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Abstract: This paper proposes a framework to support the use of digital formative assessment in
higher education. The framework is informed by key principles and approaches underpinning
effective formative assessment and, more specifically, by approaches to formative assessment that
leverage the functionalities of technology. The overall aim is to provide a structured conceptualisation
of digital formative assessment that supports the planning of lectures and other teaching and learning
activities in higher education classrooms. At the heart of the framework, as presented in this paper,
is a 12-cell grid comprising 4 key formative assessment strategies (sharing learning intentions and
success criteria, questioning and discussion, feedback, and peer- and self-assessment) crossed with
3 functionalities of technology (sending and displaying, processing and analysing, and interactive
environments). These functionalities of technologies are used as the basis to integrate digital tools
into formative assessment for effective teaching and learning processes. For each cell in the grid, an
exemplary digital formative assessment practice is described. This paper highlights the framework’s
potential for enhancing the practice of digital formative assessment and its significance in light of the
ongoing digital transformation. This paper concludes with suggesting a programme of research that
might be undertaken to evaluate its utility and impact in higher education contexts.
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1. Introduction

Conceptual tools and frameworks to date in the literature have lacked clear visual
support and high-level guides for educators as to how they can plan their lectures effectively
based on digital formative assessment. Thus, frameworks are needed to help educators
engage in pedagogical planning for their unique classroom environments. This paper
attempts to address this gap and help educators intentionally use digital tools and formative
assessment strategies to promote effective formative assessment. We seek to help educators
engage in pedagogical planning by proposing a framework to help overcome a variety of
challenges, such as knowing when and how to provide effective feedback [1,2].

Formative assessment has been defined as any classroom process that seeks to gather
and use information about the current status of student learning with the intention of
identifying what needs to be done to progress learning [3]. Digital formative assessment
refers to formative assessment approaches that utilise “all features of the digital learning
environment” to support the assessment of student progress [4]. However, problems
remain about how to draw on concepts from both these areas—digital technologies and
formative assessment—so that educators can both conceptually and practically use the
elements that are often presented with different emphases in these two works. Hence, we
review some key research here to attempt to first make these ideas accessible to the general
reader before going on to address the gap of how to integrate digital formative assessment
and bring specific elements of that research together through a conceptual framework. The
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proposed framework in this paper hence supports the use of digital formative assessment
in higher education and is informed by key principles underpinning effective formative
assessment and, more specifically, approaches to digital formative assessment that enhance
teaching and learning in higher education. In presenting a set of 12 exemplar practices as
part of the framework, the intention is that it will help practitioners conceptualise, plan, and
implement digital formative assessment in higher education classrooms. In this paper, we
use digital technologies as a broad term to cover digital learning environments including
virtual learning environments, although in some cases, the former can be a subset of the
latter. Through their functionalities, we point to what a teacher can practically do in any
technological environment.

This paper draws on the outcomes of a research project funded by the European Com-
mission under Erasmus+, which was designed to enhance of the use of digital technologies
for the assessment of transversal skills in Science, Technology, Engineering, and Mathemat-
ics (STEM) at the post-primary level (see www.atsstem.eu, accessed on 3 February 2020).
The digital formative assessment framework developed to support this project [5] is repur-
posed in this paper for use in higher education contexts.

This paper is organised into four sections. Following this introduction, the recent
literature is examined in a non-systematic way [6] to present a review on how formative
assessment and digital formative assessment are being conceptualised across different
educational contexts and the efficacy of different strategies and approaches that might be
used to implement digital formative assessment. The literature review serves to highlight
an important gap in terms of what is required to enhance the practice of digital formative
assessment in higher education. In Section 3, the digital formative assessment framework
is introduced and explained. Next, an in-depth discussion is presented on the possible
contributions of the digital formative assessment framework for enhancing the practice of
digital formative assessment, including how it might be conceptualised and implemented
in the support of teaching and learning. After discussing why to use this framework, this
paper concludes with the potential implications for higher education, including related
exemplars that can be implemented in higher education and the programme of research
that might be undertaken to evaluate its efficacy in different higher education contexts.

2. Formative Assessment and Digital Formative Assessment in Higher Education
2.1. Formative Assessment and Its Strategies for Effective Implementation

Following the publication of a seminal work by Black and Wiliam in 1998 highlighting
the impact of formative assessment on learning [7], much of the research conducted on the
topic in the intervening years has been focused on primary and post-primary education
(e.g., [8]). Wiliam and Thompson proposed five key strategies to conceptualise formative
assessment [9]:

1. Clarifying and sharing learning intentions and criteria for success;
2. Engineering effective classroom discussions, questions, and learning tasks;
3. Providing feedback that moves learners forward;
4. Activating students as instructional resources for one another (peer assessment);
5. Activating students as the owners of their own learning (self-assessment).

Wiliam and Thompson believed that these five strategies can help establish where the
learners are and where they are going in their learning as well as help establish what needs
to be done to get them there [9]. That said, the literature supporting the use of formative
assessment in higher education began to appear in the early 2000s, with commentators such
as Yorke claiming that formative assessment had the potential to support the development
of students’ employability through developing a range of skills, understandings, and
personal attributes that employers value [10]. Others such as López-Pastor and Sicilia-
Camacho identified further benefits of formative assessment that included increasing
student motivation, creating more responsible and autonomous learners, and developing
lifelong learning strategies [11]. Nicol and Macfarlane-Dick advocated that formative
assessment, particularly feedback as one of the formative assessment strategies, should

www.atsstem.eu


Educ. Sci. 2022, 12, 823 3 of 12

be used in higher education to level up the understanding of learning and assessment
and empower learners to take control of their own learning [12]. The five strategies were
also used in higher education by many other researchers. For example, Klapwijk and van
den Burg investigated the impact of including students in sharing and clarifying learning
intentions related to 21st century skills in primary design and technology education, where
they detected no research to be available [13]. The researchers found that this formative
assessment strategy supports self-evaluation and feedback uptake when used in the context
of real-life design projects. Jiang investigated how teachers used questioning as a formative
assessment strategy to improve students’ thinking and language learning as well as inform
decision making in Chinese tertiary institutions [14]. Based on the findings, the researcher
recommended the use of higher-order questions as well as recall questions to improve
learning. The paper also recommended applying group discussions more frequently to
give an opportunity to each student to express their ideas. Various researchers researched
the importance and implementation of feedback [15–17] and found that effective feedback
can mainly improve student learning and learning motivation. Iglesias Pérez, Vidal-Puga,
and Pino Juste explored the relationship between formative evaluation of the lecturer and
students’ self- and peer assessments [18]. While the researchers found strong agreement
between peer and lecturer assessment, they identified moderate agreement between self-
and lecturer assessment, meaning that peer assessment has a higher validity and reliability
than self-assessment. Iglesias Pérez, Vidal-Puga, and Pino Juste highlighted the need for
conceptual clarification in relation to peer and self-assessment in higher education [18].

Significantly, the researchers mentioned in the previous paragraph, and others such as
Medland [19], also highlighted several challenges for formative assessment in higher edu-
cation, many of which resonate with those discussed by Bennett in the school context [20].
Of particular note is the lack of teacher knowledge and experience in the implementation of
formative assessment (including the practices of formative assessment) and the lack of stu-
dent experience in it. For example, López-Pastor and Sicilia-Camacho highlighted the need
for further conceptual clarification around formative assessment in higher education [11].
Furthermore, the lack of teachers’ knowledge and planning in using formative assessment
was also mentioned by Gikandi, Morrow, and Davis [2].

These studies show us that although there is research using feedback as a formative
assessment strategy, other strategies are less studied. Furthermore, the lack of teacher
knowledge on how these strategies can be used and their planning of lessons using different
formative assessment strategies point us to the need for a framework that can help educators
engage in pedagogical planning.

2.2. Digital Tools to Use for and the Ways to Integrate Them into Digital Formative Assessment

Not surprisingly, the extent to which technology can be used to support formative
assessment has been a feature of the literature with, for example, Luckin, Clark, Avramides,
Hunter, and Oliver [21] and O’Leary, Scully, Karakolidis, and Pitsia [22] highlighting its
potential to improve the efficiency of many aspects of it. Following a review of 32 studies
published since 2010, McLaughlin and Yan highlighted two benefits of digital formative
assessment: (1) a knowledge and achievement benefit resulting from more immediate
and targeted feedback and (2) a complex cognitive processes benefit resulting from an
enhanced capacity to self-regulate [23]. A benefit of digital formative assessment considered
important by Bhagat and Spector [1] was the improved learning motivation of students.
Barana and Marchisio found that teachers and students identified “anytime, anywhere
availability” and prompt feedback among the many benefits of the automated digital
formative assessment model used in two high schools [24].

Digital formative assessment can be highly context-specific [25]. Nevertheless, promis-
ing results referring to formative assessment strategies in digital formative assessment
were reported in studies conducted in various countries. For example, the research of Petro-
vic, Pale, and Jeren with undergraduate engineering students in Croatia found that the
participants used the available online formative assessments by choice and that elaborated
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feedback aided by digital formative assessment led to better exam results [16]. In South
Africa, a study on peer assessment conducted by Baleni concludeed that effective digital
formative assessment encouraged student-centred learning through formative feedback
and enriched learners’ commitment [26]. To implement formative assessment strategies
effectively by using digital tools, some studies focused specifically on particular software
involving learning management systems (interchangeably used with virtual learning envi-
ronments and course management systems) such as Moodle, Blackboard, Edmodo, Pocket
Study, Edsby, Canvas, and WebCT and classroom response systems (interchangeably used
with clickers, personal response systems, student response systems, audience response
systems, electronic voting systems, and classroom performance systems) such as Kahoot!,
Socrative, Formative, and Plickers (for a review of approaches to digital formative assess-
ment, see [23]). For example, Cohen and Sasson explored the role of online quizzes in
Moodle (a popular learning management system) in a blended learning environment and
concluded that Moodle can improve instructional design and formative assessment in
higher education [27]. Elmahdi, Al-Hattami, and Fawzi investigated the effectiveness of
using Plickers—a classroom response system tool—in improving learning [28]. The data
collected via a questionnaire including 3 open-ended questions from 166 undergraduates
in Bahrain indicated that using Plickers for formative assessment improved participation,
saved time, provided feedback, gave equal participation opportunities, and created a fun
and exciting learning environment. The researchers referred to potential issues, such as
educators’ experience, network problems, and lack of infrastructure in schools. Ismail et al.
investigated the impact of Kahoot! and e-Quiz as digital formative assessment tools with 36
medical students in Malaysia [29]. The analysis of five focus group discussions suggested
that the students found Kahoot! To be an attractive learning tool, learning guide, and source
of motivation. The results found Kahoot! To be better than e-Quiz in motivating learners
to study, creating a focus on important concepts, reflecting on learning, and eventually
increasing academic performance. Similarly, a study by Zhan et al. explored the impact of
Mentimeter, Kahoot!, and Google+ with two experimental groups (n1 = 18, n2 = 15) and
one control group (n3 = 20) during one semester of a general education course in China [30].
The researchers argued that the integration of digital or online technologies can increase the
effectiveness of formative assessment and learners’ engagement by using a low-cost tool
for creating interesting assessment tasks while enhancing meaningful interactions with the
content, peers, and self. The results suggested using tools such as Mentimeter to clarify the
assignment criteria and Kahoot! to develop a sense of group belongingness, while Google+
showed a lower impact.

A study conducted in Spain between 2014 and 2018 and reported by González-Gómez,
Jeong, and Cañada-Cañada investigated the impact of digital formative assessment tools
on the motivation and achievement of 311 second-year primary education undergraduates
over 4 years [15]. Pre- and post- motivation surveys showed that the participants’ motiva-
tion towards the course and attitude towards science increased. Classroom assessments,
lab assessments, exams, and post-test grades were analysed for 4 years to determine the
participants’ achievements. The mean score pointed to a notable increase in science achieve-
ments. An additional finding showed that personalised feedback had a positive impact on
participants’ motivation and achievement. However, the competency of the educator to
integrate digital and online tools into day-to-day practice has been highlighted by, among
others, Ismail et al. [29] and Zhan et al. [30]. These examples illustrate specific instances
of what was highlighted by a recent systematic review of the field [31], which highlighted
low-stakes quizzing in particular as a particularly powerful approach.

What this selection of studies highlights are the range of technologies, research ap-
proaches, and study contexts at play. However, it is arguable that they do not focus on
technology integration or formative assessment at a high level, or to frame this more as
a question we can pose to highlight a gap in this research: “How can these tools be in-
tegrated into digital formative assessment while using formative assessment strategies?”
Building on the above formative assessment strategies and utilizing the principles of design
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research [32], the Formative Assessment in Science and Mathematics Education (FaSMEd)
initiative proposed a model referring to the ways of integrating technology into formative
assessment. This model incorporates three functionalities of technology in the formative
assessment process [33].

1. Sending and displaying: These actions facilitate communication between the different
actors in the formative assessment process, and they can be thought of as facilitating
the elicitation and learner response processes. A classroom response system where
learners reply to items using phones or tablets and where results are displayed for the
class would be an example of this.

2. Processing and analysing: These actions are adopted when technology supports the
interpretation phase of formative assessment, such as extracting or summarizing
relevant data. An example of this would be a data dashboard summarizing learner
performance against the stated criteria or in comparison to other learners.

3. Providing an interactive environment: These actions enable learners to work individu-
ally or collaboratively to explore content and may include features from the other two
categories. Examples of this are specialised software for allowing learners to explore
simulations, geometrical drawings, plugins that enable formative self-quizzes to be
embedded in instructional videos, or custom-designed environments for complex
peer and group learning (e.g., Peerwise).

Each of these three technology functionalities may be useful for any of the formative
assessment strategies discussed earlier.

While the literature is replete with calls for professional development in the area, it is
also the case that frameworks that could be used to support such work in a practical way are
lacking [34]. Indeed, what this brief review of several studies shows is the context-specific
nature of operationalising effective formative assessment and the multifactorial nature
of both the teaching itself and its evaluation. This issue of how teachers can tackle this
complexity via conceptual framing is explored in the section to follow.

3. A Framework for Implementing Digital Formative Assessment in Higher Education
and Its Contributions

This section supports the emerging literature proposing a conceptual framework to
harness the potential of digital formative assessment in higher education and its possible
contributions. It seeks to address an important gap in the field by providing guidance on
the use of digital tools, utilizing formative assessment strategies, and supporting educators
with their implementation, and this is the major contribution of this paper.

For the framework, we utilised the five key strategies proposed by Wiliam and Thomp-
son [9] to conceptualise formative assessment and three functionalities of technology as
a means of integrating digital tools into formative assessment before, during, and after
the teaching process. The FaSMEd project showed that integration of the technology into
formative assessment strategies can benefit students, peers, and teachers in the school
context. Starting from that point, we propose a framework in Table 1 that brings these two
strands (formative assessment and digital technologies) together to provide a useful way
of thinking about how digital formative assessment might be implemented in a practical
way in higher education.

In Table 1, Wiliam and Thompson’ s [9] original five strategies are reduced to four,
with peer and self-assessment combined to focus on this critical aspect of assessment
from someone other than a teacher. A conceptual framework necessarily tries to reduce
information to create more general (and hopefully useful) abstractions. This reduction,
however, means that certain aspects lose emphasis, and we return to this issue under the
limitations of the framework, as peer and self-assessment are distinct concepts in their own
rights. The formative assessment strategies are numbered, while the digital technology
functionalities are assigned letters. Hence, cell 1A is intended to refer to how, for example,
learning outcomes can be displayed using digital technology.
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Table 1. A framework for conceptualising, planning, and implementing digital formative assessment
in higher education.

Formative Assessment
Strategies

Digital Technology Functionalities

A. Sending and
Displaying

B. Processing and
Analysing

C. Interactive
Environment

1. Clarifying and Sharing
Learning Outcomes and
Success Criteria

1A 1B 1C

2. Classroom Discussion,
Questioning, and
Learning Tasks

2A 2B 2C

3. Feedback 3A 3B 3C

4. Peer and
Self-Assessment 4A 4B 4C

The digital formative assessment framework aims to harness the potential of digital
formative assessment in higher education. This framework supports educators concep-
tualising digital formative assessment by providing guidance to the use of digital tools
and utilizing formative assessment strategies, which helps them plan their practices based
on what is conceptualised and provides them with a useful way of thinking about how it
might be implemented in a practical way in higher education. Although we believe that our
framework is a useful and practical one, we acknowledge the challenges to digital forma-
tive assessment identified by other researchers as possible barriers to implementing ideas
in our framework. By doing so, in the following, we discuss the potential benefits, uses,
and challenges of the framework in terms of its place in conceptualizing digital formative
assessment, planning lectures accordingly, and implementing it in higher education.

This framework is a conceptual tool to help educators to engage in their classroom
environments. It allows them, moreover, to have conversations with their colleagues using
discussion of the enactment of its constituent elements, such as the formative assessment
strategies and functionalities of technology. However, promoting conceptual understanding
of digital formative assessment and ensuring its effectiveness can be a challenge. To improve
its effectiveness, a shared understanding of the learning goals and assessment criteria and
their role in the digital formative assessment process should be promoted [2,30]. The
framework that we propose is a conceptual tool that can start a pedagogical conversation
on such aspects. Educators cannot simply take this tool, tick all 12 cells in the framework,
and expect an infallible or even coherent learning design. Rather, they should start by
discussing the strategies in the rows, which are the cornerstones of effective formative
assessment. One of the key ideas in the framework is to embrace all of the formative
assessment strategies, rather than only focusing on feedback, as was commonly observed
in the literature. Using each of these, they should move across the columns to examine
what digital tool functionalities might enable particular strategies. By promoting effective
use of formative assessment strategies and technology functionalities, the framework also
provides conceptual clarification for formative assessment practices, as suggested by López-
Pastor and Sicilia-Camacho [11]. However, understanding how formative assessment
functions within online and blended learning is challenging [2] and while our framework,
provides a stricture that can be used for planning purposes, it is limited in terms of practical
guidance in terms of how, for example, effective feedback should be structured.

Conceptual frames to date in the literature have lacked visual support and information
for educators on how they can plan their lectures effectively based on digital formative
assessment. Thus, this framework aims to help educators engage in pedagogical planning
for their own classroom environments. This framework can help educators plan what
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digital tools and formative assessment strategies they will use and how they will use them
to promote the effective and practical use of digital formative assessment. While engaging
in pedagogical planning, our framework can help overcome a variety of challenges, such as
providing effective feedback and knowing when and how to provide it for effective learn-
ing [1,2]. Almost all of the literature we reviewed referred to feedback in digital formative
assessment to improve learning achievement and motivation. Different aspects of feedback
were examined, such as its type (how elaborate it is), promptness, and the number of
attempts [16,27,35]. Yet, other formative assessment strategies, such as the implementation
of peer and self-assessment and the importance of the construction of learning intentions
and success criteria, are not discussed thoroughly. Peer and self-assessment can be further
deconstructed. For example, giving feedback rather than receiving it in a peer formulation
is said to have positive effects [36], which puts peer and self-assessment together in some
dimensions. However, other research focuses on the unique characteristics of external
feedback (teachers, peers, parents, and computer-based systems) and does not include self-
and peer assessment together (see, for example, [37] and, as highlighted earlier, [18]).

To improve the effectiveness of formative assessment during teaching, our frame-
work proposes focusing on all formative assessment strategies rather than only one. The
framework gives educators ways of integrating these strategies together into their teaching,
for example, through sending and displaying, processing and analyzing, and interactive
learning environments. By doing so, we support educators familiarizing themselves with
effective ways of using formative assessment strategies at different stages of the teaching
and learning process. Other difficulties may also be faced during the planning of lectures,
such as developing a coherent practice and pedagogical discourse and acknowledging
ethical principles in the formative assessment and divergent assessment processes [11]. It
may be difficult to find a balance between summative and formative assessment in digital
environments, and this may challenge educators to identify when and how to provide
digital formative assessment for effective learning [1], but increasing educators’ conceptual
understanding and providing them with new perspectives and practices of digital forma-
tive assessment may help to overcome this challenge. In this way, we contribute to the
development of “teacher feedback literacy” and its interplay with student feedback literacy,
as is called for in the literature [34].

Concerns were also raised about implementing digital formative assessment in both
school and higher education contexts. While some of these issues relate to the learning
environment, such as the network problems and technical infrastructure [24,28,30], some
others relate to the educators’ and students’ knowledge, skills, and attitude. Concerning the
learning environment, educators should be sensitive to issues such as internet connections
and the number of digital tools available and aim to create a self-regulated, creative, valid,
and reliable learning environment [2]. For example, if only a standard notation is accepted
for mathematical formulas, students would lose the whole grade of a question due to a
small mistake, and this may decrease the validity of the approach as well as resulting in
frustration that negatively affects learning [24]. This paper cannot fix this problem, but we
can at least try to inform educators of these potential learning environment-related issues.

A lack of experience on the part of the learners and educators regarding the effective
use of digital formative assessment [11] and their unfamiliarity with and incapability of
using digital and online tools [24,28–30] may also impede learning and negatively affect
the implementation of digital formative assessment. For an impactful implementation,
Medland, for example, suggested providing opportunities for students in higher education
to familiarise themselves with the concepts of formative assessment, support the develop-
ment of academic staff, and establish the concepts internally at the institutional level [19].
Achieving such goals might require some time and effort, and sometimes, this might be
perceived as an excessive workload, which can hinder the effectiveness of digital formative
assessment [11]. However, to benefit from digital formative assessment and promote its
effective implementation, we should keep in mind that the integration of technology in
formative assessment is not the goal [4,22]. Perceiving technology as just a tool for ad-
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vancement may also be problematic. The features of technology tools have had an impact
on our lives for hundreds of years. For example, the human hand evolved in shape and
function as people began to learn how to use tools. Similarly, technology tools impact the
assessment process for better and worse. To ensure the development of digital formative
assessment for better use, its full potential should be conceptualised.

The framework can also be used as a reflective device as well as a forward planning
tool. The strands of the framework can be overlain into an existing practice or set of
practices to find gaps or inefficiencies. For example, an educator may be able to see that a
particular way he or she uses a tool in his or her teaching is hard to align with the framework
suggesting, that he or she can tweak the practice or change it entirely to ensure, firstly, that
he or she is using the core principles of formative assessment to help underpin learning
enactments, and secondly, that he or she is not using technology just for its own sake but
as one of the key ways digital technology can aid assessment as per the column headings.
Whilst we did say that users of the framework should start at the left and read to the right
and that formative assessment principles should underpin learning design, we also sound
a note of caution that we are not giving pedagogy a simplistic primacy over technology.
Rather, education and technology can be seen as more of a dance [38] of two things tangled
together. Educators will need to use the framework iteratively by switching back and
forth between the pedagogical and technical dimensions to build learning designs. Their
decisions in this process may not be straightforward to make, but the result should be
sets of individually testable practices. In this respect, we aim to contribute to building
assessment and feedback literacy, which researchers have advocated should be enabled via
a pragmatic approach that “addresses how teachers manage the compromises inherent in
disciplinary and institutional feedback practice” [34].

The framework presented here provides one possible way to structure conversations
about building rich and effective formative assessment practices in digital environments.
Ultimately, we call for researchers to build cultures of digital feedback literacy with an
approach that is research-lead, digitally centred, and practically useful for educators.

4. Proposed Use of the Framework in Higher Education
Applied Example of the Framework

To give an applied illustration of what follows, we provide examples across Table 1 for
how digital formative assessment might be activated in a practical way in higher education.
Although we give specific instances of tools to help make this real and vivid, the challenge
for users of the framework is to try translating these examples into tools they are already
familiar with; that is, we are not specifically advocating for the tools mentioned here.
Educators should draw on their existing skills where they can in the first instance. The
framework may, however, serve to show gaps in their technical skillsets. It may highlight
areas for professional development if they realise that a particular technique suggested
by the framework examples is not in their existing toolset. The aim is for the educators
to use the lessons from the research, synthesised as a best practice and brought to life via
examples in the framework, in addition to the real-time feedback from their students, their
reflective capacity, and their classroom instincts. We advocate for engagement in teaching
as something that is theory-informed, physically and digitally enacted, and an expression
of individual creativity.

The examples across each of the 12 cells of Table 1 are presented in the following, cross-
ing the two strands of digital technology functionalities and formative assessment strategies.

Cell 1A (1: Clarifying and Sharing Learning Outcomes and Success Criteria; A: Sending
and Displaying)

Learning outcomes pertaining to each lecture are sent to learners through the learning
management system or virtual learning environment at least one day prior and are also
displayed on screen during the lecture.

Cell 1B (1: Clarifying and Sharing Learning Outcomes and Success Criteria; B: Pro-
cessing and Analysing)
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At the beginning of the lecture, learners are asked to review the learning outcomes
and, using clicker devices or their mobile phones and online tools such as Poll Everywhere
or Kahoot!, provide an indication of how challenging they think the learning outcomes will
be for them.

Cell 1C (1: Clarifying and Sharing Learning Outcomes and Success Criteria; C: Interac-
tive Environment)

Using an online shared writing space such as Google Docs, the educator and learn-
ers work together following the lecture to create success criteria for a particular learning
outcome, which is then uploaded into the learning management system or virtual learn-
ing environment.

Cell 2A (2: Classroom Discussion, Questioning, and Learning Tasks; A: Sending
and Displaying)

At least one day prior to the lecture, using the poll tool in the learning management
system or virtual learning environment, an online anonymous quiz is posted to ascertain
or gather learners’ current understandings of the topic. The educator begins class the next
day by sharing the aggregated results of the quiz and then discussing where knowledge
gaps exist or deeper understanding of the complexity of the topic is required.

Cell 2B (2: Classroom Discussion, Questioning, and Learning tasks; B: Processing
and Analysing)

Following this discussion, the next day, a brief case study is made available in the
learning management system or virtual learning environment, where the learners are
required to apply their knowledge to identify the best of five possible solutions to a related
problem. After selecting their chosen solution, the poll tool in the learning management
system or virtual learning environment presents an aggregated summary of what other
learners chose from the range of options.

Cell 2C (2: Classroom Discussion, Questioning, and Learning Tasks; C: Interactive
Environment)

Having viewed the aggregated results of the above poll, where there was a range
of responses across the options, learners are invited to post a brief comment to a discus-
sion forum to explain why they chose their particular solutions. They are also asked to
say whether, with the benefit of reflection and the opportunity of seeing other learners’
comments, they would like to revise their original choices.

Cell 3A (3: Feedback; A: Sending and Displaying)
After submitting through the learning management system or virtual learning envi-

ronment a draft outline and proposed structure for a forthcoming written assignment, the
learners receive a 2-min MP3 recording with personalised feedback from their educator. At-
tached to the email is also a rubric which the audio clip explicitly refers to when providing
guidance on the assessment criteria and a grading schedule that will be used in assessing
the next and final version of the written assignment.

Cell 3B (3: Feedback; B: Processing and Analysing)
After having returned all of the learners’ personalised audio clips, the following day,

the educator shares on a large screen during class a colour-coded rubric which illustrates
the overall strengths and weaknesses of the draft assignment outlines and where learners
need to focus their attention in order to ensure they meet the performance criteria. This
information allows learners to compare and contrast their own personalised audio feedback
against that given to the class at large.

Cell 3C (3: Feedback; C: Interactive Environment)
Following the above feedback on the strengths and weaknesses of the initial draft

outlines and proposed structures, an optional online workshop is offered the next day
through Zoom, where the educator is available to respond to questions, elaborate on how
the criteria will be interpreted, and discuss ways in which learners can improve their
performance in crafting the final written assignment.

Cell 4A (4: Peer and Self-Assessment; A: Sending and Displaying)
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Leading up to a major assessment task, the educator creates a site for the course in
Peerwise. This free online platform enables learners to develop their own questions and
answers in a multi-choice format relevant to the course content. It also encourages them to
write explanations of their answers to other learners’ questions in their own words which
can be viewed by fellow classmates.

Cell 4B (4: Peer and Self-Assessment; B: Processing and Analysing)
Within the Peerwise online environment, learners can then rate the quality of their

fellows’ questions and answers as they prepare for formal assessment tasks over the
coming weeks and perhaps the final examination. This quality rating feature helps learners
to identify better-quality questions and understand the answers in the words of other
learners. It also provides a summary of how other learners have answered the questions in
comparison to them.

Cell 4C (4: Peer and Self-Assessment; C: Interactive Environment)
Extending the use of Peerwise, the educator creates a dedicated discussion forum in

the learning management system or virtual learning environment for learners to discuss
some of their answers and seek feedback from peers on where they are still grappling with
some of the questions or even disagree with the correct answers provided through the
platform. They can also form their own study groups by posting requests to this forum.

The framework proposed here is not exhaustive. As one reviewer of this paper
helpfully pointed out, the activities in each cell are not necessarily mutually exclusive and
could happen at the same time. A weakness of the framework is that it could misrepresent
the complexity of the classroom, but equally, its strength is that it can help to simplify and
provide focus to practically plan and execute evidence-informed pedagogies.

5. Conclusions

In this paper, digital formative assessment was conceptualised as including all features
of the digital learning environment that support the flow of information used to modify
teaching and learning. The incorporation of technology into assessment is presented as
a means to an end and not a goal in its own right. It is argued that digital formative
assessment must enhance teaching and learning and validate evidence, for it is seriously
compromised if it does not improve learning (the consequential validity argument).

A good deal of commentary was conceptual in nature and lacked specificity in terms
of implementation. Frameworks that could be used to support educators in developing
effective classroom practices through digital formative assessment were missing, as were
empirical studies focused on how digital formative assessment could be used to improve
learning outcomes in higher education. As a first step in addressing these lacunae, the digi-
tal formative assessment framework presented here was developed to provide educators
with a way of (1) conceptualizing digital formative assessment by providing information on
the formative assessment strategies and functionalities of technology, (2) planning lectures
on how they could integrate digital tools with formative assessment in a structured, logical
way, and (3) integrating practical digital formative assessment practices into the classroom.
The paper concludes with providing examples showing the framework’s potential for
enhancing the practice of digital formative assessment and moving from theory to practice.

Moving forward, those adopting the digital formative assessment framework must do
so with their own individual higher education contexts in mind and should be prepared
to utilise digital tools that go beyond the exemplars provided. Over time, it is hoped that
the framework will be the focus of empirical trials that present evidence of its utility and
practicality as a device for implementing digital formative assessment. Studies will need
to be conducted on which digital formative assessment approaches are most commonly
used and which need to be promoted. Most importantly, it should be possible to gather
consequential validity evidence by using the 12-cell framework presented in Table 1 to
develop a measurement scale that can link digital formative assessment implementation in
higher education with learning outcomes.
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