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Abstract Several cognitive theories of depression have pro-
posed that cognitive judgment bias determines individual vul-
nerability to this disorder. Indeed, we have recently demon-
strated a relationship between pessimistic judgment bias and
vulnerability of rats to the stress-induced anhedonia, and a
negative correlation between the level of pessimism and mo-
tivation. To further characterize the effects of trait pessimism
on cognitive processes associated with depression, in the pres-
ent study we compared the sensitivity of rats displaying opti-
mistic and pessimistic traits to positive and negative feedback.
The animals were initially trained and tested in the rat version
of the probabilistic reversal-learning (PRL) task, which
allowed for the assessment of feedback sensitivity in individ-
ual animals. Subsequently, the rats were re-trained and tested
in a series of ambiguous-cue interpretation (ACI) tests, which
allowed for the classification of animals displaying Boptimis-
tic^ and Bpessimistic^ traits. The Bpessimistic^ rats were sig-
nificantly more sensitive to negative feedback than their Bop-
timistic^ conspecifics, as indicated by an increased proportion
of lose-shift behaviors. The results of our study demonstrate
the interrelation and co-existence of two cognitive biases that
may predict vulnerability to depressive disorder.

Keywords Rat .Ambiguous-cue interpretation . Probabilistic
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Introduction

Aberrant cognition has been emphasized in psychological
models of mood disorders. In a cognitive model proposed by
Aaron Beck (1987), dysfunctional cognitive negative schema-
ta that are activated by stressful life events lead to a character-
istic triad of negative thoughts directed at the self, the world,
and the future. These thoughts in turn lead to biased
judgments and errors of logic that perpetuate a low mood
and lead to depression. Clinical evidence has revealed that
patients with depression frequently ruminate over their
perceived failures and criticism and display an exaggerated
response to negative feedback during laboratory testing. A
seminal study by Elliott et al. (1997) demonstrated that in
cognitive tests, depressed individuals who responded incor-
rectly on a given trial (trial N) were disproportionately likely
to fail the subsequent trial (N+1). Since then, this Bcatastro-
phic^ response to perceived failure has been shown to impact
cognitive ability on any tasks that deliver performance-
contingent feedback (Clark et al., 2009).

Recent development of the probabilistic reversal-learning
(PRL) task provided an effective way of measuring sensitivity
to negative and positive feedback by assessing lose-shift and
win-stay behaviors. With this paradigm, it is possible to esti-
mate the probability of switching a response after receiving
negative feedback (lose-shifting) and the probability of main-
taining a response following positive feedback (win-staying).
The probabilistic nature of this task enhances the occurrence
of error processing, thus making it particularly suitable for
detecting changes in positive and negative feedback sensitiv-
ity (Paulus et al., 2002, 2003).

The PRL task is widely used in clinical settings and has
been proven effective in detecting changes in sensitivity to
feedback in several psychopathologies including depression
(Murphy et al., 2003; Taylor Tavares et al., 2008), bipolar
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disorder (Roiser et al., 2009) schizophrenia (Waltz and Gold,
2007), and Parkinson's disease (Cools et al., 2001).

In the present study, we used a preclinical, operant version
of this task to evaluate differences in feedback sensitivity be-
tween animals displaying Boptimistic^ and Bpessimistic^
traits. Our previous studies suggested that these traits might
have an influence on animals’ motivation (Rygula et al.,
2015b) and individual vulnerability to stress-induced anhedo-
nia (Rygula et al., 2013), one of the core symptoms of depres-
sion in humans.

To establish individual levels of Boptimism^/Bpessimism,^
we subjected the animals to a number of consecutive
ambiguous-cue interpretation (ACI) tests (Enkel et al., 2010;
Harding et al., 2004; Rygula et al., 2012) performed at 1-week
intervals. In the ACI paradigm, rats are trained to press a lever
in an operant conditioning chamber to receive a food reward
that is contingent on one tone and to press another lever in
response to a different tone to avoid punishment by a mild
electric foot-shock. The tones, which serve as discriminative
stimuli, acquire positive and negative valence, and the training
continues until the rats accomplish a stable, correct discrimi-
nation ratio. After attaining stable discrimination perfor-
mance, the animals are tested. Ambiguous cue testing is com-
posed of a discrimination task, as described above, with the
presentation of additional tones with intermediate frequencies
(between positive and negative tones). The lever press re-
sponse pattern to these ambiguous-cues is considered an indi-
cator of the rat’s expectation of a positive or negative event; in
other words, it represents Boptimism^ or Bpessimism,^ respec-
tively (for details, see Enkel et al., 2010; Papciak et al., 2013;
Rygula et al., 2012, 2013). Based on this cognitive bias
screening (CBS), the animals were classified into one of two
groups: Those displaying a positive cognitive bias towards
Boptimistic^ judgments, referred to as Boptimistic,^ and those
displaying a negative cognitive bias towards Bpessimistic^
judgments, referred to as Bpessimistic.^

We hypothesized that the traits of Boptimism^ and Bpessi-
mism^ would be associated with different sensitivities to pos-
itive and negative feedback.

Methods

Ethics statement

These experiments were conducted in accordance with the
NIH Guide for the Care and Use of Laboratory Animals
and were approved by the Ethics Committee for Animal
Experiments at the Institute of Pharmacology Polish
Academy of Sciences. The authors attest that all efforts
were made to minimize the number of animals used and
their suffering.

Subjects and housing

Thirty male Sprague Dawley rats (Charles River, Germany),
weighing between 175 and 200 g upon arrival, were used in
this study. The rats were housed in groups (four rats/cage; in
one of the cages two additional animals did not take part in
this experiment) in a temperature-controlled room (21 ± 1 °C)
with 40–50 % humidity under a 12/12-h light/dark cycle
(lights on at 06:00 h). In all of the experiments, the rats were
mildly food-restricted to approximately 85 % of their free-
feeding weights. This was achieved by providing 15–20 g of
food per rat per day (standard laboratory chow). The food
restriction began 1 week prior to training. Water was freely
available, except during the test sessions. The behavioral pro-
cedures and testing were performed during the light phase of
the light/dark cycle.

Apparatus

The behavioral tasks were performed in eight computer-
controlled Skinner boxes (Med Associates, St Albans, VT,
USA); each box was equipped with light, a speaker, a liquid
dispenser (set to deliver 0.1 ml of 20 % sucrose solution), a
grid floor through which scrambled electric shocks (0.2 mA
(PRL task) or 0.5 mA (ACI task)) could be delivered, and two
retractable levers. The levers were located on opposite sides of
the feeder. All of the behavioral protocols, including the data
acquisition and recordings, were programmed in Med State
notation code (Med Associates). The experimental procedures
for the PRL test were modified from procedures described by
Bari and colleagues (2010). The experimental procedures for
the ACI test used in this study were modified from the proce-
dures previously described by Enkel and colleagues (2010)
and have been described in detail elsewhere (Rygula et al.,
2015b, 2012).

Behavioral training for the probabilistic reversal-learning
(PRL) task

The animals were trained to perform the probabilistic reversal-
learning task in several stages. The training and testing ses-
sions lasted for 30 min or 120 completed trials. Initially, the
rats were trained to press the levers located on both sides of the
feeder to receive a reward (0.1 ml of 20 % sucrose solution).
Reliable active lever pressing for the reward was achieved in 3
training steps: (a) presentation of the reward for 5 s every 10 s
for 30 min, which trained the animals to recognize and collect
the reward; (b) training to associate lever pressing with receiv-
ing a reward – at this stage, pressing any lever resulted in the
presentation of the reward; and (c) introduction of the inter-
trial interval after pressing a lever, during which the levers
were retracted and the house light was switched off for 3 s
before a new trial began. If an animal did not press any lever
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within 10 s, the trial was ended and marked as an omission.
The training sessions continued until the animals attained a
stable performance on each of the training steps (more than
200 responses maintained over three consecutive training ses-
sions during step (b), and a minimum of 90 % of responses to
both levers maintained over three consecutive sessions during
step (c)). To avoid side bias, we applied additional criteria that
animals had to press both levers with similar frequency and a
maximal deviation should not exceed 10 % for three consec-
utive training days.

PRL test

In the last phase of training, the probabilistic reversal-learning
task was introduced (see Fig. 1a for a schematic overview of

the task). At the start of the trial, both levers were presented.
Pressing one of the levers (the Bcorrect lever^) was associated
with a high probability of receiving a reward (0.1 ml 20 %
sucrose solution) and a low probability of receiving a punish-
ment (mild foot shock 0.2 mA lasting 1 s). In contrast, press-
ing the other lever (the Bincorrect lever^) was associated with a
high probability of receiving the punishment and only a small
chance of receiving the reward. The probabilities of receiving
the reward and punishment upon pressing the Bcorrect lever^
were set to 80 % and 20 %, respectively, and vice versa for the
opposite Bincorrect lever.^

The animals had to adjust their behavior by responding to
the appropriate levers to maximize reward and minimize pun-
ishment delivery, disregarding the occasional misleading pos-
itive or negative feedback. After every eight consecutive

Fig. 1 Experimental design and graphic abstract of the study.
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presses of the Bcorrect lever,^ the reversal criterion was
reached, and the probabilities were reversed; that is, the Bcor-
rect lever^ became the Bincorrect lever,^ and vice versa.

This last training phase was repeated daily until the rats
reached the criterion of a minimum of three reversals complet-
ed during three consecutive PRL sessions. The animals that
successfully accomplished the training were subsequently
tested in the PRL procedure ten times across 10 consecutive
days.

Behavioral parameters measured in the PRL test

The main measures of the rats’ performance were the total
number reversals made during the experimental session and
the proportion of responses on the Bcorrect lever.^
Additionally, Win-Stay/Lose-Shift (WSLS) behavior was an-
alyzed according to the outcome of each preceding trial to
assess the sensitivity of the animals to true and misleading
positive and negative feedback. The win-stay ratio represents
the number of times the subject decided to press the same
lever again after it resulted in a reward in the previous trial
divided by the total number of rewarded trials. This measure
can be interpreted as the sensitivity to positive feedback. The
lose-shift ratio is calculated by the number of trials in which
the animal decides to change to the other lever in response to a
punishment in the previous trial divided by the total number of
punishment trials. The lose-shift ratio represents the sensitiv-
ity to negative feedback. We analyzed the win-stay and lose-
shift behaviors separately for true and misleading probabilistic
trials. The number of reversals completed was used in the
analysis to assess the general performance of the animals on
the task, which can be considered as a measure of cognitive
flexibility.

Behavioral training for the ambiguous-cue interpretation
(ACI) test

After training and testing animals in the PRL test, the rats were
re-trained and re-tested in the ACI paradigm. As mentioned
previously, the experimental training and testing procedures
for the ACI paradigm used in this study have been described
previously (Enkel et al., 2010; Rygula et al., 2015b, 2012).

Initially, the animals were trained to press one lever when a
Bpositive^ tone (2000 Hz at 75 dB) signaled the reward (20 %
sucrose solution) availability and to press a second lever when
another Bnegative^ tone (9000 Hz at 75 dB) signaled a forth-
coming punishment (0.5 mA, 10 s). By pressing the appropri-
ate levers, the animals could either receive a reward or avoid a
punishment. The tone presentations were separated by 10-s
intertrial intervals (ITIs), and each training session lasted
30 min. The animals had to fulfill the criteria of at least
90 % accurate responses to the tone signaling reward avail-
ability maintained over three consecutive training sessions

and at least 60 % of correct punishment-prevention responses
maintained over three consecutive training sessions to proceed
to the discrimination training.

During the discrimination-training phase, the animals were
trained to discriminate between pseudo-randomly presented
positive (20) and negative (20) tones, by pressing the appro-
priate levers (as learned in the previous training stages) to
minimize punishment and maximize reward delivery. Each
discrimination training session lasted 40 min. The animals
had to achieve a minimum of 70 % correct responses for each
lever, maintained over three consecutive discrimination ses-
sions to qualify for the ACI testing.

ACI testing

During the ACI testing sessions, the animals were exposed to
20 negative, 20 positive, and ten ambiguous (5,000 Hz at
75 dB) tone presentations. Each test session lasted 50 min.
The tones were played in a pseudo-randomized order and
were separated by 10-s ITIs. The responses to each tone (pos-
itive, ambiguous, and negative) during the ACI testing were
analyzed as the proportion of the overall number of responses
to a given tone. To calculate the cognitive bias index, we
subtracted the proportion of negative responses to the ambig-
uous cues from the proportion of positive responses to the
ambiguous cues, which resulted in values ranging between
−1 and 1. Values above 0 indicated an overall positive judg-
ment and Boptimistic^ interpretation of the ambiguous cue,
while the values below 0 indicated overall negative judgment
and Bpessimism.^

Cognitive bias screening (CBS)

The CBS procedure has been described in detail elsewhere
(Rygula et al., 2013). In brief, to assess the cognitive judgment
bias as a trait, we examined the animals in a series of ten
consecutive ACI tests conducted at 1-week intervals. Based
on the average (AVG) cognitive bias index obtained from
these ten ACI tests, the rats were divided into two subgroups:
Boptimistic^ and Bpessimistic.^

Experimental design

The experimental design is schematically presented in Fig. 1.
After attaining the criterion of a minimum of three reversals
completed during three consecutive PRL sessions, the animals
that successfully accomplished the training were tested ten
times in the PRL procedure over 10 consecutive days and
were subsequently re-trained for the ACI procedure. After
attaining a stable discrimination performance, each rat was
subjected to the cognitive bias screening as previously de-
scribed. After establishing the Boptimistic^ and Bpessimistic^
traits in the individual animals, the rats were divided into two
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experimental groups: Boptimistic^ and Bpessimistic^ (Fig. 1b).
To assess whether the traits of Boptimism^ and Bpessimism^
interact with sensitivity to feedback, we compared Boptimis-
tic^ and Bpessimistic^ animals for their average performance
on the ten PRL tests and average proportion of win-stay and
lose-shift behaviors following normal and spurious positive
and negative feedback (Fig. 1c).

It is worth noting that the PRL testing needed to be per-
formed before the ACI testing because only in that order
would the levers remain unbiased for the second test. If the
rats were tested first in the ACI paradigm, the levers would
acquire positive and negative meaning by association with a
palatable reward or punishment and could not be used as reli-
able operands in the PRL paradigm.

Statistics

The data were analyzed using SPSS (version 21.0, SPSS Inc.,
Chicago, IL, USA). The distribution of the cognitive bias in-
dex data was tested using the Kolmogorov-Smirnov test. The
difference between Boptimists^ and Bpessimists^ in the fre-
quency of Boptimism^ was analyzed using a t-test. The differ-
ences in the processing of the ambiguous cue and the positive
and negative tones between the Boptimistic^ and Bpessimistic^
animals were investigated using four-way analysis of variance
(ANOVA) with the between-subject factor of Cognitive bias
(two levels: optimistic and pessimistic) and the within-
subjects factors of Test (ten levels: baseline test 1–10), Lever
(two levels: positive and negative) and Tone (three levels:
positive, ambiguous and negative). The differences between
Boptimistic^ and Bpessimistic^ animals in the number of re-
versals and sensitivity to positive and negative feedback were
analyzed separately using t-tests.

The proportions of the Bcorrect lever^ presses, Bincorrect
lever^ presses, and omissions were analyzed separately using
Mann–Whitney tests, as the data were not normally distribut-
ed. For pair-wise comparisons, the values were adjusted using
Sidak’s correction factor for multiple comparisons (Howell,
1997). All of the tests of significance were performed at α =
0.05. Homogeneity of variance was confirmed using Levene’s
test. For repeated-measures analyses, the sphericity was also
verified using Mauchly’s test. The data are presented as the
mean ± SEM.

Results

All trained animals reached the criterion of a minimum of
three reversals completed during three consecutive PRL ses-
sions and qualified for the PRL testing. Across the ten PRL
tests, all animals completed an average 4.39 ± 0.15 reversals/
session. The average proportions of win-stay behaviors fol-
lowing true and misleading feedback were 0.86 ± 0.01 and

0.75 ± 0.01, respectively. The average proportions of lose-
shift behaviors following true and misleading feedback were
0.58 ± 0.01 and 0.46 ± 0.02, respectively. The average pro-
portions of Bcorrect lever^ presses, Bincorrect lever^ presses
and omitted trials were 0.29 ± 0.01, 0.65 ± 0.01 and 0.06 ±
0.013, respectively. To compare sensitivity with feedback be-
tween Boptimistic^ and Bpessimistic^ animals after the PRL
testing, the rats were re-trained for the ACI paradigm and
classified as Boptimistic^ or Bpessimistic^ based on the results
of the cognitive bias screening procedure. Twenty-nine out of
the 30 trained rats reached the criterion of at least 70 % correct
responses with each lever, maintained over three consecutive
discrimination sessions, and qualified for the cognitive bias
screening. The animals that were classified as Boptimistic^
reached the criteria of positive tone, negative tone, and dis-
crimination trainings after 2 ± 0, 25.2 ± 2.2, and 54.0 ±
5.5 days, respectively, whereas the Bpessimistic^ group
reached the criteria after 2 ± 0, 26.2 ± 1.8, and 55.9 ± 5.8 days,
respectively. Notably, as the animals were already trained to
press a lever to obtain a reward, the positive tone training was
limited to only two training sessions. No significant differ-
ences were observed in the total duration of the training be-
tween the Boptimistic^ and Bpessimistic^ animals (t(28) = 0.33,
not significant (NS)).

The average cognitive bias index of all of the experimental
animals established based on the cognitive bias screening was
0.07 ± 0.07. The distribution of the cognitive bias index data
during cognitive bias screening was normal (Z = 0.441, N =
29, Kolmogorov-Smirnov test).

An analysis of the response of animals to the positive and
negative levers following reference and ambiguous tones
across the screening period indicated no test-retest effects.
Although the Test × Lever × Tone interaction was significant
(F(18,486) = 2.34, p < 0.001), post-hoc pairwise comparisons
revealed that between-test differences showed no unequivocal
patterns.

BOptimistic^ versus Bpessimistic^ animals

The results of the cognitive bias screening enabled the
separation of the animals into two groups that were clearly
distinct in their interpretation of the ambiguous cues over
time: Bpessimistic^ (N = 12, AVG cognitive bias index < 0)
and Boptimistic^ (N = 17, AVG cognitive bias index > 0).
Further analysis revealed significant differences in the pat-
terns of response between Bpessimistic^ and Boptimistic^
groups (significant Lever × Tone × Cognitive bias interac-
tion (F(2,54) = 34.96, p < 0.001)). The Bpessimistic^ animals
responded significantly more often to the negative lever
and less often to the positive lever than their Boptimistic^
counterparts (p < 0.001, Fig. 2b and c). No significant
differences between the Bpessimistic^ and Boptimistic^ an-
imals were observed in response to the reference tones
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(Fig. 2b and c). BPessimistic^ and Boptimistic^ rats did not
differ in the numbers of omissions they made (no signifi-
cant effect of Cognitive bias or Cognitive bias × Tone
interaction (Fig. 2d)).

The animals that were classified as Bpessimistic^ had an
average cognitive bias index ranging from −0.01 to −0.65,
whereas the cognitive bias index in the Boptimistic^ group
ranged from 0.05 to 0.89 (Fig. 3a). An analysis of the Bopti-
mism^ frequency (number of tests when the cognitive bias
index of an individual animal was higher than zero, out of
the ten cognitive bias screening sessions) revealed that on
average, the rats classified as Bpessimists^ were significantly
(p<0.05) less frequently Boptimistic^ than their Boptimistic^
conspecifics (t(28) = 7.77) (Fig. 3a – inset).

Although, as mentioned previously, the cognitive bias
index fluctuated in both groups of animals (significant
Test × Lever × Tone interaction (F(18,486) = 2.94, p <

0.001)), the differences between the Bpessimistic^ and
Boptimistic^ groups did not change significantly across
the screening period (no significant Test × Cognitive bias
interaction; F(9,243) = 0.63, NS), indicating a stability of
the traits (Fig. 3b).

Effects of cognitive judgment bias on rats’ performance
in the PRL test

In the PRL task, no significant differences between the Bopti-
mistic^ and Bpessimistic^ animals were observed in the aver-
age number of reversals made per experimental session
(Fig. 4a, t(28) = 1.29, NS) nor in the proportions of win-
staying following true reward feedback (Fig. 4b, t(28) = 1.41,
NS). However, Bpessimism^ was associated with a signifi-
cantly higher sensitivity to negative feedback than Boptimism^
(Fig. 4c). A t-test revealed that the average proportion of

Fig. 2 BOptimistic^ versus Bpessimistic^ animals; results of the cognitive
bias screening. a The mean ± SEM cognitive bias index of the animals
classified (based on ten ambiguous cue interpretation (ACI) tests) as
Bpessimistic^ (filled bar, N = 12) versus Boptimistic^ (open bar, N =
17). A cognitive bias index above 0 indicates an overall positive
judgment and Boptimistic^ interpretation of the ambiguous cue. b The

mean ± SEM proportions of positive, c negative, and d omitted
responses to the trained and ambiguous tones in the Bpessimistic^ (filled
circles, N = 12) and Boptimistic^ (open circles, N = 17) rat groups.
* Indicates significant (p < 0.05) differences between the Boptimistic^
and Bpessimistic^ animals
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switching responses after receiving a true punishment (lose-
shift behaviors) in the Bpessimistic^ animals was significantly
higher than the proportion observed in their Boptimistic^ coun-
terparts (t(27) = 2.06, p < 0.05, Fig. 4c). We did not observe any
significant differences between the Boptimistic^ and Bpessi-
mistic^ animals in the proportions of win-staying and lose-
shifting behaviors following misleading positive and mislead-
ing negative feedback, respectively (t(28) = 0.16 and 0.33,
respectively, NS; Fig. 4d and e)

The Boptimistic^ and Bpessimistic^ animals differed signif-
icantly in the proportion of Bcorrect lever^ presses (Fig. 5a). A
Mann–Whitney test indicated that Bpessimistic^ animals (me-
dian = 0.68) pressed the Bcorrect lever^ significantly more
often than their Boptimistic^ (median = 0.65) conspecifics
(U = 54.50, p < 0.05). A Mann–Whitney test indicated that
the Bpessimistic^ and Boptimistic^ animals (medians = 0.30
and 0.29, respectively) did not significantly differ in their pro-
portions of Bincorrect lever^ presses (U = 95.50, NS; Fig. 5b).

We also observed no significant differences in the number of
omitted trials (medians = 0.02 and 0.05, respectively, U =
72.50, NS; Fig. 5c).

Discussion

In the present study, we used a PRL task to investigate
how Boptimistic^ and Bpessimistic^ animals incorporate
feedback (both rewarding and punishing) in their deci-
sions in a changing and uncertain environment where
feedback is probabilistic and contingencies change. The
results of our study indicated that animals displaying the
Bpessimistic^ trait were more sensitive to negative feed-
back compared with their Boptimistic^ conspecifics. In
combination with our previous reports (Rygula et al.,
2015b, 2013), the results of the present study add to
the claim that in rats, Bpessimistic^ judgment bias as a

Fig. 3 Cognitive bias as a stable and enduring behavioral trait. a
Histogram of the Boptimism^ frequency (number of ambiguous cue
interpretation (ACI) tests resulting in a cognitive bias index above 0 out
of the ten ACI tests comprising the cognitive bias screening) in relation to
the valence of individual cognitive bias index (AVG from cognitive bias
screening) in all (N = 29) animals. Inset: The mean ± SEM Boptimism^

frequency of the animals classified (based on ten ACI tests) as
Boptimistic^ (open bars, N = 17) and Bpessimistic^ (filled bars, N = 12).
b The mean ± SEM cognitive bias index of the animals classified as
Bpessimistic^ (filled circles, N = 12) and Boptimistic^ (open circles, N =
17) across all ten baseline ACI tests
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Fig. 4 Probabilistic reversal learning in the Bpessimistic^ and
Boptimistic^ rats. a The average number of reversals per session, and b
proportions of win-staying and lose-shifting after true (b and c,
respectively) and misleading (d and e, respectively) feedback in the

animals classified as Bpessimistic^ (filled bar, N = 12) and Boptimistic^
(N = 17). The Bpessimists^ were significantly (*, p < 0.05) more likely
than Boptimists^ to switch their responding following true negative
feedback (panel C)

Fig. 5 Proportion of Bcorrect^ and Bincorrect lever^ presses and omitted
trials during the PRL tests, in Bpessimistic^ and Boptimistic^ animals. The
mean ± SEM proportion of (a) Bcorrect lever^ presses, (b) Bincorrect
lever^ presses, and (c) omitted trials in animals classified (based on ten

ambiguous cue interpretation (ACI) tests) as Bpessimistic^ (filled bar, N =
12) versus Boptimistic^ (open bar, N = 17). * Indicates significant (p <
0.05) differences between the Boptimistic^ and Bpessimistic^ animals
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trait is linked with a wide spectrum of behavioral and
cognitive processes that may be associated with in-
creased vulnerability to depression. Along with in-
creased sensitivity to negative feedback, trait pessimism
has also been previously associated with an increased
sensitivity to stress-induced anhedonia (Rygula et al.,
2013) and decreased motivation (Rygula et al., 2015b).

The valence of cognitive judgment bias as a trait, mea-
sured in multiple ACI tests was both quantitative (fre-
quency of Boptimism^) and qualitative (height of cogni-
tive bias index). An analysis of the lever responses during
the tests comprising the cognitive bias screening revealed
that the animals classified as Bpessimistic^ were both
more Bpessimistic^ (made a significantly higher propor-
tion of negative lever presses in response to the ambigu-
ous cue) and less Boptimistic^ (made a significantly lower
proportion of positive lever presses in response to the
ambiguous cue) than their Boptimistic^ conspecifics.
This pattern was similar to the one described previously
(Rygula et al., 2015b). It is worth noticing that as there
were no significant differences between Boptimists^ and
Bpessimists^ neither in the length of the negative tone
training (t(28) = 0.37, NS) nor in the proportion of nega-
tive lever presses in response to the negative reference
tone (Fig. 2c), the pessimistic judgment bias of animals
did not result from the increased sensitivity to electric
foot-shocks.

The PRL paradigm has been widely used in studies
investigating feedback-related decision-making in
humans. These include behavioral (Dickstein et al.,
2010; Dombrovski et al., 2010), electrophysiological
(Chase et al., 2011), brain imaging (Cools et al., 2002;
Hampton & O'Doherty, 2007) and computational model-
ing (den Ouden et al., 2013; Glascher et al., 2009;
Hampton et al., 2006) approaches. Recently, the PRL
paradigm has been introduced into preclinical animal
studies. In 2010, Bari and colleagues (2010) demonstrat-
ed the effects of different serotonergic (5-HT) manipu-
lations on sensitivity of rats to feedback in the PRL
paradigm. Two years later, Ineichen and colleagues
(2012) investigated the role of 5-HT on feedback sensi-
tivity in mice, and recently, the PRL paradigm has been
employed to investigate the roles of 5-HT and DA in
feedback-based decision making in non-human primates
(marmosets) (Clarke et al., 2014; Rygula et al., 2015a).
It is worth noticing that in the present study we used an
operant PRL paradigm with a real punishment (mild
foot-shock) for the first time, as opposed to only a lack
of reward, as has been used in the previous studies with
rats. This increases the translational value of our para-
digm, as in humans the PRL tasks consist of rewards
and punishments. The use of real punishment in the
PRL is also important given the separation of drug

treatment effects that they can have when punishment
is used versus lack of reward. For example, amphet-
amine increases impulsivity in rats when the only pun-
ishment is lack of reward, while it reduces impulsivity
when punishments are used in rats and mice (see Orsini
et al., 2015 for review).

A detailed analysis of the responsivity of the Boptimistic^
and Bpessimistic^ animals to true and misleading positive and
negative feedback revealed that cognitive judgment bias was
linked exclusively with true negative feedback sensitivity.
BPessimism^ made animals more likely to shift after a true
punishment but did not significantly affect their responses
after misleading punishment trials during the probabilistic dis-
criminations. This was surprising given that the subjects were
not aware of the feedback validity.

Although our experimental protocols did not allow for
the separation of acquisition from reversal trials, one ex-
planation for this phenomenon may be that Bpessimism^
affected the initial phases of contingency learning more
when the true negative and positive feedback were dom-
inant, in contrast to later phases, when animals, having
established which lever is more Bcorrect,^ kept pressing
it while ignoring the infrequent misleading negative feed-
back. This explanation would imply that cognitive judg-
ment bias is important in learning from negative feedback
but not in ignoring probabilistic errors. Further studies
should shed more light on this issue with a detailed anal-
ysis of the different phases of probabilistic discrimination
in Boptimistic^ and Bpessimistic^ animals.

Notably, we also did not observe any significant differ-
ences between the Boptimists^ and Bpessimists^ in their
general performance of the PRL task, as expressed by a
similar number of reversals made per experimental ses-
sion. We hypothesize that the increased sensitivity to neg-
ative feedback observed in trials with true punishment
could have improved general performance of the task,
but this effect was hampered by the effects of a (statisti-
cally insignificant) increased proportion of lose-shifting
on trials following a misleading punishment (Fig. 4e).
This hypothesis is also supported by an analysis of the
proportion of Bcorrect^ and Bincorrect^ lever presses.
The Bpessimistic^ animals pressed the Bcorrect lever^ sig-
nificantly more often than the Boptimists,^ although this
did not translate to an increased number of reversals. Such
a pattern of results suggests that pessimistic animals, al-
though better at switching their responses after a true
punishment, also did more (statistically insignificant) un-
desired lose-shifting following a misleading punishment
that disrupted their ability to fulfill the criterion and
reverse.

Taken together, using an operant version of the PRL
paradigm and multiple consecutive ACI tests, we demon-
strate for the first time a link between cognitive judgment
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bias and sensitivity to performance feedback in an animal
model. Based on the combination of the present results
and our previous reports, one could predict that cognitive
judgment bias would be a powerful shaper of the
depressive-like behavioral phenotype, not only in labora-
tory animals but also in other species, including humans.
Evidence of this may be useful for developing new ther-
apeutic strategies that are based on early screening for
pessimistic judgment biases that may predict further vul-
nerability to depression. Such a screening would allow
preventive therapeutic intervention (e.g., cognitive behav-
ioral therapy, which focuses on accentuating positivity
and minimizing negative sensitivity (Beck, 1991)) even
before the onset of first depressive symptoms.
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