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Abstract: The fixation of formal education to measure and certify academic attainment, continues to fuel the ubiquity of
standardised assessment procedures. As such, educators are reluctant to embrace the same constructivist and novel stance
adopted towards learning to the assessment domain and continue to favour summative over formative practices. On the
other hand, literature on games in education, suggests that well-designed digital games support and enhance the positive
interplay between the different forms and functions of assessment, which are inherent to the learning environment. This
paper examines the principles of good game design in light of the constructive interaction that exists between learning and
the different functions of assessment in games. For instance, levelling and collecting badges whilst climbing up the ladder of
challenges found in games, can be considered as the outcome of a purely summative assessment of the player’s progress, as
the information collected during gameplay is solely used to judge and certify the player’s performance. However and more
importantly, both for the game designers and the players, the game is continuously producing immediate performance
feedback in the form of, amongst others, both on-demand and just-in-time information, which informs the players’ learning
and allows them to adjust their actions, thus serving as a formative assessment of gameplay. On analysing the respective
literature in the field of game studies and assessment, this paper discusses a number of game elements and core mechanics,
under three broad themes, namely (i) adaptivity (ii) feedforward and (iii) distributed cognition, which game designers
successfully deploy in good game designs. These are gradually and naturally extended towards the theoretical and practical
underpinning of an assessment for learning pedagogy, thus potentially informing and transforming traditional assessment
practices into a more playful experience.
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1. Introduction

The quantification of learning and the processes of measuring and certifying academic achievement remain the
fixation of formal educational institutions (Bryan & Clegg 2006; Hazelkorn 2014). Throughout the years, test-
driven curricula have led assessment practices to endure a meagreness of pedagogical innovation and
transformation (Whitelock & Watt 2008). This has in turn led educational institutions to favour summative over
formative practices, in view of both internal and external institutional consistency, accuracy and accountability.
Furthermore, both educators and students have come to clearly distinguish between moments of learning and
assessment, since the latter quite often carry important consequences for both the assessor and the assessed.
On the other hand, literature on games in education, suggests that well-designed digital games can support
different forms and functions of assessment, which are both intrinsic and complementary to the learning
environment (Shute 2011; Smith et al. 2019). In fact, games provide excellent contexts where moments of both
summative and formative assessment co-occur alongside deep and meaningful learning.

2. Assessment

Any kind of instructional effort requires at its core, a solid assessment framework (Brown & Knight 1994; Taras
2005). Nevertheless, the means by which assessment is specified, designed and carried out is significantly
subject to the objective and also perspective taken on by the respective stakeholders; including the policy-
makers, parents and most of all educators and students (Bloxham & Boyd 2007, Bretag et al. 2018). In defining
assessment, Sadler (1998) and McDonald and Boud (2003) focus on the active and indispensable role of the
students, as in order to work with and understand definite assessment criteria, they are to evaluate their actual
degree of proficiency vis-a-vis these requirements (Sadler 1989). In contrast, Pellegrino and colleagues (2001)
and Popham (2006), emphasise the capacity of educators as sole receivers of information on students’
understanding and knowledge, resulting from assessment. This gave rise to differing forms and functions of
assessment, supported by viewpoints based on theories of learning and assessment (Bloxham & Boyd 2007).
Initially, two comprehensive purposes and objectives of evaluation in educational programme design,
specifically those possessing summative and formative functions, were put forward by Scriven (1967). In its
fundamental form, a summative assessment usually takes place at the end of a learning experience, in order to
measure and certify students’ proficiency for purposes of accreditation and (more recently) accountability
(Torrance & Pryor 1998). On the other hand, formative assessment occurs during a learning experience, whereas
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information resulting from tasks undertaken by students and/or educators, is used to adapt and adjust future
learning and teaching (Black & Wiliam 1998).

Throughout the years, the adoption of standardised assessment procedures has regulated the propensity of
educators to develop and implement engaging assessment pedagogies in their classrooms. Mainly fuelled by the
longstanding internal and external institutional demands for consistency, comparison and accountability (Brown
& Knight 1994), this has led to a narrowed and test-driven curriculum, which has consequently limited the skills,
competences and content learnt by the students (David 2011, Goldhaber 2018). The overemphasis of
standardised assessment continues to force educators to do away with creative and innovative assessment
activities in view of a normalised and quite often scripted format. As such, formal academic achievement, mostly
in the form of summative high-stakes centralised examinations used to define, measure and monitor students’
progress in terms of set educational criteria, continues to dominate formal education (Sion 2004). As an
unintended outcome, students have learnt to learn for an examination, which is in turn reflected in both the
selection and caliber of learning that transpires (Boud 1995; Everaert et al. 2017). This usually contributes to
surface learning approaches, in both the motive and strategy utilised (Scouller 1998).

In fact, summative assessment in the form of high-stakes examinations, has become an end in itself rather than
as a means to obtain information and evidence to inform subsequent action, as opposed to a more formative
approach. Furthermore (and even more worryingly), both educators and students have come to clearly
distinguish between moments of learning and assessment, since the latter carry important consequences for
both the assessor and the assessed. Quite often, class-based everyday formative assessment activities, are
considered to be ‘soft’ assessment tasks which carry little or no value. Unfortunately, such formative efforts are
filtered by the purposes brought about by standardised summative testing, defined by and directly dependent
upon singular end of semester/year examination performances. As such, in preparing their students for
examinations, educators have come to regard summative assessment as a necessary evil and are increasingly
reluctant to embrace the same formative and constructivist stance adopted towards learning to the assessment
domain.

3. Games and assessment

Throughout the years, games have seen considerable improvements in their respective processing techniques,
platforms and consoles mainly due to the deployment of emerging technologies (Caserman et al. 2018; Salen &
Zimmerman 2004). Amongst others, this has led to rapid improvements in the feedback mechanisms, inter- and
intra-game communication, character development and the immersive storytelling surrounding gameplay (Salen
& Zimmerman 2004). Albeit at times used for repeating and recalling facts, games can be especially valuable in
cultivating more complex proficiencies (Gee 2007), through their ability of sustaining and applying ‘high-level
transferable skills — such as analysis, critical evaluation, autonomy, and team working’ (Whitton 2009, p.45)
during gameplay. This makes games constructivist learning environments (Franco & DelLuca 2019; Klopfer et al.
2009), where learning ‘matches up very well with emerging cognitive science research on how people think and
learn’ (Squire 2005, p.7)

Although primarily, game studies literature in the field of education focuses on teaching and learning
(Steinkuehler 2010; Sykes, 2018), recent and current research corroborates the idea of games for assessment
purposes, which is ‘woven directly and invisibly into the fabric of the learning environment’ (Shute & Ke 2012,
p.53). More commonly referred to as stealth assessment (Shute & Ventura 2013), the information gathered on
the players’ actions and interactions during gameplay, goes beyond the mere tracking of experience points or
levels in a game and does not interrupt the players' experience of flow or the state of immersion where ‘nothing
else seems to matter’ (Csikszentmihdlyi 1990, p.4). Instead this form of embedded assessment, gives a non-
invasive, yet targeted evaluation of the players' skills and abilities in performing predefined tasks inside the game
world. This contributes towards a holistic and comprehensive assessment of the player's overall performance in
terms of pre-defined learning objectives. Apart from traditional content-related outcomes, this form of
assessment in games could also be potentially used to measure and monitor other important skills like creativity,
scientific inquiry and persistence (Shute & Ventura 2013; Taub & Azevedo 2018). The resulting information from
this evidence-based approach, can be eventually processed by the system and used as a diagnostic and formative
tool by the educators. For instance, in ARTé: Mecenas™, an Art History game by Triseum, the automated
collection and analysis of cumulative data, provides educators with immediate access to the most consistent
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and up-to-date information on the students' progress, on which they can act in a timely manner, to potentially
improve teaching and learning.

4. Games, design and assessment

In order to achieve ‘a quiet, yet powerful process by which learner performance data are continuously gathered’
(Shute 2011, p.504) during gameplay, designers successfully deploy a number of game elements together with
methods ‘through which players make meaningful choices and arrive at a meaningful play experience’ (Salen &
Zimmerman 2004, p.317). These core mechanics are particularly relevant in a stealth assessment process as they
define the players’ experiential cycle and hence give rise to specific data points within the game (Shute 2011).

In this section, a number of key game elements and core mechanics which are successfully deployed in good
game designs are described under three broad main themes, namely (i) adaptivity (ii) feedforward and (iii)
distributed cognition. These are discussed in terms of their theoretical and practical implications with respect to
an assessment for learning pedagogy in and out of the game world.

4.1 Adaptivity

The early stages in good games normally represent ‘simplified versions of the same world in which the player
will live, play, and learn throughout the game’ (Gee 2007, p.123). In the first levels of DragonBox Numbers, which
actually serve as “fish tanks’ (Gee 2004, p.9), the player is gradually introduced to Nooms — the characters that
each represent a number between 1 and 10. Through combining, slicing and comparing, the player can build and
slowly master number sense, before proceeding to the next and more difficult levels. As the player advances,
the game has the ability to adapt to the current performance level and reward each player, regardless of the
level of competency reached (Gee 2007). In particular, game designers use player modeling methods to detect,
model, predict and express ‘human player characteristics which are manifested through cognitive, affective and
behavioural patterns’ (Yannakakis et al. 2013, p.45). This use of artificial and computational intelligence
techniques supports the core game mechanics, which in turn gives rise to patterns of meaningful learning and
actions enacted by the players during gameplay. The resulting data and consequently evidence on the players’
mastery, can be potentially ‘stored in a dynamic model of the learner’ (Shute 2011, p.504), hence providing an
up-to-date profile for each individual student.

On the other hand, standardised means of assessment are generally generic and static and still largely
dominated by a one-size-fits-all postulation which must be challenged in pursue of a more inclusive and personal
mode of assessment (Joint Information Systems Committee (JISC) 2007). One such attempt is represented by
the principle behind computer adaptive testing (CAT), where the assessed starts at a moderate level or
‘concentrated sample' (Gee 2007, p.142) and proceeds according to the performance on the preceding test items
(Challis 2005). As such, the learner level is constantly established as the skills and knowledge required in CAT are
found within the outer periphery of the ‘regime of competence’ (Gee 2007, p.68) of the individual students. The
bottom-up and well-ordered problem environment in CAT, as well as in games, allows the learners to monitor
their progress (Chong 2018; Crooks 1988) and boosts the pleasant frustration experienced (Gee 2004) in climbing
the ‘ladder of challenges’ (Greenfield 1984, p.110) posed by the assessment task.

The scaffolding strategy found in highly responsive environments, promotes a replay and practice philosophy
(Gee 2007; Liao et al. 2019), where the players, as well as the learners, learn to fail better each time. In fact, CAT
successfully embodies good game designs in terms of game elements and core mechanics, as it recognises the
diverse ways of learning (Chickering & Gamson 1991) and provides multiple roots to make progress where
learning becomes a ‘cycle of expertise’ (Gee 2004, p.20). Moreover, CATs can be designed to end when the
learner reaches a particular level of proficiency and in the process generate learning resources, targeted at the
level of the individual student (Bull & McKenna 2004). This facilitates learning strategies, whilst delivering
relevant information to students about their learning, aimed at closing the gap between the current and
required performance (Nicol & Macfarlane-Dick 2006). Such levels of personalisation and adaptivity in
assessment processes can potentially lead to an increased level of motivation due to the customizability of user
experience. In fact, motivational researchers argue that, amongst others, intrinsically enjoyable learning
situations include elements of challenge and control (Malone 1980). This may well be regarded as a state of
optimal learning, which is characterised by contexts that offer intensive interaction, have goals and procedures,
are motivating, challenging and engaging and provide the appropriate tools to the learner (Norman 1993).
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4.2 Feedforward

Traditionally, the term feedback is used in education to refer to the information resulting from ‘a consequence
of performance’ (Hattie & Timperley 2007, p.81). This naturally assumes a reactive role as it is focussed on the
past. In 1951, Ivor Armstrong Richards coined the term feedforward (Richards 1951), which in behavioural and
cognitive sciences translates to the provision of information which informs forthcoming teaching and learning
(Carless 2007). Such a proactive disposition to direct future activity, based on past and present performances, is
an extremely important game element, and forms the basis for the interrelated patterns of actions in core
mechanics.

As such, levelling up in a game by moving around, managing resources and solving quests, is a tangible sign of
progression (Greenfield 1984). Improvement and consequently progress, are only usually possible through the
information generated by the game, which is both in time and on demand (Gee 2004). However, unless acted
upon by the player, such data would offer feedback which has the same effect as in traditional assessment
practices and is still considered a major concern and source of dissatisfaction for students in higher education
(Hounsell 2007). Students’ discontent with feedback mechanism in educational institutions, varies from the
timing to the frequency, consistency and the perceived usefulness and guidance obtained throughout (Hounsell
2007).

This highly contrasts with the immediate performance feedforward afforded by games (Malone 1982). The
resulting information is both formative and constructive, and is indispensable in directing the players’ actions
towards the end goal (Malone 1980). This is because it does not merely focus on past and present performances
but naturally assumes a high value disposition (Hounsell 2007) by adopting a feedforward nature (Carless 2007;
Gibbs & Simpson 2004; Malthouse & Roffey-Barentsen 2018). All learners, very much as all players, need
ongoing, timely and formative information on their learning (Gibbs & Simpson 2004; Shute 2007). This helps
both learners and players to act on any feedback received (Carless 2007; Gibbs & Simpson 2004) and program
the next course of actions (Gee 2004), while it allows for a greater degree of autonomy and responsibility. In
fact, self-regulating strategies (Cleary 2018; Nicol & Macfarlane-Dick 2006) are essential for closing the loop in
games, as much as in assessment (Sadler 1989). Digital learning and assessment environments afford a
substantial shift in emphasis from feedback to feedforward, starting from a greater effectiveness and flexibility
in producing and publishing information on learning (Crossouard & Pryor 2009). For instance, well-crafted online
multiple choice questions (through the use of hints, additional information and correct answers) can have an
accelerant effect on learning (Hounsell 2007) by providing real-time feedforward and thus act as a catalyst for
further improvement in performance (Black et al. 2003). Such data resulting from learning, moves beyond the
simplistic provision of scores and marks, but supports the students in becoming fully immersed in a cycle of
knowledge and understanding, bridging the gap between assessment and learning - pretty much what happens
in games.

4.3 Distributed cognition

Players achieve expertise in games through independent as well as collaborative efforts (Squire 2008;
Steinkuehler 2004). Both knowledge and skills do not reside solely in the player, but are distributed across the
individual, peers and in the various surrounding tools and technologies. This implies that learning and
assessment are a social practice and a direct result of the various actions and interactions surrounding the
learning environment (Davies 2009). For instance, massively multiplayer online role-playing games (MMORPGs),
like World of Warcraft, allow players to work together in guilds in order to explore landscapes and solve quests
in a truly collaborative environment (Ke 2019; Kiili 2005). In particular, MMORPGs, help players to develop
valuable communication and critical thinking skills, while effectively learning from others (Whitton 2009). Apart
from encouraging collaboration, these also provide a context for peer-interaction and dialogue (Nicol &
Macfarlane-Dick 2006), while allowing for the emergence of affinity groups and communities of practice (Gee
2007), both in and out of the game world. Such game elements and core mechanics are extremely important in
view of a collaborative approach to stealth assessment techniques, where sequences of actions are shared with
other players and the surrounding environment. Hence, individual students complement each other in
endeavour to develop a shared understanding of knowledge (Hargreaves 2007). This socially constructed form
of knowledge allows the students to test their hypothesis with their peers, receive valuable feedback and thus
effectively explore their own learning in a short period of time (Willey & Gardner 2010). Real-time evidence
resulting from these interactions within the game world, highly contrasts with the product approach to
assessment as this analytic activity corroborates a process-driven and dynamic form of evaluation.
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Distributed cognition in games is made possible through the affordances provided by the authentic and
embodied ways of gameplay (Gee 2007; Reinhardt 2019). Meaning in games is neither general nor
decontextualized, but is instead situated in the words, actions and surrounding environment (Gee 2007). This
highly contrasts with certain assessment of learning practices which amongst other tend to be inauthentic and
context independent (Birenbaum et al. 2006). Assessment in games extends the notion of situated cognition
(Brown et al. 1988) through the use of authentic assessment strategies (Rust 2007), where the demonstration
of ‘candidates’ real life performance skills’ (Whitelock & Cross 2012, pp.2—3), is more important than the mere
reproduction of knowledge in a ‘non-authentic curriculum’ (Knight 2002, p.281). Games can be used as platforms
for authentic assessment activities, like role-play, as these allow learners to engage in a perceived-real world
through different intrinsic fantasy elements (Malone 1980) by taking on a virtual identity (Cano et al. 2019; Gee
2007) or character role (de Freitas 2006). By providing a situated and distributed learning and potentially
assessment environment, games support the unfolding of tasks through the choices and strategies adopted by
the player and distributed amongst other players and surrounding tools. This allows for an active participation
in assessment (Bryan & Clegg 2006), where the learner can practice (Crooks 1988) in an authentic representation
(Boud & Falchikov 2006) and is thus encouraged to ‘think, act, and value like a professional’ (Gee 2005, p.2) in
the process of developing the necessary expertise.

5. Conclusion

Games have the potential to act as transformative learning tools (Shute & Ke 2012, Vervoort 2019). They can
host educational content, as well as act as catalysts in promoting more complex competencies, such as applying
skills, developing strategies, analysing information, evaluating situations and changing attitudes (Whitton 2009).
In contrast to traditional standardised assessment, game designers have managed to both measure and enhance
these learning experiences, by seamlessly recording gameplay data resulting from the deployment of particular
game elements and core mechanics. The resulting information can be viewed as the outcome of a purely
summative assessment of the player’s progress, when the data collected during gameplay is solely used to judge
and certify the player’s performance. However and more importantly, both for the game designers and the
players, the game is continuously producing important information which informs the players’ learning and
allows them to adjust their actions, thus serving as a formative assessment of gameplay. This game design
approach to an assessment for learning, further reinforces the mutual relationship existing between summative
and formative evaluations, as fundamentally, any form of assessment is a ‘moment of learning’ (Black & Wiliam
1998, p.30), since both are the ‘ends of the same continuum’ (Brown 1999, p.6). This paper, underpinned by an
assessment for learning philosophy in ‘which the first priority in its design and practice is to serve the purpose
of promoting students’ learning’ (Black et al. 2004, p.10), contributes interesting insights to the body of
knowledge and practice in the fields of game studies and assessment. More than a pedagogical novelty, the
theoretical foundations presented in the paper represent a critique and an attempt of philosophical shift in
current assessment practices. This is informed by game elements found in good game designs, such as goals,
points, levels, challenges, context, control and rewards. Together with the provision of core mechanics powered
by different interrelated patterns of action, this results in individual player styles, directed by the constant
information resulting from gameplay. Broadly categorised under three main themes, namely (i) adaptivity (ii)
feedforward and (iii) distributed cognition, the arguments presented are aimed at potentially informing and
transforming traditional assessment practices into a more playful experience.
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