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Each decision is a hill to climb – or roll down

Motivation and apathy

People differ in how effortful and how rewarding a task seems to them



Historically referred to using different terms

Pathological apathy

Abulia
Akinetic 
mutism

Apathy

ANTERlOR CZNGULATE GYRUS LESZONS 47 

FIG. 1. Gross appearance of bilateral 
cingulate gyrus lesions, coronal sec- 
tion, rostra1 surface. 

FIG. 2. Medial view, left hemisphere, 
showing gross appearance of cingu- 
late gyrus and adjacent cortical lesion. 

FIG. 3. Medial view, right hemisphere, 
showing gross appearance of lesion of 
anterior cingulate gyms. 

tion extending deeply into the underlying white portions of the cingulate gyri, more on 
the left than the right. At the level of the lesion’s greatest extent, along the left medial 
surface, there was noted microscopically the slightest encroachment of the lesion along the 
most dorsolateral aspect of the corpus callosum, involving only a few of the fibers of the 
callosum at this point. Except for this, microscopic study of cell (cresyl violet, Gomori’s 
trichrome, hematoxylin and eosin) and myelin sheath stained ( Weil) sections revealed the 
corpus callosum to be essentially intact (figure 4 ) .  

FIG. 4. Low power view, coronal section, 
showing areas of necrosis involving cingn- 
late gyri bilaterally. (Gomori’s trichrome 
stain.) 

DISCUSSION 

The clinical features of the case herein reported were quite similar to that 
recently reported by Nielsen and Jac0bs.l The earlier signs and symptoms 
were those of apathy associated with eventual akinesia and mutism; the later 
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Pathological apathy following
bilateral basal ganglia stroke

Adam et al (2013) Cortex.



Basal ganglia – medial frontal circuits
Implicated in motivation to action in animal models & apathy across human diseases

Ventral striatum

Ventral tegmental area (VTA)
Substantia nigra complex

Medial prefrontal regions 
connected to basal ganglia

A B

vmPFC

ACC
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Ventral tegmental area (VTA)
Substantia nigra complex

Haber & Knutson (2010)  Neuropsychopharmacology

Dopamine: identified as a 
key neurotransmitter

Circuit level dysfunction 
regardless of pathology?

(inc nucleus accumbens)

Potential circuit level and
neurotransmitter targets



Responded to dopamine 
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Apathy is common across brain diseases
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Cognitive neurology

Table 1 Apathy occurs commonly in a broad range of neurological and psychiatric conditions
Condition Prevalence Comments

Parkinson’s disease (PD) 17%–70% (likely 
~30% in the general 
population)

A common non-motor symptom of PD. Occurs at all stages of the disease and is a presenting symptom in >20% 
of patients. Clear evidence it is an intrinsic (rather than reactive) feature of PD.3 50

Alzheimer’s disease ~50% Along with PD, apathy in AD probably has had the greatest level of research interest to date, including 
epidemiology, imaging correlates and therapeutics (s16).

Sporadic cerebral small vessel 
disease (SVD)

15%–30% An increasingly recognised complication of SVD, with a clear association between apathy and both background 
vascular risk factors and imaging changes of SVD (s17, s18).

CADASIL 40% One of the cardinal features of this condition. Occurs at all clinical stages but more likely with progression of the 
disease (s19).

Stroke (large vessel territory) ~30% Occurrence is associated with worse outcomes and poorer quality of life4 (s20).
Frontotemporal dementia (FTD) >50% (particularly 

behavioural variant)
A core feature of behavioural variant FTD (which can have different underlying pathologies), although also 
present in other subtypes. Strongly associated with impulsivity (s21).

Progressive supranuclear palsy (PSP) Up to 90% Occurs in nearly all patients with PSP (s22).
Corticobasal syndrome 50%–90% A common feature of this neurodegenerative syndrome, which is associated with different underlying 

pathologies (s23).
Amyotrophic lateral sclerosis 40% A common feature, with at least mild apathy symptoms present in most patients (s24).
Huntington’s disease >30% Common and strongly related to disease progression (s2).
Traumatic brain injury 20%–72% Increasingly recognised as a sequalae (s25).
HIV infection 25%–40% A common sequelae of HIV infection, it has been related to the extent of brain pathology particularly within the 

ventral striatum and the subcortical white matter (s26, s27).
Multiple sclerosis (MS) 22% Emerging evidence suggests apathy is a common neurobehavioural feature of MS (s28).
Myotonic dystrophy 40% A noted feature of this condition, although limited research to date (s29).
Wilson’s disease 24% Reported in some patients in a single study (s30).
Depression 38% Dissociable from, but associated with the syndrome of depression, particularly anhedonic components (s31).
Schizophrenia 47% One of the core components of the negative symptoms of schizophrenia (s32).
References are provided in the online supplementary material.
CADASIL, Cerebral autosomal dominant arteriopathy with subcortical Iinfarcts and leukcoencephalopathy.

frameworks that explain the production of normal goal-di-
rected behaviour.13 With these advances comes an opportunity 
to understand complex neuropsychiatric syndromes, such as 
apathy, in terms of dysfunction of normal underlying cognitive 
processes.

THE NEUROSCIENCE OF MOTIVATED BEHAVIOUR
Motivated behaviour in humans and other animals is character-
ised by active efforts to obtain positive reinforcers (rewards). 
This truism suggests three fundamental processes at work. First, 
an internal valuation system must determine the subjective value 
of ongoing events in terms of their hedonic or aversive poten-
tial, as well as their potential costs, including energy expenditure 
(effort) and temporal proximity (figure 1A). Second, a motor 
system must act on the environment in order to pursue outcomes 
with high value and to avoid aversive events (figure 1C). And 
third, a mediating system, under the influence of the value 
system, must activate the motor system towards particular goals 
(figure 1B).

The value system includes the VS (comprising the nucleus 
accumbens (NAc) and adjacent areas in the rostral caudate 
nucleus and the ventral-rostral putamen) and the ventromedial 
prefrontal cortex (vmPFC), which includes the most rostral 
areas of ACC and adjacent areas of medial OFC14 (figure 1A). 
Although VS and vmPFC are reciprocally interconnected, they 
may differ in the information they encode. There is evidence 
that the VS mediates a process of learning, via conditioning, 
which states of the environment predict future rewards.15 For 
example, a cigarette smoker might learn by such a process that 
the sight of a package of cigarettes predicts the reward value 
of a forthcoming smoke. Because these associations are devel-
oped through a gradual process of reinforcement, they can be 

difficult to dispel. By contrast, the hallmark of vmPFC function 
is its flexibility: although activity within vmPFC is also sensitive 
to the subjective value of events,16 there is evidence that this 
activity varies dynamically as if such values are being reassessed 
on the fly.14 Neural activity in vmPFC also parametrically varies 
with the subjective value of multiple different reward types, 
which allows for comparison across qualitatively different types 
of outcomes and reinforcers on a common scale.17 This flexi-
bility appears to support rapid shifts in preference, for example, 
as when a dieter favours high-protein foods one day and liquid 
foods the next.

Once computed, this value information must be translated 
into appropriate behavioural responses (figure 1B). The neural 
circuitry underlying this mediating system is complex and 
distributed. Although some theories have proposed a hard 
distinction between valuation and motor systems,15 it is widely 
accepted in behavioural neuroscience that both VS and ACC 
serve as crucial ‘limbic/motor’ interfaces, under the influence 
of the mesolimbic dopamine (DA) system, which originates in 
the ventral tegmental area of the midbrain and projects widely 
to these regions and related structures18 (figure 1D). More-
over, although DA is a key modulator, other neurotransmitter 
systems may also play a crucial role.19 20

The DA system carries at least two reward-related signals 
(but see Berke21). Fast or phasic (100–200 ms) increases and 
decreases in DA neuron firing-rate convey the so-called reward 
prediction error signals that indicate when ongoing events 
are ‘better’ or ‘worse’ than expected. These signals enable 
the neural targets of the DA system to learn what actions 
and events elicit positive reinforcers, which can in turn guide 
future behaviour.22 Additionally, slower or tonic DA signals are 
thought to regulate levels of physical and cognitive activation, 
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Pure apathy
29%

Apathy + depression
22%

Pure depression
4%

Depression
26%

Apathy
51%

Kirsch-Darrow et al (2006) Neurology

Study sample N = 80 I Consecutive OPD cases
In untreated 175 PD cases: 27% have apathy; 37% depression
Aasland et al (2009) JNNP

Apathy is dissociable from depression
But both can be present within an individual



Why do we do what we do?
Motivation to action



Why do we do what we do?
A framework for understanding motivation to action – and loss of motivation in apathy

anticipatory pupil dilatation that scales with potential 
reward magnitude in advance of making speeded move-
ments to obtain reward. This pupil response is blunted  
in some patients with apathy59 (FIG.!2a,b).

Action and effort. The initiation, maintenance and 
invigoration of action together constitute part of appet-
itive behaviour — for example, the locomotor approach 
of an animal to a potentially rewarding experience, such 
as food. Appetitive behaviour has been referred to as a 
measure of ‘wanting’ (distinct from ‘liking’; see below)23, 
although some caution against the use of subjective 
terms in reference to animal studies.

Tasks used to study appetitive components of behav-
iour often measure how much physical effort an animal 
is willing to allocate to obtain a reward. For example, 
in progressive ratio tasks, the number of lever presses 
a rat has to make to obtain a set reward progressively 
increases until the animal reaches its ‘breaking point’ and 
is no longer willing to exert further effort25. Similarly, in 
a variation of the T- maze, rodents must decide between 
scaling a barrier to obtain highly rewarding food and a 
low- effort, low- reward food option60 (FIG.!2c). In humans, 
effort allocation can be manipulated using the number 
of button presses, the speed of response or the amount 
of force exerted to obtain rewards (FIG.!2d–f). Often, 
such tasks use choice behaviour as an indication of 
willingness to exert effort56,61–63.

Fewer studies have examined willingness to allo-
cate cognitive effort. Rodents might, for example, have 
to choose to opt for a highly demanding attention trial 
(detect a brief illumination) over a low- demand one 
(detect a prolonged illumination) to obtain a greater 
reward64. In humans too, researchers have probed 

willingness to expend mental effort (in tasks that place 
high demands on attention or working memory) ver-
sus physical effort (squeezing tightly on hand- held 
dynamometers)65,66. These studies have shown both 
common and dissociable brain region contributions to 
effort- based decision making for rewards in the cog-
nitive and physical effort domains65,66. One important 
aspect of effort tasks is that the highly effortful option 
must be achievable; otherwise, any observed changes in 
decision making could relate to probability discounting, 
not effort discounting.

A paradigm commonly used to assess ‘wanting’, 
originally developed in rodents, is Pavlovian– 
instrumental transfer (PIT). PIT involves three stages: 
Pavlovian (passive) conditioning pairing an initially 
neutral stimulus (such as a tone or light) with a reward-
ing outcome (food); instrumental (active, choice- based) 
association between an action (pressing a lever) and the 
rewarding outcome; and, finally, the PIT phase itself — 
the presentation of the Pavlovian conditioned stimulus 
(CS; that is, the tone or light) during instrumental per-
formance — usually during extinction (that is, without 
delivery of rewarding outcomes). Presentation of the 
(unrelated) CS causes an invigoration of instrumental 
responding (known as the PIT effect), and is inter-
preted as reflecting incentive salience, or wanting67. 
Human analogues of the PIT task have been developed, 
with some evidence that the PIT effect is attenuated in 
individuals with depression68.

Hedonic impact. Consummatory behaviour refers to 
the achievement of a goal — for example, eating food. 
Some refer to this as the ‘liking’ phase of motivated 
behaviour23. One probe used to index consummatory 

Pavlovian–instrumental 
transfer
(PIT). The influence of an 
irrelevant conditioned stimulus 
on ongoing instrumental 
behaviour.

Apathy Anhedonia

Syndrome

Behavioural components Learning from outcomes

Option generation Cost–benefit decision

Option selection

Anticipatory phase
Preparation for action

Self-generated or
environmentally cued

Valuation of options 
according to reward, 
effort, time and risk

Motivational arousal

Initiating action and 
sustaining effort

Appetitive/approach 
phase of behaviour
Invigoration of action

Interacting with 
behavioural goal

Consummatory phase of 
behaviour
Hedonic impact

Fig. 1 | Mechanisms underlying effort- based decision making to obtain 
rewards. The clinical syndromes of apathy and anhedonia seem to overlap, 
sharing some possible underlying mechanisms. In the field of effort- based 
decision making for reward, several possible processes have been identified, 
some of which are displayed here. First, before an action is initiated, it might 
be important to generate potential options for behaviour. These might be 
self- initiated or cued by changes in the surrounding environment. Next, the 
possible options need to be evaluated in terms of their costs (effort, time 
required and associated risks) versus their benefits (potential reward) before an  
option for behaviour is selected. Anticipation of reward and preparation for 

action are associated with physiological changes (in heart rate and pupil 
dilatation) linked to motivational arousal. Premotor and motor mechanisms 
are engaged to initiate, invigorate and sustain appetitive or approach 
behaviour. Interacting with the behavioural goal consists of the 
consummatory phase, which may lead to a positive (hedonic) or negative 
impact. Finally , learning from outcomes to alter weighting of costs and 
benefits in subsequent decision making is important for optimizing option 
selection in the future. In principle, lack of motivation — manifest as apathy 
or anhedonia — might occur due to dysfunction at any one or more  
of these stages.
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Measuring option generation | fluency
And uniqueness of options

Ang et al (2018) Current Biology

understanding and familiarity with the activity being tested. Alter-
natively, executive tests of fluency [14, 25–27] and fluency-
based creativity tests (e.g., alternative uses test; see [22]) can
be used, but these tasks involve generating discrete outputs,
such as words, and often require subjective assessments of
novelty. Moreover, the paradigms often involve searching a
semantic space, and so performance is strongly biased by an
individual’s educational and cultural background. It might also
be affected by linguistic ability, prospective or counterfactual
thinking, and working memory. To overcome these limitations,
we developed a novel measure of option generation that is sim-
ple and quantitative, objective, and culture-free. Whereas it does
not provide assessment of different types of possible choices, it
is relatively unconstrained, allowing people to generate on their
own different options to solve a simple problem that can be
understood without extensive experience required.

Participants were given a time limit of four minutes to draw on
a touchscreen computer as many different paths as they could
between two vertically aligned, fixed points (see STARMethods;
Figure 1A). This allowed us to extract movement and timing
parameters, thereby providing an opportunity to evaluate both
the uniqueness and diversity of paths generated using objective
metrics.
To quantify uniqueness, we created an index of similarity be-

tween pairs of paths (Figure 1B). Each path was parameterized
by 200 points equally spaced along its length, and the distance
between a pair of lines drawn on the touchscreen was computed
as the sum of distances between pairs of corresponding points.
Lines were reflected about the midline such that mirror image
paths were considered as similar to each other, and the first
and second derivatives were included in the distance metric to
better account for differences in the shapes of the curves. This

Figure 1. Option-Generation Task
(A) The option-generation task required participants to draw, in 4 min, as many different paths as possible from the start point (bottom circle) to the end goal (top

circle). Paths appeared as participants drew them and remained displayed on the touchscreen during the task so that participants did not have to remember

them.

(B) To quantify uniqueness, each path was first parameterized by 200 equally spaced points along its length. The ‘‘difference’’ between any two paths is then

taken as the sum of the distance between corresponding points. This distance metric also includes the first and second derivatives in order to better account for

curvatures in trajectories. Uniqueness of a path is then defined as the ‘‘distance’’ between it and the most similar path generated (by any participant in the three

studies of this paper). Distances between a participant’s pathswere also projected into a 2-dimensional subspace usingmultidimensional scaling to visualize how

individuals explored the space of possible paths by treating each generated path as a point. Points that are closer together indicate more similar paths and vice

versa.

(C) Illustrations of the trajectories of the 69 paths generated by one participant (left), his corresponding points in 2-dimensional similarity subspace after

multidimensional scaling (middle), and the pairwise distance matrix (right).

See also Figure S1.
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circle). Paths appeared as participants drew them and remained displayed on the touchscreen during the task so that participants did not have to remember

them.

(B) To quantify uniqueness, each path was first parameterized by 200 equally spaced points along its length. The ‘‘difference’’ between any two paths is then

taken as the sum of the distance between corresponding points. This distance metric also includes the first and second derivatives in order to better account for

curvatures in trajectories. Uniqueness of a path is then defined as the ‘‘distance’’ between it and the most similar path generated (by any participant in the three

studies of this paper). Distances between a participant’s pathswere also projected into a 2-dimensional subspace usingmultidimensional scaling to visualize how

individuals explored the space of possible paths by treating each generated path as a point. Points that are closer together indicate more similar paths and vice

versa.

(C) Illustrations of the trajectories of the 69 paths generated by one participant (left), his corresponding points in 2-dimensional similarity subspace after

multidimensional scaling (middle), and the pairwise distance matrix (right).

See also Figure S1.
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Option generation correlates with motivation in controls
And trades-off with uniqueness so more motivated people find fewer novel options

Ang et al (2018) Current Biology

allowed us to measure ‘‘effective distance’’ between each pair of
paths drawn. For every path produced by each participant,
uniqueness was defined as the ‘‘distance’’ between it and the
most similar path produced by all other participants in the three
studies of this paper.
To quantify diversity, the distances between a participant’s

pathswere projectedonto a 2-dimensional subspace usingmulti-
dimensional scaling to visualize how they explored thepath space
(Figures 1B and 1C). An individual was more explorative, i.e.,
produced greater variation in generated paths, if the paths (each
represented by one point in the dissimilarity space) were more
dispersed. We approximated this by calculating the area of the
convex hull covering each participant’s paths projected in the
2-dimensional subspace (see STAR Methods for details).

RESULTS AND DISCUSSION

We first administered this task to a group of 96 young and elderly
healthy individuals (study 1; see STAR Methods). Because there

was no difference in fluency (t(94) = 0.97; p > 0.05), uniqueness
(t(94) = 0.19; p > 0.05), and diversity (t(94) = 0.57; p > 0.05)
between the two age groups, the data for both cohorts were
combined and presented together. Intriguingly, healthy people
displayed a trade-off between uniqueness and fluency. They
tended to either produce many similar paths or came up with
fewer unique paths (r = !0.62; p < 0.001; BF10 > 100; Figure 2A;
see Figure S1 for more example trajectories). Individual differ-
ences in motivation level as indexed by an independent, self-
report measure (STAR Methods) were differentially associated
with uniqueness and fluency. Motivation scaled positively
with the number of paths generated (r = 0.56; p < 0.001;
BF10 > 100; Figure 2B) but negatively with overall uniqueness
(r = !0.38; p < 0.001; BF10 > 100; Figure 2C). This suggests
that motivation level might influence performance along the
uniqueness-fluency spectrum. Less motivated—or apathetic—
individuals appeared to be biased toward generating fewer
paths but crucially with greater uniqueness, whereas motivated
individuals trade uniqueness to produce more paths.
There was also a trend for the area explored in the 2-dimen-

sional path subspace to correlate negatively with an individual’s
level of motivation, with apathetic people covering a larger area
(r =!0.18; p = 0.076; BF10 = 0.60; Figure 2D). Whereas this must
be interpreted with caution, it suggests that, although apathetic
individuals generated fewer paths, they tended to be more
diverse in terms of the space of possibilities. Because fluency
and uniqueness are correlated, we asked whether they indepen-
dently relate to motivation. A univariate generalized linear model
(GLM) demonstrated that fluency (p = 0.01), but not uniqueness
(p > 0.05) or area of exploration (p > 0.05), predicted level of moti-
vation. Fisher-transformed z tests also showed that the correla-
tion between fluency and motivation is significantly different to
that between uniqueness and motivation (z = 5.67; p < 0.001)
and that between area of exploration and motivation (z = 4.94;
p < 0.001).
How might the uniqueness and fluency in generating options

be influenced by dopamine? To answer this question, we tested
35 patients with Parkinson’s disease (PD), a neurodegenerative
disorder characterized by loss of dopaminergic neurons in the
substantia nigra andwith evidence of prefrontal cortical dysfunc-
tion [28, 29]. PD is also associated with a deficit in self-initiated
movements [30, 31]. These patients were tested twice in two
counterbalanced sessions—once ON dopaminergic medication
and once after overnight withdrawal (‘‘OFF’’ state). This design
allowed us to compare performance when dopamine levels
differ within-subject, thereby permitting inferences to be made
regarding influence of dopamine. We also examined whether
the effects of dopamine on option generation was influenced
by pathological lack of motivation—apathy—in PD. 34 healthy
age-matched controls were also recruited, of whom 18 were
tested once and 16 twice (study 2; STAR Methods).
Paired-samples t test revealed a significant effect of drug state

(ON versus OFF) on performance in our option-generation task.
PD patients generated fewer paths when OFF compared to ON
dopamine (t(34) = 4.51; p < 0.001; BF10 > 100; Figure 3A). But
when OFF medication, they exhibited greater mean uniqueness
in their generated paths (t(34) = !3.76; p < 0.001; BF10 = 47.1;
Figure 3B) and were more explorative in the 2-dimensional
path subspace (t(34) = !2.16; p < 0.05; BF10 = 1.4; Figure 3C).

Figure 2. Results from the Option-Generation Task in Healthy
People
Each participant is represented by one point.

(A) A scatterplot of the mean uniqueness against the number of paths gener-

ated, or fluency, revealed a uniqueness-fluency trade-off. Participants tended

to either generate a few unique paths or many similar paths.

(B) The number of paths generated on this task correlated positively with the

level of motivation as indexed by a self-report measure. Thus, the more

apathetic an individual, the fewer paths they were likely to generate.

(C) The mean uniqueness of an individual’s paths is plotted against their

motivation score. Motivated individuals generated less unique paths whereas

apathetic people produced more unique paths.

(D) Exploration was quantified by treating each generated path as a point in the

individual’s 2-dimensional uniqueness subspace (see Figure 1C). The total

‘‘area’’ of different paths explored was defined as the area of a polygon

surrounding all the path points (i.e., the convex hull). There was a trending

negative correlation between explored area and motivation. This suggests a

greater diversity of paths explored in apathetic individuals despite the fact that

they generated a smaller number of paths, although that must be interpreted

with caution.
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To quantify diversity, the distances between a participant’s

pathswere projectedonto a 2-dimensional subspace usingmulti-
dimensional scaling to visualize how they explored thepath space
(Figures 1B and 1C). An individual was more explorative, i.e.,
produced greater variation in generated paths, if the paths (each
represented by one point in the dissimilarity space) were more
dispersed. We approximated this by calculating the area of the
convex hull covering each participant’s paths projected in the
2-dimensional subspace (see STAR Methods for details).

RESULTS AND DISCUSSION

We first administered this task to a group of 96 young and elderly
healthy individuals (study 1; see STAR Methods). Because there

was no difference in fluency (t(94) = 0.97; p > 0.05), uniqueness
(t(94) = 0.19; p > 0.05), and diversity (t(94) = 0.57; p > 0.05)
between the two age groups, the data for both cohorts were
combined and presented together. Intriguingly, healthy people
displayed a trade-off between uniqueness and fluency. They
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paths but crucially with greater uniqueness, whereas motivated
individuals trade uniqueness to produce more paths.
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level of motivation, with apathetic people covering a larger area
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and uniqueness are correlated, we asked whether they indepen-
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35 patients with Parkinson’s disease (PD), a neurodegenerative
disorder characterized by loss of dopaminergic neurons in the
substantia nigra andwith evidence of prefrontal cortical dysfunc-
tion [28, 29]. PD is also associated with a deficit in self-initiated
movements [30, 31]. These patients were tested twice in two
counterbalanced sessions—once ON dopaminergic medication
and once after overnight withdrawal (‘‘OFF’’ state). This design
allowed us to compare performance when dopamine levels
differ within-subject, thereby permitting inferences to be made
regarding influence of dopamine. We also examined whether
the effects of dopamine on option generation was influenced
by pathological lack of motivation—apathy—in PD. 34 healthy
age-matched controls were also recruited, of whom 18 were
tested once and 16 twice (study 2; STAR Methods).
Paired-samples t test revealed a significant effect of drug state

(ON versus OFF) on performance in our option-generation task.
PD patients generated fewer paths when OFF compared to ON
dopamine (t(34) = 4.51; p < 0.001; BF10 > 100; Figure 3A). But
when OFF medication, they exhibited greater mean uniqueness
in their generated paths (t(34) = !3.76; p < 0.001; BF10 = 47.1;
Figure 3B) and were more explorative in the 2-dimensional
path subspace (t(34) = !2.16; p < 0.05; BF10 = 1.4; Figure 3C).
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to either generate a few unique paths or many similar paths.
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level of motivation as indexed by a self-report measure. Thus, the more

apathetic an individual, the fewer paths they were likely to generate.

(C) The mean uniqueness of an individual’s paths is plotted against their

motivation score. Motivated individuals generated less unique paths whereas

apathetic people produced more unique paths.

(D) Exploration was quantified by treating each generated path as a point in the

individual’s 2-dimensional uniqueness subspace (see Figure 1C). The total

‘‘area’’ of different paths explored was defined as the area of a polygon
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in Parkinson’s disease



Why do we do what we do?
A framework for understanding motivation to action – and loss of motivation in apathy

anticipatory pupil dilatation that scales with potential 
reward magnitude in advance of making speeded move-
ments to obtain reward. This pupil response is blunted  
in some patients with apathy59 (FIG.!2a,b).

Action and effort. The initiation, maintenance and 
invigoration of action together constitute part of appet-
itive behaviour — for example, the locomotor approach 
of an animal to a potentially rewarding experience, such 
as food. Appetitive behaviour has been referred to as a 
measure of ‘wanting’ (distinct from ‘liking’; see below)23, 
although some caution against the use of subjective 
terms in reference to animal studies.

Tasks used to study appetitive components of behav-
iour often measure how much physical effort an animal 
is willing to allocate to obtain a reward. For example, 
in progressive ratio tasks, the number of lever presses 
a rat has to make to obtain a set reward progressively 
increases until the animal reaches its ‘breaking point’ and 
is no longer willing to exert further effort25. Similarly, in 
a variation of the T- maze, rodents must decide between 
scaling a barrier to obtain highly rewarding food and a 
low- effort, low- reward food option60 (FIG.!2c). In humans, 
effort allocation can be manipulated using the number 
of button presses, the speed of response or the amount 
of force exerted to obtain rewards (FIG.!2d–f). Often, 
such tasks use choice behaviour as an indication of 
willingness to exert effort56,61–63.

Fewer studies have examined willingness to allo-
cate cognitive effort. Rodents might, for example, have 
to choose to opt for a highly demanding attention trial 
(detect a brief illumination) over a low- demand one 
(detect a prolonged illumination) to obtain a greater 
reward64. In humans too, researchers have probed 

willingness to expend mental effort (in tasks that place 
high demands on attention or working memory) ver-
sus physical effort (squeezing tightly on hand- held 
dynamometers)65,66. These studies have shown both 
common and dissociable brain region contributions to 
effort- based decision making for rewards in the cog-
nitive and physical effort domains65,66. One important 
aspect of effort tasks is that the highly effortful option 
must be achievable; otherwise, any observed changes in 
decision making could relate to probability discounting, 
not effort discounting.

A paradigm commonly used to assess ‘wanting’, 
originally developed in rodents, is Pavlovian– 
instrumental transfer (PIT). PIT involves three stages: 
Pavlovian (passive) conditioning pairing an initially 
neutral stimulus (such as a tone or light) with a reward-
ing outcome (food); instrumental (active, choice- based) 
association between an action (pressing a lever) and the 
rewarding outcome; and, finally, the PIT phase itself — 
the presentation of the Pavlovian conditioned stimulus 
(CS; that is, the tone or light) during instrumental per-
formance — usually during extinction (that is, without 
delivery of rewarding outcomes). Presentation of the 
(unrelated) CS causes an invigoration of instrumental 
responding (known as the PIT effect), and is inter-
preted as reflecting incentive salience, or wanting67. 
Human analogues of the PIT task have been developed, 
with some evidence that the PIT effect is attenuated in 
individuals with depression68.

Hedonic impact. Consummatory behaviour refers to 
the achievement of a goal — for example, eating food. 
Some refer to this as the ‘liking’ phase of motivated 
behaviour23. One probe used to index consummatory 

Pavlovian–instrumental 
transfer
(PIT). The influence of an 
irrelevant conditioned stimulus 
on ongoing instrumental 
behaviour.

Apathy Anhedonia

Syndrome

Behavioural components Learning from outcomes

Option generation Cost–benefit decision

Option selection

Anticipatory phase
Preparation for action

Self-generated or
environmentally cued

Valuation of options 
according to reward, 
effort, time and risk

Motivational arousal

Initiating action and 
sustaining effort

Appetitive/approach 
phase of behaviour
Invigoration of action

Interacting with 
behavioural goal

Consummatory phase of 
behaviour
Hedonic impact

Fig. 1 | Mechanisms underlying effort- based decision making to obtain 
rewards. The clinical syndromes of apathy and anhedonia seem to overlap, 
sharing some possible underlying mechanisms. In the field of effort- based 
decision making for reward, several possible processes have been identified, 
some of which are displayed here. First, before an action is initiated, it might 
be important to generate potential options for behaviour. These might be 
self- initiated or cued by changes in the surrounding environment. Next, the 
possible options need to be evaluated in terms of their costs (effort, time 
required and associated risks) versus their benefits (potential reward) before an  
option for behaviour is selected. Anticipation of reward and preparation for 

action are associated with physiological changes (in heart rate and pupil 
dilatation) linked to motivational arousal. Premotor and motor mechanisms 
are engaged to initiate, invigorate and sustain appetitive or approach 
behaviour. Interacting with the behavioural goal consists of the 
consummatory phase, which may lead to a positive (hedonic) or negative 
impact. Finally , learning from outcomes to alter weighting of costs and 
benefits in subsequent decision making is important for optimizing option 
selection in the future. In principle, lack of motivation — manifest as apathy 
or anhedonia — might occur due to dysfunction at any one or more  
of these stages.
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Basal ganglia and medial frontal regions
Play a key role in processing reward signals to direct effort

Salamone et al 

Rat depleted of dopamine

network centered on the dorsal anterior cingulate cortex (dACC)
and its related subcortical structures. We also consider how the
dopamine system modulates this network at multiple levels to
facilitate an optimal decision.

2. Neural network of decision-making

There are considerable connections between the anterior
cingulate cortex (ACC) and the striatum including the nucleus
accumbens (NAc) across mammalian species. Reciprocal connec-
tions between these brain regions were described in humans more
than two decades ago (Alexander et al., 1986); the ACC projects to
the NAc, which projects back to the ACC via the mediodorsal
(Ongur and Price, 2000; Ray and Price, 1993; Yeterian and Pandya,
1988) and anteroventral nuclei of the thalamus (Xiaob and Barbas,
2004; Zikopoulos and Barbas, 2007). Both regions are connected
with other limbic structures, namely the amygdala and hippo-
campus, and with the dopamine-enriched area in the ventral
tegmentum (VTA) (Baleydier and Mauguiere, 1980; Floresco and
Ghods-Sharifi, 2007; Morecraft et al., 2007; Morecraft and Van
Hoesen, 1998; O’Donnell and Grace, 1995).

Although the original model of the segregated parallel loops
proposed that the ACC was mainly linked with the NAc (Alexander
et al., 1986), recent studies have shown that the ACC is also
connected with the sensorimotor striatum (Ferry et al., 2000;
Voorn et al., 2004). In addition, it has been shown that the lower
and upper tiers of the ACC have their own specific basal ganglia
connections. The lower tier is linked to the ventromedial striatum
(i.e. the NAc and ventral putamen) while the upper tier to the
dorsolateral striatum (i.e. the dorsal caudate and the putamen)
(Ferry et al., 2000).

We review both animal and human studies to provide evidence
that this brain network is important in decision-making, with the
lower and upper tiers involved in different aspects of decision-
making. We start with rat studies to provide an overall view and
proceed to primate and human studies to examine specific aspects
of decision-making.

2.1. Rats and T-maze studies

Rat studies have suggested that damage to or dopamine
depletion in the ACC-NAc circuit leads to an abnormality in
decision-making. In a paradigm developed by Salamone et al.
(1994), rats were placed in a T-maze to choose between two arms
with different amounts of food (benefits) and task difficulties
(costs). In this task, rats had a choice between climbing a barrier to
obtain a large reward in one arm vs. running into the other arm
without any barrier in order to obtain a small reward (Fig. 1A).
Normally, rats preferred the high reward arm even though they
had to exert greater effort. However, manipulations affecting the
ACC, the NAc, and their dopamine system dramatically altered
choice behavior so that rats tended to put less effort and to content
themselves with the small reward in the alternative arm (Fig. 1B).
The manipulations included lesioning the ACC (Schweimer and
Hauber, 2005; Walton et al., 2003) and NAc (Hauber and Sommer,
2007), disrupting ACC-NAc connection (Hauber and Sommer,
2007), and dopamine depletion or blockade in the ACC (Schweimer
and Hauber, 2006; Schweimer et al., 2005; but see also Walton
et al., 2005) or the NAc (Cousins et al., 1996; Salamone et al., 2003,
1994). A recent study also showed that a disconnection between
the ACC and basolateral amygdala led to a similar abnormality in T-
maze performance (Floresco and Ghods-Sharifi, 2007).

Interestingly, rats with ACC lesions or dopamine depletion seem
to preserve their ability to appreciate costs and benefits in the T-
maze task because reducing the cost or increasing the reward in

the high-cost arm caused these rats to return to the high-cost,
high-reward option (Salamone et al., 2007; Schweimer et al., 2005;
Walton et al., 2003). Moreover, NAc dopamine depletion does not
generally change hedonic and aversive reactions to rewarding and
aversive stimuli, respectively, which suggests that dopamine-
depleted rats retain their ability to recognize the benefits of
rewarding stimuli (Berridge and Robinson, 1998). It has also been
shown that genetically modified mice that lack dopamine
demonstrate normal preference for sucrose over water, suggesting
that perception of the beneficial aspects of stimuli remains intact
in the absence of dopamine in the brain (Cannon and Bseikri, 2004).
Moreover, motor deficit does not appear to be the cause of
abnormal T-maze performance as it has been found following both
NAc dopamine depletion, which makes animals slow and
hypoactive (Berridge and Robinson, 1998; Cousins et al., 1994),
and ACC dopamine depletion, where animals do not show any
noticeable hypoactivity (Rudebeck et al., 2006b; Schweimer and
Hauber, 2006; Schweimer et al., 2005).

Overall, it seems that the ACC, NAc, and associated dopamine
system are involved in the decision-making process that occurs
between initial sensory perception and final motor performance.
However, rat studies have not determined which specific aspects of
decision-making are processed by these brain structures (Sala-
mone et al., 2007). Decision-making consists of a set of complex
multivariate events such as analyzing different costs and benefits
(Stevens et al., 2005; Maynard Smith, 1982) and their probabilities
(Green and Myerson, 2004; Kacelnik and Bateson, 1997), taking
account of previous outcomes (Kennerley et al., 2006; Nishida,
1997), and processing different motor variables for pursuing the
preferred option (Barnes et al., 2005; Graybiel, 2005; Berridge and
Robinson, 1998). Taken as a whole, however, decision-making can

Fig. 1. (A) Schematic diagram of the T-maze task. Normal rats tend to choose the left
arm (high-cost–high-benefit option) instead of the right arm (low-cost–low-benefit
option). (B) Effect of lesion or dopamine depletion on reallocation (R) of the
behavioral response from the left arm to the right arm.
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as well DA depletions in whole forebrain or nucleus accumbens,
do not blunt appetitive taste reactivity for food, which is a widely
accepted measure of hedonic reactivity to sweet solutions
(Berridge and Robinson, 1998, 2003; Berridge, 2007). Moreover,
knockdown of the DA transporter (Peciña et al., 2003), as well
as microinjections of amphetamine into nucleus accumbens
(Smith et al., 2011), which both elevate extracellular DA, failed
to enhance appetitive taste reactivity for sucrose. Sederholm
et al. (2002) reported that D2 receptors in the nucleus accum-
bens shell regulate aversive taste reactivity, and that brainstem
D2 receptor stimulation suppressed sucrose consumption, but
neither population of receptors mediated the hedonic display
of taste.

If nucleus accumbens DA does not mediate appetite for food
per se, or food-induced hedonic reactions, then what is its
involvement in food motivation? There is considerable agree-
ment that accumbens DA depletions or antagonism leave core
aspects of food-induced hedonia, appetite, or primary food
motivation intact, but nevertheless affect critical features of the
instrumental (i.e., food-seeking) behavior (Table 1; Figure 1).
Investigators have suggested that nucleus accumbens DA is
particularly important for behavioral activation (Koob et al.,
1978; Robbins and Koob, 1980; Salamone, 1988, 1992; Sala-
mone et al., 1991, 2005, 2007; Calaminus and Hauber, 2007;
Lex and Hauber, 2010), exertion of effort during instrumental
behavior (Salamone et al., 1994, 2007, 2012; Mai et al., 2012),
Pavlovian to instrumental transfer (Parkinson et al., 2002; Everitt
and Robbins, 2005; Lex and Hauber, 2008), flexible approach
behavior (Nicola, 2010), energy expenditure and regulation (Sal-
amone, 1987; Beeler et al., 2012), and exploitation of reward
learning (Beeler et al., 2010). Accumbens DA depletions and

antagonism reduce spontaneous and novelty-induced loco-
motor activity and rearing, as well as stimulant-induced activity
(Koob et al., 1978; Cousins et al., 1993; Baldo et al., 2002). Activ-
ities such as excessive drinking, wheel-running, or locomotor
activity that are induced by periodic presentation of food
pellets to food-deprived animals are reduced by accumbens
DA depletions (Robbins and Koob, 1980; McCullough and Sala-
mone, 1992). In addition, low doses of DA antagonists, as well as
accumbens DA antagonism or depletions, reduce food-rein-
forced responding on some tasks despite the fact that food
intake is preserved under those conditions (Salamone et al.,
1991, 2002; Ikemoto and Panksepp, 1996; Koch et al., 2000).
The effects of accumbens DA depletions on food-reinforced
behavior vary greatly depending upon the task requirements or
reinforcement schedule. If the primary effects of accumbens
DA depletions were related to a reduction in appetite for food,
then one would expect that the fixed ratio 1 (FR1) schedule
should be highly sensitive to this manipulation. Nevertheless,
this schedule is relatively insensitive to the effects of compro-
mised DA transmission in accumbens (Aberman and Salamone,
1999; Salamone et al., 2007; Nicola, 2010). One of the critical
factors yielding sensitivity to the effects of accumbens DA
depletions on food reinforced behavior is the size of the ratio
requirement (i.e., number of lever presses required per rein-
forcer; Aberman and Salamone, 1999; Mingote et al., 2005).
In addition, blockade of accumbens DA receptors impairs
performance of instrumental approach instigated by presenta-
tion of cues (Wakabayashi et al., 2004; Nicola, 2010).
The ability of DA antagonists or accumbens DA depletions to

dissociate between food consumption and food-reinforced
instrumental behavior, or between different instrumental tasks,
is not some trivial detail or epiphenomenal result. Rather, it
demonstrates that under conditions in which food-reinforced
instrumental behavior can be disrupted, fundamental aspects
of food motivation are nevertheless intact. A number of investi-
gators who have written about the fundamental characteristics
of reinforcing stimuli have concluded that stimuli acting as
positive reinforcers tend to be relatively preferred, or to elicit
approach, goal-directed, or consummatory behavior, or
generate a high degree of demand, and that these effects are
a fundamental aspect of positive reinforcement (Dickinson and
Balleine, 1994; Salamone and Correa, 2002; Salamone et al.,
2012). As stated in the behavioral economic analysis offered
byHursh (1993): ‘‘responding is regarded as a secondary depen-
dent variable that is important because it is instrumental in
controlling consumption.’’ Thus, the results described above
demonstrate that low doses of DA antagonists and accumbens
DA depletions do not impair fundamental aspects of primary
or unconditioned food motivation and reinforcement but do
make animals sensitive to some features of the instrumental
response requirement, blunt responsiveness to conditioned
cues, and reduce the tendency of the animals to work for food
reinforcement.
One of the manifestations of the dissociative nature of the

behavioral effects of low systemic doses of DA antagonists,
and depletion or antagonism of accumbens DA, is that
these conditions affect the relative allocation of behavior in
animals responding on tasks that assess effort-based decision

PHASES OF MOTIVATED BEHAVIOR:
(e.g. “seeking” vs. “taking”)
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Figure 1. The Dependence of Some Aspects of Appetitive and
Aversive Instrumental (i.e., Seeking) Behavior on Nucleus
Accumbens DA Transmission
The dependence of some aspects of appetitive and aversive instrumental
(i.e., seeking) behavior on nucleus accumbens DA transmission. Salamone
et al. (1991) noted that highly active instrumental behaviors elicited and
supported by conditioned stimuli are very sensitive to disruption of accumbens
DA transmission. Koob et al. (1978) reported that neurotoxic depletions
of accumbens DA decreased behavioral activation but actually tended to
increase food consumption. Nicola (2010) emphasized the importance of
accumbens DA for flexible approach to the reinforcing stimulus.

474 Neuron 76, November 8, 2012 ª2012 Elsevier Inc.
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Is apathy associated with reduced sensitivity to reward or hypersensitivity to effort?
Is the reward worth the effort in Parkinson’s disease?

PD patients made required 
effort if they accepted offer

Le Heron et al (2018a) Brain
F(1,39) = 6.58, P = 0.014] and Reward ! Effort interaction
[t = "7.89; F(1,39) = 62.3, P5 0.0001]. There were no sig-
nificant two-way interactions between reward and apathy
(P = 0.63), reward and dopamine (P = 0.12), or apathy and
dopamine (P = 0.55), nor were the Apathy ! Dopamine !
Effort, Apathy ! Dopamine ! Reward interactions, or the
full four-way interaction significant (P = 0.09, P = 0.75 and
P = 0.27, respectively) (see Supplementary Fig. 1 for graph-
ical illustration of these factors, and Supplementary Fig. 2
for the choice data split by reward and effort level).

Dopamine depletion, but not apathy,
reduces raw motor response for
reward

Dopamine increased the peak squeeze force each patient
exerted to obtain rewards, even though this increased
output above the required force level was not coupled to
any increase in reward [mean increase in peak force = 2.5%
of subject’s MVC, SEM 0.72%, t(38) = 3.47, P = 0.0013;
Fig. 4A and B]. This main effect of dopamine
[F(1,31) = 9.25, P = 0.005], was present for both high and

low effort levels, with no interaction between effort and
dopamine [F(5,155) = 1.4, P = 0.24]. Importantly, this
effect of dopamine was not modulated by apathy status
[Apathy ! Dopamine effect F(1,31) = 0.68, P = 0.42], nor
was there a main effect of apathy on force exerted at
each effort level [F(1,31) = 0.25, P = 0.62; Fig. 4B]. Thus,
once apathetic patients had accepted an option, their sub-
sequent peak motor response was no different to non-
apathetic patients.

The subjective rating of the physical demand associated
with each effort level did not differ between ON and OFF
dopaminergic states, or between patients and controls [one-
way ANOVA for group effect: F(2,95) = 0.6, P = 0.56;
Fig. 4C]. Additionally, apathetic subjects did not perceive
effort as more demanding (Supplementary Fig. 5). Of note
there was no significant change in MVC between ON and
OFF states: mean for right hand [ON versus OFF = 277.9 N
versus 278.8 N; t(38) = "0.12, P = 0.9]; left hand [234.1 N
versus 234.8 N; t(38) = "0.07, P = 0.94; P-values on paired
t-tests; Fig. 4D].

Participants in both control and Parkinson’s disease
groups parametrically adjusted their force production to

Figure 4 Dopamine depletion, but not apathy, reduces motor vigour following decision to engage. Motor vigour was indexed by

excess force generated above the required effort level, i.e. how much more than was required that a participant squeezed (A). Dopamine (ON

state) significantly increased response vigour (indexed by OFF state), while the presence of apathy was not associated with a significant change in

the vigour of response (B). Despite greater force production at each effort level in the ON state, there was no change in perceived physical

exertion between ON and OFF state, nor between patients and controls (C). Maximal voluntary contraction did not differ between ON and OFF

states (D). PD = Parkinson’s disease.

Altered effort-based decisions in apathy BRAIN 2018: 141; 1455–1469 | 1463
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ganglia and thalamus are also a! ected (a crucial 
di! erence from multiple sclerosis, a frequent mimic of 
CADASIL), as, on occasion, are the brainstem and corpus 
callosum.52

Lacunar infarcts of variable shape, size, and number 
appear on T1-weighted imaging as punctiform or larger 
areas of decreased signal. These infarcts essentially 
occur within the same areas as T2 changes but occur 
later in life (fi gure 2).47,53 Di! usion-weighted MRI can 
show small areas of increased signal, suggestive of 
recent, sometimes multiple, infarcts.54 Other magnetic 
resonance fi ndings include dilated perivascular spaces, 
sometimes with a typical “état criblé” (or status 
cribrosum) predominating in the basal ganglia,55 and 
microbleeds detected on gradient echo images (T2*) in 
25–69% of patients; the frequency of microbleeds 
increases with age,56,57 blood pressure, haemoglobin A"c 
concentration, and extent of leucoencephalopathy 
(fi gure 2).58

Other magnetic resonance techniques have no 
diagnostic value in practice but are useful to study the 
clinical signifi cance of MRI lesions. In the thalamus and 
areas of abnormal, but also of normal, white matter, use 
of di! usion tensor imaging can show an increase in 
water di! usion, which is better correlated with severity of 
executive dysfunction and clinical disability than are 
T2 hyperintensities.59–61 Follow-up studies of whole-brain 
di! usion have shown detectable changes over 1 or 2 years 
that correlated with clinical worsening, which suggests 
that di! usion histograms could be used as a predictor of 
disease progression and as a surrogate marker in future 
treatment trials.62–64 Measures of brain volume have 
shown brain atrophy, the extent of which is correlated 
with cognitive and disability scales.65,66 Brain atrophy 
progresses three times more rapidly in patients with 
CADASIL than in normal ageing and is independently 
associated with the mean apparent di! usion coe#  cient 
and the volume of lacunar lesions.65,66

A

C

B

Figure !: Main MRI changes in CADASIL
(A) Lacunar infarcts shown on T1-weighted imaging are mainly located in the brainstem (pons), thalamus, and lentiform nuclei in a 61-year-old man with a history of 
stroke, gait di!  culties, and executive dysfunction with memory defi cits. (B) Small deep infarcts are shown on fl uid-attenuated inversion recovery images in association 
with di" use and confl uent white-matter hyperintensities involving the anterior part of the temporal lobes. (C) Microbleeds are visible on T2* or gradient-echo images as 
small hypointense foci in the thalamus and brainstem. CADASIL=cerebral autosomal dominant arteriopathy with subcortical infarcts and leucoencephalopathy. 

Effort-based decision making for reward in SVD
Also altered with apathy in CADASIL* (a form of cerebrovascular small vessel disease) 

* Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalopathy
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Apathy in CADASIL: also reduced work for low rewards
CADASIL* is a genetic form of small vessel disease 

* Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalopathy
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and (iii) neuromodulators adjust the weights of reward and
effort in the net value estimation.

In Fig. 6, we go further and suggest a possible implemen-
tation of the computational mechanism that finds the opti-
mal behaviour by maximizing the net value equation. For
illustration, we take the case of the incentive force task (Le
Bouc et al., 2016), a subcase of free operant paradigms
(Fig. 2), to which Equation (3) can be applied. The problem
for the brain is to find the force F* that maximizes the net
value function V(F), without explicitly computing the value
of all admissible forces. One solution is adjusting force dy-
namically so as to operate a gradient ascent on the value
function, as follows:

@F

@t
! ! @V

@F
"4#

where the temporal derivative of force is obtained by multi-
plying the derivative of value with respect to force by a
parameter ! that controls the rate of convergence of the
gradient ascent. By construction, the steady-state
limt!1 F"t# of this ordinary differential equation is a local
maximum F* of the value function V(F). Computationally
speaking, Equation (4) requires the moment-to-moment cal-
culation of the gradient @V=@F ! kr@B=@F $kc@C=@F of the
value function V with respect to force F. This gradient is
decomposed into two terms: the gradient of benefits and the

Figure 6 A speculative implementation of motivation process in the human brain. The figure illustrates the mechanisms that the

brain might implement to generate behaviour in a typical incentive motivation task, where one behavioural output must be selected within a

continuous range. Under decision theory, the behavioural output must maximize the benefit B and minimize the cost C. In this example (see

incentive force task in Le Bouc et al., 2016), the behavioural output is a force F, the benefit is a fraction of the reward R corresponding to F

(relative to maximal force Fmax), and the cost is a supralinear function of F. The problem for the brain is therefore to find the force F that

maximizes the net value (V = B – C) (see explanation in the text). (A) Plausible anatomical locations for the representation of computational

variables involved in the model. The pivotal region would be the dACC, which would integrate the goal value conveyed by ventral fronto-striatal

circuits and the effort cost transmitted by the anterior insula. The dACC would then send the net value to premotor and motor regions, which

would elaborate a motor command for the muscles. Muscle contraction would on the one hand have an added value, and on the other entail an

effort cost, which would be integrated in the corresponding brain regions. Within a particular trial, the behaviour would be generated through

several loops during which all representations are updated. Note that the loop can be internally simulated (with no overt movement) if the motor

regions inform directly (by an efferent copy of the motor command) the perceptual regions, from which effort cost can be estimated. There is no

consensus about the role of neuromodulators in this machinery—here we illustrate a tentative functional repartition where dopamine modulates

the goal value, 5HT the effort cost and noradrenaline the net value. (B) Mechanistic derivation of optimal behaviour in a putative brain-scale

network. The key mechanism is a gradient ascent: the temporal derivative of force (generated in motor regions) would scale with the derivative of

net value with respect to force (aggregated in the dACC by subtracting cost derivative from benefit derivative). In the incentive motivation task,

the derivative of the benefit is proportional to reward R (i.e. incentive level). The effective connectivity in the network would correspond to the

weighting of the different factors influencing the net value, in particular reward (kr) and effort (kc). The dynamics at longer time scales (across

trials), which could give rise to fatigue or satiety effects, is not represented. 5HT = serotonin; B = expected benefit; C = expected cost;

DA = dopamine; dACC = dorsal anterior cingulate cortex; F = produced force; Fp = perceived force; M1 = primary motor cortex;

NA = noradrenaline; PM = premotor cortex; R = reward level; SI-II = primary and secondary somatosensory cortex; V = net value;

vmPFC = ventromedial prefrontal cortex; VS = ventral striatum.
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Brain systems for motivation: Not just reward but also effort
Net value of an action involves evaluation of costs (effort) and benefits (rewards)

Pessiglione et al (2017)  Brain

Circuit level dysfunction 
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We first explore activation studies that link brain activity to
reward/effort optimization, in both humans and monkeys.
We then review the behavioural consequences of lesions
and pharmacological manipulations in animals. What can
be learned from lesions and pharmacological treatments in
human clinical conditions is discussed in the next section.

Meta-analysis of functional MRI studies (Fig. 5) helps
with delineating a set of brain regions involved in reward
and effort processing. We deliberately set a conservative
statistical threshold to focus on key nodes, so we do not
pretend to provide an exhaustive description. The reward
network includes the orbitofrontal cortex (mostly the
medial part), the ventral striatum bilaterally and the mid-
brain (around dopaminergic nuclei). The effort network in-
cludes principally the anterior cingulate cortex and bilateral
anterior insula. In the following we briefly consider the
cortical, subcortical and neuromodulatory components of
these networks.

Cortical structures

The medial part of the orbitofrontal cortex (or ventro-
medial prefrontal cortex, vmPFC) has been repeatedly
shown to represent reward values in humans (Peters and
Buchel, 2010; Bartra et al., 2013; Clithero and Rangel,
2014). More precisely, vmPFC haemodynamic response
was positively correlated with the stimulus value, whether

it was an objective value such as monetary amount, or a
subjective value such as likeability rating. Accordingly,
single-unit activity in the monkey vmPFC was strongly
associated with stimulus value, integrating subjective as-
pects such as factors related to the internal state (satiety)
or representations stored in memory (Bouret and
Richmond, 2010; Strait et al., 2014; Abitbol et al.,
2015). Single-unit recordings in monkeys have also estab-
lished correlations (both positive and negative) with stimu-
lus value in more lateral parts of the orbitofrontal cortex
(lOFC) (Padoa-Schioppa and Cai, 2011; Wallis, 2011). In
contrast, physical effort levels associated to actions were
positively correlated with the dorsal anterior cingulate
cortex (dACC) haemodynamic response, which also corre-
lated negatively with the reward levels associated to action
outcomes (Burke et al., 2013; Kurniawan et al., 2013;
Skvortsova et al., 2014; Bonnelle et al., 2015; Scholl
et al., 2015). These results are consistent with a role for
the dACC in integrating costs and benefits and computing
the net value of actions, whereas the role of the vmPFC
might be confined to the outcome space, ignoring action
costs. Physical effort levels were also found to be reflected
in the anterior insula, together with outcomes bearing
strong aversive valence such as pain or punishment
(Seymour et al., 2005; Pessiglione et al., 2006; Samanez-
Larkin et al., 2008; Prevost et al., 2010; Skvortsova et al.,
2014). Interestingly, cognitive effort appeared to recruit the

Figure 5 Meta-analysis of reward/effort neural representation. Statistical maps show with colour-coded z-score the results of functional

MRI meta-analysis performed on the Neurosynth platform. As the number of functional MRI studies employing the keywords ‘reward’ and ‘effort’

was very different, we used reverse and forward inference, respectively. The slices were selected so as to display the most noticeable clusters, and

superimposed on canonical anatomical template. The [x, y, z] coordinates refer to the Montreal Neurological Institute (MNI) space. aI = anterior

insula; vS = ventral striatum. Note that less significant clusters were observed in the posterior and anterior cingulate cortex for reward, and in the

inferior parietal and inferior frontal cortex for effort.
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White matter tract changes related to apathy in CADASIL
Reduced fractional anisotropy compared to non-apathetic CADASIL cases
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Why do we do what we do?

anticipatory pupil dilatation that scales with potential 
reward magnitude in advance of making speeded move-
ments to obtain reward. This pupil response is blunted  
in some patients with apathy59 (FIG.!2a,b).

Action and effort. The initiation, maintenance and 
invigoration of action together constitute part of appet-
itive behaviour — for example, the locomotor approach 
of an animal to a potentially rewarding experience, such 
as food. Appetitive behaviour has been referred to as a 
measure of ‘wanting’ (distinct from ‘liking’; see below)23, 
although some caution against the use of subjective 
terms in reference to animal studies.

Tasks used to study appetitive components of behav-
iour often measure how much physical effort an animal 
is willing to allocate to obtain a reward. For example, 
in progressive ratio tasks, the number of lever presses 
a rat has to make to obtain a set reward progressively 
increases until the animal reaches its ‘breaking point’ and 
is no longer willing to exert further effort25. Similarly, in 
a variation of the T- maze, rodents must decide between 
scaling a barrier to obtain highly rewarding food and a 
low- effort, low- reward food option60 (FIG.!2c). In humans, 
effort allocation can be manipulated using the number 
of button presses, the speed of response or the amount 
of force exerted to obtain rewards (FIG.!2d–f). Often, 
such tasks use choice behaviour as an indication of 
willingness to exert effort56,61–63.

Fewer studies have examined willingness to allo-
cate cognitive effort. Rodents might, for example, have 
to choose to opt for a highly demanding attention trial 
(detect a brief illumination) over a low- demand one 
(detect a prolonged illumination) to obtain a greater 
reward64. In humans too, researchers have probed 

willingness to expend mental effort (in tasks that place 
high demands on attention or working memory) ver-
sus physical effort (squeezing tightly on hand- held 
dynamometers)65,66. These studies have shown both 
common and dissociable brain region contributions to 
effort- based decision making for rewards in the cog-
nitive and physical effort domains65,66. One important 
aspect of effort tasks is that the highly effortful option 
must be achievable; otherwise, any observed changes in 
decision making could relate to probability discounting, 
not effort discounting.

A paradigm commonly used to assess ‘wanting’, 
originally developed in rodents, is Pavlovian– 
instrumental transfer (PIT). PIT involves three stages: 
Pavlovian (passive) conditioning pairing an initially 
neutral stimulus (such as a tone or light) with a reward-
ing outcome (food); instrumental (active, choice- based) 
association between an action (pressing a lever) and the 
rewarding outcome; and, finally, the PIT phase itself — 
the presentation of the Pavlovian conditioned stimulus 
(CS; that is, the tone or light) during instrumental per-
formance — usually during extinction (that is, without 
delivery of rewarding outcomes). Presentation of the 
(unrelated) CS causes an invigoration of instrumental 
responding (known as the PIT effect), and is inter-
preted as reflecting incentive salience, or wanting67. 
Human analogues of the PIT task have been developed, 
with some evidence that the PIT effect is attenuated in 
individuals with depression68.

Hedonic impact. Consummatory behaviour refers to 
the achievement of a goal — for example, eating food. 
Some refer to this as the ‘liking’ phase of motivated 
behaviour23. One probe used to index consummatory 

Pavlovian–instrumental 
transfer
(PIT). The influence of an 
irrelevant conditioned stimulus 
on ongoing instrumental 
behaviour.

Apathy Anhedonia

Syndrome

Behavioural components Learning from outcomes

Option generation Cost–benefit decision

Option selection

Anticipatory phase
Preparation for action

Self-generated or
environmentally cued

Valuation of options 
according to reward, 
effort, time and risk

Motivational arousal

Initiating action and 
sustaining effort

Appetitive/approach 
phase of behaviour
Invigoration of action

Interacting with 
behavioural goal

Consummatory phase of 
behaviour
Hedonic impact

Fig. 1 | Mechanisms underlying effort- based decision making to obtain 
rewards. The clinical syndromes of apathy and anhedonia seem to overlap, 
sharing some possible underlying mechanisms. In the field of effort- based 
decision making for reward, several possible processes have been identified, 
some of which are displayed here. First, before an action is initiated, it might 
be important to generate potential options for behaviour. These might be 
self- initiated or cued by changes in the surrounding environment. Next, the 
possible options need to be evaluated in terms of their costs (effort, time 
required and associated risks) versus their benefits (potential reward) before an  
option for behaviour is selected. Anticipation of reward and preparation for 

action are associated with physiological changes (in heart rate and pupil 
dilatation) linked to motivational arousal. Premotor and motor mechanisms 
are engaged to initiate, invigorate and sustain appetitive or approach 
behaviour. Interacting with the behavioural goal consists of the 
consummatory phase, which may lead to a positive (hedonic) or negative 
impact. Finally , learning from outcomes to alter weighting of costs and 
benefits in subsequent decision making is important for optimizing option 
selection in the future. In principle, lack of motivation — manifest as apathy 
or anhedonia — might occur due to dysfunction at any one or more  
of these stages.
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Figure	3.11.	Pupillary	responses	over	time	in	those	with	high	and	low	depression	scores	in	Parkinson’s	disease	

and	elderly	controls.	

There	were	no	differences	in	pupil	reward	sensitivity	between	the	three	groups	when	split	into	PD	patients	with	

higher	and	lower	depression	scores.	Suggesting	that	the	reward	sensitivity	metric	is	specific	to	apathy	rather	than	

other	neuropsychiatric	disorders.	
	

	
Figure	3.12.	Pupillary	responses	and	depression	in	Parkinson’s	disease	cases	and	controls.	

When	splitting	the	patient	into	low	and	high	depression	scores	and	assessing	pupil	reward	sensitivity	over	the	

1400ms	to	2400ms	time	period	of	interest,	there	was	no	significant	difference	between	any	of	the	groups,	

however	when	ON	dopamine	an	increase	in	sensitivity	was	seen.	



Reward sensitivity modulated by dopamine
Parkinson patients’ pupil reward sensitivity greater when ON
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But effect of dopamine evident in both 
apathetic and non-apathetic patients
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Serotonin and apathy in ‘prodromal’ PD 
REM behavioural sleep disorder (RBD)

45%
of RBD cases

apathetic

43 RBD cases | Dorsal raphe DAT signal correlates inversely with apathy, 
but not with depression, anxiety or cognitive performance

Barber et al (2018) BrainBarber et al (2017) Eur J Neurol
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caudate, putamen and accumbens nuclei were derived from the
Harvard-Oxford subcortical structural atlas. A substantia
nigra region was drawn using an in-house template derived
from neuromelanin-sensitive MRI. A background reference
region in the superior lateral occipital cortex was defined
using the Harvard-Oxford cortical structural atlas.

Normalized specific uptake ratios for each region of interest
were calculated as the mean SPECT/CT value of voxels within
that region divided by the mean SPECT/CT value of voxels
within the reference region.

Statistical analysis
Comparisons of variables between apathetic and non-apathetic
patients were made using an independent samples t-test for
continuous variables, and chi-square test for categorical vari-
ables. Pearson coefficients were used to correlate imaging and
clinical variables. Linear regression was used to compare the
relative effects of apathy, depression and cognitive impairment
on dorsal raphe 123I-ioflupane signal. Statistical significance
was considered as P50.05, with Bonferroni thresholds for
multiple comparisons indicated where applicable. All analyses
were carried out in SPSS version 24 (IBM).

Data availability
Access to the data that support the findings of this study may
be requested by application to the Oxford Parkinson’s Disease
Centre Data Access Committee. Initial enquiries can be made
to the corresponding author.

Results

Clinical characteristics

The mean age of patients was 65.1 years [standard devi-
ation (SD) 7.60] and 42 patients were male. This high male

to female ratio is representative of prevalent polysomnogra-
phically-diagnosed RBD (Barber et al., 2017). The mean
duration of RBD symptoms was 8.7 years (SD 7.34) and
the mean time from polysomnographic diagnosis was
2.5 years (SD 2.27).

The mean LARS score was !21.0 (SD 6.69) and 18 pa-
tients (42%) scored in the apathetic range of the LARS.
Since apathy itself might be a marker of emerging
Parkinsonism, we compared a number of other clinical
variables according to apathy status to investigate whether
apathetic patients had more extensive signs of prodromal
disease (Table 1). Postural hypotension was more severe in
non-apathetic patients, but the significance of this did not
reach the Bonferroni-adjusted threshold of P5 0.006.
There was no difference in the degree of depression, anx-
iety, cognitive impairment, hyposmia, daytime sleepiness,
or the rate of antidepressant use between apathetic and
non-apathetic patients. These data suggest that apathetic
patients on average were not at a more advanced pro-
dromal stage than non-apathetic patients.

Imaging data

Apathetic patients had significantly lower 123I-ioflupane
signal in the DRN than non-apathetic patients (mean
1.45 versus 1.70, P = 0.005), whereas the 123I-ioflupane
signal did not differ in any other region of interest
(Table 1). Across all patients there was a significant nega-
tive correlation between apathy severity and 123I-ioflupane
signal in the DRN (r = !0.55, P5 0.001), indicating that
greater apathy was associated with reduced serotonin signal
(Fig. 1D). To exclude a possible confounding effect of anti-
depressant medication, we conducted a sensitivity analysis
excluding the eight participants treated with antidepressant
medication. The same association between apathy and

Figure 1 Association between apathy severity and 123I-ioflupane SPECT/CT signal in the DRN. (A) Standard space T1-weighted

MRI template with regions of interest for the dorsal (red) and median (blue) raphe nuclei from the Harvard Ascending Arousal Network Atlas

overlaid. (B–C) Illustrative example images from two patients with RBD, with SPECT/CT images registered to standard space and overlaid on the

standard MRI template. Note the marked difference in signal within the brainstem between the two patients (sagittal images, left), despite similar

signal in the basal ganglia (axial images, right). (D) A significant correlation is demonstrated between apathy severity, measured by the LARS, and
123I-ioflupane SPECT/CT signal in the DRN. Dashed lines indicate the 95% confidence interval of the best fit line.
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using the Harvard-Oxford cortical structural atlas.

Normalized specific uptake ratios for each region of interest
were calculated as the mean SPECT/CT value of voxels within
that region divided by the mean SPECT/CT value of voxels
within the reference region.

Statistical analysis
Comparisons of variables between apathetic and non-apathetic
patients were made using an independent samples t-test for
continuous variables, and chi-square test for categorical vari-
ables. Pearson coefficients were used to correlate imaging and
clinical variables. Linear regression was used to compare the
relative effects of apathy, depression and cognitive impairment
on dorsal raphe 123I-ioflupane signal. Statistical significance
was considered as P50.05, with Bonferroni thresholds for
multiple comparisons indicated where applicable. All analyses
were carried out in SPSS version 24 (IBM).

Data availability
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Centre Data Access Committee. Initial enquiries can be made
to the corresponding author.
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phically-diagnosed RBD (Barber et al., 2017). The mean
duration of RBD symptoms was 8.7 years (SD 7.34) and
the mean time from polysomnographic diagnosis was
2.5 years (SD 2.27).

The mean LARS score was !21.0 (SD 6.69) and 18 pa-
tients (42%) scored in the apathetic range of the LARS.
Since apathy itself might be a marker of emerging
Parkinsonism, we compared a number of other clinical
variables according to apathy status to investigate whether
apathetic patients had more extensive signs of prodromal
disease (Table 1). Postural hypotension was more severe in
non-apathetic patients, but the significance of this did not
reach the Bonferroni-adjusted threshold of P5 0.006.
There was no difference in the degree of depression, anx-
iety, cognitive impairment, hyposmia, daytime sleepiness,
or the rate of antidepressant use between apathetic and
non-apathetic patients. These data suggest that apathetic
patients on average were not at a more advanced pro-
dromal stage than non-apathetic patients.

Imaging data

Apathetic patients had significantly lower 123I-ioflupane
signal in the DRN than non-apathetic patients (mean
1.45 versus 1.70, P = 0.005), whereas the 123I-ioflupane
signal did not differ in any other region of interest
(Table 1). Across all patients there was a significant nega-
tive correlation between apathy severity and 123I-ioflupane
signal in the DRN (r = !0.55, P5 0.001), indicating that
greater apathy was associated with reduced serotonin signal
(Fig. 1D). To exclude a possible confounding effect of anti-
depressant medication, we conducted a sensitivity analysis
excluding the eight participants treated with antidepressant
medication. The same association between apathy and

Figure 1 Association between apathy severity and 123I-ioflupane SPECT/CT signal in the DRN. (A) Standard space T1-weighted

MRI template with regions of interest for the dorsal (red) and median (blue) raphe nuclei from the Harvard Ascending Arousal Network Atlas

overlaid. (B–C) Illustrative example images from two patients with RBD, with SPECT/CT images registered to standard space and overlaid on the

standard MRI template. Note the marked difference in signal within the brainstem between the two patients (sagittal images, left), despite similar

signal in the basal ganglia (axial images, right). (D) A significant correlation is demonstrated between apathy severity, measured by the LARS, and
123I-ioflupane SPECT/CT signal in the DRN. Dashed lines indicate the 95% confidence interval of the best fit line.
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Getting excited about apathy: When the spark goes out
Neurology of motivation and apathy

Abnormal effort-based decision making for rewards
Apathetic patients are less willing to exert effort for low rewards 
In PD dopamine alters effort-based decision making but 
dopamine deficiency may not be cause of apathy

Apathy is a common syndrome across brain disorders
Dysfunction of ventral striatal – medial frontal systems
Potential systems level targets for therapy 

Blunted reward sensitivity in apathy (pupil response)
In PD dopamine can improve reward sensitivity – but across both 
apathetic and non-apathetic cases


