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Abstract

Experimental data consistently shows that the students’ beliefs about their own
academic ability have a significant effect on their performance and their level of
engagement. The aim of this paper is to offer an original game-theoretical model
that supports and explains such empirical data: the student is modelled as being
engaged in a game, in which his/her decisions on how much to study are affected
by his/her self-efficacy beliefs or self-confidence. It is argued that if game theory is
used to analyse such games, it is possible to gain insights that might otherwise be
missed. One of the implications for practice is that the tutor is in a position to
intervene in the interaction involving the student and the student’s own beliefs.
Attempting to enhance the student’s self-confidence levels through feedback is
likely to result in greater engagement and better performance, even in cases
where the student’s current performance does not inspire very encouraging feed-
back.

Introduction

Most people’s first reaction upon hearing the term ‘game theory’ is that this theory
is about how to play games in the literal sense of the word, such as chess or
poker. While game theory may be applied to ‘proper’ games people play for fun, its
scope is much wider: A‘game’ is defined as any kind of interdependence between
two or more parties. Interactions between, for example, shop-owners, family mem-
bers, doctor and patient or two countries can all be seen as ‘games’, and may be
analysed by use of game-theoretic concepts (such as the ‘Nash equilibrium’). The
theory is commonly associated with economics, because one of its major
applications is the study of interdependences occurring in markets (between firms
and consumers). Nevertheless, game theory is not contained within economics,

but it has infiltrated an array of diverse sciences (such as medicine, engineering,
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biology or psychology) that use its methodology for a wide range of purposes. Be-
cause of its numerous crossovers with other disciplines, Nobel laureate Roger My-
erson has boldly assessed its impact as ‘comparable to that of the discovery of the

DNA double helix in the biological sciences’ (Myerson, 1999).

Interdependences are abundant in an academic environment, as students interact
with other students, tutors and administrative staff on a daily basis. All these
interactions may be seen as games, and therefore, they can be modelled and
studied with game theory. Examples of such games could be situations when two
or more students are engaged in group work, when a tutor designs an assignment
in a bid to increase students’ engagement, or when a student gets in contact with
the tutor to request an extension for his/her assignment — all of them typical sce-

narios in academic life.

More often than not, researchers in the pedagogic / education literature study
games between students or between students and tutors, but do not establish
explicit links with game theory. For example, in an attempt to eliminate instances
of superficial learning, Azer (2009) explores the interactions between students and
tutor in problem-based learning; in a similar but more general venture, van de Pol
et al. (2010) make reference to ‘scaffolding’ in the teacher-student relationship.
There are also numerous researchers who have written on the pedagogic merits
of using games and simulations in the classroom (Annetta et al., 2006; Colby &
Colby, 2008, or Lee, 2010), but without extending their analysis to game theory’s
broader definition of a ‘game’. Nonetheless, the literature contains several
examples of how game theory may be applied to model interactions in an
academic environment: among the most recent contributions, Sadowski et al.
(2012) coin the term ‘game-theoretic pedagogy’ and explore how applications of
game theory may be beneficial in helping students appreciate their moral
obligations to their peers, while, for another example, Zartman (2010) focuses on

how game theory can be helpful in enhancing the students’ negotiation skills.

This paper proposes a novel way in which game theory may be applied in

education. The main idea, explored in the next section, is that, except for the
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insights that game theory can offer when used to analyse interactions between
students and tutors, it may also be applied to single individuals (i.e. that do not ac-
tively interact with others). Section 3 explains how this idea links with the existing
literature, and Section 4 discusses the benefits of this theoretical approach and its
implications for practice. Section 5 concludes with a general remark and a critical

note.
The learning process as a one-person game

Formally, what is needed for a game to be defined is a set of players, the available
strategies for each player, and the payoffs for each possible combination of
strategies that may be chosen by the players. For example, if Mary and Paul play
‘scissors-paper-stone’, the set of players is {Mary, Paul} and the set of strategies
available to Mary and Paul are {play ‘scissors’, play ‘paper’, play ‘stone’}. Given
that each player has three strategies to choose from, there are nine possible
combinations (i.e. different outcomes). Each of the nine combinations is associat-
ed with a payoff for Mary and a payoff for Paul (depending on who wins); these
payoffs are numbers that may be interpreted as the players’ satisfaction levels.
For instance, if Mary’s satisfaction level from winning is assumed to be equal to
one and Paul’'s satisfaction level from losing is zero, then the combination where
Mary chooses ‘scissors’ and Paul chooses ‘paper’ will give Mary a payoff m=1 and
Paul a payoff m=0. The game is fully defined by the set of players, the set of avail-
able strategies, and the payoffs for all possible outcomes. Clearly, for this defini-
tion to be meaningful, the set of players needs to have at least two elements. This
section proposes an extension of this definition, as it is argued that a game may

be defined even when there is only one player.

The main idea will be introduced with another example, which will also serve as a
frame of reference for the discussion of this paper: assume that John has to revise
for an exam and has a choice between two options (strategies): put high effort (H)
or put low effort (L). Choosing H is associated with a good performance, while
choosing L leads to poor performance. At the same time, John holds a belief about

the probability of performing well: this pertains to John’s own self-perception
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and relates to his self-knowledge, self-esteem or self-concept. If John is quite con-
fident in himself, then his belief that he will perform well will be quite high. On the
contrary, if John does not think too highly of his own academic ability, he will

attach a low probability to his performing well.

One possible payoff function that could be used for modelling this particular situa-
tion would be m(H)=2—q, m(L)=3-3q, where m(H), m(L) are John’s payoffs from
choosing H and L respectively, and q is the probability with which John believes
he will choose H (i.e. q is John’s intrapersonal belief about his own action). It is
easy to check that if g<0.5 (which would mean that John is not very confident in
himself) then mm(H)<mr(L), which means that John will choose to put low effort (as
his payoff will then be greater). Conversely, if g>0.5 (indicating a quite self-

confident student), then mm(H)>m(L), and therefore John chooses H.

The particular numbers used for John’s payoff function could have been otherwise
and were only used as an example. What is important here is the key assumption
that John’s belief (i.e. the probability with which he thinks he will perform well) will
have an impact on whether he chooses H or L: if John is confident enough, then
he is bound to choose to put high effort, because he would not want to disappoint
himself and upset his high self-image. On the other hand, if John is not very
confident in his own skills, he might choose to put low effort because he would not
want to suffer the discomfort of working hard if this is not very likely to translate to

good marks.

Conventional economic theory would view John’s dilemma whether to put high or
low effort as an individual choice problem (as opposed to a game), because John
does not interact with anybody else. Nevertheless, from the moment that John’s
beliefs about himself affect his choice, a game may still be defined even if there is
no one interacting with John in this example. John, as a decision maker, is only
affected by his own self-concept. This means that it is possible to view John as
made up of two ‘partitions’ or ‘sub-selves’: the first partition relates to John’s actual
behaviour and the decision making process, and the second partition comprises

John’s intrapersonal beliefs, which affect his decisions. Therefore, it is possible
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to define a game, the players being the individual’s two ‘sub-selves’ (Patokos,
2013).

The concept of the multiplicity of the self traces back to at least the 4™ century BC,
where Plato’s Republic asserts that the human soul cannot be seen as a homoge-
neous entity, but rather as having three divisions: ‘reason’, ‘spirit’ and ‘appetite’.
The most renowned view, of course, is that of Sigmund Freud, who developed a
structural theory of personality, comprising the ‘id’, the ‘ego’ and the
‘superego’ (Freud, 1960). More contemporary contributions include Rogers (1961),
who distinguishes between who an individual really is and who (s)he aims or
would like to be, Festinger's theory of cognitive dissonance that studies what
happens when the individual's expectations or beliefs are disconfirmed (Festinger,
1957), Bem’s self-perception theory (Bem, 1972) or Bandura’s theory of self-
efficacy (Bandura, 1986), whose relevance to pedagogy will be discussed in the

next section.

It is important to note here that the only assumption that needs to be made before
John’s dilemma can be viewed as a game is a separation between the decision
making part of the individual and his/her belief system. This partitioning, however,
might as well be conjectured as a manner of speaking — as opposed to holding on
a literal level. In other words, the paper does not (necessarily) argue for viewing
the individual as a collection of multiple selves; it only asserts that someone’s
intrapersonal beliefs and actual behaviour are distinct entities, but interacting with
each other. This view, while unconventional for mainstream economics and

standard game theory, is taken for granted in psychiatry or psychology.

Accepting that intrapersonal beliefs may influence behaviour permits the study of
individual choice problems (such as John’s) as games. These games, however,
are not one-off games, but repeated ones. In the context of John’s example, John
does not only have to decide between putting high or low effort just once, but in a
multitude of instances during his studies. Now, when there are multiple periods, it
is apparent that except for beliefs affecting behaviour, behaviour affects beliefs

too: if John performed well in previous assessments his self-confidence will be
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higher in subsequent instances of the dilemma whether to put high or low effort.
By the same token, poor performance in the past is likely to make him think less of
his academic worth. Therefore, behaviour and self-perceptions are interweaved:
what John believes now affects his current decision of how much to study; but the
outcome of his current behaviour will affect what he will believe about himself the
next time he has to make a similar decision. Figure 1 provides a visual of this in-

terplay between beliefs and action.

| | |

beliefs | beliefs | beliefs |
\ b \ |

| | |

behaviour I behaviour | behaviour |
| | |

| | |

t=1 | t=2 | t=3 |

. . |

Figure 1: The intertemporal game between intrapersonal beliefs and action; cur-
rent beliefs about oneself affect current behaviour, and current behaviour shapes
future beliefs.

If dilemmas of this sort are indeed analysed as repeated games, game theory may
offer interesting insights on what the outcome will be and as to how the student’s
behaviour and beliefs will evolve as time passes. Before some of these insights
are presented in Section 4, Section 3 will establish the necessary links of this
framework with pedagogic theory, in order to put the discussion in the appropriate

context.

elf-efficacy in the education literature and the role of feedback

In psychology the term ‘self-efficacy’ is used to refer to the beliefs or the
expectations that an individual nurtures about whether (s)he will behave in a cer-

tain way. According to Bandura'’s theory of self-efficacy that was briefly mentioned
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in the previous section, intrapersonal beliefs may have a significant impact on the

individual’s actions; in Bandura’s own words:

‘People act on their efficacy beliefs in ways that bring about those performances.
Those who strongly believe that they can produce desired effects by their actions
approach difficult tasks as challenges to be mastered rather than as threats to be
avoided. [...] In contrast, people who doubt their capabilities shy away from diffi-
cult tasks, which they view as personal threats. They have low aspirations and

weak commitment to the goals they choose to pursue’.
(Bandura, 1996: p.328)

The concept of self-efficacy and its relevance to student engagement and
academic performance is not new to the pedagogic literature. The field of
educational psychology has acknowledged its significance, and a multitude of
researchers have been testing the validity of the theory with empirical data and
experiments: self-efficacy beliefs are consistently shown to be important predictors
of academic performance (for example, Gore, 2006; Caprara et al., 2008, or Bres6
et al., 2010), while Fazey and Fazey (2001) show that self-confident students
remain motivated even after facing short-term failure. Kaplan et al. (2002) provide
experimental data showing that students with lower confidence in their academic
abilities tend to prepare less for exams, as they anticipate their own unsuccessful
performance. Similarly, Llorens et al. (2007) mention a ‘positive gain spiral’, as
they describe how self-efficacy reinforces engagement, and in turn engagement
reinforces self-efficacy — which is a full analogy of the repeated game described at

the end of the previous section.

Given researchers’ consensus on the importance of self-efficacy beliefs on perfor-
mance and engagement, the implication is straightforward: higher education pro-
fessionals may enhance academic performance by trying to increase the students’
self-confidence (as this would, in turn, promote self-efficacy). This is indeed the
first among ten proposals for action that Zepke and Leach (2010) recommend in

order to improve student engagement (without, however being specific about how
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this could be done). The obvious way with which a tutor may affect the way a
student sees himself or herself would be through assessment and feedback. This
does not imply that feedback should necessarily be positive: changing the
students’ self-efficacy beliefs is not about trying to please them, but making them
more self-confident. This means that the feedback should convey a clear message
that will enhance the student’s self-perceptions on his or her academic worth, and
regardless of whether the feedback on the work being assessed per se is positive

or not.

There is a significant body of research about how feedback impacts on self-
efficacy beliefs: Schunk and Swartz (1993) describe experiments showing that
learners whose progress is assessed regularly maintain a more positive self-
image relative to those who do not receive feedback. Likewise, McColskey and
Leary (1985) and Chan and Lam (2007) find that self-referenced feedback (i.e.
mapping performance to the student’'s own skills) is more beneficial than norm-
referenced feedback (i.e. comparing performance to that of other students), as the
former results in smaller decrease in self-confidence following failure in an
assessment. In a review article, Dochy et al. (2006) examine and compare a varie-
ty of assessment methods as to their impact on self-efficacy and other aspects re-

lating to students’ development.

One way with which feedback may be effective in enhancing the students’ self-
concept is by communicating high expectations. Recognised as a principle of good
practice (Chickering and Gamson, 1987) and as a condition under which
assessment supports learning (Gibbs and Simpson, 2004; Nicol and
Macfarlane-Dick, 2007), the communication of high expectations may have at
least two positive implications: firstly, students might try to live up to these
expectations in order to not disappoint the tutor. But on another level, the set
expectations are likely to operate on the students’ self-efficacy beliefs; therefore,
the students engage more not only because they do not wish to disappoint the
tutor, but also because they do not wish to disappoint themselves (by disconfirm-
ing their self-efficacy beliefs). When Chickering and Gamson mention ‘[e]xpect

more and you will get more’, they make no explicit references to students’
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self-confidence, but this principle clearly complements the research that relates

assessment and feedback to self-efficacy beliefs.

For a simple example, assume that Mary assesses her own ability regarding a
particular course at 55% (which could be interpreted as the mark she expects to
receive at the end of the semester). Now, if the tutor conveys the message that
(s)he expects Mary to attain at least 70%, this is bound to alter Mary’s
expectations of her own performance (as, from Mary’s point of view, the tutor is in
a better position to appreciate how well she can perform). Depending on her trust
in the tutor, she will update her self-belief of 55% to a higher percentage
(not necessarily 70%). And given that this intrapersonal belief impacts on her be-
haviour (i.e. her decision on how much effort to put), Mary’s performance is now
likely to be closer to 70% indeed, for the very reason that the tutor said (s)he

expected so.

Communicating high expectations is a recurrent theme in the pedagogic literature:
Scott and Tobe (1995) argue in favour of university-wide policies to instigate
students’ external encouragement, while the view that the tutor's encouraging
feedback is one of the factors that determines students’ success appears to be
unanimously shared across researchers (for example, Schunk, 2001, or Kuh et al.,
2010). Smith-Maddock and Wheelock (1995) describe the merits of
communicating high expectations in a very effective manner by arguing that it
helps closing the gap between aspirations (what the students would like to
achieve) and expectations (what the students believe they can achieve). This
brings in mind the ‘dual-self’ of the individual and the separation between
behaviour and beliefs that was mentioned in the previous section. The benefits of

considering this conceptual ‘dual-self’ model are explored in the next section.

Benefits from using game theory and the link to practice

The game-theoretical framework offered in Section 2 is entirely consistent with the
pedagogic literature that claims self-efficacy beliefs may reinforce performance.
When the student chooses how much effort to put (for example, for an exam or an

assignment), (s)he is affected by his/her beliefs about himself/herself, which in
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turn depend on past behaviour. In this sense, the game modelled in Section 2,
(the players being the student as a decision-maker and this student’s belief
system), is a rephrasing of pedagogic research on self-efficacy in game-theoretical
language. Nevertheless, use of game theory in this context may offer more than
just a supportive theoretical model that fits the experimental evidence on students’

self-perception and academic performance.

In fact, if the game is modelled as a repeated game whereby beliefs affect current
behaviour and current behaviour affects future beliefs, it is possible to obtain a
wealth of interesting theoretical findings: one such result is that overconfident
students (i.e. students who overestimate their academic ability) are likely to start
performing better and eventually end up confirming their own beliefs even when
their performance is initially very weak. This is not common sense, because in a
case like this, one might expect that the poor performance in the early stages
would affect self-efficacy beliefs negatively, which would then lead to even poorer
performance in later periods. Nevertheless, if self-confidence is sufficiently high
(and depending on the specific payoffs used to model the game), high
engagement and good performance are likely to be achieved even by students
who make a very weak beginning to Level 4. The link to practice is then obvious:
the tutor needs to be aware that weak performance may improve by an attempt to
make the student confident, even when there is not much evidence to justify this
confidence. Personalised and encouraging feedback (by communicating high
expectations as mentioned in the previous section) can potentially make a big

impact by turning under-performers into ‘late bloomers’.

Conversely, the game-theoretical framework can show that a competent student
with very low self-confidence is likely to experience a performance dip, not due to
lack of academic skill. Like the previous case, this is a theoretical possibility that
might be missed, because it is counter-intuitive: one would anticipate that good
performance in the early periods would translate to a reinforcement of self-efficacy
beliefs, which in turn would ensure that performance would remain to a high stand-
ard. If, however, the student does not see himself/herself as very skilled (for any

reason), then it is probable that these beliefs persist, even after the student
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achieves good marks in his/her first assessments. The tutor's presence is once
more crucial, as (s)he would need to operate on the student’s beliefs by providing
the appropriate feedback. In this particular case, the tutor would need to align the
student’s self-perceptions with reality (as opposed to the previous case where the
tutor would want to create some dissonance between what the student achieves

and what (s)he believes (s)he is capable of achieving).

The bigger picture appears to be that the tutor should be in a position to ‘direct’ the
students’ mind games. This claim might sound dramatic, but if one thinks of the
learning process in game-theoretical terms, this is exactly what this is about. Every
time the student is about to make a decision that relates to his/her studies, the
amount of effort (s)he will put depends to some extent on his/her efficacy beliefs.
Some students might perhaps feel comfortable in the role of the underachiever, as
this does not raise the bar too high for them. The game then, is in the tutor’s
hands, because, quite simply, the tutor may change the game by trying to instill
self-confidence in students, even if this will have to mean that some students will
initially be ‘deluded’ regarding their current academic ability. The game theoretical
framework and the empirical data suggest that this cognitive dissonance might
eventually become self-fulfilling, as the higher aspirations are bound to bring about

good performance.

Conclusion

One of the aims of this paper has been to give a flavour of how game theory may
inform the pedagogic literature. The discussion of the previous section indicates
that use of game-theoretical language to model interactions (be it the
‘conventional’ type, or the intrapersonal games described here) is likely to lead to
interesting conclusions that have concrete implications for practice. If game
theorists pride themselves that game theory is the theoretical umbrella that unifies
the social sciences (Aumann and Hart, 1992), it is somewhat surprising that game
theoretical concepts do not appear more frequently in the pedagogic literature. It is
already taken for granted that being an expert in one’s discipline does not
necessarily make one a good educator, as the professional standards involve
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several additional dimensions other than expertise (HEA, 2011). If the learning
process is viewed through the prism of game theory, the tutor’s role is now
enriched with a strategic character, as the tutor becomes aware of how (s)he may
intervene constructively in the games between students and their own beliefs, in

an attempt to enhance the students’ personal development.

Finally, a critical note: the claim that overconfidence is bound to lead to greater
engagement should not be treated as an axiom, but as a regularity that is
confirmed by experimental data, but might not apply to all students. Similarly, the
assertion that feedback targeted at enhancing the students’ self-confidence will
improve performance might not apply to some students (for example, there is the
risk that a student becomes too confident and ‘rests on his/her laurels’ instead of
engaging more). Indeed, for some students, there might be an optimal level of
self-confidence, which, if exceeded, might have adverse effects on performance
as suggested by ‘Inverted U’ Theory of Arousal developed by Yerkes and Dodson
(1908). From the point of view presented in this paper, such limitations indicate
that the intrapersonal game described in Section 2 is not always the same across
students. The implication for practice is that the educator would need to have
some knowledge about the student’s personality before (s)he can use feedback

that will try to operate on the student’s self-efficacy beliefs.
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