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ABSTRACT
This paper aims to improve the design methods for serious games (games for learning) by identifying a set
of well-established pedagogical misconceptions and presenting design guidelines to avoid these. It analyses
the pedagogical principles and models that are commonly used in serious game design, and contrasts these
with evidence and advances in instructional psychology and instructional design research. The paper
particularly focuses on (1) the concept of experience-based learning, which many serious games comply
with, (2) the concept of learner motivation, which most games strongly claim to support, and (3) the score
systems that many games use to track and display progress. Structural design weaknesses are exposed and
countered with a large body of research evidence from the literature. A set of practicable design guidelines
are presented that help to avoid the pedagogical flaws and contribute to improving the design methods for
serious games.
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Introduction
Games for learning are persistently gaining popularity. Many scholars and practitioners have recognised and
embraced serious games because of their great potential for learning by predominantly referring to the dynamic,
responsive and visualised nature of games, which produces high motivations, strong user involvement and
penetrating learning experiences (Westera, 2015). Game development studios are a branch of so-called “creative
industries,” a term that emerged in the 1990s to connect the arts and other cultural activities with emerging
digital technologies and the associated knowledge economy (O’Connor, 2010). The expected impact of the
creative industries on society is substantial as the creative industry product is innovative rather than routine, and
is generally characterised by originality, technical professional skill, uniqueness and quality (Caves, 2000).
Creative industry product design goes with large degrees of freedom, while routine recipes are not available and
in many cases not desirable. This certainly holds for the leisure game industry, but to some extent also for
serious games. The appreciation of serious games is largely determined by their gaming properties, that is, the
quality of game play, the fidelity of the environment and the fun they offer to the end-users. Serious games that
lack the manifest features of commercial video games are easily disqualified by learners (Van Rosmalen &
Westera, 2014). Less prominent seems the criterion of learning effectiveness. However, the effectiveness of
games for learning and their supposed superiority over other teaching approaches are not self-evident. Various
reviews studies (Connolly, Boyle, MacArthur, Hainey & Boyle, 2013; Linehan, Kirman, Lawson & Chan, 2011)
show that among many thousands of serious game studies only very few try to evaluate the educational
effectiveness of serious games in a rigorous manner by a sound quantitative or qualitative analysis of educational
outcomes. Just asking end-users what they think about the game they played is less convincing a method for
collecting evidence of effective learning than arranging a randomised controlled trial with calibrated pre-tests
and post-tests. On the positive side, quite an increasing body of evidence is becoming available supporting the
effectiveness of serious games for learning (Boyle et al., 2016; Connolly et al., 2013; Sitzmann, 2011).
This paper explores the main pedagogical concepts and principles that are relevant for serious game design, in
particular those games that rely on an experience-based approach, and it critically evaluates these against
available research evidence. It argues that serious game design may be substantially improved by taking
advantage of the large body of empirical findings in half a century of teaching and learning research. In
particular it identifies potential weaknesses in the ways serious game design deals with instructional guidance,
motivation and the assessment of learning progress, respectively, and it formulates recommendations to address
these for improving the effectiveness of serious games. First, a brief analysis is presented of the principle conflict
between play and learning that arises when games are used for serious purposes.
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The presumed conflict between learning and play
Abt (1970) introduced the term “serious game” as to contrast the purposeful application of games with leisure
games. In practice, the term serious games is used as a container allowing for a wide variety of styles and
approaches, including e.g., quizzes, interactive stories, sandbox virtual worlds and simulations. However, the
term “serious game” is an oxymoron: a figure of speech combining two concepts that are contradictory (e.g.,
“old news”). In his seminal book “Homo Ludens” Huizinga (1938) describes game play exclusively as a leisure
activity: the quintessence of play is in its voluntariness and openness, the freedom it offers and having no other
purpose than playing. Play takes place in what Huizinga defines as the magic circle: a playground, which is a
temporary world detached from real life, and which allows for fantasy and pretending, while special rules apply.
However, these principles are readily undermined when a game is re-positioned as a serious educational
endeavour with its obligations, regulations, imperative classes, homework and examinations. Still, play is not
without effect. Whether pursued or not, playing a game involves experiences that influence the individuals’
mental states at affective and cognitive levels. Play is generally considered a natural way of human learning
(Blanchard & Cheska, 1985; Huizinga, 1938). Exactly because of their engaging and absorbing capacities games
are increasingly being used in schools as they are supposed to support and enrich the curricula. Whether or not
these serious games are capable of inducing play in its purest sense remains a philosophical question. A question
of more relevance would be to what extent games are capable of supporting learners to master new knowledge
and skills in effective, efficient and pleasant ways. A growing body of evidence supports a positive answer to
this question (Connolly et al., 2013). Apparently fun and seriousness need not necessarily be in conflict, as fun
doesn’t necessarily mean “easy.” The best fun is “hard fun” (Papert, 1980): people like to be challenged by
difficult tasks, which require seriousness and dedication. Above all they are eager to see how they can stretch
their own abilities. It is well recognised that games are capable of hooking and absorbing their players in such a
way that they can hardly stop playing (Aldrich, 2005; Dickey, 2005; Gee, 2003). In extreme cases excessive
gaming is known to display compulsive and addictive properties very similar to drugs and alcohol and producing
similar damaging effects in individuals’ mental health (Griffiths, Király, Pontes & Demetrovics, 2015). Since
motivation of school children and students is generally known to be low, how nice it would be if a touch of the
compulsive properties of games could be exploited to induce wholesome levels of engagement and the ideality
of learners eager for extra challenges, extra homework, extra lessons and even staying after school hours
(Westera, 2015).

Learning from experience as the basis of game-based learning
Learning from experience is the dominant pedagogical paradigm in serious game design (Gosen & Washbush,
2004; Canhoto & Murphy, 2016; Connolly et al., 2013; Aldrich, 2005; Gala, 2014; Reese, 2011; Schank,
Berman & Macpherson, 1999; Catalano, Luccini & Mortara, 2014; Arnab, Lim, Carvalho, Bellotti, De Freitas,
Louchart, Suttie, Berta & De Gloria, 2015; Rooney, 2012). It refers to learning by active exploration and selfdirection rather than learning from instruction. Many related terms are used to indicate comparable approaches,
such as discovery learning (Bruner, 1961), problem-based learning (Barrows & Tamblyn, 1980), inquiry learning
(Papert, 1980), experiential learning (Kolb, 1984), constructivism (Jonassen, 1991), situated learning (Lave &
Wenger, 1991) and learning by doing (Schank, 1995; Aldrich, 2005), respectively. Well before the wave of
constructivism Dewey (1916) stated that learning should be connected with some real world context in order to
allow the learner to relate symbolic content (e.g., concepts and principles) to real-world referents. The same
holds for its recent descendents. Such model of learning from experiences that result directly from one’s own
actions is often contrasted with the information transfer model, which describes learning from e.g., reading
instructions or listening to lecturers. The knowledge transfer model and the experience-based learning model
essentially deal with distinct types of knowledge that is learned: explicit knowledge versus implicit knowledge,
respectively. Explicit knowledge refers to all knowledge that can be codified, that is, written down in texts and
formulas, and that thereby allows for being transferred directly from one person to another. Alternative terms are
declarative knowledge, formal knowledge and articulate knowledge. In contrast, implicit knowledge is the
knowledge that is hidden in the action. One may readily learn explicit knowledge - say about bicycles - from a
textbook, e.g., about the different parts and components, but riding a bicycle requires experiencing the essential
subtleties of timing, balance, power and sudden disturbances, which just cannot be explained in words, but can
only be learned by doing. Such implicit knowledge is also referred to as procedural knowledge or tacit
knowledge (Polyani, 1966). The difference between explicit and implicit knowledge is also referred to as
“knowing that” and “knowing how” (Ryle, 1949).
As serious games are readily positioned as the attractive alternative of traditional teaching practice many games
tend to avoid the explicit knowledge transfer model and promote experience-based learning to achieve learning
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goals (Schank et al., 1999). Various authors consider serious games as pedagogically-driven games while
referring to such experience-oriented models as a theoretical foundation (Catalana et al., 2014; Canhoto &
Murphy, 2016; Rooney, 2012). A recent survey among game developers revealed the same preference, while
guidance and instruction were reported to be seldom used during the game (Saveski et al., 2015). Many games
rely on offering the “experience” and stay aloof of learner guidance (Canhoto & Murphy, 2016).

Issues with experience-based learning
Rote learning rather than deep understanding
As experience-based learning focuses on contextualised actions, many serious games in e.g., math, geography or
language teaching are based on drill and practice approaches, which may support the successful reproduction of
knowledge and automation of operational skills (rote learning), but fail to support deep level insights and
generalised understandings that are based on conceptual background facts, principles and theories. Although the
engaging experiences of serious games are valuable as such, a lack of explicit framing may impede deep
understanding of the patterns and relationships of the content at hand (Mayer, 2004). Occasionally, these
limitations are recognised and removed by adding a debriefing, which include reflective evaluation of the events
in the game (Crookall, 1995; Saveski et al., 2015; Garris, Ahlers & Driskell, 2002). This is in accordance with
Dewey’s claim that learning is the product of experience and reflection (Dewey, 1938). Still it means that
instructional events are either neglected or positioned outside the game rather than inside the game, possibly to
allow the game to be shielded from any reference to traditional teaching practice (Malone, 1981; Gee, 2003;
Aldrich, 2005). The strive for fun, however, may have taken its toll when the game just produces routines
without the required deep understanding: a missed opportunity that can be easily restored.

Neglecting the ineffectiveness of minimal guidance approaches
Many serious games offer an experience-based learning environment focused on exploration, discovery or
problem solving that is devoid of instructional guidance (e.g., Canhoto & Murphy, 2016). However, evidence for
the effectiveness of such minimal guidance approaches is almost non-existent: the far majority of research
studies report that learner guidance approaches produce superior results as compared to approaches without or
with minimal guidance (Mayer, 2004; Kirschner, Sweller & Clark, 2006). Kirschner et al. (2006) attribute the
failure of minimal guidance approaches to the properties of human cognitive architecture: when learners are
novel to certain learning content and thereby do not have detailed mental schemas that reflect the conceptual
structure of the content domain, they are prompted to explore large search spaces that generate heavy loads on
working memory, which is detrimental to learning. Worst case, the learner will adopt a thoughtless trial and error
strategy, which eventually may lead to task completion be it without any learning gains. Moreover, research
shows that exactly less able students suffer mostly from minimal guidance approaches. Tragically, they still
favour those approaches although they learn less from those (Clark, 1989; Kyllonen & Lajoie, 2003; Kirschner et
al., 2006). Mayer (2004) notes that in spite of the overwhelming evidence against minimal guidance approaches,
the tendency to reduce or even eliminate learner guidance can be seen in many subsequent teaching alternatives
that aim to abandon traditional teacher-lead instruction, e.g., discovery learning (Bruner, 1961), problem-based
learning (Barrows & Tamblyn, 1980), inquiry learning (Papert,1980), experiential learning (Kolb, 1984),
constructivism (Jonassen, 1991) and learning by doing (Schank, 1995; Aldrich, 2005), respectively: every
decade the same set of minimal guidance principles are covered by a new label. Each generation of minimal
guidance advocates seem to be unaware of the refutations of the previous approaches, and naively starts
repeating the same mantra (Mayer, 2004). Serious gaming may readily become the next wave of
counterproductive pedagogical innovation.
Altogether, it seems that in many experience-based serious games the pedagogical foundation is shallow, illarticulated, erroneous, if not tendentious. It may be attributed to a lack of understanding of associated
pedagogical labels (e.g., constructivism, experiential learning) or to the neglect of a vast body of empirical
evidence in learning research that has been made available over the past 50 years. The neglect of scaffolding and
other forms of instructional guidance seems to have become a goal in its own right as to avoid any contamination
with traditional teaching models (Kirschner et al., 2006). The mantra of experience-based learning may be easily
abused to stay away from traditional instruction and to focus on the gameplay rather than on the learning. Yet,
the rich multimedia properties of digital games would allow for both challenging gameplay and dedicated
instruction. Serious games could thus become far more effective.
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Issues with motivation
Determinants of motivation
Games are valued for their motivational power. Players of a game are challenged to actively engage in e.g.,
problem solving, exploration, goal formation, critical analysis, strategic thinking and enhanced creativity
(Westera, 2015). Motivation is a complex psychological construct that is related to energy, intention, direction,
and persistence, which all bring individuals into action (Ryan & Deci, 2000). It is widely considered as a main
determinant of effective learning (Keller, 1987; Keller, 2008; Ryan & Deci, 2000; Cordova & Lepper, 1996).
Research into motivation has identified various favourable outcomes for learning, such as increased attention,
enjoyment, engagement, depth of involvement, task persistence and cognitive flow (Cordova & Lepper, 1996;
Garris et al., 2002; Csikszentmihalyi, 1991). A variety of theoretical models of motivation have been proposed
(e.g., Keller, 2008; Malone, 1981; Malone & Lepper, 1987; Ryan & Deci, 2000), all recognising the distinction
between intrinsic motivation and extrinsic motivation. Intrinsic motivation is the inherent tendency to seek out
novelty and challenges, to extend and exercise one's capacities, to explore, and to learn (Ryan & Deci, 2000). It
is the personal drive to engage in an activity because of the activity itself. Extrinsic motivation in contrast refers
to performing an activity driven by external factors, e.g., by external pressure or pursued outcomes such as
rewards, prestige, diplomas or salary (Westera, 2015). Both intrinsic and extrinsic motivation are important
determinants of learner behaviour. However, extrinsic motives are known to be often less productive than
intrinsic motives: extrinsic motives are readily associated with shallow learning rather than deep processing
(Habgood & Ainsworth, 2011). A large number of studies have demonstrated that intrinsic motivation as
compared with extrinsic motivation leads to more interest, excitement, and confidence, which in turn contributes
to enhanced performance, persistence, creativity, vitality, self-esteem, and general well-being (Ryan & Deci,
2000).
In their cognitive evaluation theory and self-determination theory Ryan and Deci (2000) identify three
determinants of intrinsic motivation: competence, autonomy and relatedness. Intrinsic motivation has been
demonstrated to increase when people feel “they can do it” (competence), provided that they “did it by
themselves” (autonomy). The third factor “relatedness” is less prominent: it refers to the support from the social
environment in terms of security and confirmation. The absence of relatedness, however, e.g., imposed tasks,
directions, surveillance or deadlines, is known to diminish intrinsic motivation and to lead to poor performance
or failure to complete. In games a number of motivation drivers can be distinguished: presentation style,
gameplay scenario and reward systems. They should be used properly.

Style elements
The rich soundscapes and dynamic visual sceneries in games unescapably trigger the senses and help to effect
penetrating user experiences (Dickey, 2005). The associated motivation effects remain largely extrinsic in
nature: players are hooked, if not seduced, by the appealing, dynamic sceneries as is the case in sales promotion
and commercial advertising. As a side-effect, the rich, dynamic user interfaces may readily undermine
favourable conditions for learning, because of unwanted distractions and excessive cognitive load. Likewise, the
strive for realism in games may be counterproductive for learning. Although realism to some degree is needed to
promote the credibility of practical skills training assignments (Westera, Nadolski, Hummel & Wopereis, 2008),
reducing the representation of the synthesised world to the essential functional properties would favourably
reduce the cognitive load for learners. Experiments based on media equation theory (Reeves & Nass, 1996) have
demonstrated that human individuals respond socially and naturally to a variety of non-human objects such as
robots, computers, games, avatars, or symbols. By the same mechanism simple, non-realistic game
representations (e.g., the ghost characters in Pacman) may still raise exciting, dramatic, if not thrilling
experiences. The human brain is simply not capable of suppressing natural interpersonal responses, as it has no
neural circuits or anatomic regions that distinguish between inter-human and mediated or symbolic interactions
(Reeves & Nash, 1996). Games displaying rich, realistic or dynamic visualisation styles may stimulate extrinsic
motivation, at the expense of unfavourable distractions and cognitive overloads. A justified balance is needed.

Gameplay scenarios
In contrast with the manifest game sceneries and features the underlying gameplay scenarios are the true carriers
of intrinsic motivation as the players are active participants in their stories, having adopted goals, roles,
responsibilities (autonomy) and powers (competence) that put them at the centre of the action: By engaging in
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the gameplay scenario the player gets involved in a sense making process. This refers to the search for
appropriate relations of causality, space and time, which allows for the construction of the game’s story
(narrative or fabula) (Bordwell, 1989). This ongoing mental process of creating meaningful narratives from
events and experiences is the main carrier of experience-based learning. As Gee (2003) explained, the secret of a
videogame is “not the high quality, immersive 3-D graphics but in the underlying architecture, which balances
the challenges offered to the player with the players’ abilities seeking at every point to be hard enough to be just
doable”. If the game is fun, well-balanced and content-wise interesting, the players are likely to play the game
because of the activity itself: intrinsic motivation. Scenarios that support the player’s competence and autonomy
would make serious games far more effective.

Reward systems
Motivation in games is also driven by reward systems, which may include scores, permissions, property,
reputation and more. Three different reward classes can be distinguished:

Post-practice rewards
Post-practice rewards are obtained after successful game completion. These rewards enhance extrinsic
motivation driven by a future promise related to the outcomes of the game rather than the game activity itself, for
instance, a diploma or a certificate, enhanced reputation e.g., by a favourable appearance on a public leader
board ranking, a monetary prize, or privileges such as access to a new level: playing the game is no more than a
means to an end (Vallerand, Fortier & Guay, 1997).

Dynamic in-game scores
Dynamic in-game scores indicate progress of achievement, usually expressed as a number, a percentage, a set of
stars, or similar. Such in-game scores are frequently updated, which re-establishes extrinsic motivation again and
again. Most in-game scores are not directly fed back into the gameplay, but they are just used as monitors of
achievements. It means that the rewards are oriented on results rather than the activities themselves.

Affordance-oriented rewards
Affordance-oriented rewards provide incentives or privileges that directly support and enhance gameplay.
Rewards resulting from successful actions open up new powers, resources and opportunities for intensifying
gameplay: the rewards are part of the narrative that the player is constructing, for instance, gaining a high profit
in a management game would allow for more investment options or take-overs. This comes close to receiving
natural feedback: being confronted with the direct or indirect consequences of decisions made during gameplay.
Because their focus is on enhanced activity, affordance-oriented rewards are likely to support intrinsic
motivation.
Most rewards systems, however, function as external drivers and thereby they trigger extrinsic motivation, which
may be effective as such at activating people, be it not without limitations. A lot of games, for instance in math,
spelling or vocabulary learning, offer a dressed up drill-and-practice, which uses the behaviourist notions of
repetition and reinforcement (and punishment) to condition learners to routine tasks. As opposed to
contemporary constructivist approaches these behaviourist approaches focus on automation, while deep thinking
and reasoning are discouraged. Such operant conditioning is generally considered a truncated, low-level mode of
learning most suited for teaching tricks to animals. Games thus run the risk of being reduced to skinner boxes,
which are “incentive dispensers that dole out rewards for attention” (Bogost, 2007). By using the right reward
systems serious games could become far more effective.

Extrinsic causes for intrinsic motivation
External reward systems are prone to undermine intrinsic motivation because they are easily perceived as
external controllers of behaviours, associated with force, pressure or surveillance, which all affect the player’s
sense of autonomy. Nevertheless, Ryan and Deci (2000) have recognised the practical importance of extrinsic
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motivation - our behaviours are for a large part externally driven -, and based on their self-determination theory
they suggest that external drivers may amplify intrinsic motivation provided that there is sufficient room for
perceived competence, autonomy and relatedness. For instance, children doing their homework may be
externally motivated by the desire to satisfy their parents’ expectations (social relatedness), to receive a diploma
(post-practice reward) or to satisfy requirements for a future profession. Despite this external pressure they can
be highly committed provided that the requested behaviours have been fully integrated and internalised so that it
is perceived and accepted as a personal striving. This can be promoted by allowing for self-selected, not
imposed, goals, which assumes the opportunity for choice and freedom of movement (autonomy). When in
addition self-confidence and self-esteem are established and re-established (competence), personal goals will
develop and motivation may become internalised. In games similar mechanisms apply. If players are allowed to
pursue self-selected goals and if they feel competent, that is, they feel in control rather than being controlled, the
activity and the goals get internalised and integrated in the self.
In sum, serious games have the inherent capacity to address both intrinsic and extrinsic motivation. Motivation
should preferably be intrinsic, that is, associated with the activity, the gameplay and the game’s content rather
than the outcomes. Style elements may contribute to attractive gameplay, but they should not be distracting.
Reward systems in games tend to be output-based but should instead be affordance oriented. Choice, freedom of
movement, control and competence are crucial factors to support the intrinsic sense of achievement and selffulfilment in the game. The best reward for an achievement is in the achievement itself. Many serious games
violate these principles.

Issues with progress monitoring and assessment
The many traces that players leave during gameplay offer great opportunities for the detailed monitoring and
assessment of players’ behaviours, progress and achievements. Therefore game scores are not just included so
often for motivation purposes only (see above), but also for informing the players how well they are performing.
While in leisure games the score systems are self-establishing, viz., they are defined as part of the rules of play,
in serious games the scores may be expected to reflect the progress toward the games’ learning goals.
Unfortunately, the score systems in serious games are likely to conform to gameplay standards rather than
educational standards and to focus on events rather than the underlying skills, knowledge or competence
frameworks. Consequently, game score systems seldom comply with the strict requirements of validity (whether
or not the assessment measures what it claims to measure), reliability (whether the assessment produces
consistent, reproducible outcomes) and fairness (whether the assessment is free from bias, e.g., racial, religious,
gender, age) of educational assessments. A number of assessment issues are addressed below.

Assessment as a by-product
Assessment has been identified as the most powerful determinant of learning behaviours (Hattie, 2009; Brown &
Glasner, 2003). Metaphorically this was expressed as “the assessment tail that wags the curriculum dog”
(Hargreaves, 1989). It means that the assessment should not be considered as a final add-on to the game design,
but instead should be the design’s starting point. Serious game design, however, is likely to start at the wrong
end by designing a (nice) game around some relevant content, and then adding some score mechanisms. Studies
in evidence-centred design (Mislevy, Steinberg & Almond, 2003) have suggested that educational design should
start with a detailed task analysis, identifying the right activities and composing favourable situations that would
allow players to exert and demonstrate certain well-specified behaviours. In serious games, the assessments are
likely a by-product, which is detrimental for their quality. Serious game design should start with an assessment
analysis.

Complexity of covert, dynamic assessment
As one of the promises of learning analytics the continual stream of player interaction data can be used to extract
player’s progress indicators in a covert way. Such stealth assessment occurs on the fly without any specific
testing assignments or other interruptions of the game (Shute, 2011; Shute & Ventura, 2013). Moreover, stealth
assessment is based on sequences of highly dependent interactions in the game, which represent a large evidence
base, while traditional testing approaches would only offer single, independent data points. However, as opposed
to common game score systems, the implementation of stealth assessment is complex, laborious and timeconsuming, leaving aside the tendency to view game scores just as a motivational add-on. In addition, game
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designers, even experienced ones, may not have gained the level of assessment expertise that educational
professionals, e.g., teachers, have. Nevertheless, stealth assessment could make serious games far more effective.

Performance versus learning progress
Most game scores are indicators of the player’s performances, but they do not necessarily indicate learning
progress. Learning and performance are conflicting concepts that often require opposite attitudes. Various
authors (VandeWalle, Brown, Cron & Slocum, 1999; Fisher & Ford, 1998) explain the difference between a
performance orientation and a learning task orientation. Performance is linked with achieving milestones (in
many cases under time constraints), the swift completion of tasks, avoiding errors, and the use of proven
methods for reducing risks. Aiming at high performance scores draws players toward activities that they are
good at already: they are reluctant to try our new approaches because they are anxious for running into penalty
points. Effective learning, however, requires spending sufficient time for in-depth understanding, having
sufficient opportunities for reflection, revision, and self-evaluation, and being prepared to make mistakes
(Westera, 2015). Errors and failure are productive sources of learning (Mory, 2003; Mathan & Koedinger, 2005),
be it that the score mechanisms used should not discourage these by imposed penalties. In practice, game score
systems often enforce the achievement of performance goals, which stimulates learners to demonstrate high
ability and to avoid poor performance. In such contexts failure becomes a threat to success and thereby it affects
self-esteem, self-confidence, and motivation. The resulting self-defence reactions (Mory, 2003) include
discounting (Kelley, 1973), task avoidance, feigning boredom, and task-irrelevant actions to bolster self-image
(Dweck & Legget, 1988), and learned helplessness (Seligman, Maier & Geer, 1968). To support a learning
orientation serious games should lower the price of failure (Gee, 2003). Game score systems should not
primarily be based on time-constraints and penalty points, but should focus on learning progress, while allowing
players to make mistakes, to spend sufficient time and effort, to try and retry, to reflect on attainments and to
decide upon their own strategies (autonomy). By promoting a learning orientation and applying learning-oriented
score systems serious games could become far more effective.

Conclusion
Research in instructional sciences has produced a huge body of evidence over the past 50 years. In serious game
design, however, many established insights in teaching and learning seem to be neglected. This neglect may be
partially explained by the ambition to contrast serious games with existing teaching approaches, by emphasising
their fun properties and excluding manifest references to school and classroom practices. Also, the high visual,
acoustic and narrative qualities of entertainment games inevitably frame the expectations that learners and
teachers may have and thereby urge serious game designers to focus on the gaming part at the expense of the
teaching part.
Still, the ambition to make learning more attractive and joyful should never go at the expense of learning
effectiveness. Although many serious game designers would concur with the paramount importance of
pedagogy, they are readily in default when it comes to activity, either by misconceptions or ignorance. This
paper has identified a variety of weaknesses in serious game design, which needs further attention from the field.
Main conclusion is that serious games can become more effective if the considerations about experience-based
learning, motivation and assessment, respectively, would be taken into account. Based on our analysis we
present the following guidelines.
With regard to experience-based learning, serious game design should:
 explicitly base its design on advances and evidence in learning sciences research
 include instructions and explanations about conceptual background principles and theories, even if when
these would require the interruption of play
 include adaptive scaffolding mechanisms and other forms of instructional guidance and learner support in
the design.
 provide feedback on learning rather than feedback on performance
 include opportunities for reflection and metacognitive activity, even if when these would require the
interruption of play.
With regard to motivation serious game design should:
 avoid distracting presentation style elements because of the unwanted extraneous cognitive load they induce
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start with an assessment analysis that identifies relevant tasks and content to be covered by the game, and
base the gameplay scenarios on the assessment analysis
offer gameplay scenarios that allow for sufficient freedom of movement and player responsibilities to
enhance the player’s sense of autonomy
offer gameplay scenarios that pose cautiously balanced and just doable challenges for enhancing the player’s
sense of competence
avoid external pressure, surveillance or time locks as to preserve the player’s sense of relatedness.

With regard to scoring and assessment serious game design should:
 include affordance-oriented incentives that directly support and enhance gameplay rather than outputoriented rewards
 use dynamic in-game scores that provide a reliable monitor of learning progress
 benefit from stealth assessment based on evidence-centred design or similar, which allows for monitoring
learning progress
 promote a learning attitude, which allows for failure, retrials, reflection and well-considered strategy
development without time constraints or penalty scores.
For practical reasons this paper only looked into potential issues in instructional support, motivation and the
assessment of learning progress, respectively. Still, various other aspects of serious games pedagogy deserve
similar analysis, for instance the transfer of the knowledge learned in games to a variety of different operational
contexts, the role of reflection, self-regulation and other metacognitive capabilities in games, the design of
scaffolding, feedback mechanisms, and personalisation, the role of affective and emotional elements for learning,
and the integration of serious games in the wider curriculum context. On all of these topics a vast body of
research evidence is available, which only sparsely permeated the domain of serious game design. By putting
more efforts in their pedagogical dimensions, serious games can become far more effective.
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