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Making decisions under ambiguity: judgment bias tests for assessing emotional state in animals

Roelofs, S.*, Boleij, H., Nordquist, R.E. & van der Staay, F.J.

* Correspondence: Sanne Roelofs: s.roelofs@uu.nl
Table 1. Summary of judgment bias experiments using animals as subjects. Note that, if a study encompassed different behavioral tests, only the judgment bias
tasks are included in this table.

Abbreviations:

Sex: f, female; m, male; When (1, 2) refer to when experimental manipulations were performed that are believed to affect emotion (see scenario 1 and scenario
2 in Figure 1); n.a.: not applicable; Test arena: A — H refer to arenas depicted in Supplementary Figure 1; S/S", conditioned stimuli used: a, acoustic; o, olfacto-
ry; s, spatial; t, tactile; v, visual; d, different dimensions; Ambiguous stimuli: a, acoustic, o, olfactory, s, spatial, v, visual, d, different dimensions. In addition,
number of different ambiguous stimuli is shown between parentheses; Go/No-go: Go/No-go task; Go/Go: active choice task; Welfare: indicates whether animal

welfare was explicitly addressed.
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correct left or right lever press Randomized Latin square
a following S*/S- results in reward design, all animals received all Reboxatine reduced probability of reward
Rats. Lister- Pharmacology (experiment 1): tO’HES' Svs- a(3); tones: | (food pellet)/avoidance of punish- | treatments on separate days. response (negative bias) and increased | (Anderson
hoo d’e d m | acute diazepam, reboxetine and 1 countérbalance q 45and 6 ment (foot shock). Learning criteri- | Exposure 40 reference tones v omissions. Fluoxeting and diazepam had | etal., 2013)
fluoxetine, 3 doses per drug 2 or 8 kHz kHz on: accuracy>60% and no omis- (negative and positive) and 20 o effects. N
sions in 10 consecutive trials for2 | mid-point probe tones (4, 5 and '

1 Tone discrimination task in a Skinnerbox
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Re-baselined with training after
experiment 1. correct left or right Ty
lever press following S*/S- results in ¥estmg dV\I’:'th 215|d pfo int prottJe on
Pharmacolo iment 2): d (food pellet)/avoidance of | 1S and "Mt 29 relérence fones . . _
9y (experiment 2): a; reward (food pellet)/avoidance o (positive and negative) and 30 Fluoxetine treatment increased probabil-
) Two baseline training weeks L csa. . punishment (foot shock). Learning PoSHV g ) . ©d probab
Rats, Lister- m | (after acute drug testing, exp. 1) 2 |1 tones; S*/S a(1); tone of criterion: accuracy>60% and no mid-point probe tones Testing v ity of reward response over time (positive | (Anderson
hooded .g ng. €Xp. 1). counterbalanced |5 kHz i y=ou’ and n took place 5 weeks (1 week bias) although also the control group etal., 2013)
Then 2 groups: chronic fluoxe- 2 kH omissions in 10 consecutive trials duri K h his off | d
tine and saline for 3 weeks or 8 kHz for 2 days Then training on Mon pre-trgatment, uring 3 weeks shows this effect to a lesser exten
' Wed and Thu and exposure to ' chronic treatment and 1 week
ambiguous tone in trials on Tue and post testing)
Fri
. I V; S*and S- were presented one ate a . . i No effects of rearing condition and
CR)gigir:i%rf?(gmslreare d twins: wooden tubes; time. A go response to the S* was gjrz(ra](;e;?t;iﬁselc:;rse\ggwgfuS-’ gender on acquiring the discrimination
Common Condition 2] familz-reare q ’ S 2 cm high; rewarded, a no-go response to the ou’s stimuli. Number of no-ggo task preceding judgment bias testing; no (Ash and
. P S*:15cmhigh, | v(3): 5.5, 8.5, | S- was unrewarded, a go response | ) effects of rearing conditions on respond-
marmosets f, | animals from triplet litters, where 3 ) ) ¥ ; . responses to the ambiguous . . RS, Buchanan-
(Callithrix m | only two animals remained; ! or vice versa; a_nd M5cm jtothe S was pu.nlshed_wnlh a 05 ) stimuli was recorded. Sessions d Y |ingto thg ambiguous stimuli. Triplets that Smith,
iacchus) Condition 3: familv-reared A piece of rusk, | high tubes second time out; Criterion: 80% in which the marmoset made < had received supplementary food 2016)
/ riolets that }eceiv}(/e d suoplemen- hidden under the correct responses to S-and S+ over 80% correct responses to S* showed less go responses the intermedi-
P PP S* tube, served 3 successive days, with S* and S- ° p ate ambiguous and the S* stimulus than

tary food

and S- were omitted.

as reward presented in random order marmosets from the other two conditions.
Initiating foraging behavior was longer in
One stimulus, rough sandpaper, trials with the less preferred than with the
was associated with a high-positive Rats were moved to the preferred reward.
reward (chocolate), whilst the other, individual metabolic caaes or The number of optimistic decisions over 5
t; . smooth sandpaper, was associated . . g days was larger in males that remained in
Rats from standard group t(1); sandpa- | . o stayed in their open-tp cage, ;
L rough (P80) with a low-positive reward (cereal), : standard housing than moved to the
housing in open top cages were per of . were trained 3 more days, and . :
Sprague Daw- | f, s . versus smooth | : . or vice versa. One of the two food metabolic cages. This was not observed | (Barker et
moved to individual metabolic 2 J intermediate . : were then tested for 5 days vV .
ley rats M | .2ge housina: controls staved in sandpaper rade bowls in the goal box was associat- with intermediate (sandpaper in females. al., in press)
g g Y (P220) 9 ed with chocolate, the other with \cpap Male rats moved to metabolic cages had
their open-top cages (P180). . P180), unrewarded trials and o ) o
cereal reward. Rats were trained . L a significantly longer time to initiate
) } with the originally learned . .
until they had learned the associa- assodiations foraging for each probe trial than female
tion between sandpaper, food bowl ' rats. This difference was not observed
and reward between male and female rats that
stayed in standard housing
S*/S- is associated with palatable/
v; unpalatable mealworm. Response: Starlings that experienced enrichment
European £ lid of petri dish; | v(3); 20,40 | Flip lid of petri dish Test session with 4 reference before standard housing conditions had a | (Bateson
starlings (Stur- m Housing enrichment 1 A S*/S-: counter- | and 60% Learning criterion: significant cues (positive and negative) v v' | shift towards a more negative bias, while | and Mathe-
nus vulgaris) balanced white | grey difference between white and dark | and 20 probe cues judgement biases were not different the | son, 2007)

or dark grey

lids flipped over 3 consecutive
sessions

other way around

2 Multiple testing during chronic treatment
3 Visual discrimination using different sizes of wooden tubes
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5 test phases, each preceded
b%:sgzolf;ﬁ ?ﬁ:?g;g%_ce Chimpanzees showed differences in
\F/:/ere r’esente 4. with the speed to touch the cones. In the testing
. . Pale grey cones concealed a peanut ©p ¢ . phase, this latency served as covariate.
" . v; v(3); 30, 40 . position randomized (left/right). . X
Individual differences between . o reward (go-response); dark grey ) ) The chimpanzees differed on the laten- | (Bateson
. , . paper cone; S*: | and 50% Progression to test phase if 18 . ! -
Chimpanzees chimpanzees (2 males, 1 1 o " paper cones concealed no reward ) 4 v' | cies to touch ambiguous stimuli; Repeat- | and Nettle,
20% grey, S+ grey paper ) or more choices for POS from o
female) 60% grey cones (no-go); atotal of 24 trials Test consist- ed testing did not affect the response to | 2015)
107-240 acquisition trials. ed of 3 times 3 ambiquous and the ambiguous stimuli. Correlation with
85 and8 S Lateng o touch rank: highest rank: least pessimistic,
the cone Was. recor de}:i The go lowers rank: most pessimistic.
response was never rewarded.
o On the same day as training,
Worker honev- S*/ S 2 different | o(3); odors in | 2 different odors were conditioned gg(r)ergf?hrgezd rg‘setéiaclew()l?ofs Agitated honeybees are more likely to
bees (Apis ¥ odors counter- | different with palatable (sucrose) or unpalat- and 3‘ambi uous odors A classify ambiguous cues with punishment (Bateson et
me/iferapcarni- 60 seconds shaking 2 balanced 1:9 or | proportions | able solution (quinine). One session binary res gnse was measured v v' | (negative bias), as they extended their al, 2011)
9:1 (3:7,1:1, of 12 trials, pseudorandom presen- ry response i proboscis less towards the ambiguous v
ca) . . as outcome variable: whether . .
(1-hexanoland | 7:3). tation. or not the honevbee extended and negative stimulus
2-octanone) . 1oney
its proboscis
The S+ revealed a palatable meal- . . - .
- . worm, the S- revealed an unpalata- _ _ . Starll_ng from hlgh competition n_ests with
Developmental telomere attrition v; - . L Four daily sessions of 18 trials, heavier competitors chose ambiguous
) . L ) — " ble mealworm injected with quinine. | . . ) S ) .
European (possible candidate indicator of lid of petri dish; | v(3); lid of Criterion: S* latency > Satency per with no reinforcement in stimuli slower. Birds with greater devel-
Starlings f, | somatic state), high vs low S*/S- counter- | petri dish: 30, S oy yp ambiguous-cue trials, and opmental telomere attrition showed (Bateson et
N 1 A . o, | starling Mann-Whitney U-test). One e . v v ! -
(Sturnus vulgar- | m | competition nests, and number balanced light | 40 and 50% . ) S partial reinforcement in S+ and chose ambiguous stimuli faster. Authors | al., 2015)
: . A o 16-trials session on a partial rein- - h ) ;
is) of heavier competitors in the (20%) or dark grey f S- trials when the starlings discuss whether increased reward
o orcement schedule to slow down "
nests grey (60%) - S . were on average 96 days old expectancy reflects a more positive
extinction during judgment bias .
testing affective state.
6 test sessions. Three blocks
S+ associated with 40% probability | per test session; 75% correct
Rhesus ma- v; of reward (2 food pellets and tone) if | responses to reference cues More reward related responses towards
caques Environmental enrichment vs line on screen; | v(3); lines of | screen was touched and S-witha | means progression to the cues closer to the ositi\?e cue in en- (Bethell et
( Mgcaca M | ot health check ' 2 S*/S- counter- intermediate | burst of white noise if touching second block (24 S*,24 S-and | v v riched animals in c%m arison with after al., 2012)
mulatta) P balanced short | length screen. Training criterion: 280% 18 ambiguous cues), third the health check P
and long line correct responses (>70% correct for | block control (10 S*and 10 S). '
both S*and S-) Latency and frequency of
responses recorded.

4 Visual discrimination using paper cones of different shades of grey
5 Proboscis extension towards odor
[

Discrimination task on touchscreen
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No effects of the treatments on latency to
approach S*and S- were found
The drinker positions were condi- Ad.d'ng e””C“'.“e”‘ induced a posmv_e .
. . ) o ) . . . . . shift, removal induced a negative shift in
Effects of adding or removing s; s(3); drinker | tioned with palatable (sucrose or During stay in environment with .
; ! oy ) . L . ) proportion of responses towards the
Hamster (Mes- enrichment items from an S*/S- drinker positions in | unpalatable solution (quinine), using | added or removed enrichment near-ositive and near-neaative cues. No (Bethell and
ocricetus m | enriched environment. Both 2 D positions (left or | between a variable reinforcement schedule. | items, 3 sessions with S+,S- | v/ 4 effectz were found on res gonses o tHe Koyama,
Auratus) orders of environmental condi- right) in a testing | location S+ | Criterion of learning: mean latency | and 3 ambiguous locations. middle orobe P 2015)
tions were presented arena and S to approach S* < latency to ap- Drinkers were empty. No relaﬁonsh.ip with standard tests of
proach & emotionality (open field, light-dark test,
approach to novel object) that were
performed after judgment bias tests).
o . . Odor cup presented with a palatable | Different groups tested on Strain difference in performance of the
S*/S-: counter- | o(3): 15/85, i latabl i i i 4 orob d difioning task.BALB/o mi
Mice, 129P3/J Strain comparison: no manipula- balanced vanilla | 50/50and | (POSitive) or unpalatable (negative, | posifive, negative and probe odors conaitioning task. CMICe | Boleij et al.
and B ALB/CJ m | on (experiment 1) B or anple odor 85/15% odor | Quinine flavored) almond piece. cues; all cues presented witha | v discriminate between the odors and 2012) '
P Iac’;’()i in odor solutio;s Short training 3 positive and 1 normal almond piece, approach seem to show intermediate reactions
Eup negative trial. times measured. towards the ambiguous cues.
o Different groups tested on
SL/S-' counter- Odor cup presented with a palatable | positive, negative and the Latencies to approach the ambiguous
o . . : .| 0(1): 50/50% | (positive) or unpalatable (negative, | probe cue. One group tested cue were comparable to that towards the .
. White light vs. dark light testing balanced vanilla . ) . . o (Boleij et al.,
Mice, BALB/cJ |m . 2 B odour quinine flavored) almond piece. under a white lamp. All cues v negative cue, white light caused a
(experiment 2) or apple odor uti Short trainina 5 bosit 43 ted with | N lat imes t 2012)
laced inodor | S0Mution ort training 5 positive an presented with a normal general increase on latency times to
Eu negative trials. almond piece, approach times approach all cues
P measured
o A subgroup of animals tended to show a
o Odor cup presented with a palatable negative judgement bias. However,
S*/S-: counter- . ” . Three groups (0, 1, or 3mg/kg . . .
. . 0(1): 50/50% | (positive) or unpalatable (negative, . o diazepam increased the tendency of mice "
. Diazepam effects (0, 1 and 3 balanced vanilla L ) diazepam) tested on positive, v . . : (Boleij,
Mice, BALB/cJ |m mgkg) 2 B or apple odor odour quinine flavored) almond piece. negative and the probe cue (2 to eat the bitter tasting almond piece, 2013)

placed in odor
cup

solution

Short training 13 positive and 12
negative trials.

of each) in one test session.

suggesting that reactions might have
been influenced by the effect of diaze-

pam on taste and palatability.
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Both US were given in a chamber
a which opened after playing the tone.
Idw and high Responding to S- yielded different Piglets in the gentle handling group
itched tor?es aversive stimuli such as water Testing was performed in the showed a larger percent approaches at
- P spray, air puff, falling tennis ball; presence or absence of a presentation of the ambiguous stimulus
. . Gentle, rough, or minimal (2093 Hz and . . ; . : .
Pigs, Yorkshire . ; ) response to S* yielded two pieces of | human observer -- the handler intermediate between S-and S*; Pres- :
f, | handling starting after weaning 7 32.7 Hz) pre- e . . (Brajon et
x Landrace) x ) P 1 . a(3) cereals. Training to the criterion of 5 | in the gentle and rough han- v v" | ence of a human observer reduced the
m | till the end of cognitive bias dicted a reward . . " . . ) al., 2015)
Duroc testin (P, S or out of 6 trials correct (at presenta- | dling group, an unfamiliar time in contact with the trough, irrespec-
9 u’nishment N tion of 3 rewarded (positive, ap- person in the minimal handling tive of the experienced handling (gentle,
g_) ’ proach) and 3 punished (negative | group rough, minimal)., but did not affect
‘ trials, avoid); judgment bias per se.
only 32 of the 54 piglets reached
criterion
\ | aced s - » ) il Eex d:ﬁerences Lnfjudgement bilzfas.
0 manipulation, groups base e s(3); three eft or right arms of radial arm emales rescued from poor welfare '
Goats, different |, | on history of the goats in the StS:leftor e maze, associated with food orno | O test days, exposure to 2 showed more optimistic and less pessi- | (" icie! and
1 E right armin a " . times the reference cuesand | v/ Vo ; McElligott,
breeds m | sanctuary (poor welfare or . between the | reward. 3 positive and negative . ' mistic responses while there were no
radial arm maze, . : one time each ambiguous cue . 2013)
control) counterbalanced S*and S trials per day for 3 days. differences found between the male
groups.
" . " . S, L ) One session of 7 trials/day, 2
Franes. | | forooment (PR, o evard e DUkt |t | ocaionwih food rverd and ovr | SS9 089 267,28 and 3 PR mares werd sower o thenegalie
Montaanes correct behavic’Jr) of neaative food on one side in bétween s | location with no reward. 6 (3 of ambiguous trials (1 for each location and adjacent ambiguous loca- (Briefer
threeTgr;otte;s f reinforcement (NR: cesgsation of D of paddock and S* each) trials/da Trainin. criterion: ambiguous location), ambigu- v' | v |tion, indicating more pessimistic respond- | Freymond et
s L S~ empty bucket : P ay. ing " | ous trials in random order with ing. No differences were found for any of | al., 2014)
and six Swiss uncomfortable stimulus after W location significant difference in latency to " . o .
. on opposite side S*and S-interspersed. Ambig the other locations.
half-bred correct behavior) approach between both. .
of paddock uous trials unrewarded.
If birds made the correct response,
v; v(3); inter- :’tvzvrar:;?swf)'rgfgn":mgﬁi%eg) One session of 15 trials per Change in environmental conditions
European ' lid of petri dish; . . . ", | day. 5 times each reference caused no differences in responses .
. f, | Cage enrichment and removal of mediate grey | The incorrect response yielded not . : ; (Brilot et al.,
starlings (Stur- X 2 A S+ dark grey . A cue reinforced, two times v | v | towards the ambiguous cues. However,
. m | enrichment 0\ G r (15,30 and | reward. Leaming criterion: signifi- ! . . : 2010)
nus vulgaris) (60%), S- white 0 . unreinforced and three times stereotyping starlings showed more
(0%) 45%) cant difference from chance level ambiguous probe cues essimistic responses
o over three consecutive days (bino- 9 P P P '
mial test).
v Alarm calls and white noise induced
o v(1); ambig- Eight sessions per bird with 3 higher freezing and also the eyespots
European . aversive stimu- N X ) SS9 ; .
. f, | Auditory threat/alarm or sparrow i uous (partly | No training involved, natural aver- | trials, each stimulus used. were aversive, since latency times (Brilot et al.,
starlings (Stur- ) . 2 A lus: eyespots, ) . . v v .
. m | hawk calls during testing L clouded) sive cues Exposure 2 times to the differ- towards the food were increased. No 2009)
nus vulgaris) positive stimu- . . " .
lus: no eyespots eyespots ent auditory cues while tested ;jlffegences towards the ambiguous cues
ound.

7 Box with one food trough, equipped with air spray gun, water spray gun and a release mechanism to drop a tennis ball in the back of the piglet
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Rats move through a tunnel covered
with S* or S-. S* results in a high
. value reward (1/2 chocolate drop) if | Testing in one week, 5 days of
) . . t(1): interme- | correct choice is made to go to 4 trials. One probe trial: Moving t iched envi i (Brydges et
Rats, Lister m Calgg enrichment (1 week after 2 §'/S: fine or diate grade | scented cup on left/right. S- results | presentation of intermediate v | v | Moving toan enriched environment al., 2011)
Hooded training) course sandpa- f sand inal | d (cheerio) if q ith q induced a more optimistic choice bias
erin tunnel of sandpaper | in a lower value rewar '(c eerio) if | sandpaper with no rewards
P correct choice is made in a scented | present
cup on the right/left. Leaming
criteria: % trials correct over 5 days
Rats move through a tunnel covered
with S* or S-. S* results in a high
£ B value rewal_'d (1/2 chocolate drop) if Te;tmg in one week,_5 Fiays of Control animals displayed a pessimistic
. . t(1): interme- | correct choice is made to go to 4 trials. One probe trial: o . ) .
Rats, Lister f, . S*/S-: fine or ) : ] . . ) choice bias, while animals that received | (Brydges et
Juvenile stress 1 diate grade | scented cup on left/right. S- results | presentation of intermediate vov . ) L
Hooded m course sandpa- f sand inal | d (cheerio) if q ith q juvenile stress were more optimistic in al., 2012)
erin tunnel of sandpaper | in a lower value rewar .(c eerio) if | sandpaper with no rewards their choices
P correct choice is made in a scented | present
cup on the right/left. Leaming
criteria: % trials correct over 5 days
S; S*goal pot contains 2 food pellets,
Removal of enrichment in one S*/S- place of s(3): three presentation of S-is unrewarded, 3 days of testing. Each ambig- Unenriched rats approached the probe
Rats, Lister : . goal pot presen- | locationsin | contains 2 inaccessible food pellets. | uous cue (3 in total) presented cue nearest to the negative cue more (Burman et
m | group during whole experiment, |1 F . X : e ) 4 4 . A
Hooded . . tation, one side | between S* | 12 (6 of each) trials/day. Training once each day in between the slowly than enriched rats indicating a al., 2008)
other group remained enriched ) R . . o ; A ;
of arena/other | and S criterion: significant difference in conditioned cues. 13 trails/day negative judgement bias.
side of arena latency between both.
. . Left or right arms of radial arm . o Only a change in light conditions had
) high (H) or low light (L) training 5 . . S(3): t.h ree maze, associated with goal pot with 3 days of tesﬁmg. Each ambig effects on latencies in the probe trials. HL
Rats, Lister . S*/S- opposite | armsin L uous cue (3 in total) presented ) X (Burman et
m | and/or subsequent testing (four | 2 E corE food pellet (S*) or quinine food pellet ) v v' | rats ran faster in the probe trials than LH
Hooded . locations in a between S* ¥ . Lo once each day in between the L al., 2009)
conditions: HH, HL, LH, LL) radial arm maze | and S- (7). Learning criterion: significant conditioned cues. 13 trails/da rats. LH rats a more negative judgement
difference in latency between both. ' y bias than HL rats.
'Post-consumption’ treatment (a v v(3); inter- Approach goal_box atS* (rew_arded Three t_est days, test_ sequence
) ) . . A with food)/ avoid approach. S of 15 trials with ambiguous , .
rewarding event prior to testing) S*/S-darkand | mediate. RN L Post-consumption' group responded (Burman et
Dogs, Beagle | f \ . 2 A . (unrewarded); criterion: approach S* | stimuli interspersed between v ) ) .
vs. 'neutral' treatment (no light shade of shades of £ han S for si . SYS- bi imuli slower to middle ambiguous stimulus al.,, 2011)
treatment prior to testing) grey grey gstert an S- for six consecutive , ambiguous stimuli
trials unrewarded

8 Tactile stimuli choice task, tunnel with course or fine sandpaper
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s Nearly all pigs learned the discrimination
Pigs, Large g oy . between S-and S+ location (33 of 36
White Landrace Testing of cognitive bias twice, |S bulcket ith A h bucket S* ded with After L4 tralnlqg sessions and 4 pigs). In the test session, most pigs
halothane with an inter-test interval of 5 locatlon YV" s(1); bucket pproach bucket S _(rewar ed with | remin Cr SESSIoNs, pigs were showed positive cognitive bias
. o ) inaccessible R chopped apple), avoid approach S- | tested in one cognitive bias . :
Gene-RYR1-fr weeks; categorization of pigs as . intermediate ) ) . . Test for repeatability revealed no correla- | (Carreras et
. m . " 1 D reward; bucket (inaccessible chopped session. After a 5-week inter- | v ol )
ee sows with having a positive, neutral, or . between S* N N . ! L tion between time to contact the bucket | al., 2015)
Pietrain hetero- negative cognitive bias, based S bucket and S apple); criterion: approach S faster . val, pigs received 4 training, 4 during the first(original) and second (5
) AN location with than S- for six consecutive trials reminder sessions, and one A M
zygous on first cognitive bias testing . e . weeks later) cognitive bias testing indicat-
b accessible cognitive bias session . . .
oars reward ing a learning effect from the first test
session,
Pigs: crossbred Nineteen-week-old pigs were
(Landrace x trained individually for the CB Neither gender differences nor effects of
Large White S; according to the methodology the HAL gene, not of their interaction
sows sired with S- bucket described by Carreras et al. (2015): were found on the latency to contact the
Piétrain boars). ) . location with . Approach bucket S* (rewarded with L . bucket during the training and reminder
Testing sex differences and the . . s(1); bucket ) _ | After 12 training sessions and 2 .
E.ach group , | effects of the halothane (HAL) |nacce§5|ble intermediate choppeq apple), _av0|d approach S reminder sessions, pigs were | Sessions. - . (Carreras et
either consisted . D reward; . | bucket (inaccessible chopped ) e The animal was classified as showing a .
) ; gene, referred to as the porcine " between S NS N tested in one cognitive bias - . o al., in press)
of Hal-free gilts, siress svndrome gene S* bucket and S apple); criterion: approach S* faster session positive, neutral, or negative cognitive
Hal-free entire y 9 location with than S- for six consecutive trials. ' bias. During cognitive bias testing, no
males, Hal accessible Nine pigs did not discriminate effects of the HAL gene, of gender, and
carrier gilts and reward between S+ and S- during the their interactions were found on latency
Hal carrier reminder sessions and were not to contact the bucket
entire males tested in the cognitive bias task
Prenatal chronic mild stress
(aversive events such as social
isolation, mixing, handling, Criterion leaming basic discrimina-
Sheen. Romane transport, delayed feeding) in 10 s; s(3); loca- tion task: approaching S* (3 com- No differences between prenatally
(Lamgé born £ highest responsive (HR) and 10 S*/S- locations tioné in panion pen mate lambs) within11s, | Presentation of S*, S-, and stressed and control lambs for S+/S- (Coulon et
from HR and LR m lowest responsive (LR), selected | 1 H on left or right between S* Go-response and not approaching | ambiguous stimuli; ambiguous | v/ v' | latencies, but PS lambs had longer al., 2015)
owes) from flock of 120 ewes, during side of testing and S S- (a blower) within 25 s (No-go stimuli unrewarded latency to approach the ambiguous near K
the third trimester of pregnancy. arena response) in 2 sessions of 10 trials S-stimulus, i.e. a ‘pessimistic-like bias.
Prenatally stressed (PS) lambs each.
were compared with control
lambs
Trained to approach screen when | 2 sessions before separation, 3
. S* is shown (food reward) and not to | sessions after separation. 60
(white screen as v(3); inter- approach screen when S-is shown | screens per session, with 5 Less responses to ambiguous cues after (Daros et
Cattle, Holstein | m | Separation from dam 2 A mediate (punished with time-out). Trained to | trials for each of the 3 ambigu- | v/ v’ | separation, labelled pessimistic response
S+ vs red screen . oro AR : al., 2014)
colors criterion: 85% correct responses for | ous stimuli, interspersed bias

as S)

S*and S-over 3 consecutive
sessions

between S*/S-, ambiguous
stimuli unrewarded
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Species > . a a s £ e Ambiguous - a ) § & | Effect(s) of experimental manipula-
(strainfbreed) & | Experimental manipulation(s) E k> S8 stimuli (nr.) Training Testing Eo S g tion(s) Reference
2 (G}
Trained to approach screen when 2 sessions before separation, 3
v S* is shown (food reward) and not to | sessions after separation. 60
(\}vhite screen as v(3); inter- approach screen when S-is shown | screens per session, with 5 Less responses to ambiguous cues after (Daros et
Cattle, Holstein | m | Hot-iron dehoming 2 A S vs red screen mediate (punished with time-out). Trained to | trials for each of the 3 ambigu- | v/ v' | dehoming, labelled pessimistic response al., 2014)
as S colors criterion: 85% correct responses for | ous stimuli interspersed be- bias N
S*and S-over 3 consecutive tween S*/S-, ambiguous stimuli
sessions unrewarded
. s(3); inter-
S, mediate Approach bucket at S* (rewarded One test day, test sequence of No overall effect of treatment on an-
. . . S*/S- feed ” with food)/avoid approach S- (pun- | five trials with ambiguous P P
Diazepam-induced reduction of positions ; ) R R proaches to all stimuli, control group (Destrez et
Sheep, Romane | f 2 D buckets located ished by revealing blower); criterion: | stimuli presented after S*and | v/ e .
fearfulness . . between ¥ . L slower to approach near-positive ambig- | al., 2012)
in opposite SY/S- loca- correct responses for two consecu- | S-, ambiguous stimuli unre- Uous stimulus over test sessions
corners of room tions tive sessions of five trials warded
E\/aélri/tsfiz(;isnur?tfg gr?:;t;\éir s; ;Sczi;;tr;ter- Approach bucket at S* (rewarded One test day, test sequence of
weeks of 3 s%ven-week chronic S*/S- feed ositions with food)/avoid approach S- (pun- | five trials with ambiguous Exposure to positive events induced (Destrez et
Sheep, Romane | f stress treatment (exposure to D buckets located Eetween ished by revealing blower); criterion: | stimuli presented after S*and | v/ positive bias to near-positive ambiguous al., 2014)
. posu in opposite . correct responses for two consecu- | S+, ambiguous stimuli unre- stimulus (faster approach time). K
unpredictable and aversive S*/S- loca-
evgnts) corners of room tions tive sessions of five trials warded
No effect of treatment during training.
s(3); inter- Treated animals took longer to approach
S; me diate Approach bucket at S* (rewarded Two test days, test sequence ambiguous stimuli during testing (nega-
Chronic stress induced by 6- S*/S- feed ositions with food)/avoid approach S- (pun- | of five trials with ambiguous tive bias) and increased approach time to (Destrez et
Sheep, Romane |f | week exposure to unpredictable | 1 D buckets located Eetween ished by revealing blower); criterion: | stimuli presented after S*and | v/ near-positive stimulus over test sessions. al., 2013)
and aversive events in opposite SY/S- loca- correct responses for two consecu- | S-, ambiguous stimuli unre- Control animals increased approach time | =
corners of room tions tive sessions of five trials warded to near-negative ambiguous stimu-
lus/decreased approach time to ambigu-
ous stimulus over test sessions.
Five test days (test 1 after
. training in initial environment,
a; éz\lzlr::jce':j Tittﬁh:t IS:)L;;\?O?(;? i test 2 and 3 after moving to No effect of treatment during training.
Pigs, Large S-click of a dog- | a(1); squeak roach S ( unislfgd with IastFi)c ba opposite environment., test 4 Enriched housing group more optimistic (Douglas et
White x Land-  |f | Enriched versus barren housing | 1 A training clicker; | from a dog P e - P . 9 | and 5 after moving back again), | v* v" | (higher nr. 'go' responses, faster ap- 9
) . waved in the face); criterion: correct / . . ) al., 2012)
race gilts S*noteona toy two test sequences of 15 trials proach time to ambiguous stimulus)
. response on at least 16 out of 20 . . C o ; )
glockenspiel with ambiguous stimuli inter- during testing.

trials on one day

spersed between S*/S-, ambig-
uous stimuli unrewarded
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Species f a a s £ e Ambiguous - a ) § & | Effect(s) of experimental manipula-
(strainfbreed) Experimental manipulation(s) E k> S8 stimuli (nr.) Training Testing Eo S g tion(s) Reference
2 (G}
" Three test days directly after
Restraint and isolation stress > S(3) interme- vAvﬁEr?oa:)th)/zL\jg:(: ;;Li)a(éﬁvé?r(%i?\- treatment, one fest day 24h
S . S*/S- feed diate posi- . . . post-treatment, test sequence Treatment group (restraint and isolation
. (binding legs together, no visual . ished by presenting dog behind . . ) e | (Doyle etal.,
Sheep, Merino ; . 2 D buckets located | tions be- - RS of five trials with ambiguous v v | stress) more optimistic (higher nr. of 'go
contact with conspecifics), 6h a ; . _ | sliding panel); criterion: respond L X L 2010a)
. in opposite tween S*/S : stimuli interspersed between responses to all ambiguous stimuli).
day for three consecutive days X correctly for three consecutive i ) -~
corners of room | locations . T S*/S-, ambiguous stimuli
sessions of five trials
unrewarded
s s(9); inter- Approach bucket at S+ (rewarded Three test days per week for
§/S- feed mediate with food)/avoid approach S- (pun- | three weeks (Tue., Wed., Fri.), Decreasing nr. of ‘0’ responses to
) None, examining effects of positions ished by presenting dog behind test sequence of five trials with . g r. of go respor (Doyle et al.,
Sheep, Merino . 2 D buckets located -~ S ) L v middle ambiguous stimuli with repeated
repeated testing in opposite between sliding panel); criterion: respond ambiguous stimuli interspersed testin 2010b)
Pp S*/S-loca- | correctly to all five trials for four out | between S*/S-, ambiguous 9.
corners of room | 2 ' e S
tions of five training days stimuli unrewarded
. s (3)inter- | Approach bucket at S* (rewarded Three test days, afer three and
s; A ith f ) hS- five full days of treatment and T PA -
L S*/S- feed meqtlg e .WL‘ dot? d)/avoid tgpp:joacb Shl(;‘)jun- five days post-treatment, test i re?tment gro§p (pr‘: .) more pesstlmls- Dovl |
Sheep, Merino Serotonin inhibitor (pCPA) 2 D buckets located | POSitions ished by pres.en ing og ehin sequence of five trials with v ic (lower number o 9o’ responses to (Doyle et al.,
treatment . . between sliding panel); criterion: respond . L middle and near-positive ambiguous 2011a)
in opposite . ) ambiguous stimuli presented L
S*/S-loca- | correctly to all five trials for three out | . T . . stimuli).
corners of room fions of four training sessions prior to S*/S-, ambiguous;
9 stimuli unrewarded
s s(3) interme- Three test days after three
o : ! Approach bucket at S* (rewarded weeks of treatment, test Treatment group (exposed to unpredicta-
Long-term exposure to unpre- S*/S- feed diate. posi- . ) . . . o
) ! ) with food)/avoid approach at S sequence of five trials with ble events) more pessimistic (lower nr. (Doyle et al.,
Sheep, Romane dictable/aversive events (four |2 D buckets located | tions be- . : . ! L v ol " .
. i . . +o. | (punished by presenting blower with | ambiguous stimuli presented go' responses to near-positive ambigu- | 2011b)
weeks during training) in opposite tween S*/S : ey : ;
X paper strips attached) between S*/S-, ambiguous ous stimulus).
corners of room | locations -
stimuli unrewarded
5 S(3); inter- Three test days post-treatment,
Chronic intermittent isolation S*/S- goal boxes | mediate Approach goal box at S* (rewarded YS postU o No effect of treatment found, all animals
. ) " e " . . test sequence of six trials with ) o . .
Pigs, German paradigm (2.5 h of social isola- containing food | positions with food)/avoid approach goal box ) : . displayed positive bias to all ambiguous | (Dlpjan et
. ; ; F ) . ambiguous stimulus at third v o) Ce
landrace tion twice daily for three days, bowls located in | between at S- (unable to reach food by . . - stimuli (approach latencies similar to al., 2013)
X X i : . trial, ambiguous stimuli unre- "
then once daily for four days) opposite comers | S*/S-loca- | covering bowl with perforated plate) warded rewarded position).
of room tions
a a(3); tones of
S‘*/S- tones of intermediate
Strain comparison - learned ’ frequencies | Press lever of left wall at S* (re- Six test days, test sequence of cLH rats showed a lower number of
Rats, cLH and . different fre- : . ; h ! o " i
helplessness (cLH) rats (animal ' (3kHz at72 | warded with sweetened milk), press | 15 trials with ambiguous stimuli positive responses for middle and near-
CNLH (bred . 9 quencies and ) A X . i : . (Enkel etal.,
model of depression) versus 2 dB, 5 kHz, 68 | other lever at S- (avoid punishment | interspersed between S*/S-, 4 neg. ambiguous cues and a higher
from Sprague sound pressure . ST ) - . 2010)
non-leared helplessness dBand7 with foot shock); criterion: respond | ambiguous stimuli were unre- number of negative responses for the
Dawley) level (2 kHz, 75 0 ; . .
(cNLH) rats dB and 9 kHz kHz, 65 dB) | correctly on at least 70% of trials warded middle ambiguous cue.
63 dB) " | between
’ S*/S- tones

° Skinner box equipped with two retractable levers on opposite walls
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Species > . a a s £ e Ambiguous - a ) § & | Effect(s) of experimental manipula-
(strainfbreed) & | Experimental manipulation(s) E k> S8 stimuli (nr.) Training Testing Eo S g tion(s) Reference
2 (G}
a a(3); tones of
S’*/S' tones of intermediate | S*/S tones of different frequencies
Rats, cLH and Noradrenaline reuptake inhibitor different fre- frequencies | and sound pressure level. Press ... | Six test days, test sequence of Treated group (“Rbx + cort”) fewer
(3kHz at 72 | lever of left wall at S* (rewarded with
CNLH (bred m and corticosterone co-treatment 9 quencies and dB, 5 kHz, 68 | sweetened milk), press other lever 15 trials with ambiguous stimuli v positive responses for all ambiguous (Enkel etal.,
from Sprague (neurobiological stress induce- sound pressure dByand 7 ' at S (avoid uni’sﬁmentwith foot ambiguous stimuli were unre- cues, higher number of omissions for 2010)
Dawley) ment) injected before testing level (2 kHz, 75 kHz, 65 dB) | shock): criteFrJion' respond correctl warded middle and near-pos. ambiguous cues.
dB and 9 kHz, betWeen on at Iéast 70% 6f triF;Is ’
63 dB) S*/S- tones
v v(3) ; mor-
- hed combi- - .
S- picture of phe Touch specific symbol (circle or . N
. None, testing effects of present- angry human nat|o_ns of triangle) at S*/ S- (both rewarded Six test _blocks 9f five tna!s ) ) L
Dogs, various | F, AR, . ; S*/S-, con- T each, with ambiguous. stimuli None of the subjects learned to discrimi- | (Fernandes,
b ed stimuli with valence (picture C face; S when chosen correctly); criterion: 12 | . Q. v o,
reeds M| of happy or angry human face) S+ picture of taining out of 15 trials correct for both interspersed between S°/S, nate between 5/ 2012)
yorangry S | 25050T8% [ oS o ambiguous stimuli unrewarded
: ppy happy ppy ary
ace
elements
20 probe trials (8 S+, 8S- and 4 No differences between LH and RH
. ambiguous, grey bowl) across . . .
. Response to S* yielded food re- . - marmosets for inspecting the S+and S;
Common . v(2); near . O 5 days; Ambiguous bowls were . 4
marmosets f, | Handedness of marmosets: left- | 10 é black bowl: white and \Il?l\ll’gl" dResponse to - yielded no unrewarded; Second test v v hs t;ﬁs(t:d ambiguous stimulus as (éiofrosn and
(Callithrix m | handed (LH), right-handed (RH) S+ whi ! near black W ko series with 20 trials per ambig- galve, ' gers,
: + white bowl Criterion: 85% correct on 3 con- . In second test series, LH marmosets 2015)
jacchus) probe . uous stimulus over 10 days, . X
secutive days Using the 2 ambiauous probes reached for the ambiguous stimulus near
S ngwar ded d P S* slower, indicating ‘pessimism’
Sheep had been used in a judgment
Unpredictable, stimulus-poor s; El:lti ?hxgengtabiméﬁ :érglmng One session of 5 trials: S*, S- Unexpectedly, sheep from the predicta-
environment vs. predictable, S*/S- goal boxes | s(3); goal res ons)é to the S goal box (feed and three ambiguous goal box ble, stimulus rich environment appeared
Sheep. Lacaune | f stimulus rich environment; D containing food | boxes in an dpsalt) No-00 resgonse o the S- positions, randomized per v v | make more pessimistic choices. The | (Guldimann
P. measurement of hemodynamic, bowls located in | between S* oal box (stragw an dpaversive LED sheep. In parallel, hemodynam- visual assessment of the choice areain | et al., 2015)
frontal brain reactions during opposite comers | and S IS|’ ht)in all 5 trials on each of 3 ic, frontal brain reactions were the testing apparatus lead to a general
cognitive bias testing of room sﬁccessive days measured frontal cortical deactivation.
Enriched sheep learned faster
a; a(3); tones of | Press lever at 5 (rewarded with Animals from unpredictable housing were
Housing i ) ) e intermediate | food), do not press lever at S(avoid | 10 test sessions, ambiguous P using
. ousing in unpredictable condi- S*/S- tones of . . . ) -\ L slower to respond to near-positive .
Rats, Lister . L : 11 . frequencies | punishment with white noise); stimuli interspersed between ) . (Harding et
tions (negative interventions 2 different fre- o ¥ ) - 4 ambiguous stimulus, also tended to show
hooded ) . between criterion: correct response to each | S*/S-, ambiguous stimuli L . al., 2004)
made at random times) quencies (2 and S¥S- (25,3 | tone more than 50% of the time unrewarded fewer responses, indicating a negative
4kHz) and 3 5'k}’-|z) during three sessior:s bias

10 Visual discrimination using black or white lid covering food bowl
11 4. . .
Skinner box equipped with lever
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2 (G}
Training on a two-choice task,
where the left side (at presentation
Exposure to social isolation for 5 . . §7) yielded a small re\_/vard .(1 Nine runs to S*, S- and inter- Response to the cue near S- and the
Chickens minutes in an unfamiliar envi- v, v(3), inter- mealworm), and the right side (at mediated, ambiguous stimuli intermediate cue was more optimistic in
Brown Ia);ing f | ronment (stressed), or left 2 C S white card, mediate presentafion S yielded a large (cards wi{h intermediate v' | v | stressed than in control chickens; This (Hernandez
h . . I S* black card, or | shades of reward (4 mealworms) or vice versa; . . L etal., 2015)
ens undisturbed in their group vice versa grey latency to approach was recorded: shadeg of grey); ambiguous effect was larger when the previous trial
(control). criterion: 9 of 10 choices correcton | CU€S yielded no reward. showed the S
two successive days of training; 20
out of 30 hens learned the task
Anxiety group displayed longer start
Pharmacological reversal of v v(2) 75% L?;Zr;;f:)t;)ti?nnalbulgucooun:;?avrtleéntiagontroI
isolation-induced anxiety (5 min Innate aversive | chick/25% One trial to measure start and goal One trial to measure start this was not reversed by pharmacologiéal
Chickens, breed isolation stressor) and depres- a'?d affective ow | morphed latency and farthest distance latency and farthest di§tanpe treatment. Depression group displayed (Hymel and
unknowny M 1 sion (60 min isolation stressor) A stlmuh used silhouette travelled in anxiety/depression travelled towards a.” stimuli d longer sta.rt latencies and shorter dis- Sufka,
through treatment with clonidine (mirror and owl | and 25% condition towards S* after pharmacological reversal tance travelled towards ambiguous chick 2012)
o . } image). chick/75% of condition o . X
and imipramine, respectively owl morphed (near-positive) stimulus and ambiguous
silhouette owl stimulus, this was reversed by
pharmacological treatment.
First testing (baseline), re-
5 control dogs, 5 dogs with Training to discriminate between the | testing 2, 4, and 6 weeks later Baseli tD ith
diagnosed “separation anxiety’; s; . S+ location (yielding food reward), | (separation anxiety group; aseline measurement. Jogs wi
. gnos para XIety . s(3); loca- yieang . P y group separation anxiety approached the
Dogs of differ- | f, | Dogs with separation anxiety S*/S- locations i T and the S-location (no reward) until | controls were not tested 4 bi imul S h Karagianni
entbreeds and | m | were treated with fluoxetine in 1,2 |F13 | counterbalanced ons in , | the adjusted speed (m.s”) to weeks after baseline). Test: v amplguous SmUIUS near 5- slower than (Karagiannis
age 12 | combination with a behavior left/right side of begwg_en S approach the S* location exceeded | Ambiguous probes inter- . co?troéc:ﬁgg gpelzqssmst)l.qfl'rhegtment etal, 2015)
modification plan starting after the arena an the adjusted speed to approach the | spersed between S+ and S- no rTa Itzeth te|][ the awcir VIV d|c ecame
baseline cognitive bias testing S locations, 40 trials (9 ambigu- simiiarto hat of the control dogs
ous)
v; Touch S* with nose (rewarded with Fﬁg;ézsgfs g(s)s;:;z\:/eltsht (S)ﬁ;
Grizzly bears Pilot study reward contrast - $+/S-dark and | v(3) ;.inter- apple slices)l, tou.ch 5 with paw gmbiguous stimulus interjected No qifference founq begween groups
(Ursus arctos | positive reward of three versus | 2 14 | light shade of mediate (rewalrded with smglg apple slice) between S*/S-once every 10 v receiving thrge or six slices as high (Keenetal.,
horribils) six apple slices (Experiment 1) grey presented | shades of and vice versa; criterion: five trils, ambiguous stimul reward, no bias in response toward 2014)
on cardboard grey successive training sessions (30 ' . ambiguous stimuli found.
squares trials) at 90% accuracy rewarded W't.h secondary
reinforcer (clicker)

12

Some neutered
13 Similar to F with respect to the start and goal positions; distances varied, and the tests were not performed in an enclosed arena, but at the owner's home
14 Stimuli were presented outside animal enclosure, with animals responding through the fence
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2 (G}
v; Touch S* with nose (rewarded with 2)?318Sttri:(lessaﬁﬂsér:zs;;%?;fgfse
Grizzly bears Eprichment session prg-testing S*/S-dark and 1v(3) ;'inter- four apple inIces)', fouch & Wit.h PaW | stimulus interjected between No effect found of enrichment condition,
, | with three types of enrichment light shade of mediate (rewarded with single apple slice) ! . o . (Keenetal.,
(Ursus arctos item (low, medium and high 2 “ rey presented | shades of and vice versa; criterion: five $7S- once every 10 trials, Y| | nobiasin response toward ambiguous 2014)
horribilis) . " nang greyp . - ; ambiguous stimuli rewarded stimuli found.
interest item) (Experiment 2) on card-board | grey successive training sessions (30 with secondary reinforcer
i 0,
squares trials) at 90% accuracy (clicker)
Experimenter stood between S* Re-training on 8+, S |r1lthe
(bowl with food reward) and 2;?{:28%?:&2 ?nuorgc(i(l)ﬁ
Responses to ambiguous stimuli S- (empty bowl), experimenter called communicative condition) of Oxytocin-treated dogs had higher positive
f in the cognitive bias task after S; s(1) interme- | dog with name + “look”, and put the the experimenter, followed by expectancy than control dog when
Dogs, different m intranasal administration of F15 S*/S- left or right | diate be- food bowl on the floor; owner testing response ‘to the ambia- v presented the ambiguous bowl position; | (Kis et al.,
breeds and age |,, | oxytocin or placebo, in a com- side of the test | tween S+ released dog to start trial. Criterion: LouS ?00 " [tJ)owI location (orger the communicative condition (experi- 2015)
municative or non- arena and S- latency to reach negative location of trials: neqative ositiv’e menter present) increased the positive
communicative condition longer than reaching positive ambigubusgtrial) ihpthe pre:s- expectancy
location (calculated by Wilcoxon .
tes). ence or absence of the experi-
menter
S;
Exp. 1: Validating assessment of S- air-puff upon Optimistically trained mice could use
differing behavioral outcomes in reaching hole at |s(1); maze | either of 2 maze arms to exit maze, | Response to unfamiliar maze Optimistically trained mice had de-
Mice. C57BL/GN | f | TESPonse to an ambiguous _ E end of maze armin pessimistically trained mice received | arm, located in between S*/S- v creased latencies to reach the hole in the (Kloke etal.,
' stimulus between mice anticipat- arm; between S* | air-puff upon reaching a hole at the | arms, single testing trial per camiliar m m 2014)
ing a positive or negative event S*hole atend of |and S-arms | end of either of 2 available maze mouse untamilar maze ar
(exp. 1) maze arm was arms, 13 trials over 3 training days
exit of maze
S;
S air-lpuff upon Mice were trqiped to .discriminate. Response to ambiguous arms
Exp. 2: Validating applicability of ;?]aécg;ng:zoele at ;(r?g,srir;aze ?;S-Nieff)n gfé't'o‘/:éﬁﬁgz ;Zde T)?grr?:\zlee (unfamiliar central arm, near- Mice were faster to reach the near- (Kioke et al
Mice, C57BL/6J |f | a spatial location as a discrimi- | — E arm: between S* | 21 tr,i)als over 4 training days ’ | negative arm or near-positive | v/ positive arm and slower to reach the hole 2014) v
natory stimulus for mice (exp. 2) S*hole atend of | and S arms | criterion: shorter latency to reach ﬁ]rm), single testing trial per in the near-negative arm
maze arm was positive arm than negative arm ouse
exit of maze
S;
S- air-puff upon Mice were trained to discriminate
Mice, 5-HTT Pilot study with 5-HTT knockout reaching hole at |s(1); maze | between positive (exit) and negative | Response to unfamiliar maze Non-significant trend for 5-HTT -/- mice to
+/+, +/-and -/- £ | mice (< with anxiety- and 1 E end of maze armin (air-puff) arm on either side of maze, | arm, located in between S*/S- have highest latency and +/+ mice to (Kloke et al.,
(C57BI/6J depression-like hexot o) arm; between S* | 25 trials over 5 training days, arms, single testing trial per have lowest latency to reach the hole in | 2014)
background) P P yP S+ hole atend of | and S-arms | criterion: shorter latency to reach mouse the central arm

maze arm was
exit of maze

positive arm than negative arm
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15 Similar to F with respect to the start and goal positions; the tests were not performed in an arena, and only one ambiguous location (intermediate between S+ and S-) was presented during testing
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2 (G}
Single i.p injections of dopamin- Traini t task with
ergic precursor L-DOPA (2, 4, 8 . raining on a operant task with one
mg.kg-1), D2 receptor antagonist a; auditory stimulus that pred[cts
haloperidol (0.01, 0.02, 0.05 S 9000 Hz tone: reward, the otherthatlpredlcts _
mg.kg-1), or serofonin r’euptake right lever to punishment. Introduction of an Pseudorandom presentation of No effect; L-DOPA, escitalopram;
Rats, Sprague inhi.bitoryescitalopram (05,1,2 avoid delayed a(1): 5000 intermediate ambiguous stimulus S, S, and ambiguous stimulus Effect: haloperidol deceased positive and (Kregiel et
Dawiey m mg.kg") (randomized Létiﬁ ’ 2 16 | foot-shock; Hy tbne) that lead to no consequences. After (2'0.2(').10) during single testing v negative Ieyer presses tg the ambiguous al., 2016a)
sqﬁare design with saline as S*2000 Hz tone: separate e training on S-and S*: seséioﬁ per dose tone; also increased omissions were v
vehicle control); one-week left lever to gain pseudo-random presentation of S- measured
wash-out intervéls between sucrose reward, and S* (20:20). Training to criterion
doses or vice versa. of 70% correct discrimination
(Experiment 1) performance.
daily injection of L-DOPA (8
mg.kg-"), haloperidol (0.05 a;
mg.kg"), escitalopram (2 S 9000 Hz tone: Trained rats from exp. 1 were re-
?hgaEgh%fgxzygg:ﬁhitgi?otrri'.)to' ;'32: J%ﬁ;;‘; d used two weeks after the end of After chronic administration of No effect: haloperidol, escitalopram,
Rats, Sprague m | cloro-DL-phenylalanine methyl | 2 © foot-shock: a(1); 5000 exp. 1; they were assigned random- | test compounds (or saline) the v PCPA; (Kregiel et
Dawley ester (PCPA, 400 mg.kg-) was S* 2000 H’z tone: Hz tone) ly to five groups (4 groups received | animals were tested in one Effect: L-DOPA increased positive lever | al., 2016a)
administere d’ daily once on the leftlever to gain a drug, one group served as saline | session presses in response to ambiguous tone
first two days of the first and sucrose reward, control)
second week or vice versa.
(Experiment 2)
a Training on a operant task with one
g . auditory stimulus that predicts
ﬁgﬁ?&?’;ﬁ:}one' reward, the other predicts punish- | Pseudorandom presentation of
Treatment with the irreversible avoid delayed ment. Introduction of an intermedi- | S-, S*, and ambiguous stimulus Experiment 1: URB597 increased “opti-
Rats, Sprague m anandamide hydrolysis inhibitor 9 1 foot-shock S* a(1); 5000 ate ambiguous stimulus that lead to | (20:20:10) during single testing v mistic” choices to the ambiguous tone at | (Kregiel et
Dawley URB597 in three doses 2000 Hz tone: Hz tone no consequences. After separate e | session, in baseline session the highest dose tested (1 mg.kg-1). al., 2016b)

(experiment 1)

left lever to gain
sucrose reward,
or vice versa.

training on S-and S*: pseudo-
random presentation of S-and S*
(20:20). Training to criterion of 70%
correct discrimination performance.

and 30 or 60 minutes after drug
administration
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16 Two-lever Skinnerbox with sucrose reward and footshock punishment




and vice versa

smooth floor

in rewarded compartment was at
least 5 seconds shorter that ap-
proach to aversive compartment

© (=]
[ (=] @
Species > . . . s % e Ambiguous - . ) § & | Effect(s) of experimental manipula-
(strainfbreed) & | Experimental manipulation(s) E § S8 stimuli (nr.) Training Testing Eo S g tion(s) Reference
- o
a Training on a operant task with one
Treatmgnt'wnh URB597. the S- 9000 Hz tone: auditory stimulus that predlcts' '
cannabinoid receptor type 1 right lever to reward, the other predicts punish- | Pseudorandom presentation of
(CB1) inverse agonist AM251, asoid delaved ment. Introduction of an intermedi- | S-, S*, and ambiguous stimulus Experiment 2:AM251 and AM630 alone
Rats, Sprague the CB2 inverse agonist AM630, y a(1); 5000 ate ambiguous stimulus that lead to | (20:20:10) during single testing had no effect, but both antagonized the | (Kregiel et
m S 2 16 foot-shock S* S 1 ) 4 .
Dawley combination URB597-AM251, 2000 Hz tone: Hz tone no consequences. After separate e | session, in baseline session effect of URB597 (see result experiment | al., 2016b)
and combination URB597- left lever to éin training on S-and S*: pseudo- and 30 or 60 minutes after drug 1)
AM630 SUCTOSe rewgar d random presentation of S and S* administration
(Experiment 2) or vice versa ' (20:20). Training to criterion of 70%
' correct discrimination performance.
I : . - . . 3 runs with ambiguous probe
Housing in battery cage until 67 s; . .| Training until approach to bowl with " . . o
. weeks of age; testing 2 and 4 S- empty bowl; S(3); bowl in food in less than 2 min for 3 con- p93|t|ons ml_xed with 1(_)lruns Hens too!(llonger to reach center amblg . .
Chickens, months after rehousing to 1 F S* bowl contain- between S* secutive trials with unambiguous positions at v | uous position four months after rehousing | (Lindstrom,
domestic breed rehousing . ; and S : : L . 2 months after rehousing. This compared to two months after rehousing. | 2010)
ground housing with litter, laying ing the food location Eight trials per training session for was reneated at 4 months after No differences at other positions
nest and perch reward 12 or more sessions P P ’
rehousing.
d i Tralnlng fo peck one color?d key for 360 ambiguous probe trials Subset of animals was significantly more
(visuotem- . _ | immediate reward (after S*) and a ) S " N :
European I . . d(8) interme- | . (light on durations in between likely to choose the S* associated key
. , | Housing in enriched or unen- poral); h different colored key for a delayed | ) . . . (Matheson
starling (Sturnus . 2 A o .| diate dura- X . . S*and S-) across 10 days, v' | v" | when housed in enriched environment;
vulgaris) m | riched cages S:lighton 2 s; tion stimuli reward (after §). Maximum 54 trials each session had 18 reinforced overall no effects of enrichment were tal., 2008)
9 Stlighton 10's or 2,5 h per session. Criterion: 65% |, . .
: ! trials and 36 probe trials found.
correct for 3 consecutive sessions.
After habituation to the place
42 preference apparatus, rats received
d_(V'S.UOSpat'aI); Visuospatial) 210 5. tra|n.|ng sessions with 6 . . . Oxytocin treatment had no effect on the
S- white com- e aversive trials (compartment with One testing session on each of .
; ; white . i . . latency to approach the food bowl during
. partment with quinine soaked food) and 6 reward- | two successive days. Ambigu . ;
Subcutaneous treatment with . compartment . . . ambiguous trials. However, rats behaved .
Rats, Sprague- m 1 0.001 ma.ka- oxviocin. 5 9 17 | smooth floor; with textured ed trials (compartment with palata- | ous trials were not rewarded, in ambiauous trials with short latencies (McGuire et
Dawley rriinutes%efgore tgstin }rials S+ black com- floor and ble food), presented in a random- | whereas the food bowls con- su esgn that they showed a ositive‘ al., 2015)
9 partment with ized order. Criterion of learning was | tained food as during training in ggesting Y pos
black com- i . cognitive bias. The dose of oxytocin
textured floor, ... | that latency to approach food bow! | the S-and S+ trials > : .
partment with administered may have been ineffective.

17 Modified conditioned place preference apparatus (grey start box, with a larger black and a larger white box on either side of the start box)
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2 S ®
Species > . a a s £ e Ambiguous - a ) § & | Effect(s) of experimental manipula-
(strainfbreed) & | Experimental manipulation(s) E k> S8 stimuli (nr.) Training Testing Eo S g tion(s) Reference
2 (G}
Training to approach the S+ (bowl
containing food) and to suppress
S, approaching the S- (empty bowl), for ' .
S-bowlonone | s(3); bowlin | atleast 15 trials.; S+ and S- were 3 prqbe trials, ambiguous Dogs with higher destructive separation-
. . ) e § ) locations between S+ and S-. . . ) (Mend! et
Dogs various f, | Animals which perform destruc- side; between S presented in pseudorandom order. related behavior showed higher latencies
. ; . G ) L Each probe separated by 4 v v ) e al., 2010)
breeds) m | tive separation-related behavior S*bowlonthe |and S* Learning criterion: when from the trials with S/S*. Measure: at mid position, interpreted as more
other side of the | location preceding three positive trials and ’ ' pessimistic response.
e latency to approach bowl.
arena negative trials, the longest latency to
reach the S+ was shorter than any
of the latencies to reach the S-
s; Blocks of 10 trials, with 5 S- (empty
S-bowlonone | s(3); bowlin | bowl) and 5 S*(bowl containing food | Two blocks of 26 trials: per
Dogs, various | f, | Separation from owner vs owner 2 G side; between S- | reward Criterion: statistically signifi- | block 6 ambiguous probe trials | | Noeffect of separation from owner on (Mdller et
breeds m | present (within subjects design) S*bowlonthe |and S* cant difference in latency to ap- interspersed with 20 standard cognitive bias. al., 2012)
other side of the | location proach S-and S* or maximum of trials
arena 120 trials
Two phases
. . Phase 1 testing: four sessions
Vorshi " sponss i one focaton flowing S, |0 1617, of vih 3 o
Duroc x Danish Genetic background and re- S+ a (3).; inter- and another location following S- and 10 frge tnqls with S *and & No effect of breed or isolation on judg- (Murphy et
f . : 1,2 |[C . mediate ; o , and 3 trials with ambiguous v |V i
Landrace straint (1-5 minutes) 2 tones (either Trained to criterion of three consec- ment bias. al., 2013)
- tones) . : ; tones.
versus Gottin- 200 or 1000Hz utive sessions with at least 4 out of y . )
gen minipig) 5 correct choices for both S*and S- Phase 2. |solatlop for § minutes
" | before and 15 minutes after
testing, testing as in Phase 1.
Trained to nose touch a screen
v when S* is shown to receive milk
S’_ V(3 interme- and not to touch the screen when S- | 3 sessions before disbudding,
. . : is shown to prevent a time out. 2 sessions after disbudding. . .
Dairy C?'Ves m | Hot iron de-horning 2 A red wdgo diate colors Trained to criterion: 90% correct 60 screens per session, with v 4 Fewer responses o .the |ntermed|a_te and | (Neave et
(Holstein) screen; between red 3 i 8% of trials f h of the 3 near-negative stimuli after de-horning. al., 2013)
5 and white responses over 3 consecutive o of trials for each of the

white screen

sessions in experiment1, 85%
correct responses over 3 consecu-
tive sessions in experiment 2.

ambiguous stimuli.
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Species > . a a s 2 e Ambiguous - a ) § & | Effect(s) of experimental manipula-
(strainfbreed) & | Experimental manipulation(s) E ; S8 stimuli (nr.) Training Testing Eo S g tion(s) Reference
2 (G}
30 trials per test over 2 days,
10 ambiguous trials (bell, The peccary discriminated between S*
White-lioped Go response to S*. i.e. approach to unrewarded). Animals were and S-; Whereas proportion of go-
peccarypp Trapping before the second & a food Zispenser' Né-g.]o fgsponse to exposed lo three tests one responses was intermediate befween S (Nogueira et
(Tayassu judgment bias test 2 18 15 hom; a(1) bell S, staying away ’from food dis- basic (T1), 7 days later T2 (30 | v’ v’ | and S-in testing periods 1 and 3 (no al., 2015)
ecar) S* whistle énser (cut-off: 60 seconds) minutes after trapping) and T3 trapping), it was near the S- after trapping |
p P ' (7 days after T2) speed (m.s) in testing period 2, suggesting a pessi-
to get to the feed dispenser mistic judgment of this cues
was registered.
Running towards the positive arms
Daily handling with two different (8*) turns off the overhead lights . . . ’
. . One test session of one minute The different handling methods had no
methods, tail and cup (week 3- 400 lux) and delivers a food pellet. |.~" ° . )
18 ), home cage recgr((iing éiunning) towards the negativep arms in which all arms Were open. effects on duratlon_and frequengy of
Mice, CD1 f | (week 19-25). Judgment bias 12 |E° |s S(4) (S°) turns on overhead lights and gt\e f(()jug_arms |?hbetw%§n the |, tex;;lo_lfatlttmhof ambl%uotl_Jsl arms in Fhe (Toggﬁ 5e !
training and test in week 26 & white noise. 6 days of training were an E \I/ver? etlam |?uou; es I e; Shows p.?. entiarsince m|t(r:19 A )
: . R cues. Exploration time of eac explored near positive arms more than
27, animals were also handled in performed, no leaming criterion, but ) _ :
training and testing weeks. data shows increased discrimination | 2™ V&S examined the near-negafive arms.
between positive and negative arms
Training positive trials: compart- .
Unpredictable chronic mild ment and goal pot covered with fine ugpélz)a([:?jéz(gz gv[n)a-rliyllll gng;i?;czzare
stress (UCMS): after reaching or coarse sandpaper with a hidden faster Iearners. '
criterion during the training almond flake, a high value reward . . . : .
phase, all mice underwent vs. compartment and goal pot Three judgment bias sessions UCMS tended to decrease responding to
" N t; - C 2 with 15 trials each (six positive, the positive (almond) trials.
zzﬁ;ed;cﬁalzi rcglizémlljdu?itrr]ess S*IS- coarse or | t(3) interme- \évr:tor}gg;sandpaper (ie. incorrect six negative and 3 intermediate The control mice of both made a graded
Mice, CD-1 and f stresg treatment pmice Were 9 2 fine sandpaper | diate grades ne ativé trial: compartment and goal stimulus presentations); v |, |responseto the intermediate (ambigu- (Novak et
C57BL/6/JRcc trained on a pa rt’ial reinforce- associate the a | of sand o?without sén d ap er with a hi dgen optimistic choices were trials in ous) cues, and made more optimistic al., 2016)
ment sche duFI)e i.e. a proportion high or low value | paper) gat flake. 3 low VZIEe reward. vs which the mice dig in the goal responses to the near positive cue, and
! , 1.6 @ prop reward ' . .. pot and compartment covered less optimistic responses to the near
of the trials was unrewarded. compartment with the other grade of with sandoaner neqative cue. whereas the UCMS mice
Half of the mice served as sandpaper (i.. the incorrect pap magde similar’res onses to all intermedi-
controls and were not subjected choice). Criterion: series of 10 ate cues. Also UpCMS responded faster
to UCMS. correct choices in a series of 14 hei y " P
trials. to the intermediate cues.
Trained to press a lever at S* to One session of 20 S*, 20 S
a; a(1); inter- gain sucrose solution and to press a | and 10 ambiguous stimuli (Papciak et
Rats, Sprague f Social stress (resident-intruder 9 c S*/S- two tones me d’iate fone second lever at S to avoid a shock. | before social stress, and one v More responses on S- lever after social al 201 3)
Dawley paradigm) of 9000 or 2000 of 5000 Hz Trained to criterion of 70% correct | session of 20 S*, 20 S-and 10 stress (pessimistic response). K
Hz responses for each lever for 3 ambiguous stimuli after social
consecutive sessions. stress.

18 Part of the enclosure where the peccary were kept
19 )
The whole radial arm maze was used
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Species > . a a s £ e Ambiguous - a ) § & | Effect(s) of experimental manipula-
(strainfbreed) & | Experimental manipulation(s) E k> S8 stimuli (nr.) Training Testing Eo S g tion(s) Reference
2 (G}
a(14); single-
I;iluse(qc%_ 6 single-frequency tone testing
a; 4.4 kHz With Trained to press a lever at S* to sessions (3 before and 3 after
S*/S-: two tones | gain 2 food pellets and to press a treatment/156 trials or 60
Unoredictable housi i ith different 200 Hz dl tS- to qain 1 food inutes with 50% S) and 2 Control group decreased responses to
Rats, Lister ~npredictable housing (negative 20 with ditteren increments) second feverat 1o ga 1 100 minutes wi 0S)an . ambiguous tones over time, treated (Parker et
hoo d’e d m | interventions made at random 2 frequen- or dual- pellet. Criterion: 3 consecutive dual-frequency tone sessions vV roun did not. No other diﬁérences al., 2014)
times) cies(either 2 or 4 frequenc sessions of performance which was | (1 before and 1 after treat- getwien rou. s v
kHz), counter- tonl congist- significantly greater than chance- ment/64 trials or 30 minutes groups.
balanced ing of level for each trial type. with 50% S), ambiguous trials
cogmbine qs were not rewarded.
and S
v v(1); striped Monkeys were trained to respond to Five 20-trial sessions on
Capuchin None, correlation of judgement S*/S- : large or panél ofp S+ by retrieving preferred reward consecutive days with 9 %, 9 Negative correlation between probability (Pomerantz
monkeys A I . . 1 C small striped ; . from one location, and S- by retriev- | & . e v | v |to choose the positive reward and
(Cebus apella) bias with stereotypical behaviors panel, counter- g;irmedlate ing non-preferred reward from Sésas?c?nz ambiguous frials per amount of stereotypy displayed. etal, 2012)
balanced another location '
The rats were trained to press one
lever when a ‘positive’ tone (2000 coanitive iudament bias as a
Hz at 75 dB) signaled a reward (5% tra?t was é ssgsse d across a
None, classification of rats as a; sucrose solution) and to press series of 10 consecutive tests
A s y a(1);inter- | second lever when another, ‘nega- ;
Sprague Daw- optimistic or pessimistic before S+/S- two tones / e at one-week intervals. Based . N (Rafaetal.,
m . . 1 C mediate tone | tive’ tone (9000 Hz at 75 dB) s 4 No experimental manipulations
ley rats testing them in a rat slot ma- of 9000 or 2000 . ) on the average cognitive bias 2016)
chine task Hz 0f 5000 Hz | signaled punishment (0.5 mA foot index obtained across the 10
shock, duration: 10 s). Criterion: .
70% correct responses on each test_s,_ra_ts were cl_as_sﬁ_led as
lever, over three consecutive optimistic or pessimistic
discrimination sessions
Training to retrieve “fruit loops”
cereal (US*) or avoid “fruit loops”
cereal soaked in quinine (US-) from
Rats, 71stand reference locations. 12 trials per Higher latencies to reach all three ambig-
727 generation . session, 6 with US* and 6 with US-, . . . . : L .
of selection Selection lines for high or low ;‘arms at s(3); arms at of which 1 trial had no reward at S* 3;62222;?2}0%?#2 Liwtgial-s Iueoa1urf13do ﬁzrﬁils?\:lsesg?nn gr;sdf?(r) 'Iq(l)g\j:
(cLH and learned helplessness tested X R DV location (partial reinforcement). Rats P - . 9 p comp .| (Richter et
. m 1,2 |E opposite location | intermediate . L . . | uous (1 trial per ambiguous 4 learned helplessness line (more negative
CNLH) lines before and after 4 weeks of ; . " were trained to individual criterion: . . ’ o al., 2012)
originating from environmental enrichment inaradialarm | positions sianificant difference in latencies to location per session, totaling 3 bias); both groups showed reduced
ginating maze g . trials per ambiguous location). latency time to dip nose into any goal pot
Sprague- approach the S* and S- goal pots on d - . : g
Dawley two consecutive days (Mann— following enriched housing.

Whitney U Test, one-tailed, p <.05).
Training for a minimum of 3 days
but for no more than 7 days.
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20 Retractable lever on either side of the food trough




weeks

left lever to gain
sucrose reward,
or vice versa

on S-and S*: pseudo-random
presentation of S and S* (20:20).
Training to criterion of 70% correct
discrimination performance.

session

interpretation of the ambiguous stimulus.
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Species > . a a s £ e Ambiguous - a ) § & | Effect(s) of experimental manipula-
(strainfbreed) & | Experimental manipulation(s) E § S8 stimuli (nr.) Training Testing Eo S g tion(s) Reference
- o
Selection oflrats, baseq on 1 . The stability of the cognitive bias re-
weekly session of cognifive bias sponse during baseline measurement in
‘e.s“.”%’ ovgr 10 vyegk§ as opti a; Tralnlng ona operant Fask: st the course of 10 weeks suggests that
mistic’ or ‘ pessimistic’ (base- S-9000 H . auditory stimulus predicted sucrose . L PG
X U z tone: o L pessimism’ and ‘ optimism’ are behav-
line). Then, half of the optimistic . reward, the other S-auditory stimu . .
L right lever to . ) ) ioral traits. Rats that underwent repeated
and half of the pessimistic rats avoid delaved lus predicted food shock, avoidance | Pseudorandom presentation of immobilization stress of both the ‘optimis-

Rats, Sprague- received daily1-h immobilization y a(1); 5000 | could be achieved when right lever | S-, S*, and ambiguous stimuli - P pm (Rygula et
Dawle M | sessions over a period of 3 L2e foot-shock; Hz tone was pressed. . After separate e (20:20:10). ambiguous stimulus v fic and the ‘pessimistic’ group (according al., 2013)
! weeks whereasF:he other half $ 2000 Hz tone: trainiil)w on S-Ia.md S* geudo- Iead td no .conseguences {0 baseline testing) were more pessimis- ’

(contro’IS) was handled. Effects loftlever o gain randorgw presentation. (F))f S-and S* ! . tic than the handled control rats, com-
; R : sucrose reward, . o o 0 pared with their baseline values. The two
of immobilization stress were of vice versa. (20:20). '_I'ral_nlr_19 tq criterion of 70% control groups did not change their bias
tested once per week during this correct discrimination performance. : ) P ;
S A . during the immobilization period.
period in the judgement bias
task
Acute pharmacological stimula- 5-HT stimulation induced negative
tion of the serotonin (5-HT), L . cognitive bias at 1 mg.kg~ citalopram
. Training on a operant task: S* . s
ey ™ 7= e e A
5HT: selectize serotonin 5 9000 Hz fone: reward when pressing the left lever, cog nitive bialgs was inducedgE) gred‘zjcin
reu .take inhibitor (SSRI) cital- right lever to the other S-auditory stimulus Pseudorandom presentation of egsimistic lever presses NX stimulatigon
P . avoid (delayed) . predicted food shock, avoidance ¥ P ) P /er presses.
Rats, Sprague- opram (1, 5 and 10 mg.kg); ; a(1); 5000 : . S+, §*, and ambiguous stimulus induced negative bias in all tested doses | (Rygula et
m . . 2 16 foot-shock; could be achieved when right lever . S ] v . 4 ! o
Dawley NA: noradrenaline reuptake . | Hz tone .~ 1(20:20:10) during single testing of desipramine by reducing optimistic al., 2014a)
o . ! S+2000 Hz tone: was pressed. After separate training . . > L
inhibitor desipramine (1, 2 and 5 . § . session lever presses and increasing pessimistic
mg.kg); left lever to gain on S and S*: pseudo-random lever presses. DA stimulation at 1 ma kg
Dg: I:g)A kand to a lesser extent Sucr0se reward, presentafion of - and S (20:20). d-am phetamir.1e induced positive biag.bg
NA.and 5-HT) releaser d- or vice versa Training o criterion of 70% correct reducFi)n essimistic IeveFr) resses. No Y
. discrimination performance. gp P p
amphetamine (0.1, 0.5 and 1 effects were found at lower doses (0.1
mg.kg) and 0.5 mg.kg).
Training on a operant task: S*
a; auditory stimulus predicted sucrose
S-9000 Hz tone: reward when pressing the left lever,
. . e right lever to the other S-auditory stimulus . Treatment impaired both groups of rats in
Rats. Soracue. Cshrﬁh"éitf’n?ﬂéﬁ?sr"(?ﬁ”ﬁé';%‘ﬂe avoid (delayed) |, g | rediced food shock, avoidance Fseudorandom presentation of their abillty to discriminate between Ryaet
Dawie prag m gr)éocaine) fora duratri)on of 2 2 16 foot-shock; Hz té)ne could be achieved when right lever (26,2(’), 10) during sindle tesfin v and/or react to the S*/S-. neither drug al yngC)
y S*2000 Hz tone: was pressed. After separate training "y gsing 9 resulted in a significant effect on the K
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progressive ration of reinforce-
ment schedule

left lever to gain
sucrose reward

on S-and S*: pseudo-random
presentation of S-and S* (20:20).
Training to criterion of 70% correct
discrimination performance.

ance of punishment was
investigated.
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Species > . a a s 2 e Ambiguous - a ) § & | Effect(s) of experimental manipula-
(strainfbreed) & | Experimental manipulation(s) E % S8 stimuli (nr.) Training Testing Eo S g tion(s) Reference
- o
Training on a operant task: S*
a auditory stimulus predicted sucrose
g . reward when pressing the left lever,
Acute treatment with valproic r? g?lfi(\)“:zt;one. the other S-auditory stimulus Valoroic acid had no effects in any dose
Rats acid (100, 200, 400 mg.kg), or asoid (delayed) predicted food shock, avoidance Pseudorandom presentation of test‘;d' lithium at the dose of 50 byut not
ithium chloride (10, 50, . a(1); could be achieved when right lever | S, S*, and ambiguous stimuli § ) ygula et
S ra’ ue— m i floride (10, 50, 100 16 foot-shocky 1); 5000 Id be achieved when right | S, S+, and ambi fimuli v 10 and 100 mg.kg! affected res’ ondin Rygul
prag mg.kg") (Latin square design), ! . | Hz tone was pressed. After separate training | (20:20:10) during single testing " MY  responding al., 2015a)
Dawley ) : S*2000 Hz tone: § ; . to the ambiguous tone cue, indicating an
with 1-week washout period left lever to aain on S-and S*: pseudo-random session. optimistic bias
between drug administrations SUCTOSe rew%r d presentation of S-and S* (20:20). P '
or vice versa ' Training to criterion of 70% correct
discrimination performance over
three consecutive days.
Training on a operant task: S*
_ . a; auditory stimulus predicted sucrose
Tickling of the rats, vs. handling g . .
without tickling in a cross over r‘T’ g?ltl(\)l;zt;one. {ﬁgi;ﬂgg?gﬁéﬁ?m&mg{ lever, The laughing when tickled rats showed a
schedule (within subjects gn . "y ) Pseudorandom presentation of positive bias toward the ambiguous tone;
) e avoid delayed . predicted food shock, avoidance ; . - S
Rats, Sprague- comparisons). Subdivision of . a(1); 5000 : . S-, §*, and ambiguous stimuli no effects of tickling were seen toward (Rygula et
m L ) ) " 16 foot-shock; could be achieved when right lever e e . v |v » )
Dawley rats into “laughing when tickled g . | Hz tone. .~ 1(20:20:10) during single testing the positive and negative tones. al., 2012)
- . S-2000 Hz tone: was pressed. After separate training . )
(emission of 50-kHz ultrasonic left lever to qain onS-and S* pseudo-random session. Both subgroups showed slightly more
vocalizations) and “not laughing SUCTOSE rewgar d resentation.opf S and * (20:20) response omissions to ambiguous tone
when tickled” group. ) ' prese L o
or vice versa. Training to criterion of 70% correct
discrimination performance.
Training on a operant task: S*
a auditory stimulus predicted sucrose
g . reward when pressing the left lever.
Acute pharmacological stimula- ;Q; t?to l(l(\)/(:zt;one. the other S-auditory stimulus Pseudorandom presentation of Cocaine had o effect on the rats’ am-
Rats, Sprague— | _ | ion of the dopamin (DA) ovoid (dolayed) | a(1); 5000 | Predicted food shock, avoidance | ¥ ambiguous stimul biguous cue interpretation. Administration | o o\ o4
» SPrag m pamine { 1 y ’ could be achieved when right lever s Igue . v of mazindol resulted in a negative bias by ¥
Dawley system by administration of foot-shock; Hz tone 4. Aft te traini (20:20:10) during single testing duci timistic | q al., 2014b)
either cocaine or mazindol S*2000 Hz tone: Wwas pressed. Aler separate aining | soqgjon reducing optimisic [ever presses an
left lever to aain on S-and S*: pseudo-random increasing pessimistic lever presses.
St rew’;r y presentation of S and S* (20:20).
Training to criterion of 70% correct
discrimination performance.
Training on a operant task: S*
Selection of “optimistic”’ and a; auditory stimulus pfed'C‘ed SUCIOSE | peeudorandom presentation of
o il g . reward when pressing the left lever. | . ! A
pessimistic” rats, based on S-9000 Hz tone: C . S+, §*, and ambiguous stimuli
A . . the other S-auditory stimulus . 2 . ) . )
responding in Judgment bias right lever to redicted food shock. avoidance (20:20:10) during single testing The two groups did not differ for avoid-
Rats, Sprague- task. Then: assessment of 1 avoid (delayed) | a(1); 5000 P ) L session; rats were selected for v ance of punishment; the optimistic group | (Rygula et
Dawl M | motivation to gain food reward foot-shock;, | Hz b could be achieved when right lever | o et ang pessimistic trat howed a higher motivation to gain food | al., 2015b
awley motivation to gain food rewar ‘oot—shock; z tone .~ | optimistic and pessimistic traits, showed a higher motivation to gain food | al., )
. ) . . was pressed. After separate training L )
and to avoid punishment using a S+2000 Hz tone: motivation for food and avoid- reward.
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Species > . a a s 2 e Ambiguous - a ) § & | Effect(s) of experimental manipula-
(strainfbreed) & | Experimental manipulation(s) E ; S8 stimuli (nr.) Training Testing Eo S g tion(s) Reference
2 (G}
v, v(2) 75% One trial to measure the
; . ) 0 .
innate aversive chick/25% One trial to measure the latencies to latencies to leave the stan.box _
. ) . and affective owl morphed and reach the goal box (S-: Latency to reach end of runway in-
Chickens Testing twice (at 4 and 5 days of - . leave the start box and reach the . - . s (Salmeto et
(Gallus galus) f age), experiment 1 A stimuli used silhouette goal box (S* mirror image of the image of owl, S*: image of v creased with degree of similarity of al., 2011)
mirror and owl | an b ) chick, ambiguous cues: three stimuli with owl silhouette.
’ i d owl d 25% chick) on day 4 hick, ambi th timuli with owl silhouett K
image). chick/75% y morphs between chick and owl)
owl morphed onday 5
silhouette
One tial o messure he ceasei i degros o smiary o
3 groups of chickens: 5 minutes v; v(3); morphs | One trial to measure the latencies to fr:znrggzﬁggavoeafhlfoitisr.t--box stimuli with owl silhouette.60-minutes of
ickens isolation, 60 minutes isolation, or - mirror image etween leave the start box and reach the . R isolation increased latencies more than almeto e
Chicks f isolation, 60 minutes isolati A S-mirror i betw | the start b d reach th |maeofowlg+m|rror|mée v isolation i d latenci than 5 | (Salmeto et
(Gallus gallus) no isolation (control), experiment of chick tested; | chick and goal box (S* mirror image of the of cgick amt;i u‘ous cues: 9 minutes isolation. (3-minutes isolation al., 2011)
2 S+ owl silhouette | owl. chick) on day 4 three m’or hs %etween chick interpreted as anxiety-like phenotype, 60-
P minutes isolation interpreted as depres-
and owl) on day 5 or 6 —_
sion-like phenotype)
Shorn sheep of cohort 1 showed a
. o . positive bias; they approached the
S; Discrimination between location of . ;
Sheering, vs. unshorn controls; S-bucket on one | s(3); buckets | S- (dog exposed behind sliding Sheep were tested in two ?hn;bﬁ:ﬁg:nb:;:eet Igﬁiaq?f?iz zfg;tvf;zr;
Sheep, Merino f Sheep were shorn immediately D side of the in between | panel) and S* (bucket containing the | cohorts, each consistingof3 | v | absent in cohort 2p Reléase from sheer- (Sanger et
ewes before entering the cognitive arena); S-and S* food reward); criterion: no approach | shorn sheep and 3 unshorn inq appeared to bé iudaed as positive al., 2011)
bias facility S+ bucket on the | location of S-bucket on 3 of 4 successive controls SE ppea duced Juag P p : d
other side days eering-induce stresg was confirme:
by increase plasma cortisol levels and
decreased eosinophil count.
No effects of space allowance on learn-
} e ! 3 test days (each preceded by ing the discrimination between S-and S*.
s; Discrimination between location of . T f
Pigs, crossbred Housing at two different stocking S bucketon one | 5(3); buckets | S (empty bucket) and S (bucket ?radi?e;gv ISth g]*ep?)usictii(g;)m e m ifrfif;icrt;l?; t:Z?nIea(;e::ée;teoaﬁgirgofgSs
Lar éWhiteX ’ | densities: low (conventional) vs F side of the in between | containing pelleted weaner food); on test da, s, the bucket was v' | v" | bucket positions. No effects on physiolog- (Scollo et
L g ) : ’ arena); S-and S* Criterion: statistically significant ays, h P o  On physiolog al., 2014)
andrace higher space allowance S bucket on the | location difference in latency to approach S- located in a pseudorandom ical measures (salivary cortisol, a-
other side St ' | sequence in S*, S-and each of amylase, but more sitting behavior and
the three ambiguous locations. more skin lesions in pigs with low space
allowance
Chicks were housed in groups of . . . ' .
8 in round pens divided in three- . Discrimination between location of 3 test series (with gach treat- Ch'.c ks appeareq to continue leaming
. . S; g . ; . ment) in 3 successive week, during the 3 testing weeks.
area’s: dark area, litter area S- buck 3): bowl S- (bowl with a piece of puffed rice " ing with th sh . dto th
. (floor covered with saw dust) > buc eton one | S(3); bowlin soaked in quinine sulphate solution) eac starting with the presenta- X orter running spee o € near nega-
Chickens . . side of the between S- i tion of the bowl at S-and S* tive bowl position after shutting off the (Seehuus et
feed area from hatching until the F . and S*(mealworm); e oV - ; A
(Gallus gallus) R . arena); and S* Lo . . position; litter area may indicate that this manipu- | al., 2013)
end of cognitive bias testing at 8 S* buck he | locat Criterion: 2 s mean difference in The bowl hen | di lation affected the chicks | vel
weeks of age. Each of the three uc‘et on the | location running speed to approach the S- e bowl was then located in ation a epte the chicks les negatively
other side | S*, S-and each of the three than shutting off each of the other two

area’s was shut off for four days
in following weeks.

S* location

ambiguous locations.

areas.
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2 S ®
Species > . . . s % e Ambiguous - . ) § & | Effect(s) of experimental manipula-
(strainfbreed) & | Experimental manipulation(s) E k> SIS stimuli (nr.) Training Testing Eo S g tion(s) Reference
2 (3]
Discrimination between S- (Signal- Large breed differences in the latencies
a a (9); tones ing water) and S* (signaling cat 15 S-and S+ trials, and 2 times (and likelihood) to touch a target. Shorter
_ Different breeds and ages. S high or low between the mlllk): touching a targgt within 1Q sec | the 9 ambiguous probes were latencies (and higher likelihood to touch .
Dogs, various | f, L ; 21 : . | with the snout to receive the US; presented pseudo-randomly. target) for S* and probes near S* and (Starling,
Individual differences between 1 tone; ones associ- o ! s v v . o
breeds m o | Criterion: S* latency > S1atency per | No reward was given; test was longer latencies (and lower likelihood to | 2012)
dogs. Stthe otherof | ated with S doa (Mann-Whi d twi h h for S- and prob :
the two tones and S* og (Mann-Whitney U-test). repeated twice over the course touch target) for S- and probes nearS
’ 15 of the 23 dogs successfully of 2 weeks Dogs appeared to leam that responding
passed training during testing was unrewarded.
a; o P
S- high or low Discrimination b_etwe_en S (S|g_na!|ng 15 S-and S+ trials, and 2 times
. . N " . water) and S+ (signaling cat milk): .
Investigate baseline optimism in tone signaling | a(9); tones . o : the 9 ambiguous probes (tones Dogs were slower to touch the target as
X . touching a target within 10 sec with | . : e :
) dogs from different environ- water as reward | between the : . in between S* and S-) were probes became more similar to S-. Inter- .
Dogs, various | f, : ) ) | the snout to receive the US; L . ) (Starling et
ments: companion dogs, dogs in | 1 16 | S*the other of | ones associ- L y presented pseudo-randomly. v v' | individual differences in responses to
breeds m " . - o | Criterion: S* latency > S1atency per . ) al., 2014)
training for assistance roles and the two tones, ated with S dog (Mann-Whitney U-test) No reward was given; test was ambiguous probes, also between dogs
security/detection dogs signaling lactose |and S* 9 y ) repeated 3 times over the from the same treatment group.
. 20 of the 40 dogs successfully
free milk as . course of 2 weeks
passed training
reward
Strong differences between cats to
S; Discrimination between location of 3 consecutive davs. with 13 discriminate between rewarded and
f S-bucket on one | s(3); buckets | S-(inaccessible food) and S* (buck- trials (5 rewarde dy 5 unreward- unrewarded locations.
Cats, domestic | . | Individual differences between side of the in between | et containing the food reward); S Shorter latencies for S* and probes near | (Tamietal.,
; m F . : PO o ed, 3 unrewarded ambiguous v |V )
shorthair 22 | cats. arena); S-and S* Criterion: statistically significant locations. in between S* and S- S* and longer latencies (and lower 2011)
S+ bucket on the | location difference in latency to approach S, ) ' likelihood to touch target) for S- and
other side S* on two consecutive days probes near S-
No effects of the LT and ST group on
Pogs ken[leled for > 6 months o Discrimination between location of . . . latencies to approach the different bucket
long term’ (LT) group, vs. dogs s; S-bucket on 3): buck s buck 45+ (buck 3 series of tests with ambigu- locatt
. kenneled between approximate- one side of the .s( ); buckets (emp.ty ucket) and * (bucket ous locations, followed by the ocations. . '
Dogs, various | f, v 1 week and 3 months ‘short 1 E arena): in between | containing the food reward); originall traiﬁe 45 and S v v Shorter latencies for S+ and probes near | (Titulaer et
breeds m|J ) . S-and S* Criterion: shorter latency to ap- ginally tra . S*and longer latencies (and lower al., 2013)
term’ (ST). Groups were S* bucket on the : .. | locations twice, to re-establish o i
A location proach the S* than the S- location in L likelihood to touch target) for S- and
matched for age, sex, breed and other side h trial of ies of 6 the original discrimination b s
breeding status each trial of a series 0 probes near

2t Operant apparatus, equipped with a touch area and a milk/lactose delivery system
22 All neutered
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the start box, before they were
released into the testing arena,
counterbalanced for half of the
animals on day 1 and 2 of
testing.

approaching the locations for 30
seconds.

locations had no consequences

were not less aversive for morphine
treated animals. Also no differences in
optimism were found between the nalox-
one and control group

© (=]
[ (=] [
Species > . a a s 2 e Ambiguous - a ) § & | Effect(s) of experimental manipula-
(strainfbreed) & | Experimental manipulation(s) E ; S8 stimuli (nr.) Training Testing Eo S g tion(s) Reference
2 (G}
v Training to approach the S* location
Group 1: sheep fasted for 24 h g ) (, exposure to 2 sheep when the . . .
before cognitive bias testing; S green panel of | v(3), green panel is raised) and to avoid the S- Elve gonsecutlve tnals. W'th the 100% approaches to S* location, very low
. ; . very high orlow | panels with ! five different cue locations: S . i .
Sheep, Merino f Group 2: sheep treated with 2 D bri . location (exposes the sheep to a . . proportion of approaches to S-location. | (Verbeek et
! g o rightness, brightness S and S* location were rein- 4 4 A
ewes ghrelin (7ug.kg! body weight); . .| dog when the panel is raised), . Tendency to more pessimistic bias in al., 2014a)
Group 3: untreated controls S panel with between S where no-go was defined as not forced, ambiguous cue loca- ghrelin treated sheep
e brightness and S* h : tions had no consequences '
(Experiment 1) opnosite to S- approaching the locations for 30
PP ' seconds.
Group 1: high feed (HF): in- -
creasing feed amount from 110 . Exp. 2 fol!oyved exp.1 within one The HF group tended to approach all
to 150% of required mainte- v, week Training o approach the S+ locations less often than the LF grou
0 g S-green panel of | v(3); green | location (, exposure to 2 sheep Five consecutive trials with the . group,
nance level (days 1-4), followed . . L s . i.e. LF sheep appeared to have a more
. ) . very high orlow | panels with | when the panel is raised) and to five different cue locations: S PITIN
Sheep, Merino by supplying 170% (days 4-8). . . f ; . ; optimistic judgement than the HF sheep. | (Verbeek et
f 2 D brightness brightness | avoid the S- location (exposes the | and S* location were rein- v v o )
ewes, Group 2: low feed (LF): food S | "th between S- heen to a doa when th li forced. ambi | Group 1: Cognitive bias testing on day 7, | al., 2014a)
deprivation (day 1), followed by panetwi etween sheep to a dog when e panet IS oreed, ambiguous cue joca- 3 h after feeding. Group 2: Food depriva-
: o brightness and S* raised), where no-go was defined as | tions had no consequences . L .
supplying approx. 50% of opposite to §- not approaching the locations for 30 tion on day 7, cognitive bias testing on
maintenance level (day 2- 6). ' seconds day 7
(Experiment 2) ‘
. i -1
Ségu%vl} T]ctn)rmme (1mg.kg Strong carry over effects of cognitive bias
Groﬁp 2'?1alo>'<o.ne (2 mgkg- testing on day 2 of the testing on day 1.
body weight) i.v. Training to approach the S+ location I?Aar%/bzi ?ﬁﬁ;gﬁgﬁige;e r;g;zrr::ijyzed.
Group 3: controls, receiving 10 v (green panel of very high or low Two testing days, separated by soone?' when animals we[r)gexpose dto
ml sterile water i.v. g . brightness, exposure to 2 sheep one day rest. Per testing day: . !
Injections 10 minutes before the segri?nhp:rr}zl\:f an)’eg:m when the panel is raised) and to five consecutive trials with the gfaffctfgleeemg 1[2 r:;trz;tb?ﬁeizg tg's
Sheep, Merino start of cognitive bias testing. Ty g pa avoid the S- location (other bright- | five different cue locations in X ng Y (Verbeek et
f h . 2 D brightness, brightness o v morphine, however no differences in
ewes Sheep received either palatable S* panel with between S | €SS that exposes the sheep to a random order: S-and S* essimism were found between the al., 2014b)
food pellets (70 grams) or bri phtness and S+ dog when the panel is raised), location was reinforced, ap- Eontrol roup and morohine treated
unpalatable food (wood chips) in gnin : where no-go was defined as not proaching an ambiguous cue niro’ group & P :
opposite to S, animals indicating that the wood chips
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g ®lgle
Species > . a a s £ e Ambiguous - a ) § & | Effect(s) of experimental manipula-
(strainfbreed) & | Experimental manipulation(s) E k> S8 stimuli (nr.) Training Testing Eo S g tion(s) Reference
2 (3]
Approach box at S* (one side of the
room, rewarded with food)/avoid
s(3); boxes approach _at S (other side C.Jf the Three test days, test sequence Sheep from predictable group needed
Lo . . . | room, punished by presenting . O - )
Housing in either unpredictable, S; presented in . - of five trials containing 1 fewer training sessions than sheep from
imul X S4/S-by ; diat blower with cloth attached), training bi imul q dictabl Sheep f
Sheep, Laucune st|mg us-poor gnvwonment or 0Xes |nter(ne fate | . ntinued until a sheep performed ambiguous stimulus presente unpredictable group. Sheep from unpre- (Végeli et
ewes ' f | predictable, stimulus-rich envi- |1 D presented in positions 15 correct responses in a row (9 between S*/S-, each day a v v' | dictable group were less likely to ap- al., 2014)
ronment for a duration of several different loca- between i ponse: . different ambiguous location. proach middle and near-positive ambigu- |~
) : positive, 6 negative in semi-random . 2 : )
months. tions S*/S- loca- ambiguous stimuli were unre- ous stimulus but more likely to approach
- order). Eleven of 12 sheep from . . .
tions . warded near-negative ambiguous stimulus
predictable group and 7 of 12 sheep
from unpredictable group reached
criterion.
Approach bowl at S* (bowl contain- | Testing prior to and after
s; ing food reward)/refrain from ap- separation. During a test Latency to anproach increased as bowl
S-bucket on one | s(3); bowl in | proaching bowl at S (empty bowl). | session 3 trials were undertak- y10app : .
. f, - ! § oy ) 7 . . was placed nearer the S-location. No
Dogs, various Removal of conspecific in pair- side of the between S- | Training continued for a minimum of | en for each ambiguous location . . (Walker et
m! 2 . e . . . . v v' | effect of separation found on latencies to
breeds housed dogs. arena); and S* 15 trials in randomized order until (total of 9 ambiguous trials). b o al., 2014)
2 ; A . reach ambiguous bowl locations, indicat-
S+ bucket on the | location the longest latency to reach S* was | Prior to and between ambigu- ind o chanae in emotional state
other side shorter than any of the 3 preceding | ous trials, 2 S* and 2 S-trials 9 9 '
latencies to reach S-. were performed.
Discrimination between location of Training on the cognitive bias task was
Housing in basic or enriched s; S- (empty bowl) and S* (bowl : g on the cog .
. : L : ) e . 3 days each separated by one time consuming (approx. 150 trial needed
environment; housing in these S-bucket on one | s(3); buckets | containing the food reward); test free day, with 13 trials (5 to reach training criterion)
Chickens environments started 3 days side of the in between | Criterion: Latency to approach the . ; g cnt " (Wichman et
S D . g s g o, | rewarded, 5 unrewarded, 3 v | v" | The housing conditions did not affect
(gallus gallus) before testing (first subgroup) arena); S-and S S-5 s longer than approaching S h . ) ; al., 2012)
. : o f unrewarded ambiguous loca- proportion of chicks (with cut off 20 sec),
and 2 months before testing S+ bucket on the | location location (in at least 3 out of 4 times | . ; ’
A . " tions nor the latencies to approach the different
(second subgroup) other side that the bowl was in the S* position,

in the 8 trials of a training session)

bowl locations.
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