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Sensurveiledning:

Question 1)

The impairments following lesions give some information on the function of the affected area, though
analysis is complicated by variability in the location and extent of the lesions, especially if they are
caused by head injury or disease, rather than deliberate experiment or surgery.

Lesions of the amygdala impair emotional processing, including directing attention towards (Bach et
al., 2015) and memory enhancement of emotionally relevant stimuli. Human patients have shown
impairments in processing negative emotions, studies in rats and monkeys show impairments also in
processing positive emotions (Baxter & Murray, 2002; Taswell et al, 2021). According to Sergerie et
al.’s (2008) meta-analysis, neuroimaging indicates that the amygdala responds as strongly to positive as
to negative emotional information. Further, the textbook states that “the amygdala is more active
among depressed people compared to control groups, especially when viewing negative information
(e.g. Groenewold et al., 2013; Yang et al., 2010).”

Bechara et al. (1995) found that amygdala damage impaired affective responses but not memory of
which image was paired with shock, while hippocampal damage had the opposite effect. Direct
stimulation of the amygdala enhanced memory for neutral images (Inman et al., 2018).

However, lesion studies, just as imaging studies focused on a single region, provide little information
on how the amygdala interacts with other regions of the brain. For example, increased amygdala
activity in anxious people in response to fear-inducing stimuli might be caused by differences in
internal processing, or perhaps decreased inhibition from prefrontal cortex (Quirk and Gehlert, 2003).
Decreased inhibition could have several causes, perhaps changes to processing in prefrontal cortex, or
changes in how easily projections from prefrontal cortex can establish synapses with neurons in the
amygdala.

For another example, Jacobs et al. (2016) state that “all MDD demonstrated increased connectivity of
the left amygdala with the right anterior insula, implicating an episode-independent abnormality within
the SN.” (SN = salience network). Understanding what that means depends on understanding what the
right anterior insula does, and also how it connects to other regions.
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One important implication for mental disorders is that similar pathology could have quite different
causes, and may respond to different treatment. Understanding a psychopathology requires
understanding its causes at several different levels of neurobiological organisation.

A very good answer reflects that, i.e. holistic view, challenges of causality.
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Question 2)

The textbook lists the following functions of dopamine:

1) Chapter 1 distinguishes between three anatomically distinct systems, but is vague on functional
distinctions. The nigrostriatal system (see point 2) is linked to motor control, more specifically the
selection, initiation and termination of motor behaviour. The mesolimbic system (see point 6), with cell
bodies in the ventral tegmental area that project to nucleus accumbens, ventral portions of the striatum,
amygdala, hippocampus and prefrontal cortex, is described as linked to reward-related behaviour. It is
not clear whether that refers to phasic dopamine and reward prediction error (see point 3) or to tonic
dopamine and reward vigour and latency (see point 4). Then there is the mesocortical system, also in the
ventral tegmental area, and linked to working memory. The book has no more to say about the role of
dopamine in working memory. Any student who notices that omission would have to go beyond the
pensum, finding papers such as Durstewitz and Seamans (2002), who report that dopamine D1 receptors
modulate prefrontal cortex neurons in a way that, in simulations, makes the firing pattern of a cell
assembly representing a stimulus or response more resistant to random variations and distractions.
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2) Chapter 4: Dopaminergic input from the substantia nigra to the dorsal striatum (caudate and
putamen), activates the direct pathway to globus pallidus and from there to the thalamus, which
facilitates movement. The better students may ask whether that is a purely motoric function, or possibly
motivational.

3) Chapter 9: This same input is also interpreted as a learning signal. Students may refer to this figure
from Shultz et al. (1997), showing that dopaminergic neurons that innervate the basal ganglia respond to
reward when that reward is unexpected (A). Once the reward is expected, those same neurons instead
respond to the conditioned stimulus which unexpectedly signals the reward (B). If a reward is expected,
but none occurs, the unexpected omission is signaled by input from these neurons falling below baseline

(©).
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The better students may wonder at this point whether that generalises to aversive stimuli. Chapter 12
briefly mentions that differences in learning from positive versus negative outcomes correlate with
asymmetries in dopamine receptor binding in in the left versus right frontal region, without discussing
whether that means that dopamine can signal aversive outcomes.

Mkrtchian et al.’s (2025; not pensum) meta-analysis concludes that “Dopamine was associated with an
increase in reward learning and sensitivity as well as reward vigor.” (Mkrtchian et al. mostly appear to
treat sensitivity as synonymous with learning rate, explicitly distinguish the two in two places, but fail to
explain the distinction.) They continue: “A different pattern of effects was observed for serotonin,
which was found to promote learning from punishments and possibly amplify aversive Pavlovian biases.
Both serotonin and dopamine increased the value of rewards when contrasted with the costs of time or
effort.” That last part indicates a role in motivation for both dopamine and serotonin, but “rewards” in
the last sentence may mean “outcomes” and cover both appetitive and aversive events.

Hyman et al. (2006; this paper is pensum) summarise Montague et al. (2004; not pensum) as follows:
the pharmacologically induced release of dopamine generates a prediction error signal even when the
subjective experience is already well predicted, and even when tolerance has reduced the pleasure the
drug once gave. They further argue that the projections from the Ventral Tegmental Area, i.e. the
mesolimbic and the mesocortical system, are too diffuse to support the processing and storage of
detailed information. Instead, dopamine signals how important events are.

A student who then goes into the details mechanisms of addiction would have to make a case how this
is relevant to a question about the role of dopamine in addiction. For example, explaining how opiates
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can increase dopamine levels in the Nucleus Accumbens would be a digression without a justification of
how this is relevant to cognition.

4) Chapter 12 links dopamine to pleasure while listening to music, without discussing how that relates
to signaling prediction error. Students would have to go beyond the book to find out. For example, Niv
et al. (2007) distinguish between the phasic dopamine levels described above, and tonic dopamine
levels, which signal average reward levels and influence response vigour and latency. Niv et al. (2006)
proposed that one function of dopamine (presumably the tonic dopamine level) is to provide the
energising component of motivation, meaning the motivation to do something, but not the choice of
what to do. Chapter 13, in connection with social conformity, states that “dopamine in the ventral
striatum is known to support reward-related behaviour” and mentions “dopaminergic reward regions”.
Once more, the distinction between that function and signaling prediction error is not discussed, and
students will have to look beyond the book to find this.

Hyman et al. (2006; this paper is pensum) state that all addictive drugs increase levels of synaptic
dopamine in the Nucleus Accumbens, more specifically in the outer shell of the Nucleus Accumben:s.
They further state that although animals whose dopamine signaling has been blocked are impaired in
approaching a goal, they still have preferences, and that therefore dopamine cannot be the only
molecule involved in the internal representation of pleasure. Neither is dopamine necessary to
maintain the self-administration of opiate. Hyman et al. cite Berridge and Robinson (1998; not pensum)
as arguing that dopamine is necessary for wanting the goal, rather than liking the goal.

5) Chapter 14 briefly mentions dopamine’s role in schizophrenia, primarily based on antipsychotic drugs
affecting the dopamine system. It is not mentioned which function of dopamine may be relevant, or
which of the three anatomically distinct systems. Anything more shows that a student went beyond the
book.

6) Chapter 14, in section 4 on addiction, states that the mesolimbic reward pathways are involved in
motivation, and distinguishes between wanting and liking. Wanting motivates action, liking refers to
the pleasurable experience of consuming a reward. Aversive events are discussed in connection with
withdrawal. The book states that chronic users show little nucleus accumbens activation (it is part of
the mesolimbic system), but do show activity in other brain regions to be looked up in Schacht et al.
(2013).

Students who think more about reward prediction error may come across the idea that it must be
defined statistically. If | generally pick apples weighing an average of 200g, is a 250g apple unexpected,
generating a reward prediction error? If the average weight is 200g + 50g, then roughly one in six
apples should reach a weight of 250g or more, and are therefore to be expected. If the average weight
is 200g £ 5g, then a 250g apple is very unexpected indeed, and should definitely generate a reward
prediction error. For example, Dabney et al. (2020) propose that dopamine neurons differ in their
sensitivity to the presence or absence of a reward, and so differ in what each treats as a prediction
error. A set of dopaminergic neurons with differing sensitivity can then represent the distribution of
reward magnitudes. Frith (2005) attributes hallucinations and delusions to overestimating the precision
of predictions and so treating normal variation as outliers. Van de Cruys et al. (2014) derive from that
same overestimation the symptoms of autism. The connection to dopamine is indirect because neither
paper discusses how dopamine may be involved.
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Students who start thinking about Marr’s computational level of analysis, asking what evolutionarily
relevant functions dopamine may carry out, may also come across papers such as those by DeYoung
(2013), who argues that the general function of dopamine is to promote exploration, and it does so by
favouring engagement with the value of reward and with the value of information.

This exam question should give students plenty of scope to notice gaps in an introductory textbook and
possibly fill some of them.
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Karakterskala som er benyttet

Bokstavkarakter: https://innsida.ntnu.no/wiki/-/wiki/Norsk/Karakterskalaen
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