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Abstract
Influential accounts interpret anorexia as arising from perfectionism, dichotomous thinking, and poor control expressed in a
variety of life domains, resulting in low self-esteem. In this context, restraining eating would allow patients to re-establish some
control and self-esteem. Although this view has offered important insight, one shortcoming is that constructs such as perfectionism, control, and dichotomous thinking, remain poorly specified. To clarify these constructs, we propose a computational model
of anorexia. This relies on previous theories of evaluation, which highlight its reference-dependent nature: when attributing a
value to an outcome, our brain automatically assesses the outcome relative to its context. Following these theories, the model
proposes that a high reference point explains general characteristics such as perfectionism, dichotomous thinking, low selfesteem, and low sense of control. These characteristics would result specifically in anorexia when the sense of control regarding
body shape, compared with other life domains, is relatively high. The model raises the possibility that reference effects also might
explain why patients pursue extremely low weight; exposure to skinny body images—one product of obsessive dieting—might
change the reference point for their own body, hence leading to extremely low body weight, staunch refusal to gain weight, and
body misperceptions. The model contributes to clarify key concepts adopted in the literature and their relation. Such computational formulation might help to foster theoretical debate, formulating novel empirical predictions, and integrate psychological
and neuroscientific perspectives on anorexia.
Keywords Anorexia . Evaluation . Reference dependent . Perfectionism . Dichotomous thinking . Control

Introduction
Anorexia nervosa (AN) is a form of eating disorder
characterised by an obsession with body shape, combined
with extremely low weight, staunch refusal to eat, and body
misperceptions (American Psychiatric Association, 2013). In
conjunction with these symptoms, AN patients manifest characteristics common to other disorders, including perfectionism, dichotomous thinking, low self-esteem, and scarce sense
of control (Kaye, Wierenga, Bailer, Simmons, & BischoffGrethe, 2013). Influential accounts (Cooper, 2005; Fairburn,
Shafran, & Cooper, 1999; Slade, 1982) interpret AN as arising
from perfectionism, dichotomous thinking, and poor control

* Francesco Rigoli
francesco.rigoli@city.ac.uk
1

Department of Psychology, City, University of London,
Northampton Square, London EC1V 0HB, UK

2

Kingston University, Penrhyn Road, Kingston Upon
Thames, Surrey KT1 2EE, UK

expressed in a variety of life domains, resulting in low selfesteem. In this context, controlling body shape by restraining
eating would provide patients with the only way to reestablish some degree of control and self-esteem, hence
becoming the patients’ primary goal. This view has offered important insight and has been supported empirically. However, one shortcoming is that fundamental
constructs such as perfectionism, control, and dichotomous thinking remain somewhat poorly specified. In
other words, what do these concepts precisely mean?
To address this, factor analysis can be adopted to identify different dimensions underlying these constructs.
This data-driven approach is well-established and has
contributed substantially to the literature (BardoneCone et al., 2007; Byrne, Allen, Dove, Watt, &
Nathan, 2008) (e.g., highlighting different forms of
control, with only some affected in AN; Froreich,
Vartanian, Grisham, & Touyz, 2016). We advocate an
alternative, theory-driven, approach, consisting in describing the mechanisms underlying AN adopting computational modelling (Frank et al., 2016). This
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perspective offers a formal description of the mechanisms involved, potentially providing a clearer definition
of concepts classically used in the literature and of their
relationship.
At the core of our proposal is the notion of evaluation (the
process through which positive or negative value is attributed
to the different outcomes), which underlies concepts such as
eating behaviour, perfectionism, control, and self-esteem.
Evaluation drives “hot” aspects of cognition such as emotion,
motivation, affect, and decision-making. Contemporary
models of evaluation highlight its reference-dependent nature
(Kőszegi & Rabin, 2006; Louie, Glimcher, & Webb, 2015;
Louie, Khaw, & Glimcher, 2013; Rigoli, 2019; Rigoli et al.,
2016; Stewart, 2009; Stewart, Chater, & Brown, 2006;
Woodford, 2012): when attributing a value to an outcome,
our brain automatically assesses the outcome not in isolation,
but relative to its context. As an example, consider an individual who is purchasing a house and who discovers that the price
of the house is £10 more than expected. Compare this with
someone paying for a coffee and realising that the price is £10
more than expected. Although objectively both individuals
experience an equivalent unforeseen extra-cost of £10, we
would expect the second person to be way more upset than
the first. This example stresses the idea that evaluation is reference-dependent, namely that the subjective value of outcomes strongly depends on the context where these outcomes
are experienced. Our theory builds on this notion, and hence it
is referred to as Reference Dependent Model of Anorexia
(RDMA). We will see how this framework can shed light on
key constructs underlying AN. The next section introduces the
computational model. This is followed by a description of
how general characteristics (such as perfectionism and scarce
control) first, and specific symptoms next, arise. Finally, the
model is discussed in relation with previous models of AN
and regarding other broad issues.

outcome, the calculation of the subjective value VR, k associated with the raw value Rk depends on the following logistic
function:
V R;k ¼

1
1þe

−

Rk −μk
σk

ð1Þ

A logistic function (prescribing that the subjective value of
a stimulus is 0 < VR, k < 1) has emerged as more appropriate
than alternative possibilities (e.g., a linear function; Rigoli,
Friston, et al., 2016; Rigoli, 2019) to explain empirical evidence on decision-making (e.g., it can account for contexteffects in the curvature of the value function (Rigoli, 2019;
Stewart, 2009; Stewart et al., 2006)). The parameters μk and σk
(being σk > 0) are the reference point and the uncertainty
associated with context k, respectively (each context has its
own parameters). These parameters capture the referencedependent nature of evaluation: the subjective value, which
is experienced at a subjective level and drives behaviour, is
not equivalent to the raw value, but it depends on some reference information. The RDMA proposes that subjective value
can be experienced as either reward or punishment, occurring
when VR, k > 0.5 and VR, k < 0.5, respectively (a neutral experience occurs when VR, k = 0.5). Based on this definition, note
that reward is experienced when Rk > μk and punishment is
experienced when Rk < μk. Therefore, the reference point can
be interpreted as the standard (or an expectation) associated
with a context k, to which outcomes are compered to and are
evaluated as reward (i.e., better than the standard) or as punishment (i.e., worse than the standard) (Fig. 1). For example,
the reference point μk might indicate the standard mark at
school, implying that a better mark will be perceived as success and a worse mark as failure. The parameter σk can be

The model
Contemporary models of reference-dependency disagree on
important issues, but they all agree on fundamental principles
(Kőszegi & Rabin, 2006; Louie et al., 2013, 2015; Rigoli,
2019; Rigoli, Friston, et al., 2016; Stewart, 2009; Stewart
et al., 2006). Here we will rely on a specific model (Rigoli,
2019, 2021; Woodford, 2012); however, similar arguments
would arise if different models were adopted. The reason for
focusing on this specific model is that, at least in some domains, this represents one of the major candidates for
explaining evaluation (Rigoli, 2019). Moreover, the model is
simple and can be easily applied to AN (see below).
Consider an environment or context k (e.g., school) where a
set of outcomes (e.g., school marks) can be experienced, each
associated with a raw value (e.g., the actual mark). For each

Fig. 1 Subjective value as a function of raw value for different reference
point μk (σk = 20 for all lines)
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interpreted as the level of uncertainty about the own standard,
prescribing how much a discrepancy from the reference point
will be weighted. In other words, it determines how subjectively good or bad an outcome is compared with the reference
point. For example, if one has received a mark above/below
the standard, the uncertainty parameter determines how subjectively good/bad the mark is. If there is high uncertainty,
then a discrepancy will not be weighted much, minimizing
the subjective distance from the reference point. Hence, the
mark above/below the standard will not be considered too
good/bad. Conversely, if there is low uncertainty, a discrepancy will be weighted heavily, maximising the subjective distance from the reference point. Hence, the mark above/below
the standard will be considered as very good/bad.
Based on equation 1, an individual can evaluate a variety of
states within a context, such as the current, past, and future
state of affair. Three of such evaluations are particularly relevant: 1) Vpres, k, capturing the subjective value attributed to the
current state of affair (e.g., the current performance at school);
2) Vact, k, capturing the subjective value attributed to the future
outcome achievable by performing appropriate actions (e.g.,
the performance at school achievable with proper commitment); 3) VNoact, k, capturing the subjective value attributed
to the future outcome expected without performing those appropriate actions (the performance at school expected without
much commitment) (note that, by definition, Vact, k > VNoact, k).
The RDMA proposes that these three evaluations are at the
root of both self-esteem and control. Self-esteem reflects the
level of satisfaction about the current general state of the self
(Branden & Archibald, 1982). Based on this, the RDMA defines self-esteem as equal to the subjective value associated
with the current state (Vpres, k) averaged across all contexts.
Control indicates to what degree one expects to achieve goals
with appropriate actions (Dayan, 2012; Maier & Seligman,
1976; Rigoli, Pezzulo, & Dolan, 2016; Seligman, 1974).
Following this definition, control for context k can be defined
as:
C k ¼ V act;k −V Noact;k

contexts where they believe that their condition can be
improved.
In short, thanks to the reference point μk and the uncertainty parameter σ k , the RDMA highlights the referencedependent nature of subjective value. From this model, a formal definition of self-esteem and control can be proposed.
Below, we will explore how this model of evaluation can be
applied to explain AN.

General characteristics
Consider an example of a context k where an agent can experience four possible raw values (10, 30, 50, 70), and where the
contextual average and SD are 40 and 10, respectively. The
RDMA suggests that, within this context, adaptive evaluation
occurs if the reference point μk corresponds to the contextual
average (equal to 40 in this example) and the uncertainty parameter σk corresponds to the contextual standard deviation
SD (equal to 10 in this example) (Rigoli, 2019). In other
words, adaptive evaluation occurs when an individual has a
realistic representation of the context and its statistics and uses
this representation to evaluate each stimulus appropriately relative to the others. Conversely, when the reference point μk
and the uncertainty parameter σk do not reflect the true context
statistics, evaluation is considered as maladaptive by the
RDMA.
We propose that an excessively high reference point μk at
play across multiple contexts is at the root of AN. According
to the RDMA, what are the implication of an excessively high
reference point μk? Let us consider the example above (describing a context with raw values 10, 30, 50, 70), but now
where the reference point μk is equal to 70 (Fig. 2), namely
substantially higher than the contextual average (which is 40).

ð2Þ

This corresponds to the subjective value expected by
performing appropriate actions minus the value expected
without those actions. While Ck describes the control associated with a specific context k, a general control can be derived
by averaging control across all contexts (Rigoli, Pezzulo, &
Dolan, 2016). The RDMA proposes that control is critical
when deciding which context one should engage with: contexts associated with higher control would be more likely to
attract engagement. For example, if one perceives higher control in the context of sport compared with the context of
school, the person will engage in sport and disregard school.
Intuitively, this captures the idea that people are attracted by

Fig. 2 Subjective value as a function of raw value in a context where
possible raw amounts are 10, 30, 50, and 70. Value function for different
parameter sets is plotted, for a case where parameters reflect the true
context statistics (μk = 40, σk = 10) and a case where the reference point
μk is high (μk = 70, σk = 10)
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Comparing the results for μk = 40 versus μk = 70, two key
differences emerge. First, all subjective values are lower when
μk = 70 (Fig. 2). In other words, a high reference point will
lead to considering all possible outcomes as more negative.
The second aspect concerns the distance in subjective value
among outcomes that are adjacent in the distribution (e.g., 30
minus 10, or 50 minus 30, or 70 minus 50) (Fig. 2). When the
reference point μk is equal to the contextual average (in our
example, μ = 40), this distance is maximal near the average (in
our example, it is maximal for 50 minus 30; Fig. 2).
Conversely, when the reference point μk is high (in our example, μ = 70), this distance is maximal for a region above the
average (in our example, it is maximal for 70 minus 50).
Moreover, in the lower tail of the contextual distribution, distances among adjacent outcomes are larger when the reference
point is close to the contextual average compared to when it is
high. In our example, for 50 minus 30 and 30 minus 10, the
distance in subjective value is larger when μk = 40 compared
to when μk = 70. In short, when comparing a reference point
close to the contextual average versus a high reference point,
the distance for adjacent outcomes is larger, except for a region at the high-end of the distribution.
We argue that this scenario can explain general characteristics of AN, including perfectionism, dichotomous thinking,
low self-esteem, and low general sense of control (Burns &
Fedewa, 2005; Byrne et al., 2008; Egan, Piek, Dyck, & Rees,
2007; Egan, Wade, & Shafran, 2011; Flett & Hewitt, 2002).
Perfectionism occurs when all possible outcomes are considered as negative except for only those at the very high-end of
the distribution (Egan et al., 2007, 2011; Flett & Hewitt,
2002). Moreover, even these outcomes at the top are usually
not experienced with positive feelings, but rather with just a
sense of relief. For example, the top mark at school might not
be perceived as a great achievement to be celebrated, but simply as the minimum to be expected. This picture of perfectionism fits with the scenario described by the RDMA where a
high reference point is implemented. In our example, all outcomes are evaluated as negative (i.e., they have a subjective
value less than 0.5) except for the outcome of 70, which is
associated with a neutral value (equal to 0.5). This scenario
captures the notion that, in perfectionism, expectations (captured by the reference point μk) are too high, resulting in
disappointment (when the outcome is worse than expectations) or, at best, in relief (when the outcome matches
expectations).
Dichotomous thinking occurs when possible outcomes are
grouped in two opposing categories (Byrne et al., 2008).
Moreover, dichotomous thinking is characterised by polarization, namely it maximises the perceived distance among categories of outcomes and minimises the distance within each
category (Byrne et al., 2008). This picture of dichotomous
thinking also fits with the scenario described by the RDMA
where a high reference point is implemented. In our example,

comparing the condition where μk = 70 versus μk = 40, the
difference in subjective value is minimised for 10, 30, and 50;
in other words, these outcomes are perceived as more similar.
Hence, the RDMA predicts that a high reference point will
group these outcomes together. At the same time, comparing
the condition where μk = 70 versus μk = 40, the distance
between 50 and 70 is enhanced; these outcomes are perceived
as more far apart (Fig. 2). Therefore, in line with the notion of
dichotomous thinking, the RDMA predicts that a high reference point groups the outcomes of 10, 30, and 50 together,
while treating the outcome of 70 as a separate category (note
that dichotomous thinking is exacerbated by a low uncertainty
parameter σk, something that also might characterise some AN
patients).
Because a higher reference point μk implies lower subjective values (see above), low self-esteem (i.e., a low subjective
value attributed to the current state (Vpres, k) averaged across
all contexts) also ensues (Brockmeyer et al., 2013). Finally,
higher reference point usually entails low general control
(Surgenor, Horn, Plumridge, & Hudson, 2002): consider two
individuals, with one having higher reference point μk.
Imagine that both individuals predict that an outcome of 50
can be achieved with the correct behaviour and that an outcome of 10 will be achieved without that behaviour. Perceived
control will be lower for the individual having higher reference point μk, because the distance in subjective value between 50 and 10 (corresponding to the level of control; see
equation 2) is smaller for this individual.
Why would some people develop a high reference point?
Genetic factors might be important, expressed in an inbuilt
predisposition for developing higher reference points for evaluation. Social pressure for high standards also might be at
play. This might comprise cultural pressure (e.g., exposure
to media focusing on highly successful individuals) (Crisp,
1980; Garner & Garfinkel, 1980), group pressure (e.g.,
experiencing highly competitive schools or sport activities)
(Costa-Font & Jofre-Bonet, 2013), and family pressure (e.g.,
parents teaching their children that the top mark at school is
the norm) (Cook & Kearney, 2009, 2014). Moreover, repeated
experience of outcomes within a context will normally underpin new learning, leading to a progressive adaptation of the
reference point (we do not explore learning here, although this
represents an interesting research avenue). However, learning
might be impaired for some individuals, resulting in an excessively small learning rate, implying that for these individuals
the reference point might fail to adapt and remain abnormally
high.
Altogether, within the RDMA, a high reference point at
play across contexts elicits perfectionism, dichotomous thinking, low self-esteem, and low general control. RDMA interprets these as all arising from a unique factor (a high reference
point), explaining why empirically they are commonly observed together (Burns & Fedewa, 2005; Egan et al., 2007;
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Kaye et al., 2013). A high reference point is proposed to be at
the root of AN and, therefore, of perfectionism, dichotomous
thinking, low self-esteem, and low control as observed in the
illness. This raises the crucial question: how do these general
features (observed also in other mental disorders) result in the
specific AN symptoms? The next section examines this question.

Specific symptoms
Perfectionism, dichotomous thinking, low self-esteem, and
low general control are characteristics of AN but also of other
disorders, such as obsessive-compulsive disorder (OCD) and
depression (Blatt, 1995; Egan et al., 2011; Frost & Steketee,
1997; Orth, Robins, & Roberts, 2008; Seligman, 1974). To
understand when, according to the RDMA, such general characteristics result specifically in AN, remember that the RDMA
proposes that individuals tend to engage in life contexts where
they perceive higher control, and disregard the other contexts
(see above). This implies that, when an individual perceives
higher control regarding body shape compared to all other life
contexts, the individual will focus on shaping the body
(Cooper, 2005; Fairburn et al., 1999; Slade, 1982). If the difference in perceived control for body shape compared to all
other life contexts is dramatic, this will result in an obsession
for body shape (and an exclusive engagement with related
activities), which is at the core of AN. More specifically, the
RDMA suggests that AN patients have (1) high reference
point μk for all life contexts including body shape, (2) they
attribute low subjective value to the current state VR, k for all
contexts including body shape, (3) they attribute low control
(defend by equation 2) for all contexts except body shape, and
(4) they attribute relatively higher control to the body shape
context (i.e., they believe that, with the right commitment,
they can achieve a much better outcome (Vact, k) compared
with no commitment (VNoact, k)—note that here the difference
between Vact, k and VNoact, k is critical, and not the individual
value of these variables). This argument explains a core symptom in AN, namely the obsession for body shape. We propose
that relatively higher control for the body shape is specific to
AN: an individual with a similar profile but with relatively
higher control for, say, hygiene instead of body shape will
not develop AN, but an obsession for hygiene (this reasoning
can inspire a future extension of the model to OCD).
However, so far this argument leaves other core symptoms
unexplained: why is an extremely low body weight, and not a
normal body weight, the target for patients? And why do patients
perceive themselves as overweight even when their actual weight
is dramatically low (Moelbert et al., 2017)? One possibility compatible with the RDMA is that patients have an extremely low
body weight as target already before the illness emerges. This
target might be the consequence of repeated exposure to people
and media despising body fat and eating, and praising thinness

and fasting (Crisp, 1980; Garner & Garfinkel, 1980) (genetic
factor might also be at play). However, the RDMA raises another
possibility: the patients’ target might not be fixed from the start,
but it might decrease as the illness progresses. This decrease
might depend on the principle, advocated by referencedependent cognition models (Kőszegi & Rabin, 2006; Louie
et al., 2013, 2015; Rigoli, 2019; Rigoli, Friston, et al., 2016;
Stewart, 2009; Stewart et al., 2006), that the reference point
changes by tracking changes in the context statistics. Applied
to AN, this principle implies the following: at first, patients might
have a relatively normal weight as target. When, as described
above, an obsession for body shape arises, patients would start
dieting to achieve this target. Through selective attention
(Blechert, Ansorge, & Tuschen-Caffier, 2010; Jansen,
Nederkoorn, & Mulkens, 2005), dieting would expose patients
to more and more images of bodies with lower weight. This
repeated exposure would lead to a shift in the reference point
μk towards more and more thinness, changing the patients’ target:
now a lower body shape is necessary to achieve the same level of
subjective value as before. This explanation entails a vicious
cycle, whereby an obsessive diet leads to exposure to skinny
body images and in turn to a shift in the reference point, encouraging further dieting. This explains a second core symptom of
AN, namely the extremely low body weight combined with a
staunch refusal to gain weight. Body misperceptions, a third core
symptom (Moelbert et al., 2017), also arise from this argument:
according to the notion that perception is not absolute but reference-dependent, a change in the reference point would result in
perceiving the own body as overweight despite clear evidence of
the contrary. Given that only few people on a diet develop AN,
when would dieting lead to developing the specific symptoms of
AN? Our reasoning suggests that these symptoms emerge only
in some specific circumstances, namely (1) when the diet is
obsessive and rigid and (2) when the person dieting is
characterised by elevated perfectionism, dichotomous thinking,
low self-esteem, low general control, and relatively high control
for body shape. However, to some extent, the processes fostering
lower target body weight might be promoted by diet also in
people who do not develop any pathology.
In short, the RDMA argues that with AN, a low sense of
control pervades all life contexts except body shape, resulting
in an obsession about the latter. This would trigger a rigid diet
associated with exposure to skinny body images, leading to a
shift in reference point. Such shift would explain why patients
aim at an extremely low body weight and why they perceive
themselves as overweight despite evidence of the contrary.

Discussion
Building on influential accounts of AN, the RDMA offers a
computational perspective on this illness. Relying on the idea
of reference-dependent evaluation (Kőszegi & Rabin, 2006;
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Louie et al., 2013, 2015; Rigoli, 2019; Rigoli, Friston, et al.,
2016; Stewart, 2009; Stewart et al., 2006), the key proposal is
that a high reference point is at the root of general characteristics, such as perfectionism, dichotomous thinking, low selfesteem, and low sense of control. These characteristics would
result specifically in AN when the sense of control regarding
body shape, compared with other life domains, is relatively
high. The model raises the possibility that reference effects
also might explain why patients aim at an extremely low
weight: exposure to skinny body images (one of the product
of obsessive dieting) might change the reference point for the
own body; hence leading to extremely low body weigh,t
staunch refusal to gain weight, and body misperceptions.
Previous influential theories of AN have emphasised the
role of perfectionism and dichotomous thinking in decreasing
self-esteem and sense of control (Cooper, 2005; Fairburn
et al., 1999; Slade, 1982). These processes would be typical
of many girls in their adolescence, when a shift from a dependent to a more independent role is expected, and when the new
standards might appear as impossible to achieve (Crisp,
1980). In this paralysing situation, self-starvation would become appealing as a way to establish control and self-esteem
at least in one life domain (Cooper, 2005; Fairburn et al.,
1999; Slade, 1982). This picture described by previous models
is not far from the interpretation offered by the RDMA. The
latter contributes to the literature by offering a clear analysis of
the key concepts and of their dynamics. First, perfectionism,
dichotomous thinking, self-esteem, and control are all framed
within a reference-dependent evaluation perspective. A
unique factor, namely a high reference point, is proposed to
explain all these aspects. This helps understanding why these
aspects often appear together empirically (Egan et al., 2007,
2011; Flett & Hewitt, 2002). Second, the RDMA defines these
key aspects mathematically rather than verbally (e.g., see
equation 2 for the definition of control). Although some simplifications are necessary, mathematical definitions are rigorous, facilitating theoretical debate and formulation of empirical hypotheses (Frank et al., 2016). For example, a novel
empirical hypothesis arising from the RDMA is that, as the
illness progresses, patients’ weight standards might change
because of reference effects. Third, the RDMA offers a mechanistic perspective on how, in specific circumstances (i.e.,
when the relative control associated with body shape is high),
general characteristics (common to several disorders) produce
the core symptoms of AN. A formal interpretation of these
symptoms emerges: for example, body misperceptions are
proposed to arise because of a comparison with an extremely
low reference point when making judgements about the own
body.
However, despite its similarity to previous models
(Cooper, 2005; Fairburn et al., 1999; Slade, 1982), the
RDMA is a novel theory, and some of its key tenets remain
to be tested. We have already highlighted the possibility that,

as AN progresses, patients’ weight standards might change
because of reference effects. Two key predictions arise from
this. First, weight standards are predicted to decrease as AN
progresses and symptoms worsen. Indirect evidence in support of this indicates that, after treatment, patients’ body misperceptions ameliorate, and that this occurs in conjunction
with improvements in symptoms (Boehm et al., 2016;
Calugi, El Ghoch, Conti, & Dalle Grave, 2018; Roy &
Meilleur, 2010). Second, changes in standards are explained
as arising from reference effects, a prediction so far unexplored (e.g., this implicates that, for AN patients, repeated
exposure to body images with higher or lower weight will
affect their standards accordingly). Another key prediction
of the RDMA is that, while AN is associated with lower general control (in line with empirical evidence; Kaye et al.,
2013), patients perceive relatively higher control for body
shape compared to other domains; this key aspect remains to
be assessed empirically. This also implicates that events that
diminish control for other life domains (e.g., perceived failure
at school or sport) will increase the focus upon body shape,
whereas events that increase control for other life domains will
shift the focus away from body shape. At the same time,
events that diminish control for body shape (e.g., perceived
failure to lose weight) are predicted to decrease the focus upon
body shape (one of the immediate consequences of this could
be binge eating), whereas events that increase control for body
weight will increase the focus upon body shape. These are all
predictions that remain to be examined empirically.
Moreover, the RDMA raises specific predictions about the
value function (mapping outcomes to subjective values)
characterising AN, distinguishing the model from other proposals. For example, the idea of a high reference point (advocated by the RDMA) implies that most outcomes will elicit
similar subjective value, but that the very top outcome will
prompt a substantial subjective value increase. This contrasts
with proposals arguing that a general insensitivity to stimuli
(extended also to top outcomes) underlies AN (Davis &
Woodside, 2002; Kaye, Frank, Bailer, & Henry, 2005).
The empirical literature highlights two important aspects of
AN we have not discussed yet. The first aspect is harm avoidance, reflecting a tendency to adopt avoidant strategies to cope
with potential threats (Cassin et al., 2005; Wagner et al., 2006;
Kaye et al., 2013). In general, it can be argued that perceiving
low control favours avoidance: if no action can manage a
potential threat, then avoidance appears as reasonable. The
RDMA proposes that, because of a high reference point, AN
is associated with low control in all life domains except body
shape, hence predicting adoption of avoidant strategies in
most life domains (in line with empirical evidence; Cassin
et al., 2005; Wagner et al., 2006; Kaye et al., 2013). A second
important aspect of AN not discussed yet is alexithymia, combined with impaired interoception (Barca & Pezzulo, 2020;
Fassino, Pierò, Gramaglia, & Abbate-Daga, 2004; Kaye
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et al., 2013; Pollatos et al., 2008; Sexton, Sunday, Hurt, &
Halmi, 1998). It has been proposed that alexithymia and impaired interoception emerge because patients do not consider
body signals as valuable, hence setting goals that ignore these
signals (e.g., pursuing a low body weight even if this entails
painful hunger) (Barca & Pezzulo, 2020). With time,
disregarding these signals would impair the ability to read
them, resulting in alexithymia and impaired interoception
(Barca & Pezzulo, 2020). The RDMA does not examine
alexithymia and impaired interoception in AN; an interesting
avenue is thus to integrate the RDMA with theories examining
these aspects.
Although our focus has been on contexts defined by the
external environment, our framework can view contexts as
arising from a combination of external and internal conditions
(Niv, Joel, & Dayan, 2006). For example, the same external
environment (e.g., school) can be associated with either being
hungry or being satiated, with each motivational state defining
a specific context and implying a specific outcome distribution with specific values (e.g., with food being valuable when
hungry but not when satiated). Exploring reference effects
within contexts defined by internal conditions appears as
promising, especially in disorders such as AN where an extremely rigid diet might impact upon parameters governing
internally defined contexts.
Research on evaluation highlights two distinct modes of
behaviour, goal-directed and habitual (although the debate
on how to describe them precisely is ongoing) (Balleine &
O'doherty, 2010). During goal-directed behaviour, an individual has a rich representation of the consequences of different
courses of actions, while habitual behaviour is driven by automatic stimulus-response associations. It has been suggested
that certain forms of mental illness initially emerge from goaldirected processes, but as they chronicize, are then maintained
and exacerbated by habitual mechanisms (Everitt & Robbins,
2005; Gillan & Robbins, 2014). Such shift from goal-directed
to habitual behaviour has been proposed as critical in the
chronicization of AN (O’Hara, Campbell, & Schmidt, 2015).
This has implication for the RDMA, where goal-directed and
habitual mechanisms are not yet distinguished (more generally, literature on reference effects remains to be integrated with
literature distinguishing goal-directed and habitual mechanisms). A promising research avenue is to examine the distinction between goal-directed and habitual mechanisms within the framework offered by the RDMA.
Recent models of AN propose a neuroscientific outlook to
understand this disorder. In particular, they highlight the role
of impairments in neural reward processes, involving neurotransmitters such as dopamine and serotonin (Kaye et al.,
2013; Keating, 2010; O’Hara et al., 2015). This literature emphasises the importance of integrating psychological and neural aspects to fully understand AN. By proposing a formal
description of key aspects of AN, the RDMA offers a potential

framework for this integration. For example, the RDMA
builds on notions such as reward, punishment, and control,
that can all be mapped to specific neural mechanisms. An
interesting research avenue is to explore the RDMA in the
context of neuroscientific literature on AN and to extend the
model to the neural level.

Conclusions
Building upon influential theories of AN, this paper proposes
a computational model of the illness, characterising the underlying processes in a formal way. In this way, the model
contributes to clarify the meaning of key concepts
adopted in the literature and of their relation. Such computational account might help to foster theoretical debate, formulating novel empirical predictions, and to integrate psychological and neuroscientific perspectives on
AN. Moreover, this proposal encourages the application
of reference-dependent evaluation models to other mental disorders. For instance, depression might result from
an excessively high reference point characterising all
contexts with no exception (contrary to AN where body
shape would represent an exception), producing low
self-esteem and low control; whereas OCD might
emerge from a very similar profile to AN (in line with
the high comorbidity between the two conditions;
O'Brien & Vincent, 2003) but from cases where the
relative high control is not associated with body shape
but with other contexts, such as hygiene, security, or
order. Exploring the potential insight on mental illness
offered by reference-dependent evaluation models appears as a promising research avenue.

Availability of data and materials N/A (the paper does not involve data
analysis).
Code availability The code of the simulations is available upon request
to the corresponding author.
Authors' contributions F.R. developed the study concept. F.R. and C.R.
wrote the manuscript.
Funding This work was funded by the British Academy (grant no.
SG170621 awarded to F.R.).

Declarations
Conflicts of interest The authors declared no conflicts of interest with
respect to the authorship or the publication of this article.
Ethics approval N/A (the paper does not involve data collection).
Consent to participate N/A (the paper does not involve data collection).

Cogn Affect Behav Neurosci
Consent for publication All authors approved the final version of the
paper for submission.
Open Access This article is licensed under a Creative Commons

Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References
American Psychiatric Association. (2013). Diagnostic and statistical
manual of mental disorders (DSM-5®). American Psychiatric Pub
Balleine, B. W., & O'doherty, J. P. (2010). Human and rodent homologies
in action control: corticostriatal determinants of goal-directed and
habitual action. Neuropsychopharmacology, 35(1), 48-69
Barca, L., & Pezzulo, G. (2020). Keep your interoceptive streams under
control: An active inference perspective on anorexia nervosa.
Cognitive, Affective, & Behavioral Neuroscience, 1-14
Bardone-Cone, A. M., Wonderlich, S. A., Frost, R. O., Bulik, C. M.,
Mitchell, J. E., Uppala, S., & Simonich, H. (2007). Perfectionism
and eating disorders: Current status and future directions. Clinical
Psychology Review, 27(3), 384-405
Blatt, S. J. (1995). The destructiveness of perfectionism: Implications for
the treatment of depression. American Psychologist, 50(12), 1003
Blechert, J., Ansorge, U., & Tuschen-Caffier, B. (2010). A body-related
dot-probe task reveals distinct attentional patterns for bulimia
nervosa and anorexia nervosa. Journal of Abnormal Psychology,
119(3), 575
Boehm, I., Finke, B., Tam, F. I., Fittig, E., Scholz, M., Gantchev, K., &
Ehrlich, S. (2016). Effects of perceptual body image distortion and
early weight gain on long-term outcome of adolescent anorexia
nervosa. European Child & Adolescent Psychiatry, 25(12), 13191326
Burns, L. R., & Fedewa, B. A. (2005). Cognitive styles: Links with
perfectionistic thinking. Personality and Individual Differences,
38(1), 103-113
Branden, N., & Archibald, S. (1982). The psychology of self-esteem.
Bantam Books
Brockmeyer, T., Holtforth, M. G., Bents, H., Kämmerer, A., Herzog, W.,
& Friederich, H. C. (2013). The thinner the better: Self-esteem and
low body weight in anorexia nervosa. Clinical Psychology &
Psychotherapy, 20(5), 394-400
Byrne, S. M., Allen, K. L., Dove, E. R., Watt, F. J., & Nathan, P. R.
(2008). The reliability and validity of the dichotomous thinking in
eating disorders scale. Eating Behaviors, 9(2), 154-162
Calugi, S., El Ghoch, M., Conti, M., & Dalle Grave, R. (2018).
Preoccupation with shape or weight, fear of weight gain, feeling
fat and treatment outcomes in patients with anorexia nervosa: A
longitudinal study. Behaviour Research and Therapy, 105, 63-68
Cassin, S. E., & von Ranson, K. M. (2005). Personality and eating
disorders: a decade in review. Clinical psychology review, 25(7),
895-916
Cook, L. C., & Kearney, C. A. (2009). Parent and youth perfectionism
and internalizing psychopathology. Personality and Individual
Differences, 46(3), 325-330

Cook, L. C., & Kearney, C. A. (2014). Parent perfectionism and psychopathology symptoms and child perfectionism. Personality and
Individual Differences, 70, 1-6
Cooper, M. J. (2005). Cognitive theory in anorexia nervosa and bulimia
nervosa: Progress, development and future directions. Clinical
Psychology Review, 25(4), 511-531
Costa-Font, J., & Jofre-Bonet, M. (2013). Anorexia, body image and peer
effects: evidence from a sample of European women. Economica,
80(317), 44-64
Crisp, A. H. (1980). Anorexia nervosa: Let me be. Psychology Press
Davis, C., & Woodside, D. B. (2002). Sensitivity to the rewarding effects
of food and exercise in the eating disorders. Comprehensive
Psychiatry, 43(3), 189-194
Dayan, P. (2012). Instrumental vigour in punishment and reward.
European Journal of Neuroscience, 35(7), 1152-1168
Egan, S. J., Piek, J. P., Dyck, M. J., & Rees, C. S. (2007). The role of
dichotomous thinking and rigidity in perfectionism. Behaviour
Research and Therapy, 45(8), 1813-1822
Egan, S. J., Wade, T. D., & Shafran, R. (2011). Perfectionism as a
transdiagnostic process: A clinical review. Clinical Psychology
Review, 31(2), 203-212
Everitt, B. J., & Robbins, T. W. (2005). Neural systems of reinforcement
for drug addiction: from actions to habits to compulsion. Nature
Neuroscience, 8(11), 1481-1489
Fairburn, C. G., Shafran, R., & Cooper, Z. (1999). A cognitive behavioural theory of anorexia nervosa. Behaviour Research and
Therapy, 37(1), 1-13
Fassino, S., Pierò, A., Gramaglia, C., & Abbate-Daga, G. (2004).
Clinical, psychopathological and personality correlates of interoceptive awareness in anorexia nervosa, bulimia nervosa and obesity.
Psychopathology, 37(4), 168-174
Flett, G. L., & Hewitt, P. L. (2002). Perfectionism: Theory, research, and
treatment. American Psychological Association
Frank, M., Barch, D. M., Kurth-Nelson, Z., O'Doherty, J. P., Denève, S.,
Durstewitz, D., & Driesen, N. (2016). Computational psychiatry:
New perspectives on mental illness (Vol. 20). MIT Press
Froreich, F. V., Vartanian, L. R., Grisham, J. R., & Touyz, S. W. (2016).
Dimensions of control and their relation to disordered eating behaviours and obsessive-compulsive symptoms. Journal of Eating
Disorders, 4(1), 14
Frost, R. O., & Steketee, G. (1997). Perfectionism in obsessivecompulsive disorder patients. Behaviour Research and Therapy,
35(4), 291-296
Garner, D. M., & Garfinkel, P. E. (1980). Socio-cultural factors in the
development of anorexia nervosa. Psychological Medicine, 10(4),
647-656
Gillan, C. M., & Robbins, T. W. (2014). Goal-directed learning and
obsessive–compulsive disorder. Philosophical Transactions of the
Royal Society B: Biological Sciences, 369(1655), 20130475
Jansen, A., Nederkoorn, C., & Mulkens, S. (2005). Selective visual attention for ugly and beautiful body parts in eating disorders.
Behaviour Research and Therapy, 43(2), 183-196
Kaye, W. H., Frank, G. K., Bailer, U. F., & Henry, S. E. (2005).
Neurobiology of anorexia nervosa: clinical implications of alterations of the function of serotonin and other neuronal systems.
International Journal of Eating Disorders, 37(S1), S15-S19
Kaye, W. H., Wierenga, C. E., Bailer, U. F., Simmons, A. N., & BischoffGrethe, A. (2013). Nothing tastes as good as skinny feels: the neurobiology of anorexia nervosa. Trends in Neurosciences, 36(2), 110120
Keating, C. (2010). Theoretical perspective on anorexia nervosa: the conflict of reward. Neuroscience & Biobehavioral Reviews, 34(1), 7379
Kőszegi, B., & Rabin, M. (2006). A model of reference-dependent preferences. The Quarterly Journal of Economics, 121(4), 1133-1165

Cogn Affect Behav Neurosci
Louie, K., Glimcher, P. W., & Webb, R. (2015). Adaptive neural coding:
from biological to behavioral decision-making. Current Opinion in
Behavioral Sciences, 5, 91-99
Louie, K., Khaw, M. W., & Glimcher, P. W. (2013). Normalization is a
general neural mechanism for context-dependent decision making.
Proceedings of the National Academy of Sciences, 110(15), 61396144
Maier, S. F., & Seligman, M. E. (1976). Learned helplessness: theory and
evidence. Journal of Experimental Psychology: General, 105(1), 3
Moelbert, S. C., Klein, L., Thaler, A., Mohler, B. J., Brozzo, C., Martus,
P., & Giel, K. E. (2017). Depictive and metric body size estimation
in anorexia nervosa and bulimia nervosa: A systematic review and
meta-analysis. Clinical Psychology Review, 57, 21-31
Niv, Y., Joel, D., & Dayan, P. (2006). A normative perspective on motivation. Trends in Cognitive Sciences, 10(8), 375-381
O’Hara, C. B., Campbell, I. C., & Schmidt, U. (2015). A reward-centred
model of anorexia nervosa: a focussed narrative review of the neurological and psychophysiological literature. Neuroscience &
Biobehavioral Reviews, 52, 131-152
O'Brien, K. M., & Vincent, N. K. (2003). Psychiatric comorbidity in
anorexia and bulimia nervosa: nature, prevalence, and causal relationships. Clinical Psychology Review, 23(1), 57-74
Orth, U., Robins, R. W., & Roberts, B. W. (2008). Low self-esteem
prospectively predicts depression in adolescence and young adulthood. Journal of Personality and Social Psychology, 95(3), 695
Pollatos, O., Kurz, A. L., Albrecht, J., Schreder, T., Kleemann, A. M.,
Schöpf, V., & Schandry, R. (2008). Reduced perception of bodily
signals in anorexia nervosa. Eating Behaviors, 9(4), 381-388
Rigoli, F. (2019). Reference effects on decision-making elicited by previous rewards. Cognition, 192, 104034
Rigoli, F. (2021). Political Motivation: A Referent Evaluation
Mathematical Model. Journal of Social and Political Psychology,
9(1), 8-23
Rigoli, F., Friston, K. J., Martinelli, C., Selaković, M., Shergill, S. S., &
Dolan, R. J. (2016). A Bayesian model of context-sensitive value
attribution. ELife, 5, e16127

Rigoli, F., Pezzulo, G., & Dolan, R. J. (2016). Prospective and Pavlovian
mechanisms in aversive behaviour. Cognition, 146, 415-425
Roy, M., & Meilleur, D. (2010). Body image distortion change during
inpatient treatment of adolescent girls with restrictive anorexia
nervosa. Eating and Weight Disorders-Studies on Anorexia,
Bulimia and Obesity, 15(1-2), e108-e115
Seligman, M. E. (1974). Depression and learned helplessness. John
Wiley & Sons
Sexton, M. C., Sunday, S. R., Hurt, S., & Halmi, K. A. (1998). The
relationship between alexithymia, depression, and axis II psychopathology in eating disorder inpatients. International Journal of Eating
Disorders, 23(3), 277-286
Slade, P. (1982). Towards a functional analysis of anorexia nervosa and
bulimia nervosa. British Journal of Clinical Psychology, 21(3), 167179
Stewart, N. (2009). Decision by sampling: The role of the decision environment in risky choice. Quarterly Journal of Experimental
Psychology, 62(6), 1041-1062
Stewart, N., Chater, N., & Brown, G. D. (2006). Decision by sampling.
Cognitive Psychology, 53(1), 1-26
Surgenor, L. J., Horn, J., Plumridge, E. W., & Hudson, S. M. (2002).
Anorexia nervosa and psychological control: a reexamination of
selected theoretical accounts. European Eating Disorders Review,
10(2), 85-101
Wagner, A., Barbarich-Marsteller, N. C., Frank, G. K., Bailer, U. F.,
Wonderlich, S. A., Crosby, R. D., ... & Kaye, W. H. (2006).
Personality traits after recovery from eating disorders: do subtypes
differ?. International Journal of Eating Disorders, 39(4), 276-284
Woodford, M. (2012). Prospect theory as efficient perceptual distortion.
American Economic Review, 102(3), 41-46
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

