simple ‘paper on screen’
type assessments, a high degree of expertise
is required to develop the types of items that
can evaluate higher-order skills in a way that
both enables automatic marking and the
identification of misconceptions underlying
errors. Taken together, these understandings
point to a need for continued upskilling of IB
staff and stakeholders and ongoing debate
about how best to meet the needs of learners
and other stakeholders. They also raise
questions for the IB about who is best to fill
the roles of assessment developers going
forward.
In addition, psychometricians are required if
robust learning progressions are to be
created. While well-defined learning
progressions for domain areas – or indeed
across them – offer great potential to
support the tracking of learner’s growth, they
are not easy to develop. The research- and
practice- informed initial stages can be done
by those with a range of skills but collecting
and analysing the statistical data to validate
learning progressions requires sophisticated
psychometric approaches.
Both of these have important implications for
the IB’s overall deliberations around
digitalisation and the way that the IB
addresses this within its curriculum
documentation, curriculum review processes
and systems to support schools.
Conclusion
This review has emphasised the need for
approaches to assessment to work in
harmony with teaching and learning and to be
driven by a clear purpose around the
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enhancement of learning.
The world of digital assessment is rapidly
changing and there is enormous potential for
the IB to innovate its approach to
assessment. This includes moving to a model
in which assessment is embedded within
teaching and learning on an ongoing basis.
There are certainly a number of exciting ways
in which digital assessment can provide
positive support for teaching and learning but
moving beyond a context in which ‘new
technologies are used to do old things’ (Dolan,
2013, npn) requires a vision and learning from
the approaches already used in formative
assessment.
[This report is a shorter version of a longer
body of work that was delivered to the IB at
an earlier stage in this project. As such some
of the references included in the reference
list are not referred to in the text. The
decision has been made to keep them in this
report, however, in order to provide a
resource of relevant literature for the IB to
draw on].
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INTRODUCTION

Background
The relationship between teaching, learning
and assessment has always been a topic of
curiosity to those with a passion for
education. It is a three-way dynamic that
works best when in equilibrium, with each
component feeding into the others and with
the needs of learners central to all.
The International Baccalaureate (IB) is at an
interesting time in the use of digital
assessment, with the use of e-Assessment in
the Middle Years Programme (MYP) but
retaining
traditional
paper-and-pen
summative assessment in the Diploma
Programme.
The IB also has a unique approach to
education and key principles running through
all IB programmes include inquiry,
contextualisation of learning, learning how to
learn, community service and global
understanding. A recent IB publication states
that ‘technology should support assessment’
(IBO, 2018, 6) but further states that this
should not be done at the expense of these
principles but rather to better channel them
into practices.
As ‘digital’ is becoming regarded as an
increasingly fundamental prefix to all three
components, the dynamic is inevitably
shifting. But in order to leverage the benefits
that digital teaching, digital learning and digital
assessment can offer to enhance the quality
of learning, it is essential that one
understanding remains constant – that the
needs of learners remains paramount.
In this context, the literature review has
focused on addressing the question ‘What is
the current state of the art understanding of
digital assessment use within the future
educational landscape?’ It looks at the
contemporary context within the evolution

of key movements in education and identifies
the role that digital assessment can and
should play, and some key considerations for
the IB to address moving forward.
Approach
In this literature review we examine the key
trends shaping education in the second
decade of the 21st century and identify how
these can inform and strengthen practices
within IB programmes. We explore the way
in which notions of learning, teaching and
assessment have evolved over time and look
at how notions of assessment have both
reflected and informed ideas about learning,
particularly with relation to learning
progressions.
We consider ways in which the introduction
of digital technologies into the learning and
teaching space has transformed the
understandings
of
what
knowledge,
application, understanding, achievement and
success mean. Moreover, we look at the
impact that this has had on teaching practice.
We look at the practical and educational
benefits of the inclusion of digital assessment
(both formative and summative) into
educational activities and investigate the field
of 21st century skills, looking at evolving
efforts to measure critical elements such as
problem-solving, creativity and critical
thinking.
Throughout the review we have retained a
focus on the fundamental significance of
purpose and on finding ways to ensure that
the three components of learning, teaching
and assessment work in harmony. This means
the critical importance of retaining a clear
view of objectives in determining the form
and function of digital assessment, as well as
ensuring that there is alignment with teaching
and learning.
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Considering all of these key trends, we look
at the unique perspective of the IB suite of
programmes and considers how best the IB
can navigate the arising opportunities and
threats posed by emerging dynamics.
We consider how the IB can approach the
synthesis of new understandings of education
with its focus on inquiry- and concept- based,
contextualised, collaborative, differentiated
and assessment-informed teaching and
learning. Within the IB context, we focus on
the evolution of digital technologies –
particularly in the realm of assessment – and
discuss how the IB can move forward in a way
that best balances technological advances
with an approach that stays true to the
philosophy of the IB and its programmes.
While recognising the meta trends that are
shaping contemporary education, we
consider approaches that the IB can use to
support the day-to-day efforts of teachers
and schools to provide learners with a
supportive and enabling environment in
which to grow and thrive, and prepare
themselves for their adult responsibilities.
We do not aim to be prescriptive around
how the IB can select particular tools or
resolve how best to assess learners in specific
subjects. This is a very dynamic space and
new approaches and tools are emerging on
almost a daily basis. Nor do we set out to
suggest how the IB should approach the
assessment of particular domains.
We are also not working on the assumption
that digital approach necessarily adds value.
Poor teaching with a digital devices is still
poor teaching. And poor assessment on a
computer is still poor assessment. The
fundamentals of good education remain
constant but in the 21st century the
digitalisation of the world around us cannot
be ignored, and this clearly has important
implications for IB programmes.
Overall, we aim to provide the IB with a
review of the key considerations that need to

be brought into decisions around how best
to serve their schools and enhance learning
opportunities for learners in IB programmes.
In this literature review we set a foundation
for the other activities in this project – using
interviews, surveys and audits to explore the
current and potential role that digital
technologies can play in shaping the
relationship between teaching, learning and
assessment within IB programmes.
Methodology
The literature review has focused on three
key sources of information. First, academic
journal articles and books written by
educational researchers that reflect on the
key philosophies and movements in
education and that also report on initiatives
to enhance educational practices.
However, one of the limitation of academic
literature is the time lag. It can be several
years between research taking place and the
publication of an article reporting on it. In a
rapidly moving sphere such as digitalisation,
this means that the newest practices may not
yet be reflected.
To address this, the literature review has also
incorporated so-called ‘grey literature’ from
organisations and governments who are
engaged in relevant activities in the areas of
teaching, learning and digital assessment.
These include reports, blogs, websites,
interviews and presentations which engage
with the most contemporary movements in
education.
Finally, the literature review has also engaged
with publicly-available sample assessment
materials from organisations engaged in some
of the most innovative and forward-looking
initiatives. These include large international
bodies such as the Organisation for
Economic Cooperation and Development
(OECD) as well as some of the well-known
assessment bodies.
The researchers involved in this literature
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review undertook an approach which was
informed by a combination of their own
knowledge in this field, key word searches in
academic databases, a web search of key
organisations involved in assessment and
utilising key themes that arose in the initial
sources perused to lead them to other
important areas of consideration.
With attention to digital assessment, the
review considered a range of ways in which
this has evolved and is practiced in
contemporary education, including the
opportunities that it offers and the key design
considerations. Reviewers looked at a range
of examples of digital assessment usage in
international
assessments,
language
assessments,
in
national
assessment
programmes and in initiatives to measure
twenty-first century skills. Both academic and
stakeholder insights were drawn on to
contextualise each of these examples.
Finally, the research focused on some of the
key components of the relationship between
teaching, learning and digital assessment in
the context of best practice approaches to
education. This raised the issue of the
importance of the skills of learners and
teachers and the reviewers drew on research
to identify best practice approaches in
supporting these key stakeholders to navigate
new dynamics in educational practice.
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THE IB CONTEXT

It is important that this review is read in the
context of the IB’s four programmes and
their current approach to teaching, learning
and assessment, implemented in almost 5,000
schools around the world (IB, 2005-2018a).
This includes the programme and subject
guides that the IB creates and the range of
professional development options the IB
offers to teachers and school leaders in each
region.
The educational philosophy of the IB has been
heavily influenced by the theories of John
Dewey, A.S. Neil, Jean Piaget, Jerome Bruner,
Maria Montessori, Rudolf Steiner and Reggio
Emilia. The four programmes focus are
structured quite differently but there are
common threads running through each of
them.
The Primary Years Programme (PYP) is
designed for learners aged 3 to 12 years. It is
an inquiry based, transdisciplinary curriculum
framework, organised through a school’s
Programme of Inquiry, which includes
knowledge, concepts, skills, attitudes and
actions around six transdisciplinary themes
(IB, 2005-2018d).
The PYP provides a curriculum framework
and emphasises pedagogy, concepts and skills
rather than content (IBO, 2008, 1). The PYP
aims to equip learners to become creative,
critical and reflective thinkers who inquire
into a wide range of issues and ideas of
significance locally, nationally and globally.
Assessment in the PYP is predominantly
formative, with learners also completing an
exhibition at the end of the programme.
The Middle Years Programme (MYP) is
intended for learners aged 11 to 16 years. It
is an inquiry- and concept-based curriculum
framework consisting of eight subject groups
or curriculum areas. Each year, learners in
the MYP must participate in at least one

collaboratively-planned interdisciplinary unit
that involves at least two subject groups (IB,
2005-2018e).
There is an emphasis within the MYP to
contextualise learning and this is done
through six ‘global contexts’ (IBO, 2014).
Another unifying thread within the MYP are
the skills known as Approaches to Learning
(ATL). These skills are embedded across all
subject groups of the MYP and aim to help
learners to ‘learn how to learn’ (IB, 20052018g).
Learners who complete the MYP in years
three or four undertake a community
project, while learners who complete the
MYP in the fifth year undertake a personal
project which is externally moderated. In the
final year of the programme, learners can opt
to complete MYP eAssessment, which
enables IB-validated grades based on both the
eAssessments and course work (IB, 20052018e). Learners who do not opt to
complete eAssessments are still eligible for
school-based results. The eAssessment is
currently the IB’s only digital assessment
activity.
The Diploma Programme (DP) is a twoyear senior secondary programme designed
for learners planning on a university pathway
beyond secondary school. It is for learners
aged 16 to 19. It comprises a core of Theory
of Knowledge (TOK); an independentlywritten extended essay; and the completion
of a community project that directly
addresses creativity, activity and service (IB,
2005-2018h). Learners take six subjects at
either Standard or Higher levels.
In 2010 the IB signed an agreement with
Pamoja Education for the development and
delivery of a range of DP courses online (IB,
2005-2018i). At this stage there is no digital
assessment within the DP but there are plans
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underway to trial digital assessment in a small
number of subjects in the future.
The Career-related Programme is the
newest IB programme and it designed for
senior secondary learners who wish to study
a career focused course. Learners take at

Figure
1
Availability
eAssessments (IB, 2014, 1)

of

programmes at present, digital technologies
could easily become a more significant part of
the pedagogical frameworks and assessment
processes. The key here, however, is to
identify the extent this would better support
learners and teachers to achieve programme
outcomes.

IBMYP

least two DP subjects from any area, plus a
career related study and the CP core. The
core consists of personal and professional
skills, service activities, a reflective research
project related to their career study, and an
additional language development course.
The career related study is not assessed by
the IB but by an approved outside provider
(IB, 2005- 2018j). There is currently no digital
assessment in the CP.
While digital assessment remains
relatively limited in scope across IB

A present, the MYP has two forms of eassessments for learners who wish to receive
IB-validated grades: on-screen examinations
in Mathematics, Science, Individuals and
Societies, Language and literature and
Interdisciplinary; and assessment via eportfolios in Language acquisition, Design, Arts
and Physical and Health Education. An eportfolio is the process that schools use to
upload internally assessed coursework for
external moderation (IB 2018a, 257).
In addition, year 5 learners must complete a
compulsory e-portfolio for their personal
project, which is externally moderated.
Figure 1 illustrates the on-screen
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assessments currently in place.
A recent publication provides details about
the planned directions for IB examinations
(IB, 2018a, 6). It states: ‘’…we strongly believe
that technology should support assessment and
the move towards computerized on-screen
examinations will not change our principles; but
it may open up new possibilities in turning these
principles into practices’’.
In terms of digital assessment specifically, the
IB is currently in the process of increasing the
opportunities for learners to undertake their
examinations on-screen instead of using pen
and paper.
The IB currently conducts two examination
sessions per year. The DP and MYP have an
examination session in May for schools in the
northern hemisphere and there is also a
November examination session for southern
hemisphere schools. In 2017, 157,488
candidates sat for their DP examinations in
May (IB, 2017b) and 16,535 candidates did so
in the November 2017 examination session
(IB, 2017c).
One of the options that digital assessment
provides, as discussed here, is an alternative
approach in which assessment is ongoing, and
is built in to teaching and learning activities
throughout an academic year. This could
mean moving away from a notion of
summative vs formative assessment, to one in
which assessment throughout the year
contributes to a final grade.
There are a number of considerations for the
IB around digital assessment and the extent
to which this does, or should, align with
current practices in the digitalisation of
teaching and learning. This review aims to
inform these considerations through a
reviews of some of the broad contexts that
are of greatest pertinence in contemporary
education.
One of the key considerations for the IB is
that although its programmes operate in a
similar way in schools around the world,

schools equally need to take account of the
educational contexts in which they sit. This
includes a range of requirements and
standards which inevitably have an impact on
how IB programmes play out.
For example, the length of the MYP varies
with some schools offering years 1-3, other
just the first two years and others only years
4 and 5. This variability inevitably adds
complexity to the context in which the IB
operates and in which it develops summative
assessment.
In addition, it is essential that assessment in
IB programmes, as in any other educational
programmes both reflects and informs
learning and teaching. In the IB there is a
participatory model of both curricula review
and exam setting and the IB also provides
support to schools through training and
teacher support materials.
All of these processes and the stakeholders
involved in them will inevitably be impacted
as approaches to education across the IB
evolve, including any increase in the use of
digital assessment. This may require a
reconsideration of the way in which
processes and practices are managed and the
skills that those involved in them require.
Finally, the traditional model of assessment in
many IB subject areas involves having learners
write extended, open-ended responses on
the basis of authentic scenarios. This is a
reflection of the focus on inquiry in IB
programmes and is also a reflection of
traditional methods of assessment in many
education programmes around the world.
This approach has many advantages,
particularly in enabling the evaluation of the
ability of learners to build sustained
arguments. One significant downside,
however, is the ability of these forms of
assessment to generate data that is suitable
for data analytics.
As approaches to assessment evolve, there is

Page 20 of 64

The Relationship between Teaching, Learning and Digital Assessment – Literature Review

growing understanding of different ways to
assess skills such as, for example, inquiry and
the pros and cons of different approaches to
doing so. This is taking place in parallel with,
and partly driven by, the development of new
tools which allow for novel approaches. As
with evolutions in teaching and learning, this
requires the IB to consider how best to
approach assessment.
This is particularly the case if the use of the
most sophisticated approaches to the analysis
of assessment data (e.g. item response
theory) are desired. This requires assessment
to be able to generate particular types of data
and inevitably has consequences for the
forms of assessment that can be used.
Taken together, the unique characteristics of
the IB, together with the ongoing evolution
of approaches to education and the rapid
development of technology, pose a number
of questions for the IB. How best to navigate
these will need to be determined over time
as the IB continues its pursuit of the best
possible
ways
to
support
learner
achievement and learning. The contribution
of this literature review is to raise some of
the considerations that need to be addressed.
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THE EVOLUTION OF TEACHING,
LEARNING AND ASSESSMENT
Paying due attention to the wider context in
which the curriculum, learning, and
assessment systems are situated, what their
origins are and how they function, is not only
informative, but necessary as these wider
contexts afford us a context in which to
interpret contemporary changes.
Theories of learning and assessment have
influenced and reinforced each other over
time, with a transformation in understanding
of what happens when learning takes place
and what it means to know something (Baird,
et al., 2017).
As education has evolved there has been a
general move from ‘knowledge acquisition,
through participation, to knowledge creation’
(Klenowski & Wyatt-Smith, 2014, 3). Each of
these stages brings with it a different concept
of assessment, as Table 1 illustrates.

Table
1:
Towards
Future-Oriented
Assessment, Klenowski & Wyatt-Smith
2014, 3

Inevitably this shift has not been linear in
nature, and much education continues to
conform to a didactic model in which the
purpose of learning is acquisition and the
purpose of assessment is to identify how
much ‘has been learnt’. This model is gradually

being transcended, however, and we are now
seeing greater focus on participation and
creativity, with an associated focus on
meaning, authenticity and application.
In all of these models, key underlying
questions are ‘why learn’ and also ‘why assess’
(Rowntree, 1987). The focus on purpose
persists in contemporary education and
should be fundamental to any consideration
of digitalisation of teaching, learning and
assessment.
Three of the key themes in contemporary
learning that are important for the IB in the
context of teaching, learning and digital
assessment are: learning progressions,
ongoing assessment and the role of data
analytics and Artificial Intelligence (AI). The IB
is well placed to incorporate all of these in its
programmes.

Learning progressions
In considerations of teaching, learning and
assessment a major disrupter in educational
practice is the notion of ‘learning progressions’.
In contrast to previously widely-accepted
notions about fixed or innate learner ability,
educational professionals are increasingly
understanding that all learners make progress
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in their learning at different paces. An
understanding of learning progressions gives
rise to a focus on personalising learning
journeys (Dweck, 2015). It also highlights
new responsibilities for assessment.
Underpinning theories about learning
progressions, is the view that individual
learners can improve their learning from
whatever position they may find themselves
on the roadmap of learning. The proposition
is that all learners, with the right mindset,
effort, support, and tailored teaching, can
make a year’s progress every year and that
‘every learner is capable of making further
progress’ (Masters, 2016).
A central principle is that learners acquire a
‘growth mindset’ in order to foster gains in
achievement (Dweck, 2015). From this
perspective, ‘ability’ or ‘intelligence’ or
‘capability’ is not seen as a fixed trait in any
child, but rather all learners are able to
continue learning. There should be no
plateauing to learners’ abilities and
capabilities.
The metaphor of the roadmap is useful here
for conceptualising learning progressions
(Heritage, 2009). Learners are on a journey.
All learners can take this journey, but they
require a roadmap. At various points along
the journey, they may have to evaluate where
they have been and where they might want
to go next. They also require descriptors to
map their progress along the journey.
The role of assessment within this context
becomes that of monitoring progress and
advising both learners and teachers on next
steps. Assessment can also generate the data
required to build learning progressions to lay
out the important ideas, principles, and skills
of the domain in a sequence that represents
how competence in a domain develops
(Hayward et al., 2018; Jackson & Turner,
2018; Mosher & Heritage, 2017).
Learning progressions are of interest in the
context of the IB, in that the structure of its

programmes are ones that would be
relatively easily able to incorporate learning
progressions. Depending on how the IB
chooses to frame, or even adopt, learning
progressions this could allow for a very
different model in IB programmes.
For example this could lead to a flexible and
evolutionary nature of learning in IB
programmes that would allow learners to
move through the curriculum at different
speeds, increasing competences in different
areas of learning as they progress.
It is often thought that the adoption of
learning progressions could allow education
to break away from age-bound grades. This is
indeed possible in theory but in reality it is
also essential to consider the importance of
the social dimensions of learning and of the
value of peer relationships. The reality is also
such that a break from age-bound grades
must be considered within current
qualification models for assessment where
the goal is to work with systems of
accreditation and recognition.
One of the key assumptions of learning
progressions is that regular data is available
to shed light on learner’s progress. This
points to a need for ongoing assessment –
not in terms of regular formal examinations
(although this is certainly one approach) but
more in terms of assessment being an
everyday part of teaching and learning.
Ongoing assessment
Assessment is often defined in mutually
exclusive ways – for example formative and
summative; or assessment for learning, of
learning or as learning, are common
distinctions. There is a growing realisation,
however, that assessment has multiple
purposes – for multiple stakeholders - which
often have to be satisfied simultaneously
(Klenowski & Wyatt-Smith, 2014; Newton,
2007).
Alternatively,
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sometimes collated in the literature to
suggest there may be one overriding purpose
that contains multiple sub-purposes, for
example, Masters (2013, 6-7) describes: ’… a
simple unifying principle; namely, that the
fundamental purpose of assessment is to
establish where learners are in their learning at
the time of assessment’.
A focus on learning progressions changes
considerations around assessment and
highlights the need for it to be embedded in
teaching and learning as an ongoing activity.
This enables a regular flow of insights to
teachers and learners to guide next steps.
As Heritage (2009, 5) suggests, the
fundamental role of assessment is increasingly
being understood as moving on from the ‘past
to present models’ of the past that
concentrated
on
accountability
and
certification, to the provision of empirical
insights to enhance teaching and learning, or
‘present to future models’.
In the context of IB programmes, other than
in the PYP, the current focus is very much on
formative and summative assessment.
Formative assessments is seen as something
that happens in schools and between
teachers and learners while summative
assessment is regarded as something
externally mediated by the IB to make a
judgement about the candidate (IB, 2018a).
The distinction is highlighted by the shift in
nomenclature here - from learner to
candidate. Moreover, the IB identifies how
formative and summative assessments are
used differently (IB, 2018a). The differing
dynamics of the two assessment processes
are conveyed as follows: formative
assessment is portrayed as inclusive,
consultative, iterative and continuous;
summative assessment is independent,
evaluative, definitive and once off.
As the IB emphasises, however, it is vital that
all assessment has integral links to teaching
and learning and that summative assessment

should not just be ‘an activity conducted after
learning has taken place’ (IB, 2018a, 45). This
indicates that a model of ongoing assessment
should be easily adopted within the IB,
bringing together the purposes currently
understood as formative or summative to an
approach which focuses on giving learners
the information they require to advance in
their learning.
Within this, Rowntree’s 5 dimensions of
assessment (why assess, what to assess, how
to assess, how to interpret, how to respond)
(1977) remain paramount, as does a
requirement to ensure validity, reliability,
fairness and feasibility.
Data analytics
One of the interesting areas of innovation in
education are the possibilities wrought by the
use of data analytics, which can be considered
as a renaissance (Hill & Barber, 2014) or part
of an ‘an emergent reality’ (Cope & Kalantzis
2016, 13), a situation that is already with us,
but one where the journey has barely begun.
Data analytics and the use of artificial
intelligence (AI) opens up the increased
ability to collect evidence on learning. This
includes: identifying misconceptions; the
ongoing availability of empirical evidence; the
ability to record interactions, hence opening
up the possibility of measuring 21st century
skills such as collaboration; and new
opportunities in data analytics to inform
learning resource design.
Such capabilities immediately highlight the
importance of the relationship between
learning, teaching and assessment, and ways
in which it can be reconfigured. The greatest
potential is for personalised learning - directly
targeting resources to meet the individual
needs of learners.
Significant potential lies in the ability of
technology to take on some of the roles
traditionally played by teachers. While
automated marking of multiple-choice type
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assessment items is already very common,
automated marking of essays and of speech
are already beginning to be used at what is
currently the cutting edge of contemporary
assessment.
Moreover, the recommendation of resources
based on assessment outcomes, computer
adaptive testing to pinpoint a learner’s
strengths and weaknesses and give them
progressively easier or harder assessment
items, and virtual worlds that challenge
learners to solve problems, are already in
existence.

Ultimately the benefits of data analytics need
to be weighed against these important
considerations.
Digital underpinnings
The three key themes identified here –
learning progressions, ongoing assessment
and data analytics– hold out great potential to
enrich the educational offerings within IB
programmes, as they do in other educational
systems. But doing so in a context which
continues to rely on hand-written
assessments, will prove nigh-on-impossible.

In this, as in the other key themes, the IB is
uniquely well placed to leverage the value
offered by data analytics. Arguably, the
network of schools around the world that
offer IB programmes form an enormous
ecosystem. With the right approach this
ecosystem could be drawn on to generate
dynamic insights into teaching, learning and
assessment that could support improvements
in learning and teaching around the world.

Reflecting the digitalisation of human
interactions, professional practices and global
markets, education is in an interesting
position in relation to digitalisation. On the
one hand, digital tools are increasingly
mainstream in teaching, learning and
assessment. On the other hand, the purpose
of the use of digital tools in education remains
somewhat unresolved.

Leveraging data analytics would allow
educational activities within IB programmes
to focus on setting high expectations for
learners and fostering and nurturing a
growth-mindset in learners while supporting
forward-looking curricula that enable
personalisation and the nurturing of 21st
century skills (Masters, 2013).

As EdTech grows in its reach and significance,
more and more questions are being asked
about its impact on education and the extent
to which it adds value to teaching and learning
– or does not. Indeed, when technological
tools are integrated into educational
practices (regardless of their level of
sophistication) the question ‘to what end’
needs to be asked.

Learning analytics could also provide
individual learners with the insights they need
to enable targeted support and progression
at different rates, while teachers can push
aside some of the burden of administration in
order to become dynamic activators and
coaches.
This potential does, however, have to be
couched with a degree of caution about
ethical issues. There are concerns around the
extent to which it is socially desirable to be
measuring and collecting data on everything
that learners do and the way in which this
could drive undesirable impacts on learners.

As notions of learning, teaching and
assessment have progressed over time, so
have the ways in which they are transacted. It
is easy to forget how recently, and how
quickly, digitisation in education has grown.
For example, the first use of the word
MOOC was only a decade ago (Stommel,
2015). Inevitably, digitisation of education has
occurred in a step-wise manner over a
lengthy trajectory (Cox 2018; 2013).
As technologies have evolved over time they
have gradually progressed from ones that
enable static or instructive affordances (in
which information is transmitted one way) to
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those that enable collaborative and
productive affordances, allowing flexible
representations to be adjusted and shared
(Bower, 2008).
Digital technologies allow for the blending of
learning and assessing so that learners can be
assessed as they interact with learning
materials, and provided with step-by-step
feedback to assist with their learning. Digital
technologies enable communication and
collaboration across electronic networks,
locally and globally.
In this context, ‘digital’ refers to electronic
technologies that generate, store and process
data. This includes video, film, multimodal
texts, podcasts, voice recognition, sketching
programs, animation, scientific calculators,
graphic calculators, and music-writing
software programs. Devices include mobile
phones with their wealth of functionality, 3D
printers and scanners, as well as computers,
tablets and other digital equipment.
As with prior technology, there is a tendency
to be distracted from the purpose of the use
of devices in teaching, learning and
assessment and instead to focus on their
functionality. But the only value of digital
technologies lies in how they are used and in
their ability to ‘make educational opportunities
possible’ (Blundell, Lee & Nykvist, 2016).

give teachers time and space for ‘invention,
reflection and sharing’
Driving positive change
As this section of the literature review has
highlighted, a number of the key trends in
contemporary
education
–
learning
progressions, ongoing assessment and data
analytics – are greatly facilitated by a digital
setting. And yet ‘digital for its own sake’ is not
a positive direction for education to take.
Hence, a key consideration for the IB is how
to best chart a forward direction for its
programmes that optimise the potential that
digitalisation have to offer, but does so in a
way that enables the IB to fulfil its philosophy
and objectives, including that of inclusivity.
The IB now incorporates digital assessment
in its MYP summative assessment, although
schools can choose whether or not to sign up
to this mode of assessment. In order to
support discussions within the IB about the
future for digital assessment within its
programmes, the following section considers
good practice in digital assessment and the
implications that this has for the IB’s ability to
support positive backwash into teaching and
learning.

In line with this, previous research into the
use of technology in IB programmes
suggested that as digitalisation grows,
attention needs to continue to be paid to the
purpose and to the goal of enhancing learning.
For example, Cooker, Crook and Ainsworth
(2010) identified the danger of focusing on
technology use per se, rather than pedagogy
through technology.
Similarly, Bergeron (2014, 54) identified that
in PYP documents, technology is a ‘vehicle for
supporting learning and not a singular tool to be
mastered’. Cooker, Crook and Ainsworth
(2010, 91) further noted that the big
challenge in technological integration is to
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DIGITAL ASSESSMENT
In the context of constant evolutions in the
education space, digital assessment can be
seen as an exemplar of all that the
digitalisation of education has to offer, and
where it can go wrong. The issues involved
present important lessons for the IB in how
it innovates assessment practices while
maintaining a firm hold on the purpose of
assessment and keeping the needs of its
constituents in mind.
This section reviews digital assessment from
a number of perspectives – its evolution over
time, the opportunities it can offer, digital
assessment design and approaches to
educational innovation. It identifies key
considerations for the IB, and recognises the
need for a focus on the purpose of
assessment.
It is important to note the use of the term
‘digital assessment’. This term encompasses
assessment that is delivered through a range
of digital devices but that does not necessarily
require an internet connection.
Crucially, the notion of ‘best practice’ in digital
assessment cannot be separated from the
notion of ‘best practice’ in assessment. Digital
assessment is simply assessment using digital
tools. As this section identifies, the rapidly
evolving nature of digital technologies means
that scholarly work to identify the impact on
learner’s achievement and learning has not
been able to keep up.
Hence, the arena of digital assessment is very
much an evolving one in which identification
of those technologies that can support
enhanced forms of assessment is ongoing. In
this context, this section looks at how digital
assessment has evolved over time, how it is
used around the world, digital assessment
design and the implications for the IB

The evolution of digital assessment
Classical methods of assessment involved the
use of a paper question form and handwritten
responses. This has been the dominant
format of assessment throughout much of
the history of education and – globally remains so today. Gradually, however, digital
assessment has begun to gain a foothold, not
only due to the widening availability of
technology, but also due to the benefits that
it can offer.
Digital assessment can be defined as ‘the
presentation of evidence, for judging learner
achievement, managed through the medium of
computer technology’ (NZQA, 2015, npn).
Importantly, this should not be taken to be
synonymous with online assessment, as
internet access is not a requirement for
digital assessment, with the focus instead on
hardware, software and networks.
Other common terms for digital assessment
are ‘on-screen assessment’, ‘e-assessment’ and
‘technology enhanced assessment’.
An attempt to characterise the likely
evolution of digital assessment was made as
far back as 1989 when Bunderson, Inouye and
Olsen (1989) predicted four generations of
computerised educational measurement,
namely:
 Generation 1: Computerised testing
(administering conventional tests by
computer);
 Generation 2: Computerised adaptive
testing (tailoring the difficulty or
contents or an aspect of the timing, on
the basis of examinees’ responses);
 Generation
3:
Continuous
measurement (using calibrated measures
to continuously and unobtrusively
estimate dynamic changes in the
learner’s achievement trajectory);
 Generation 4: Intelligent measurement
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(producing
intelligent
scoring,
interpretation of individual profiles, and
advice to learners and teachers by
means of knowledge bases and
inferencing procedures).
As Redecker and Johannessen (2013) suggest,
the first two generations are now relatively
common - the challenge faced currently is to
transition to Generations 3 and 4. This points
to a future in which data analytics and
personalisation are likely to become
increasingly mainstream.
Digital assessment has evolved since the
1970s when Computer-Based Testing (CBT)
began to be introduced (Burkhardt & Pead,
2003). As the cost of digital technologies has
fallen, and the benefits of including
multimedia tools and of automatic marking
has begun to be recognised, digital
assessment
has become increasingly
common, particular in large scale
assessments where its logistical convenience
is of a significant benefit (Klerk, 2012).
For much of its evolution, however, digital
assessment has looked, and performed, much
like traditional pen and paper models. The
format of assessment items (as assessment
experts refer to questions) has remained
largely the same, with learners either
responding to multiple choice items by
clicking on one of a selection of options or by
typing a response to an open-ended item.
Beyond the skills to type rather than
handwrite, and to be able to use the
computer, there has been very little impact
on the experience of learners. This
overwhelmingly remains the case today.
Where the impact has been significant
however, is for the entities responsible for
assessments. Depending on how it is
implemented,
digital assessment
has
numerous advantages over pen-and paper
assessment in terms of costs, security, ease
of marking responses and flexibility. Although
any form of assessment has its detractors,
these benefits have made digital assessment

highly popular with various education
systems, and in particular it is widely used in
large-scale assessment.
In the 2000s, developments in digital
assessment
began
to
incorporate
Computer Adaptive Testing (CAT). This
is a new paradigm in digital assessment in
which it is possible to alter the level of
difficulty of an upcoming item depending on
the response of a candidate to a previous
item (Papanastasiou, 2003).
Due to the level of sophistication required,
however, CAT remains relatively limited in
scope and – where it is used (for example in
the
Scottish
National
Standardised
Assessments) – it is often done using a
modular approach. Moreover, CAT is not
suitable for open-ended responses such as
essays and other descriptive type responses
(Clarke & Dede, 2010).
Artificial Intelligence (AI) is able to
overcome the latter challenge (Chung and
Baker, 2003) through the use of Natural
Language Processing (NLP) to analyse and
compare open-ended responses, hence
enabling a combination of essays and short
response items in CAT (Looney, 2009).
Beyond summative assessment, AI is also able
to interrogate data collected in teaching and
learning systems in order to provide learners
with real-time feedback. This helps educators
and learners to identify areas for
improvement and pathways towards
improvement (Knight, 2009).
A further development in digital assessment
is in the evaluation of 21st century skills
such as critical thinking, problem-solving and
teamwork/collaboration (Ananiadou & Claro,
2009). In theory, digital assessment may
provide opportunities for both developing
and assessing these skills (Bennett, 2001;
Mislevy et al, 2001).
In the last decade or so, digital technologies
have opened up some possibilities for
increased complexity, sophistication and
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intellectually-challenging assessments. There
are pockets of research where investigations
are being undertaken into how digital
technologies may assist with the assessment
of multimodal observations (e.g. classroom
interactions, collaboration, interviewing
skills), and content-based constructedresponses such as mathematical equations
(O’Leary et al, 2018).
The assessment of 21st century skills is,
however, problematic as the constructs
themselves remain relatively vague, inhibiting
the development of assessment instruments
that can truly be proven to measure the skills
that they claim to measure. One approach
that may help overcome this is the advances
in Virtual Reality (VR).
When applied in a learning environment, VR
can provide the opportunity to immerse
learners into a real-world environment in
which they are, for example, required to
problem solve in collaboration with other
learners. This can be used to measure skills
in communication and collaboration or
provide the opportunity for the simulation of
a real-world application of an experimental
procedure (Psotka, 2013; Reiners, Gregory &
Dreher, 2011).
For example VR has been used in the
assessment of emergency medical students
(McGrath et al., 2017) and to measure
cognitive load among Japanese learners
(Hashimura et al., 2018).
Gamification is another trend in digital
assessment, as well as in teaching and
learning. Gamification allows a range of
complex situations to be simulated for both
individuals and groups to engage with
(Ifenthaler at al., 2012).
Again, this provides the potential for
assessing 21st century skills and for presenting
learners with real world situations in which
they are required to apply their skills and
knowledge. In both VR and in games, every
move, interaction and decision can be

tracked, producing a rich seam of data that
can diagnose strengths and areas for
improvement.
Gamification of peer-assessment has been
shown to increase the quality and quantity of
evaluations (Tenório et al., 2017) while
gamification can also enable data to be
collected on learner anxiety, boredom and
flow in relation to performance, as Ketamo
et al. (2018) have shown by using SmartKid
Maths.
One of the more recent advances in digital
education is the use of Avatars – 3D
computer animated characters who can
interact with learners. Avatars can be used
for supporting teaching and learning as well
as assessment (Adamo-Villani & Dib, 2016)
and Avatar-like approaches have been
incorporated in PISA to assess problemsolving and collaborative capabilities (Conley,
2015). Avatars have also been used in other
education contexts, such as to evaluate
communication skills among medical students
(Kava et al., 2017).
While it is easy to get excited by the potential
that CAT, AI, VR, gamification and avatars
have to offer, the reality is that the majority
of digital assessment currently in existence
does not make use of any of these. Instead,
as identified above, much digital assessment
looks very much like paper-and-pen based
assessment.
Opportunities of digital assessment
The common approach to digital assessment,
also referred to as ‘paper on screen’ simply
substitutes a computer screen for a test form
and learners respond by clicking on, or typing
in, their answer. Substitution of this kind does
not involve any functional change.
Paper on screen is often referred to as the
substitution component of the SAMR
framework devised by Puentedura (2006)
(the other elements are Augmentation,
Modification and Redefinition). It is important
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to note, however, that the SAMR model has
only limited application in education as it
does not consider purpose but only form,
and in education, purpose is of critical
importance.
The reason for the dominance of ‘paper on
screen’ in digital assessment around the world
lies in its simplicity – it is relatively
straightforward and cost effective to simply
replace a paper-based test with the same
format on screen. ‘Paper on screen’ tends to
be the first step in digital assessment, for
example it is regarded as the ‘transition’ phase
by the New Zealand Qualifications Authority
and the IB refers to this as a ‘starting point’
for on-screen assessment (IBO, 2018a)
While ‘paper on screen’ is probably the most
common form of digital assessment, it misses
many of the benefits that digital assessment
can deliver. This brings us back to the
purpose of assessment. If the use of
digitalisation is to enhance education within
the IB – add value for learners and teachers,
deepen inquiry, enhance globalisation and
better prepare learners for the future – there
are big questions around whether a ‘paper on
screen’ approach is adequate.









When digital assessment is used as a way to
add value to the learning-teaching-assessment
cycle, it is able to offer a range of benefits.
For example, Timmis et al (2016) present
eight distinct areas of opportunity that may
enhance assessment:




New
forms of
representing
knowledge and skills - text, image,
video, audio, data visualisations and
haptics (touch). Such new tools allow
assessments to be designed in different
forms and for achievements and
progress to be documented differently
(e.g. e-portfolios, virtual worlds and
immersive environments, breaking
simulations using haptics).
Crowd sourcing and decisionmaking
opportunities
in
assessment - there is the potential to





provide learners with new or alternative
decision-making
opportunities
in
assessment (e.g. peer- and selfassessment, use of electronic voting,
ranking methods and crowdsourcing of
grades in schools).
Increasing flexibility - the potential
for assessment to be less time critical
and location specific. (E.g. assessments
can take place in multiple locations and
over different timescales).
Supporting
and
enhancing
collaboration - digital technologies can
support collaborative learning and
assessment practices (e.g. co-evaluation
and peer-to-peer assessment).
Assessing complex problem solving
skills - new opportunities to assess
more complex skills, such as hypothesis
testing, role-playing and problem-solving
through the use of simulations and
immersive environments (e.g. the
SimScientists project, EcoMuve, Quest
Atlantis).
Enhancing feedback to learners improving the quality of feedback and
the way in which it is delivered, is critical
to improving the use of assessment for
learning. (E.g. using of online discussion
tools, immersive environments and
social media such as blogs and wikis;
novel forms of feedback for individuals
and for groups of learners, through
interactive or rich media elements,
stealth assessment where feedback is
integrated into learning activities).
Innovation
in
recording
achievement - the use of online badges
accreditation system (e.g.
Mozilla’s
Open Badges Infrastructure).
Exploiting learning analytics combining different datasets to provide
aggregated assessment data. The
interrogation of increasingly large and
complex data sets about an individual
learner can be used to understand their
needs better.

In many education programmes, these
benefits are more often seen in formative
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rather than in summative models of
assessment where there is more flexibility for
experimentation and for models of
assessment (such as peer and self-evaluation
as well as group work) that do not need to
generate a single grade or mark for individual
learners.
Truly leveraging the opportunities that digital
assessment can offer to enhance learning and
teaching requires not only technological
advances – many of which are already in place
– but also paradigm shifts among educators as
their roles evolve. Importantly, it also
requires ensuring that digital assessment does
not deepen the divides that already exist
between different groups of learners. In
addition, digital assessment raises a number
of practical consideration (Oldfield et al.,
2012):
 Digital proficiency of teachers and
learners:
 Availability of digital devices;
 Collection and use of feedback to
support learners to improve (Draper,
2009);
 Ability of teachers and learners to use
data to inform practice (Goldstein,
2012) ; and
 Ethical issues around the collection,
usage and storage of data (Facer, 2011,
2012).
Digital assessment design
The potential value that lies in digital
assessment is only able to be optimised if
assessment tasks themselves are welldesigned. This means that the starting point
should be not the functionality of a digital
system but the purpose of the assessment.
Two points about the design of assessment
tasks are important. First, Masters (2013, 67) urges educators, assessment designers,
and policymakers not to make too much of
the possible differences in assessment tasks
and focuses instead on the purpose of
assessment itself.

Rather than beginning with a belief that some
methods of assessment are intrinsically
superior to others, this principle recognises
that the most appropriate method(s) in any
assessment context are those that provide
the most practicable, valid and reliable
information about where learners are in their
learning.
Second, whilst there is no doubt that the
design of assessment tasks is of critical
importance to the quality of information that
is elicited from them, it is useful to remember
that the assessment procedure itself has no
intrinsic value of its own. Instead, what is vital
is the inferences that are made - with
assessment tasks merely vehicles to gather
useful information (Masters, 2014a).
As such, digital assessment should be
regarded as a means to an end, not an end
in itself, with a focus on the value of the
insights that can be drawn from it (Cronbach
& Meehl 1955; Messick, 1989). Moreover, it
is important to emphasise that ‘assessment’ is
not synonymous with ‘examination’. Instead,
there are many potential ways of assessing
learners’ skills and knowledge beyond
examinations.
In terms of assessment items, in 2009, Scalise
developed a taxonomy of 28 different types
of digital assessment items which incorporate
those with differing degrees of openness or
constraints (from multiple-choice options to
fully open essays) and differing degrees of
complexity. From most constrained to least
constrained, item types are: multiple-choice
questions (MSQ); selection or identification;
rearrangement or reordering; substitution or
correction; completion; construction and,
finally, presentation.
In terms of complexity, the simplest MCQ
would be one with true or false response
options, while the most complex would be
one using new media distractors. For
presentations, the least complex would be
one presenting a project and the most
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complex would be one presenting a diagnosis
or teaching something. For something that is
now a decade old, there are clearly
limitations to the coverage of the taxonomy,
but it remains one of the most
comprehensive.
More recently, efforts to list item types
include the following identified by Digital
Chalkboard (2018): Technology-enhanced
items: where learners use technology to
respond to an item, for example dragging and
dropping text; reordering text or highlighting
text; and Performance tasks: where learners
have to apply their skills and knowledge to
respond to complex real-world problems.
Bearing the enormous array of opportunities
in mind, the IB’s approach to assessment
design needs to return to the key points
around purpose and insights. This implies a
need to carefully consider the role that
assessment (whether digital or not) plays
throughout IB programmes. While much of
the focus (other than in the PYP) is on
summative assessment in order to
demonstrate achievement, this does not
mean that the structure of examinations that
is currently in use is a requirement.
Instead, deep thought needs to be given to
the role that assessment can play in enhancing
IB programmes beyond an end-ofprogramme grade and beyond leaving
formative approaches up to schools and
teachers. Instead, a consideration of the
needs of learners, and the best way to
prepare them for their future lives, can
usefully drive a debate around the form and
function of assessment.
There are many ways in which to achieve the
purpose of assessment, that go beyond the
common duality of closed and open response
tasks. Assessment tasks can include for
example, multiple-choice questions, shortconstructed responses, extended responses,
essays, reports, journals, case studies,
examinations, vivas, portfolios, research
assignments, performances (e.g. dance,

musical
performance,
presentation,
exhibition) and artefacts (e.g. paintings,
products, designs).
Crucially, the choice of task needs to be
driven by consideration of what insights into
learner proficiency it is able to elicit, and the
value of these insights to inform teaching and
learning practices. While digital assessment is
a focus here, another element to be carefully
considered is whether – in light of the
purpose of a particular assessment – paperand-pen, digital tools or other formats are
most suitable to achieve the ultimate goal.
Managing innovation
One of the key issues in digital assessment,
and in the extent to which it is able to
positively influence teaching and learning, lies
in how innovation is managed. The education
sector has been burnt by enthusiastic uptake
of failed innovations too often, and the
challenge of digitalisation is in being
innovative in a cautious way.
Innovation is often considered as the use of
something new but in education it is more
usefully conceptualised as ‘the successful
introduction of a new thing or method’ (Brewer
&Tierney, 2012, 15). Innovations in education
often drive efficiency, and this is equally the
case in digital assessment. But driving
enhancements in the quality or value of
learning is a more fundamental – indeed
essential – goal.
One of the challenges in educational
innovation is that evidence of successful
application elsewhere can be difficult to find,
with empirical evidence of success often
unavailable and best practices not widely
disseminated (Polikov, 2017). Two particular
challenges are that firstly trials are often too
small to be generalizable, and secondly, much
of the technology behind digital assessment is
subject to proprietary protection.
These factors mean that the education sector
tends to lack understanding of how learners
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learn in a digital environment. For example,
measures such as learning outcomes and selfassessment
can
indicate
whether
digitalisation has led to positive outcomes
(Serdyukov, 2017) but its impact on learning
processes is often poorly understood.
There are, however, useful sources of
insights into innovation. For example
European Schoolnet (2019) use rigorous
research methods to develop innovative
educational tools and resources which are
then tested in order to arrive at results that
can be effectively mainstreamed. Their ‘Living
Lab' seeks evidence for the effective use of
technology in schools and highlights the
implications for using technology in teaching
and learning (Marcus 2012; Morais et al.,
2004). A key focus of research should also be
the way in which learning activities using
technology can best be implemented
(UNESCO, 2013).

Page 33 of 64

STATE OF THE ART DIGITAL
ASSESSMENT EXEMPLARS
As the previous section has noted, despite all
of the talk about AI, VR and avatars, much
digital assessment is ‘paper on screen’ in
nature. This is partly because the cost of using
anything more innovative can be prohibitive
but also because the appetite for taking risks
in the world of assessment is often
constrained by the more pressing demands of
reliability, validity and the high stakes of
summative examinations.
This needs to be understood further in a
context in which there is very little empirical
evidence of the impact of digital assessment
on learners. While the notion of ‘best practice’
in assessment has had decades of research to
identify beneficial approaches, the relatively
limited amount of digital assessment that is
used, the conservative nature of the formats
that are employed and the reluctance of
educational bodies to take risks combines to
a context in which ‘best practice in digital
assessment’ has yet to be determined.
In this context, the notion of what constitutes
‘state of the art’ digital assessment remains
extremely opaque. Literature focuses on
initiatives in digital assessment but not on
subjecting these to robust critique. The field
is too immature for any conclusions to be
drawn about what does and does not work.
Moreover, the small scale of most studies –
sometimes with only a handful of learners –
has not enabled the development of a robust
empirical analysis of existing evidence.
In the absence of definitive insights into the
benefits or disadvantages that digital
assessment implies for learners, this review
focuses on the use of digital assessment in
large scale assessment activities.
The most fertile ground for innovation tend
to lie in these large-scale assessments, often
at the international level, and in those

conducted by prominent examination boards
for practical reasons - at a global scale, the
costs of using innovative approaches to digital
assessment can be spread across countries.
Moreover, the fact that much large-scale
assessment is low stakes for learners (albeit
high stakes for countries) means that there
tends to be more appetite for risk-taking. In
addition the relatively lengthy assessment
cycles provide time and space for innovation
that can be squeezed out in other assessment
contexts.
The advantages of reviewing these digital
assessment activities here are twofold. First,
the assessment instruments tend to be
subject to lengthy periods of gestation in
which large numbers of education and
assessment experts are able to have input.
This means that the approaches used have
not just been designed in isolation but have
been debated and critiqued from many
different angles. This offers the resulting
assessment instruments the best chance of
being ‘state of the art’ in the current context.
Second, the assessment tools used are
developed by the world’s leading assessment
experts. These are organisations who have
been developing assessment over many
decades and who have some of the foremost
global experts in assessment design to hand.
Their access to the world’s best know-how
and experience means that their digital
assessment designs are likely to be as good as
it is currently possible to achieve.
It should be noted, that even in the case of
prominent digital assessment there remains a
paucity of research to definitively identify
what works well and what is able to lead to
enhanced experiences and outcomes for
learners.
Nevertheless, the examples provided below
are of direct relevance to the IB since the
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enormous scale of its assessment activities
(particularly in the Diploma Programme)
mean that there is scope for incorporating
many of the innovative practices. Indeed, the
approach used in the Middle Years
Programme on-screen assessment already
mirrors many of the innovative approaches
described below.

results at the level of individual learners, or
schools (Tobin et al., 2015). Important work
has been done to develop new technologybased forms of digital assessment, including
for national assessments of ICT literacy
(Ainley et al, 2012) and international
assessments of digital reading (Thomson &
De Bortoli, 2012).
PISA

International assessments
The 1990s and 2000s saw the arrival of three
major international testing programs:
 The International Association for
Evaluation of Educational Achievement
(IEA)’s
Trends
in
International
Mathematics and Science Study (TIMSS)
(introduced in 1995);
 The
Organisation
for
Economic
Cooperation and Development (OECD)’s
Programme for International Student
Assessment (PISA) (introduced in 1997);
and
 The IEA’s Progress in International
Reading
Literacy
Study
(PIRLS)
(introduced in 2001).
These have since been supplemented by two
more IEA studies, the International Civic and
Citizenship Education Study (ICCS) and the
International Computer and Information
Literacy Study (ICILS). Meanwhile the OECD
also carried out the Assessment of Higher
Education Learning Outcomes (AHELO)
Feasibility Study between 2010 and 2012.
National testing programs, such as the No
Child Left Behind Act (2001) (introduced in
2002) and the Race to the Top reforms
introduced in 2010 in the United States of
America (USA), and the National Assessment
Plan ‒ Literacy and Numeracy (NAPLAN)
introduced in 2008 in Australia, are smallerscale,
national
iterations
of
these
international testing programs.
The main rationale for large scale
assessments
is
education
system
accountability, and they tend not to provide

Digital assessment has been used in PISA
twice – in 2015 and in 2018. In 2015, a
module on collaborative problem solving was
included. The Assessment Framework for
this module includes tasks such as ‘The
Aquarium’ and ‘Class Logo’ which introduce
the use of avatar-like characters that enable
learners to engage in collaborative problem
solving in order to design and make
judgements (OECD, 2018).
Learners are required to engage in a typed
discussion with two other characters (or
agents): one who represents behaviour that
is supportive of collaboration and another
who represents behaviour more associated
with someone who is unsupportive of
collaboration.
These tasks are designed to measure
collaborative skills such as discussing
perspectives, collaborative interaction to
solve problems, communicating with team
members and negotiating meaning. This is an
example of one of the most advanced forms
of digital assessment that has been
implemented on a large scale.
In 2018, PISA incorporated digital assessment
for the second time, following its use in 2015
when it was used to assess collaborative
problem solving. This involved the inclusion
of stimuli about a real situation and a series
of multiple-choice and short constructed
response tasks linked to each one.
In contrast, in tasks for the science
assessment such as the ‘Bee Colony Collapse
Disorder’ unit presented learners with a text
and graph and the ‘Fossil Fuels’ unit
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presented learners with a diagram of carbon
cycles, a short text and a graph (OECD,
2015) which are more traditional forms of
digital assessment.
In 2018, PISA focused on reading and
released items (OECD 2018) include the
‘Chicken Forum’ unit which presented
learners with posts from a web forum and
again gave learners a series of multiple choice
and short constructed response tasks.
Another unit, ‘The Galapagos Islands’,
presents a context in which learners are
reviewing a website, with similar question
types. While attractive and stimulating, these
items are similar to the type of items that the
IB uses in its MYP on-screen assessment.
TIMSS
In 2019, TIMSS is commencing a transition to
a digital format, with around half of
participating countries choosing e-TIMSS and
the other half using the traditional paperbased test. The digital version includes
problem solving and inquiry tasks which aim
to have learners apply their knowledge of
mathematics and science to real world
problems. As the IEA (2018a, npn) states,
these tasks:
‘involve visually attractive, interactive scenarios
that present learners with adaptive and
responsive ways to follow a series of steps toward
a solution … which learners find … engaging and
motivating … [and which] may provide
information to help improve instruction’.
While sample items from e-TIMSS are not
available at the time of writing, the
description indicates that the approach is
similar to the one used in MYP e-assessment.
PIRLS
The introduction of eTIMSS follows the
introduction of ePIRLS in 2016. Similarly to
eTIMSS, ePIRLS focuses on using engaging
authentic tasks, this time in the domain of
reading (IEA, 2018b). Interestingly, e-PIRLS

involved learners being required to navigate
to a set of curated websites in order to assess
how well they are able to integrate
information. This approach is not currently
used in the IB’s e-assessment but could be
considered as a valuable tool in subjects such
as history, literature and social studies.
The IEA is also planning to offer the 2023
sitting of the ICCS in a digital version (IEA,
2018c) and the ICILS focuses on digital
literacy and the ability of learners to use
computers to investigate, create, and
communicate in order to participate
effectively at home, at school, in the
workplace, and in the community (IEA,
2018d).
ICILS
The ICILS uses a range of item formats across
a spectrum of complexity, including the more
traditional multiple choice and constructed
response tasks, as well as drag and drop tasks
and tasks that require learners to generate a
digital product using multiple software
applications (IEA, 2015).
Taking all of these examples of large-scale
assessment together, it is interesting to note
the range of approaches used towards digital
assessment, from the use of avatar-like agents
to much more traditional ‘paper on screen’
type assessment tasks. While the scale of
these assessments means that they are able
to utilise innovations that may be out of the
reach of many education programmes, they
inevitably exert an influence on the way in
which the digitisation of assessment evolves.
Moreover, there is a move to align national
assessments internationally. Adams, et al.
(2018) make the case for the development of
‘global learning progressions’ in various fields as
a reference points for individual nations, and
others (presumably organisations), to use as
a basis to interpret their own devised tests
(rather than necessarily using a single, crossnational test such as TIMSS).
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National Assessment Programs

way and this has met with broad support
(International Education News, 2016).

A number of countries use digital assessment
in their national assessment programmes. It is
not possible to include examples of all of
these here so those with particular relevance
to the IB context are included here.
Denmark uses digital assessment for all of
its ten national tests, with 800,000 tests
completed each year (Thonbo, 2017). These
are marked automatically and are adaptive in
nature in that difficulty of items adjust to
learner performance. Upper-secondary
assessment is also digital and this facilitates
digital distribution of tests, digitally supported
marking and digital delivery of marks. The
digital assessment tools allow learners to
have free access to the Internet, something
that the MYP e-assessment does not
currently do.
In Finland, the Digabi project was started by
the Matriculation Examination Board in 2013
and involves the gradual adoption of digital
assessment starting with German, geography
and philosophy in 2016 and leading to all
examinations being digital in 2019 (Kimmo,
2017).
To prepare learners and teachers for the
format of the matriculation examinations,
they are able to access the test system that is
used. This is an important model for the IB to
use going forward, expanding on the prior
access of learners to the MYP e-assessment
and also in considering a step-wise approach
to any expansion of digital assessment.
In Norway, the Norwegian Directorate for
Education and Training (UDIR) conducts
national standardised assessments in the 5th,
8th, and 9th grades (Aranbarri, 2019). The
assessments were first implemented in digital
format in 2004, at which point education
stakeholders raised a number of concerns
about digital assessment – particularly in
relation to its use for schools’ accountability.
As a consequence, the emphasis was placed
on informing teacher practices in a formative

At present all elements of assessment –
authoring, piloting, delivery and scoring – are
digitally delivered and emphasis is placed on
accessibility requirements for all learners.
This example is interesting for the IB in that
early concerns from stakeholders first had to
be overcome before a unified digital system
could be developed.
In New Zealand there is a push to make
assessment more relevant to the way in
which learners have learned and to
encourage the development of personalised
learning pathways. To this end, the New
Zealand Qualifications Agency (NZQA) uses
the slogan ‘digital first’. This refers to the
desire for assessment to be designed for
digital devices rather than adapted to them,
with an emphasis on usability and
accessibility, online marking and the
generation of data to inform teaching and
learning.
The aim is to have the National Certificates
of Educational Achievement (NCEA)
(national qualifications for senior secondary
school learners) online by 2020, with trialling
ongoing and an intent of going beyond simple
‘paper on screen’.
Interestingly, however, the NZQA has
emphasised that if the current technology is
unable to provide a good experience for
learners, they will keep trialling rather than
rushing to introduce it, reporting that ‘if the
teaching and learning is not typically digitally
enabled, then we will consider the wisdom of a
digital examination in that subject’ (Poutasi,
2018, 7).
This is an interesting insight for the IB as it
indicates that there needs to be alignment
between the digitalisation of teaching and
learning and assessment in particular subjects
before digital assessment should be
introduced.
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In Scotland, the Scottish National
Standardised Assessments (SNSA) are
adaptive, online standardised assessments for
all learners in Scottish state schools in
Primary years 1, 4 and 7 and Secondary year
3. The SNSA is part of the National
Improvement
Framework
and
the
assessments are designed to support
teacher's professional judgement and
monitor learner progress.
Teachers can administer the assessments at
any time during the school year. Schools can
generate instant diagnostic reports for
individuals and groups of learners. This model
is an interesting one for the IB to consider as
teachers have control over when to
administer the assessment and the tools are
specifically designed to provide teachers with
an instant diagnostic report to inform their
teaching practices.
Another interesting characteristic of the
SNSA for the IB to consider is the fact that
the adaptive nature of the assessments means
that each learner follows their own pathway
through the assessments and avoids facing
items that are either too difficult or too easy
resulting in a more satisfying experience for
the learner.
English Language Proficiency Tests
Another international sphere of assessment
in which digital assessment is widely used is
in English language testing. Again, this is
partly due to the enormous scale and global
reach
of
English
language
testing.
Interestingly, the approach to digital
assessment in English language testing is much
more conservative than the approach used in
PISA, for example, likely reflecting the
extremely high stakes nature of these
assessments. Three main tests are:
 International English Language Testing
System (IELTS)
 Pearson Test of English Academic (PTE).
 Test of English as a Foreign language
(TOEFL).

IELTS was established in 1989, with a
computer delivered version introduced in
2016 in 20 countries for test takers requiring
a UK visa, and is now increasingly
widespread. IELTS states that there are ‘no
differences in content, test timings, structure,
marking, question types, security, speaking test or
test report form’ (IELTS, nd, p3), indicating that
this is basically ‘paper on screen’.
There are tools available in the digital version
that would also be accessible to those taking
a paper test, including highlighting facilities,
the ability to make notes, turn pages and
return to previous questions. At present,
IELTS speaking tests are always face-to-face
with an IELTS Examiner although researchers
are exploring whether video-conferencing
could be used (Nakatsuhara et al., 2017).
PTE Academic was launched in October
2009 and is fully computer based (Pearson,
2017b; Pearson 2011). Unlike the IELTS and
TOEFL, in PTE the writing and speaking
sections are combined. Pearson is looking
ahead to ways to leverage digital tools,
including the incorporation of artificial
intelligence, ‘using machine learning to build
systems and algorithms which accurately and
speedily assess a person’s speech or samples of
their writing’ (Booth, 2019, npn).
Since its inception in 1964, the TOEFL test
has evolved from a paper-based test to a
computer-based test and, in 2005, to an
internet-based test, requiring the integration
of receptive and productive skills (Norris,
2018). A review of publicly released test
questions (ETS, 2015) indicates that while the
TOEFL may be delivered digitally the format
of the items are largely ‘paper on screen’, with
the advantages lying in the efficiency of
scoring writing and speaking through online
networks and an automated scoring system
(ETS, 2018a).
The examples of IELTS, PTE Academic and
TOEFL are instructive for the IB in that they
indicate the degree of caution that is being
used in high-stakes digital assessment, even
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where the scale is enormous, with benefits
more linked to efficiencies in implementation
and marking and not in innovation in the
format of the assessment tasks themselves.
Assessing twenty-first century skills
As previously mentioned, one of the potential
benefits of digital assessment is the ability to
assess twenty-first century skills such as
creativity, critical thinking and problem
solving, which are notoriously difficult to
assess (Beller, 2013; Riggio, 2014; Shute,
Leighton, Jang & Chu, 2016).
21st century skills remain difficult to both
teach and assess (Scoular, 2018; Lamb et al.,
2017), largely because the constructs
themselves remain vague and poorly defined.
Nevertheless, many education systems
incorporate 21st century skills in mission
statements and curriculum documents (Care
et al., 2017) and this supports Tucker (2018)
argument that it is important to measure
what we deem important, regardless of the
difficulty of doing so.
In a summary of their work on assessment of
21st century skills, the Partnership for 21st
Century Learning (P21) suggest that a
combination
of
technology-enhanced,
formative and summative assessments are
required to measure the development of 21st
century skills.
There are a number of commercially and
freely available products that schools can use
to measure certain 21st century skills. One
approach is to combine a 21st century skill
with subject knowledge. For example, the
online ACER General Ability Tests (AGAT)
are designed for learners in year 2 to year 10
and assess verbal, numerical and abstract
reasoning (ACER, 2019).
In terms of assessing creativity, a range of
approaches are taken. Some examples
include
observing
the
exploration,
involvement, enjoyment and persistence of
early-grade learners during class (Robson,

2014); a sixth grade instrument of nine tasks
to measure divergent thinking (Pásztor,
Molnár, & Csapó, 2015); and a gamified
assessment using artificial assessment to
identify creativity and critical thinking (Fittes,
2018).
In terms of assessing critical thinking and
problem solving, PISA incorporated a
problem-solving unit in 2012 (OECD, 2014).
This used simulated real-life problem
situations, such as an unfamiliar vending
machine, or a malfunctioning electronic
device, and measured learners’ reasoning
skills, ability to regulate problem-solving
processes, and their willingness to do so. It
involved exploring interactive items in an
online environment and the OECD suggested
that ‘a paper-and-pencil assessment of problem
solving could not have measured the same
construct’ (2014, 33).
In terms of assessing collaboration, ongoing
work is continuing to identify what this
construct actually involves, and how it can be
assessed. Wright et al. (2013, 12) define it as
‘a social process of knowledge building that
requires learners to work as an interdependent
team towards a clear objective resulting in a welldefined final product, consensus, or decision’.
In the Assessment and Teaching of 21st
Century Skills (ATC21STM) project, Griffin &
Care (2014) undertook a research and
development
plan
that
included
conceptualization of collaborative problem
solving. This involved definition and
identification of sub-skills, as well as
development of a method for its assessment.
The assessment task they designed
incorporates both the cognitive and social
aspects of collaborative problem solving, and
ability to generate formative feedback for
teachers to identify levels of ability and
support tailoring of instruction.
Another 21st century skill that could be
considered is global competence or
global citizenship (UNESCO, 2015) (also
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termed as a cosmopolitan disposition
(Richardson, 2017)). A review of assessment
instruments to measure this construct (Singh
& Qi, 2015) identified that this is an underresearched area with only a very limited
number of assessments.
In 2018, the OECD’s Programme for
International Student Assessment (PISA)
introduced a global competency assessment
(OECD, 2018). This assessment looks at how
15-year-olds
can
critically
process
information on key sustainability issues. They
are required to use and connect multiple
sources of evidence, identify biases and gaps
in information, and manage conflicting
arguments. The test also assesses learners’
capacity to recognise other’s perspectives
and the factors that might influence them.
Ensuring learners are prepared for the world
of work in the digital economy has
connections through curriculum areas such
as Health and Physical Education. Hendry et
al., (2018) released a roadmap entitled ‘YeS
Project educator guide’ which provides an
overview of research in young people’s digital
cultures. Digital culture terms of interest to
this curriculum project include ‘social norms,
values, ideas and practices that relate to the
internet, social media and technology.’ This has
implications for all programmes and all
subjects.
Taken together, all of these initiatives have
implications for the IB. First, to recognise that
the assessment of 21st century skills is a work
in progress, something that the IB can make
an important contribution to due to the focus
of its programmes. Second, that while digital
tools can offer ways to measure 21st century
skills, the focus should be on the purpose of
the assessment and consideration given to
whether ongoing project- or task- based
approaches may be a more suitable means of
assessing 21st century skills than a model in
which digital assessment is used in a
summative way.
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CONNECTING DIGITAL ASSESSMENT
TO LEARNING AND TEACHING
In the first section of this review the need for
teaching, learning and assessment to work in
harmony was identified. Considerations of
digital assessment hence have important
implications for digitalisation of teaching and
learning.
While it is important for the IB to understand
the dynamics between these three
components, it is equally important to
identify the ways in which assessment
practices need to draw on approaches to
teaching and learning used in IB programmes.
This section looks at the relationship
between these three elements.
Backwash and forewash
Returning to the critical interaction of
teaching, learning and assessment, it is well
known that the form of assessment has a
profound impact on teaching and learning.
Alderson and Wall (1993) suggest that the
format of assessment is likely to influence
teaching and learning in terms of approaches,
content, prioritisation, sequencing and depth
of focus.
Hughes (1994, 2) places the spotlight of the
backwash effect on three constituents: the
‘participants’, ‘processes’, and ‘products’ of an
educational system:
 Participants
include
classroom
teachers,
learners,
educational
administrators, textbook developers,
and publishers.
 Processes refer to ‘any actions taken by
the participants which may contribute to the
process of learning’, such as materials
development, syllabus design, changes in
teaching methodology, the use of Testtaking strategies, etc.
 Products refer to ‘what is learned and
the quality of the learning’.

As the works of Alderson and Wall, and of
Hughes suggest, backwash is multifaceted and
the agency of a range of variables beyond the
assessment are likely to shape its influence
(Tsagari, 2007). Importantly, these include
teacher and learner attitudes and
experiences and the social context.
The notion of backwash has important
implications for the digitalisation of teaching,
learning and assessment, but it would be
wrong to assume that it is a one-way process.
Instead, assessment designers are inevitably
influenced by their experience in teaching and
learning, and hence the integration of digital
tools into classrooms practices is likely to
influence the form of assessment (or, at the
very least, expectations around assessment).
Therefore ‘forewash’ is a phenomenon that
should not be neglected.
Beyond linear backwash and forewash, an
important challenge for the IB is to consider
the possibility of unintended or unpredicted
consequences of assessment. It is vital for the
IB to navigate the ways in which assessment
can influence whole-school teaching and
learning systems and structures to see if the
assessment is truly beneficial, and is in
harmony with teaching and learning.
Digital
assessment
pedagogy

and

digital

If digital assessment is to influence, or be
influenced by, teaching and learning, then it is
important to unpack some of the
misconceptions
that
surround
the
relationship, and indeed the digitalisation of
education, more broadly.
There is much focus on the transformational
ways in which digital technologies can be used
in teaching and learning. As with digital
assessment, however, the reality tends to be
quite different to the ambitions.
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There is certainly much discussion in the
literature of the advantages that digital
pedagogies can lead to. These include:


The scope for more learner centred
approaches and greater personalisation
of learning (FitzGerald et al., 2017;
Yarbo et al., 2016);



The enhancement of learners’ critical
thinking skills (Yarbo et al., 2016;
Baylor & Ritchie, 2002; Hopson, Simms,
& Knezek, 2001);



The ability for learners to develop
different ways of thinking (Scanlon,
Anastopoulou, & Kerawalla, 2012;
McCabe & Meuter, 2011);



An increase in the opportunity for
learner collaboration and group
work (Gokhale & Machina, 2018; Inan,
Lowther, Ross, & Strahl, 2010; Waxman
& Huang, 1996);



The ability of teachers and learners to
receive instant feedback (Tancock, et
al., 2018; Caldwell, 2007).



The capacity of learners to engage in
informal learning through games
(Iacovides, Aczel, Scanlon, Taylor, &
Woods, 2011).



The value of learning analytics for
informing approaches to learning and
teaching (Nussbaumer et al., 2015;
Hernandez-Lara,
Perera-Lluna
&
Serradell-Lopez, 2018; Vieira, Parsons &
Byrd, 2018).

All of these are certainly incredibly valuable
in their potential to enhance the value of
teaching and learning activities and to engage
learners. What is important to question,
however, is the extent to which the potential
in each of these is drawn out in practice.
Unfortunately there is considerable evidence
that the aspirations for the digitalisation of
teaching, learning and assessment outlined in
the literature too often fall short of their
goals. An important reason for this is the key

role that teachers and learners play in
mediating digital approaches.
Digitalisation and teachers
Interestingly, the literature of backwash of
digital assessment on teachers often focuses
on practical benefits, such as freeing teachers
up from some of the administrative burdens
of implementing and marking assessment to
spend more time on teaching and learning
(McKnight et al., 2016; Smith & Gray, 2016).
When positive backwash is discussed in
terms of impact on teaching and learning, this
tends to emphasise the impact on classrooms
in which learners have their own digital
devices and hence have access to technology
in class. In this context, methods used in
digital assessment can be echoed in the
classroom, facilitating some of the benefits
highlighted above.
In this context, for example, teachers are able
to use the example set by digital assessment
to model and support digital learning, as well
as actively manage learners’ use of technology
(Murray, Luo, & Franklin, 2019). Moreover,
they can encourage cognitive processes that
stimulate inquiry and deep learning (Glassett
& Schrum, 2009).
An important implication of these examples
for the IB is the reliance on learners having
access to digital devices in the classroom,
raising questions about how this can be made
possible in under-resourced schools.
The potential negative impact of digital
assessment onto classrooms without digital
devices readily available is currently
underexplored.
Beyond access to resources, learner and
teacher attitudes, skills and comfort with
technology is often discussed as critical in
ensuring that there is positive backwash from
digital assessment to digital teaching and
learning. It is common for assumptions to be
made about so-called ‘digital natives’ and their
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easy accommodation of the digitalisation of
education.
Assuming that certain cohorts of teachers,
particularly those new to the profession who
would be regarded as ‘digital natives’, are
comfortable to integrate digitisation into
their teaching (or, indeed, that non digital
natives are less comfortable) is erroneous
(Gill et al, 2015).
For example, studies show that regardless of
their comfort with digital tools such as social
media and positive beliefs in technology,
teachers lack experience and confidence in
using digital resources in the classroom
(Evers et al., 2018; Buzzard et al., 2011; Lei,
2009).
Moreover, even when teachers are
impressed by the positive impact of digital
pedagogy on learners’ skills and engagement,
they may not go on to implement this in their
teaching (Dogan & Robin, 2008). This may be
because they perceive it as potentially too
difficult to use (Rientjes et al., 2014).
For digitalisation of education to be
successful, and to truly add value to teaching
and learning, it needs to be carefully selected
and mediated. Thus the role of teachers is
critical. Inevitably, therefore, digitalisation of
education has a profound impact on the skills
and knowledge required by teachers, and the
support
and
professional
learning
opportunities that they need.
The research of Mishra and Koehler (2006)
on
Technological
Pedagogical
Content
Knowledge (TPACK), a framework for
teacher
knowledge
for
technology
integration has been widely cited as a useful
basis for focusing professional learning in this
area. The focus on TPACK builds on the
construct of pedagogical content knowledge
(PCK) developed by Shulman (1986) and
emphasises the need for interactions
between the three bodies of knowledge of
pedagogy, content and technology.

Achieving this requires both experience and
professional learning, as well as the agency to
take risks and (sometimes) to fail. It can be
difficult for teachers to ‘stay ahead of the
curve’ (King et al, 2016, 8), particularly since
the pace of technological change is so rapid.
Increasingly, teachers are called on to be
designers, not only of analogue but also of
digital learning materials (Kali et al, 2015).
This is often done individually through trial
and error and critical reflection followed by
customisation. Support such as teamwork,
process guidance (including source materials
and task templates) and a shared vision
‘stimulate teachers to apply their (technological
pedagogical content) knowledge, especially when
tackling new topics’ (Kali et al., 2015, 174).
McKenney et al. (2015) identify that teacher
design knowledge can be thought of as a
combination of their knowledge base,
productive beliefs, repertoire for action,
ability to consult those more experienced
and understanding of design work more
broadly. In addition, it requires the ability to
judge ‘which ideas and processes make the most
sense under certain circumstances, at certain
points in time, with certain people’ (McKenney
et al., 2015, 190). Supporting these needs
requires a multiplicity of responses and there
is no one-size fits all approach.
While teacher skills in integrating digital
technologies are critical, research suggests
that ‘wide-scale transformation of teacher
practice and digital learning remain unrealized’
(Blundell et al., 2016, 535). Challenges include
those that are external, including access to
digital resources, access to technical support,
access to professional learning opportunities
and institutional cultures.
Challenges can also be intrinsic, including
attitudes to innovation, pedagogical beliefs
and self-efficacy, with suggestions that these
are ‘the true gatekeepers’ (Gill et al., 2015,
539). Gunn and Hollingsworth (2013) found
that sustained input in the form of extensive
professional learning opportunities, the easy
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availability of digital tools and a culture that
encourages teachers to take risks, are
required for teachers to gain expertise and
confidence in the integration of digital
technologies.
In addition, teacher background plays a
significant part in their approach to the
integration of technology. Those teachers
who are most comfortable with technology
are able to integrate it seamlessly but others
require a greater deal of support and the
ability to receive advice from more
knowledgeable colleagues (Ruggiero & Mong,
2015). Moreover, teachers need the space to
constantly adjust their use of technology
based on their own reflections and how
learners respond.
Where integration of digital tools has been
found to have a positive impact on teaching
and learning, there tends to be active
leadership and management support,
pedagogical and technical support for staff
and solid staff development (Whitelock &
Brasher, 2006) Individuals who champion
tools and practices have also been seen as
important to success (JISC, 2010) as had a
clearly established pedagogic need (Beevers
et al., 2011).
Scaffolding is essential in any learning, and this
includes in introducing learners and teachers
to digital pedagogies. The use of AI can help
through the analysis of education data which
supports personalised scaffolding, such as
through
the
EDUCATE
Educational
Technology (EdTech) programme (Luckin &
Cukurova, 2019).
Together, these findings have important
implications for the IB. If the IB considers the
use of digital assessment, teaching and
learning to be important in the achievement
of the goals set for IB programmes, then what
kind of support should the IB provide to
schools? And what should the IB promulgate
as the purpose of digitalisation?
Is it a question of leaving approaches to digital
teaching, learning and formative assessment

up to schools while the IB’s main
responsibility is to focus on the possible
expansion of digital approaches to summative
assessment? Or does the IB need to provide
teachers and programme coordinators with
targeted support to ensure that they are able
to mediate the digitalisation of education in
their schools?
As Kirschner (2015, 321) suggests:
‘teachers as professionals […] need to be
professional learners and to function as
researchers into their own practices. Their initial
and continuing training must equip them to learn
and work as co-researchers and co-designers of
the technology and tools they want and need to
use ... The key to this is the dynamic interaction
between the respective networks, communities
and actors involved in the knowledge chains in
the practice of education’.
One of the challenges for the IB lies in the 7year curriculum review cycle, during which a
whole number of new opportunities and
challenges is likely to arise regarding the use
of technology. This indicates the need for the
IB to provide teachers with TPACK
resources that are parallel to the programme
and subject guides that teachers use.
Nevertheless, the more recent IB guides do
indicate a shift in focus in approaches to
learning. For example the latest PYP: From
Principles into Practice (2018) set of
documents has the most detailed exemplars
of ATL skills, including emphasis on: digital
and non-digital critical and ethical information
and media literacy skills; communication
using a range of digital technologies and
media in different contexts; and using
technology effectively to manage time and
tasks.
Since these approaches to learning are both
cross-curricular and cross-programme skills,
there is clear scope in this area for the IB to
showcase teaching and learning of digital
technology knowledge and skills that are
already embedded in the written, taught and
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assessed curricula.

closed response items.

Resourcing digitalization

Going beyond ‘paper on screen’ approaches,
however, does require significant investment.
The fundamental reason why the majority of
digital assessment remains in the realm of
‘paper on screen’ is that innovation costs
money.

Debates around the pros and cons of digital
assessment, teaching and learning tend to
take place in something of an echo chamber
in which one of the key determinants can
easily be overlooked, and this relates to the
resources needed for, and financial
restrictions around, facilitating digitalisation.
At present, schools delivering IB programmes
must have in place ‘teaching and learning [that]
incorporates a range of resources, including
information technologies.’ (IB, 2010/2016a, 16)
and schools are required to confirm that
‘there are appropriate information technology
facilities to support the implementation of the
programme’ (2010/2016a, 22).
This means that there should be no schools
taking IB programmes in which no digital
devices are available, but there are
nevertheless likely to be many schools in
which the notion that all learners have digital
devices for personal use in the classroom is
simply not the reality. Nor can it be assumed
that all teachers have personal digital devices
to use in planning their teaching or that all
classrooms are equipped with projectors and
digital devices.
In this context the IB needs to tread very
carefully in its support and advice to schools.
If it is determined that digitalisation does
confer benefits to learners and teachers that
cannot be achieved without digital devices,
then how prescriptive should the IB be in
setting requirements for schools? There is no
‘right’ answer to this and every education
system and programme around the world has
to identify what is most appropriate within a
given context.
In terms of digital assessment, there are
certainly cost savings to be made in putting all
assessments online, taking away the need to
ship examination materials around the world
and facilitating the automatic marking of any

The costs of developing simple elements such
as static graphics alone can be prohibitive if
there is not sufficient scale to make this
worthwhile.
Moving
to
interactive,
augmented reality, scenario-type assessment
is very attractive in theory but the
practicalities of bringing this to reality – in
terms of cost and skills required – are simply
beyond the budgets of most assessment
bodies.
Hence much of contemporary research
around digital assessment is into the areas
that could generate further cost savings –
such as in automated assessment of speech
and extended written responses – rather
than in how a digital environment can be
better used in more fundamental ways, such
as to assess learners’ higher order or 21st
century skills, or to provide teachers with
valuable insights.
In addition, while much is made of the ability
of digital assessment systems to provide
automatic results to learners and diagnostic
data to teachers, this depends entirely on the
way that digital assessments are built.
A high degree of expertise is required to
develop the types of items that can evaluate
higher-order skills in a way that both enables
automatic marking and the identification of
misconceptions underlying errors. This
therefore demands both up-front investment
in capacity development and ongoing training.
It is essential that these kind of
considerations are part of the IB’s overall
deliberations around digitalisation.
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CONCLUSION

This review has provided a foundation for the
IB in its considerations about the role of
digital assessment in its programmes, and its
relationship with teaching and learning. It has
emphasised the need for approaches to
assessment to work in harmony with teaching
and learning and to be driven by a clear
purpose around the enhancement of learning.

CONCLUSION

The world of digital assessment is rapidly
changing and there is enormous potential for
the IB to innovate its approach to
assessment. The way in which contemporary
lives and professions have been transformed
by digitalisation has to be taken into account
by any educational body interested in helping
to prepare learners for their future lives.
Equally important is that the key ways in
which education is being reshaped are taken
into
account.
These
include
the
understanding that all learners are on their
own learning pathways and that mapping out
their next steps requires empirical evidence
about where they currently are and where
they need to go. This means that assessment
is increasingly being understood as something
that is embedded within teaching and learning
and is very much an ongoing activity.
As the review has affirmed, any desire to rush
headlong into the digital transformation of
education needs to be tempered by a range
of considerations: cost and resources;
teacher skills and attitudes; the availability of
assessment expertise within the IB; current
practices in teaching and learning, and a
careful consideration of the way in which the
use of digital technologies can enhance
educational practices. This is particularly
important in a world where there is a paucity
of evidence of impact of digitalisation on the
quality of learning.
There are certainly a number of stimulating
ways in which digital assessment can provide

positive support for teaching and learning and
there are exciting developments in digital
assessment on a regular basis, with
opportunities of virtual reality, gamification
and the use of avatars yet to be optimised.
Equally, the fact is that most digital
assessments that are currently used have not
yet strayed far from ‘paper on screen’ in which
‘new technologies are used to do old things’
(Dolan, 2013). This is largely a consequence
of the high cost of creating more advanced
forms of assessment and it is noteworthy that
where innovations have been implemented
this has largely taken place in contexts in
which the scale of assessment can justify the
expense involved.
Moreover, when the format of items used in
digital assessment is considered, there is little
evidence of a great leap into new
functionality, despite the wide array of
possibilities available.
Formative assessment tends to be regarded
as possessing greater scope for innovation
since the stakes are lower and there is the
possibility of including collaborative work and
a range of ways of capturing insights into
learner performance such as e-portfolios
(Yang et al., 2017), peer review (Colbeck et
al., 2014) and social media (Cochrane et al.,
2015). In high-stakes examinations, however,
there is much less appetite for moving away
from what is tried and tested.
The implication for the IB, then, is how best
to ensure that its assessment practices, just
as much as teaching and learning practices,
reflect the underlying and unique purpose of
its suite of programmes with their focus on
inquiry, trans-disciplinarity, 21st century skills
and global-mindedness. In this context it
would seem that the IB has a responsibility to
consider how to enhance its assessment
practices, going beyond what other
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educational programmes currently accept.
As the first Director General of the IB, Alec
Peterson, made clear in 1971, a fundamental
responsibility rests on the IB. That is to
ensure that assessment ‘assesses the whole
endowment and personality of the pupil in
relation to the next stage of his life’ (quoted in
IB, 2018c, 7). Arguably, in the 21st century it
is no longer possible to do this with pen and
paper tests. Equally, the ‘whole’ learner is not
likely to be described in a single set of final
examinations. Hence the consideration of
ongoing assessment that draws on some of
the advantages that digital technology offers
seems like a sensible approach.
The other key consideration for the IB,
however, is the extent to which innovation in
assessment meets the needs, and
appropriately guides, its large number of
stakeholders around the world. As this
review has emphasised, there needs to be
synergy between assessment, learning and
assessment. While all IB schools are required
to have digital devices this does not mean
that all learners in IB programmes have equal
opportunities to learn digitally, and nor that
all teachers are up to speed with learning
design.
The notion of backwash and forewash
indicate that digital tools used in assessment
need to both encourage greater digitalisation
of teaching and learning, while also reflecting
the practices currently used in classrooms.
This is complex in a situation in which
practices in schools are thought to vary
considerably. Returning to Alec Peterson, it
is important that backwash from assessment
does not ‘distort good teaching’ (quoted in IB,
2018a, 7) or distract from the important
purpose of learning.
This brings us to the other key component of
any shift to greater digitisation of assessment
within the IB – the need to provide support
to teachers as demands on them increase,
particularly in terms of digital learning design.
This means a consideration of the role that IB

does, and should, play in supporting teachers
in IB programmes to enhance their skills.
Practice tells us that teacher learning is not a
linear process and nor is it influenced by
single actors. Instead, it is a multi-faceted and
multi-agent process that is not yet fully
understood and the IB’s approach needs to
be designed with that in mind. Moreover, the
ability of schools to resource and embrace
digitalisation of teaching and learning will
continue to shape what is possible.
In many ways the answers lie in the formative
assessment practices of teachers in IB
programmes around the world. These often
remain unseen and unremarked but they are
a powerful resource in thinking about ways
to leverage digital tools in order to bring
teaching, learning and assessment into
greater harmony, and to enhance the value of
an IB education for learners. As Dolan (2013)
suggests, the critical challenge ahead of
educators is to find the best ways to ‘harness
the potential offered by digitisation for the benefit
of learners’.
For the IB, useful future research will include:







an in-depth look at which approaches to
teachers support and training across IB
programmes yield the most sustained
results in enhanced practices;
an evaluation of current practice in data
analytics across IB schools and how this
could be enhanced;
a review of approaches to supporting a
growing understanding of learning design
across IB stakeholders;
research into optimal approaches to
multimedia design; and
research into the cognitive impact of
using digital devices for teaching,
learning and assessment on learners/

Moreover, if good practices are to be shared
across the IB ecosystem, then optimal ways
of sharing examples of what works in
different programmes and curricula areas will
be important, with the IB Educator Network
a good basis for this to take place.
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