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SUMMARY

Accounting for individual differences in depression or resilience is crucial to ensure individualized well-being. 

Differences in tendencies to approach rewards and avoid threats reflect personality and help to understand 

what animals want and like. At the neural level, these tendencies involve the behavioral activation system 

(BAS) and the behavioral inhibition system (BIS). We developed a test to investigate reactions to rewards 

and approach-avoidance conflicts using the domestic pig as a model. After testing 101 piglets, we showed 

that this test is reproducible, highly repeatable, and linked with classic personality dimensions assessed with 

four established personality tests. We report on individual tendencies related to approach-avoidance con

flicts (BIS) and reward responsiveness (BAS), which are connected to specific personality traits. These find

ings address the gap between human and non-human animal personality research. Our study explores indi

vidual differences in perceived rewards, which have strong implications in promoting positive animal welfare 

and mental health.

INTRODUCTION

Everyone reacts and perceives one’s environment in an individ

ual way. These individual behaviors are typically described along 

multiple personality traits or dimensions, such as the big five 

(Figure 1),1–3 but see Koski.4 Personality, in both human and 

non-human animals, describes consistent individual differences 

in behavior across time and contexts.2,5 These traits can inform 

individualized approaches in various contexts, including mental 

health6 and animal welfare7 programs. Certain personality traits 

are strongly associated to psychopathology8; for instance, 

neuroticism reflects a tendency toward the experience of nega

tive emotions,9,10 which is a risk factor for depression,11–13 and 

extraversion is associated with experiencing more positive emo

tions, influencing well-being. While traditional personality tests 

are valuable tools for assessing individual differences in 

behavior, they disproportionately focus on fear reactions.14

This limits our understanding of individual variation within non- 

human animals for experiencing positive mental states that in 

turn is crucial for promoting positive animal welfare.15

The reinforcement sensitivity theory of personality is the most 

influential model explaining the brain mechanisms underlying 

human personality traits.16,20,21 This theory proposes three 

motivational systems that regulate approach-avoidance 

behaviors22: the behavioral activation system (BAS; reward- 

driven approach), the fight-flight-freeze system (FFFS; fear- 

driven avoidance), and the behavioral inhibition system (BIS; 

mediating approach-avoidance conflict). Brain structures 

involved in these systems have been documented, such as 

the orbitofrontal cortex (BIS), amygdala (FFFS), or nucleus ac

cumbens (BAS).20 Human BIS/BAS scales, derived from self- 

reports,16,23 partly explain personality traits.16–18 High BAS is 

associated with extraversion, while high BIS is associated 

with neuroticism.22,24 Expanding our knowledge on the core 

of approach-avoidance motivations to other animals would 

contribute to understanding the evolutionary origins of person

ality and individualizing animal welfare practices.25 Yet, self-re

ports are not suitable for non-human animals, and to date 

no behavioral test has been developed to measure animal 

BIS/BAS traits.
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This study developed the first behavioral test to measure moti

vational traits in the domestic pig (Sus scrofa) and examined their 

relationship with established personality traits. Pigs are ideal for 

this purpose due to their neurobiological similarity to humans.26

This species, highly relevant to animal welfare, also fulfills the 

prerequisite of showing multiple personality traits,27,28 resem

bling human personality traits. Indeed, although personality as

sessments in human vs. non-human animals qualitatively differ, 

research on non-human animal personality has been established 

in the last decades by documenting a similar five-traits model,1,2

where for instance (non-human) sociability seems to resemble 

(human) extraversion while (non-human) boldness and activity 

seem to be integrated into (human) neuroticism1,7(see more de

tails in Figure 1). A major criterion for a suitable personality test is 

to ensure the consistency of reactions across time during this 

test. Per definition, repeatability of a personality test must be 

warranted to enable the extraction of certain personality 

traits.25,29 We (1) developed the ‘‘BIBAGO’’ (BIS/BAS, Goursot), 

a behavioral test measuring reactions to simultaneous positive 

(a treat ball) and negative (a moving plastic bag) stimuli in a novel 

context, designed to separately activate the BAS (positive stim

ulus), FFFS (negative stimulus), and BIS (conflict between ap

proaching or avoiding the stimuli22). Moving a plastic bag has 

previously been validated as a negative stimulus that triggers a 

startle or avoidance reaction.30–32 We then (2) compared the 

consistency of the behaviors at different time points observed 

during the BIBAGO and of those observed during established 

personality tests28,33: the open-field test (OFT), the novel object 

test (NOT), and the human approach test (HAT), but also the 

novel peer test (NPT), recently developed to measure sociability 

in pigs (Table 1).34 Finally, we (3) analyzed the associations be

tween behaviors reflecting motivational systems and personality 

traits. We expected greater repeatability for the BIBAGO, reflect

ing core motivational tendencies at the origin of the expression of 

personality. We also expected BAS to positively correlate with 

sociability and BIS to negatively correlate with boldness, consis

tent with the previously described links between BAS and extra

version and BIS and neuroticism16,18 (see Figure 1).

RESULTS

OFT has the lowest repeatability across time

We analyzed 5 different tests with a total of 26 different behavioral 

variables hypothesized to measure personality dimensions, as 

continuous traits. First, we assessed the overall repeatability of 

each test. The BIBAGO test, developed in this study and de

signed to separately activate the BAS and BIS, showed the high

est overall repeatability (distance-based intraclass correlation co

efficients: dICC = 0.355 ± 0.058), and this finding was confirmed 

in an independent subset of animals (‘‘BIBAGO2,’’ see STAR 

Methods section, dICC = 0.433 ± 0.097). The NPT had the next 

highest repeatability (dICC = 0.272 ± 0.053), followed by NOT 

(dICC = 0.253 ± 0.089) and HAT (dICC = 0.153 ± 0.061). OFT 

had poor repeatability (dICC = − 0.011 ± 0.048). After accounting 

for mother identity and replicate (batch) effects, the time point of 

testing explained over 20% of the variation in behaviors 

measured within OFT (permutational multivariate analysis of vari

ance test marginal R2 = 0.237, p = 0.001) while for the BIBAGO1 

and 2, NPT, HAT, and NOT, the time point explained less than 

10% of the behavior variation (Table S3). This suggests that 

OFT behavior changed more substantially on the second testing 

time point than behaviors in other tests.

The repeatability of each measured behavior was accessed 

individually. Thirteen behaviors showed poor repeatability 

across the two testing time points (Table S4) and were therefore 

excluded from further analysis, with three exceptions: locomo

tion, vocalizations, and jumping, all measured during the OFT 

(see STAR Methods section for justification).

Motivational systems are linked to personality traits

We analyzed the associations between behaviors across the 

different tests measuring the motivational systems (BAS, BIS, 
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Aggressiveness *
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Brain substrates
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Figure 1. Brain motivational systems regu

late approach-avoidance behaviors and un

derlie personality traits 

The non-human traits are represented above their 

human equivalents. The behavioral activation 

system (BAS) motivates the approach of rewards, 

and the fight-flight-freeze system (FFFS) moti

vates the avoidance of threats. The behavioral 

inhibition system (BIS) is activated during 

approach-avoidance conflicts, such as ambig

uous and/or novel contexts. In humans, BIS is 

positively correlated with neuroticism16–19 and 

negatively correlated with extraversion17,18

(in red). Similar links have been documented 

regarding human FFFS16 (in pink). Human BAS is 

more diverse than BIS or FFFS as it usually in

cludes several subscales that can reflect opposite 

motivations (e.g., impulsivity vs. goal drive 

persistence, not represented on this figure). 

However all BAS subscales have been docu

mented to positively correlate with extraver

sion16,18,19 and to negatively correlate with neuroticism16 (in yellow). *In non-human animals, boldness represents the opposite of human neuroticism, and 

aggressiveness the opposite of human agreeableness.1,2 The equivalent of sociability is human extraversion, and there is currently no established equivalent of 

human conscientiousness.1,2
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Table 1. Overview of the behaviors measured for each personality trait and by each test: OFT, NOT, HAT, BIBAGO, and NPT

Name Test

Hypothesized 

personality trait(s) Definition

Used or 

recommended by

Behavior as part of 

a dimension Repeatable

Arena 

exploration (D)

OFTa exploration/boldness manipulating 

the floor or 

walls with the 

snout for at 

least 2 s

Finkemeier 

et al.7; 

O’Malley et al.28; 

Goursot et al.33; 

Leliveld et al.35

for boldness36

pharmacological 

validation (for boldness37)

yes38

no37

Locomotion (D) OFTa activity/proactivity/ 

boldness

moving with 

at least 3 feet

Finkemeier et al.7; 

O’Malley et al.28; 

Goursot et al.33; 

Leliveld et al.35

for activity39–41

for boldness36

pharmacological 

validation (for boldness37)

yes38

no37

Vocalizations (N) OFTa/BIBAGOa sociability/proactivity/ 

boldness/BIS/FFFS

emitted 

vocalizations

for sociability33,42,43

for boldness 

for proactivity44

for sociability42

pharmacological 

validation (for 

boldness:37)

no37

yes for proactivity38

to some extent for 

proactivity45

Jumping (N) OFTa/HAT boldness/proactivity raising at least 

two legs against 

the wall

Finkemeier et al.7; 

O’Malley et al.28; 

Goursot et al.33; 

Leliveld et al.35; 

Reimert et al.46; 

Zebunke et al.47

pharmacological 

validation48

tested in this study

Object 

exploration (D)

NOTa exploration/boldness touching the 

novel object 

with the snout

Finkemeier et al.7; 

O’Malley et al.28; 

Goursot et al.33; 

Leliveld et al.35

for exploration49,50

for boldness36

pharmacological 

validation (for 

fearfulness37)

yes50

no38,51

Object 

exploration (N)

NOT exploration/boldness Finkemeier et al.7; 

O’Malley et al.28; 

Goursot et al.33

for boldness36 to some extent 

for proactivity45

Object 

exploration (L)

NOT boldness/exploration O’Malley et al.28; 

Goursot et al.33; 

Leliveld et al.35

for exploration50 yes38,39,50,52,53,54

no51

to some extent 

for proactivity45

Human 

exploration (L)

HATa exploration/boldness touching the 

human with 

the snout

O’Malley et al.28; 

Goursot et al.33; 

Leliveld et al.35

unknown yes39,52,54

no55,56

Human 

exploration (D)

HAT exploration/boldness Finkemeier et al.7; 

O’Malley et al.28; 

Goursot et al.33

for exploration49

for boldness:36

tested in this study

(Continued on next page)
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Table 1. Continued

Name Test 

Hypothesized 

personality trait(s) Definition 

Used or 

recommended by 

Behavior as part of 

a dimension Repeatable

Tail wagging (N) HATa/NPTa sociability/BAS moving the tail in a consistent 

pattern from side 

to side or sudden 

sideways motion. 

A new occurrence 

of tail wagging was 

scored if the wagging 

was sustained for 

more than 3 s.

not tested in 

the personality context, 

behavior assumed to 

reflect positive 

affective states57–60

unknown tested in this study

Interruption of 

vocalizations (D)

BIBAGOa/NOTa boldness/BIS interrupting the emission 

of vocalizations directly 

after the minute of 

habituation while the 

stimuli are introduced

not tested in the 

personality context, 

behavior that has been 

associated with an 

increased attentional 

state31,61

unknown tested in this study

Chewing (D) BIBAGOa BAS sound of chewing; at 

least two chewing 

sounds in a row.

this study unknown tested in this study

Rewards 

eaten 

(N, max 10)

BIBAGOa BAS number of chocolate 

raisins eaten

this study unknown tested in this study

Interactions 

with reward (D)

BIBAGOa BAS manipulating the 

treat ball with 

the snout

this study unknown tested in this study

Interactions 

with reward (L)

BIBAGO BIS/BAS this study unknown tested in this study

Freezing (D) BIBAGOa BIS/FFFS no vocalizations 

emitted and no 

movement by any 

body part for 3 s 

or longer

not tested in the personality 

context, behavior reflecting 

an attentional state in 

negative contexts62

Because this behavior is 

not well documented in 

pigs, we cannot assume 

that it is comparable to 

freezing in rodents 

reflecting FFFS.

unknown tested in this study

Back of the 

pen (D)

NPTa sociability being at the back 

of the pen

this study unknown tested in this study

Climbing the 

fence (N)

NPT sociability raising at least two 

legs against the fence

this study unknown tested in this study

Front of the pen (N) NPT sociability being at the fence 

area of the pen

this study unknown tested in this study

Front of the pen (L) NPT sociability this study unknown tested in this study

(Continued on next page)
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Table 1. Continued

Name Test 

Hypothesized 

personality trait(s) Definition 

Used or 

recommended by 

Behavior as part of 

a dimension Repeatable

Middle of the 

pen (D)

NPTa sociability being at the 

middle of the pen

this study unknown tested in this study

Sudden display (D) NPTa sociability/BAS isolated, sporadic 

movement such as 

hoping, scampering, 

pivoting or head tossing

not tested in the personality 

context, potential similarities 

with play behavior34,59,63

unknown tested in this study

Turning back (N) NPTa sociability turning the head back 

to the fence while body 

facing the back of the pen

this study unknown tested in this study

Walking by the 

fence (D)

NPTa sociability moving with at least 

3 feet in one direction 

alongside the fence and 

then 3 feet in the opposite 

direction

Ambruosi et al.34 for sociability34 yes34

Nose-nose 

interactions (L)

NPT sociability touching the snout of the 

novel pig with the snout (s)

this study unknown tested in this study

Nose-nose 

interactions (N)

NPT sociability Ambruosi et al.34 for sociability34,42 no34

OFT, open-field test; NOT, novel object test; HAT, human approach test; BIBAGO, BIS/BAS test; NPT, novel peer test; D, duration in seconds; N, number of occurrences; L, latency in seconds; 

BIS, behavioral inhibition; BAS, behavioral activation; FFFS, fight-flight-freeze systems. We document how each behavioral variable has been assigned to the personality trait in previous works, 

according to the definitions of Réale et al.2 that have been adapted to farm animals.7 Behaviors can be assigned to multiple personality traits according to the studies (references are given). In the 

column hypothesized personality trait(s), we highlighted in bold the trait to which we assigned each behavior in this study. For example, most variables measured during the OFT and NOT can 

reflect both boldness and exploration, according to the study rationale. This is due to a lack of standardization at the design level and lack of statistical robustness between personality studies 

within a species (e.g., here pigs).
aRepresent variables included in the network analysis and extended exploratory factor analysis in this study.
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and/or FFFS) and personality traits (exploration, sociability, bold

ness, and activity; see Table 1). The network included 20 behav

iors (nodes) and 42 edges (Figure 2) and represents inter-individ

ual behavioral differences. Network centrality values and stability 

of network structure are depicted in Figure S2. Given the explor

atory nature of this approach, and the inconsistencies in the liter

ature attributing different personality traits for the same behav

iors (Table 1), we applied a cluster analysis and re-assigned 

behavioral traits to specific behaviors (Figure 2).

Our initial hypothesis was that tail wagging reflected BAS 

activity; however, it clustered with behaviors hypothesized 

to reflect BIS (interruption of vocalizations, in red, see 

Figure 2). Therefore, we reclassified tail wagging as BIS- 

related behavior (also in red, see Figure 2). These BIS-related 

behaviors are clustered with behaviors reflecting the explora

tion trait (arena and object exploration, in blue; see Figure 2). 

Human exploration (latency) has been described as reflecting 

exploration54 but also boldness33 in pigs. Our results show a 

strong link of human exploration with object exploration; 

thus, we re-assigned its trait from boldness to exploration 

(in blue, see Figure 2).

Behaviors hypothesized to measure BAS (chewing, interac

tions with reward, and rewards eaten, in yellow; see Figure 2) 

formed a cluster together that included behaviors for which the 

BIS/FFFS classification was unclear (freezing and vocalizations 

measured within BIBAGO). Given the negative but close links 

between these unclear behaviors and BAS-related behaviors 

chewing

interaction with rewards

freezing

interruption of vocalisations

vocalisations

rewards eaten

object exploration

interruption of vocalisations

jumping

locomotion

vocalisations

arena exploration

human exploration (L)

tail wagging

back of the pen
middle of the pen

0.402

0.007

0.050

sudden display

tail wagging

turning back

walking by the fence

BAS
BIS
FFFS
Exploration
Sociability
Unknown

BIBAGO
NPT
OFT
HAT
NOT

Figure 2. Bridging personality traits and 

BIS/BAS 

Gaussian graphical model for behaviors measured 

within 5 different tests hypothesized to measure 

personality traits and BIS/BAS tendencies. Blue 

edges represent positive and brown edges 

represent negative correlations. Edge thickness 

represents the strength of the association ranging 

from − 0.286 to 0.402. Gray shaded areas repre

sent the clusters of behaviors. Shapes of the no

des represent the test, and colors the hypothe

sized personality trait. See Table 1 for description 

of behaviors. n = 80. BIS, behavioral inhibition; 

BAS, behavioral activation; FFFS, fight-flight- 

freeze systems; OFT, open-field test; NOT, novel 

object test; HAT, human approach test; BIBAGO, 

BIS/BAS test; NPT, novel peer test; L, latency

(reflecting approach motivations), we 

concluded that they were more likely to 

reflect FFFS (avoidance motivations, the 

opposite of approach motivations, in 

pink; see Figure 2), rather than BIS sup

posedly more independent from BAS.23

Jumping, locomotion, and vocaliza

tions measured during the OFT formed 

a cluster together. While these could 

represent boldness, i.e., the common de

nominator for these behaviors (Table 1), 

their lack of repeatability suggests they 

may not reflect personality traits.29

Therefore, we designated these OFT behaviors as belonging to 

an ‘‘unknown’’ category, rather than to a personality trait per 

se (in gray, see Figure 2).

The remaining behaviors hypothesized to reflect sociability 

(back and middle of the pen, walking by the fence, and turn 

back, in orange; see Figure 2) cluster together, apart from sud

den display, which remained isolated at the periphery of the 

network. Consequently, we re-assigned the sudden display to 

an ‘‘unknown’’ trait.

Extended exploratory factor analysis (EFA) largely 

supported the network results. Sudden display was excluded 

from the EFA due to a low measure of sampling adequacy 

(MSA = 0.38). The remaining variables were suitable for 

EFA (overall MSA = 0.64, Bartlett’s test χ2 = 602.768, 

degrees of freedom = 171, p < 0.001). Initially, all behaviors 

hypothesized to correspond to BIS/BAS/FFS were included, 

and 2 factors were found (Table S5). BAS behaviors 

and FFFS behaviors loaded on a first principal axis (PA1), 

while BIS behaviors with tail wagging (NPT) loaded on a sec

ond principal axis (PA2, see Figure 3 and Table S5. FFFS 

behavior vocalizations also loaded on the PA2. All remaining 

behaviors hypothesized to measure sociability and explora

tion and the unknown categories were associated with the re

sulting PA1 and PA2 (Table S6). Behaviors hypothesized to 

measure exploration loaded onto PA2, along with OFT vocal

izations, reflecting the unknown category (Table S6 and 

Figure 3).
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DISCUSSION

Approach-avoidance conflicts are central to everyday decision- 

making. Understanding the origins of individual differences in 

resolving these conflicts is crucial for promoting well-being 

and treating mental health disorders like anxiety, depression, 

and addiction. We have developed and applied a new test to 

measure approach-avoidance tendencies and have expanded 

current personality knowledge in non-human animals to new 

and positive aspects of personality that traditional tests do 

not capture. This test identifies behaviors reflecting approach 

tendencies (BAS) that are distinct from behaviors reflecting 

avoidance tendencies (FFFS), bridged by behaviors mediating 

the conflict between the two (BIS). Further testing involving 

different species, situations (e.g., in social groups), ages, 

sexes, and types of rewards should be conducted to confirm 

the reproducibility of this innovative test and document the 

multidimensionality of BAS.16,64 The subjects belonged to 

the same genetic line, were of similar age, originated from the 

same farm, and underwent similar acclimation and habituation 

procedures. To ensure generalizability, the STRANGE frame

work recommends testing the paradigm on more diverse 

populations.65

In the BIBAGO, we used a palatable reward, eaten for plea

sure,66 and not to alleviate hunger as pigs were fed ad libitum, 

in the presence of a validated negative stimulus,30–32 creating 

a clear approach-avoidance conflict. Remarkably, this test was 

the most repeatable among other conventional personality tests 

and revealed novel aspects of non-human personality that are 

unambiguously reward related.

-0.402

-0.391

-0.542

0.736

0.712

0.609

0.319

-0.323

-0.455

0.457

interruption of vocalisations

freezing

interruption of vocalisations

tail wagging

tail wagging

vocalisations

rewards eaten

chewing

interaction with rewards

vocalisations

object exploration

human exploration (L)

arena exploration

jumping

locomotion

turning back

walking by the fence

back of the pen

middle of the pen0.904

0.887

0.779
PA 1

PA 2

BAS
BIS

FFFS
Exploration

Sociability
Unknown

BIBAGO
NPT TFO TON

HAT

Figure 3. Coefficients (loadings) of 

extended factor analysis from behaviors 

across multiple tests 

Factor loadings of <0.300 have not been included. 

Shapes of the nodes represent the test, and colors 

the hypothesized personality trait. BIS, behavioral 

inhibition; BAS, behavioral activation; FFFS, fight- 

flight-freeze systems; OFT, open-field test; NOT, 

novel object test; HAT, human approach test; 

BIBAGO, BIS/BAS test; NPT, novel peer test; L, 

latency. 

See Table 1 for description of behaviors and initial 

hypothesis.

Our findings revealed distinct behavior 

clusters: one comprising chewing, re

wards eaten, and interaction with re

wards, which we consider as BAS- 

related behaviors, and vocalizations and 

freezing, considered as FFFS behaviors. 

Another cluster comprised interruption 

of vocalizations and tail wagging 

behaviors, attributed as BIS behaviors, 

and human, object, and arena explor

atory behaviors, considered as explora

tion traits. Vocalizations (FFFS) and 

their interruption (BIS) bridged these 

clusters. EFA corroborated these find

ings, demonstrating that BAS and FFFS behaviors have strong 

interrelationships and are distinguished from BIS behaviors. 

Consistent with the network approach, vocalizations (FFFS) 

appear to play a central role bridging BIS and BAS.

Whereas standard BIS/BAS questionnaires consist in self-re

porting the level of worry for fictive situations, representing only 

a putative indicator of behavioral inhibition,16,64 the BIBAGO 

test does measure consistent reactions to one single 

approach-avoidance conflict directly. Yet, this single situation 

was enough to distinguish BIS from BAS as biological systems 

based on a behavioral approach, as opposed to a lexical 

approach. For this dichotomy, see the recent revision of the 

nomenclature referring to the Goal Inhibition and Goal Activa

tion Systems, i.e., GIS/GAS by McNaughton.67 This should 

inspire further behavioral studies in other species, including hu

mans, through, e.g., promising testing setups using virtual real

ity.68 The opposing BAS behaviors (interacting with the re

wards, eating, and chewing them) and FFFS behaviors 

(freezing and vocalizing) reflect distinct and conflicting individ

ual motivation strategies: approach vs. avoidance. Conversely, 

BIS behaviors seem to reflect hesitation when facing uncer

tainty, as evidenced by vocalization interruptions during both 

the BIBAGO and NOT. Consistent with this idea, vocalizations 

measured during the BIBAGO but also during OFT are nega

tively associated with BIS behaviors. The central role of vocal 

behaviors in the network warrants further investigations, partic

ularly given the technological advances in bioacoustics, a 

powerful tool to assess emotional valence.69,70 Accounting for 

the types of vocalizations such as low-frequency grunts and 

high-frequency calls (e.g., squeals) that, respectively, indicate 
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positive and negative emotional valence71 could help refining 

the network. For instance, one could expect that positive 

grunts are in the network more situated next to BAS while 

less positive vocalizations would be more connected to BIS 

and FFFS behaviors.

Our results showed an unexpected positive association be

tween BIS and exploration behaviors. One possible explanation 

is that BIS is typically activated in novelty contexts, and novelty 

contexts also inherently elicit exploration.2 This suggests that 

BIS is activated during tests like the HAT, NOT, and OFT when 

exploring novel items, reflecting its role in increasing arousal 

and orienting in uncertain situations,20 since novelty can be 

both rewarding and threatening.72 Interestingly, we demonstrate 

that novelty triggers reactions that are independent from re

sponses to rewards.

Analogous to the described links between BAS and extra

version in humans,16,18 we did not find a link between BAS 

and the equivalent construct in animals, sociability,1 likely 

due to our use of food reward rather than social reward. 

Additionally, a truly equivalent measure to the multifaceted 

human extraversion is lacking. Extraversion encompasses so

ciability but also excitement seeking, enthusiasm, or expres

siveness.73 These facets, though challenging to objectively 

measure in animals, are crucial for experiencing positive emo

tions and well-being74 and are therefore highly relevant to 

positive animal welfare.15 Our findings provide a foundation 

for further research on traits related to positive experiences. 

Further studies using other rewards are needed to better un

derstand the range of positive experiences animals seek and 

to explore potential BAS facets (e.g., related to social or novel 

rewards), ultimately improving our understanding of what an

imals want and like75 and promising for treating mental 

disorders.76,77

The neurophysiological underpinnings of personality have 

been extensively researched in humans with clear implications 

in mental health.11–13 Although farm animals personalities have 

received much attention,7 individualized approaches to animal 

welfare are usually applied to increase farm productivity or for 

reducing damaging behaviors,7,28,78,79 but not on promoting 

positive mental states. The BIBAGO is a step toward a personal

ized, positive-based approach to welfare, in line with the current 

shift toward a focus on positive animal welfare,15 i.e., the promo

tion of positive mental states in animals, instead of the preven

tion of negative ones.

Limitations of the study

This study used of a homogeneous population of subjects from 

the same genetic line and farm and of a similar age. This raises 

concerns about the generalizability of the findings to more 

diverse populations.65 The study also used only a single type 

of reward (palatable food), which may have influenced the find

ings, suggesting that further research with other types of re

wards, such as social or novel ones, is needed to fully under

stand the range of positive experiences animals seek and to 

explore potential facets of the BAS. The study also acknowl

edges that a truly equivalent measure to the multifaceted human 

trait of extraversion is lacking in animals, which prevented a 

definitive link between BAS and sociability.
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Schmitt for providing and taking care of the subset of pigs. We thank Christian 

Haberl very much for his technical support and Jean-Loup Rault for his advice 

during the design. We thank Alice Balard for creativity support in choosing the 
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STAR★METHODS

KEY RESOURCES TABLE

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

The study took place at the Medau pig research and teaching farm of the Vetmeduni Vienna (Berndorf, Austria) and was approved by 

the Ethics and Animal Welfare Committee of the University of Veterinary medicine, Vienna in accordance with the University’s guide

lines for Good Scientific Practice (ETK-175/11/2021) and with the legal requirements of the European Union (directive 2010/63/EU). 

Piglets were weaned at four weeks of age and a maximum of two siblings per sow were selected. Each subject was randomly given an 

ID-number, which determined the order of the individual tests throughout the entire experiment. We used a total of 80 healthy un

castrated undocked male piglets (Swiss Large White × Pietrain breed, 5–8 weeks of age), divided into 5 replicates of 16 piglets 

each. The home pen (7.55 × 2.43 m) contained both slatted floors and a solid concrete section. Access to food and water was pro

vided ad libitum while straw, hay and sawdust were given twice daily. For the Novel Peer Test (see personality tests), pigs were given 

access to an additional pen (6.5 × 2.4 m). Pigs entered this additional pen through a waiting area (2.3 × 2.4 m) that contained a 

corridor (1.1 × 0.4 m) through which individual pigs had to pass.

From day 4 until 6 after weaning, pigs were habituated to being handled by the experimenters and to treat balls (Interactive Dog 

Toys - Enrichment IQ Treat Dispenser Ball, Lesfit, Yiwu Baoda Garment Accessories Co., China) containing a mixture of chocolate 

raisins and salty sticks used in the BIBAGO (‘‘Handling’’, 1 h, twice daily, see Figure S1). Most of the general testing procedure has 

been described in Ambruosi and colleagues.34 For each replicate, the experimental period lasted five weeks and consisted of 20 

working days. At the end of the experiment, the pigs returned to the regular farm herd.

An additional subset of 24 female piglets (Swiss Large White × Pietrain breed, 5–9 weeks of age) was used. The pigs were used in 

another experiment (for more details, see the pre-registered study89) at different facilities within Medau, Vetmeduni Vienna. This 

experiment investigated human-pig relationship with pigs randomly assigned to two different treatments that started at 5 weeks 

of age and assumed to not interfere with the BIBAGO responses: positive (‘‘positive contact’’) vs. no human contacts (‘‘control’’). 

Piglets were divided into two replicates of 12 piglets. Sibling pairs were recruited at weaning, with each sibling randomly allocated 

to a different treatment group. Pigs were housed in groups of three in adjacent pens (2 × 3 m each), making four groups per replicate 

(2 groups per treatment). Due to illness, 3 pigs from the first replicate were not tested which resulted in a sample size of 21 pigs.

REAGENT or RESOURCE SOURCE IDENTIFIER

Deposited data

Raw data and code This paper https://doi.org/10.5281/zenodo.15608393

Experimental models: Organisms/strains

Domestic pig (Sus domesticus) This paper N/A

Software and algorithms

R software v. 4.4.0 R core team80 https://www.Rproject.org/

mice R package v. 3.16.0 Buuren and Groothuis-Oudshoorn81 https://doi.org/10.18637/jss.v045.i03

GUniFrac R package v. 1.8 Chen and Zhang82 https://doi.org/10.1093/bioinformatics/btac618

vegan R package v. 2.6–4 Oksanen and colleagues83 https://CRAN.R-project.org/package=vegan

rptR R package v. 0.9.22 Stoffel and colleagues84 https://doi.org/10.1111/2041-210X.12797

qgraph R package v. 1.9.8 Epskamp and colleagues85 https://doi.org/10.18637/jss.v048.i04

igraph R package v. 2.0.3 Csárdi and Nepusz86 http://igraph.sf.net

bootnet R package v. 1.6 Epskamp and colleagues87 https://doi.org/10.3758/s13428-017-0862-1

psych R package v. 2.4.3 Revelle88 https://CRAN.R-project.org/package=psych

Other

Video camera Hikvision DS-2CD5046GO-AP Hikvision https://www.hikvision.com/my/products/IP-Products/ 

Network-Cameras/Ultra-Series-SmartIP-/DS- 

2CD5046G0–AP-/

Video camera HDR-CX900E camcorder SONY https://www.sony.co.uk/electronics/handycam- 

camcorders/hdr-cx900e

Microphone ECM-HGZ1 SONY https://www.sony.com/electronics/support/ 

product/ecm-hgz1/manuals
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METHOD DETAILS

Testing procedure

The general procedure for the 80 pigs is summarised in Figure S1. During weeks 6 and 8, each piglet was individually subjected to an 

open field test (OFT, on days 11 and 25), a novel object test (NOT, on days 12 and 26), a human approach test (HAT, on days 13 and 

27), a novel peer test (NPT, on days 14 and 28) and the BIS/BAS by Goursot test (BIBAGO, on days 15 and 29). In short, all personality 

tests (except NPT) were conducted in an arena (2.3 × 2.3 × 1 m). For the OFT and BIBAGO the location of the arena and wall panels 

were changed so that it looked unfamiliar to the pigs. The OFT lasted for 5 min while the NOT, HAT and BIBAGO each lasted for 6 min 

(including a minute of habituation to the test arena). During the NOT and HAT, a novel object (spiked rubber toy or construction cone) 

or an unknown human wearing unusual clothing (thin blue paper overall) was introduced, respectively, into the arena. During the 

BIBAGO a familiar reward (the treat ball to which the pigs were previously habituated), and a mild negative stimulus, i.e., waving a 

plastic bag for maximum 3 s, were simultaneously introduced into the arena (see Video S1). The procedure for the NPT is described 

in Ambruosi and colleagues.34 Briefly, the NPT lasted for 6 min and took place in the additional pen that was familiar to the pigs. After 

1 min a novel pig was introduced behind a robust, meshed fence (2.5 × 1 m) on the slatted floor area (1.2 × 2.4 m).

In the additional subset of 24 pigs, the BIBAGO was conducted at 7 and 9 weeks of age (‘‘BIBAGO2’’). The experimenter who con

ducted the tests was blind to the treatments and was unknown by the pigs. During week 5, all pigs were habituated to the treat ball 

every day (twice a day, five days a week): the experimenter introduced four treat balls filled with salty sticks and chocolate raisins into 

the home pen containing three pigs. During week 6, the number of sessions was reduced to once per day, three days a week. On the 

day before each BIBAGO testing (weeks 7 and 9), one habituation session was again conducted to serve as a reminder of the treat 

ball. This resulted in a total of 15 sessions of 20 min with the treat ball to which each group was exposed to. Although the same pro

cedure for the BIBAGO was followed as for the other pigs, the novel arena dimensions differed (BIBAGO1: 2.04 × 2.20 m; BIBAGO2: 

2.20 × 4.95 m).

Rationale behind the BIBAGO

We assumed that the duration of interrupting the vocalisations is a BIS-related behavior because it has been previously shown to be 

combined with an increased arousal and reflect heightened attention in similar test settings.31 Moreover, it might resemble ‘‘motor 

planning interruption’’, a human BIS item.16 Overall, although this behavior has not been pharmacologically validated yet (i.e., anti- 

anxiety drugs suppress BIS), it could indicate BIS activation, resulting in increased behavioral inhibition, attention and arousal.22 The 

definition of interrupting of vocalisations is only based on the acoustic reaction toward the introduction of stimuli but not on the body 

posture, hence it differs from the definition of freezing (see Table 1). We assumed that the occurrence and duration of touching the 

treat ball and eating the rewards would reflect BAS activation. We also recorded the number of vocalisations and the duration of 

freezing as composite behaviors reflecting both BIS and FFFS, as these behaviors can reflect fear, attention, or avoidance motiva

tions (e.g., flight and freeze are part of FFFS, see Table 1 for references). Based on these assumptions, we reported in Table 1 which 

variables should be reflected by BIS, FFFS or BAS.

Behavioral analyses

For each replicate, two cameras remotely video-recorded the arena test during the personality tests (Hikvision DS-2CD5046GO-AP 

surveillance cameras and Sony HDR-CX900E camcorder, Sony ECM-HGZ1 microphone). The videos from both cameras were 

merged using Kdenlive software (version 22.12.2) to combine both video and sound. All recordings were analyzed using the 

open-source software BORIS version 7.13.6.90

For each test, we used a 30-s buffer at the beginning of the video to select a standardised starting point (such as the experimenter 

away from the camera), resulting in 270 s of test footage analyzed. Out of 800 observations, we excluded 7 OFT observations, 3 HAT 

observations, 4 NPT and 5 BIBAGO observations due to technical issues. Additionally, the first NPT of the first replicate (16 obser

vations) was excluded from the statistical analyses as it was used as a pilot study to establish the NPT procedure. Hence, 765 ob

servations were included for the statistical analysis (Table S1). During the OFT, NOT, and HAT, the activity, exploration, escaping, and 

vocal behaviors were observed. The behavioral reactions recorded during the BIBAGO were: the number of interactions with the treat 

ball and the number of treats eaten, vocalisations (number and duration of interrupting) and freezing duration. During the NPT the 

location of the pig in the testing pen (front next to the fence, middle, back) and its interactions with the novel pig was recorded. 

Table 1 shows the ethogram of all recorded behaviors.

Inter-observer reliability training involved two observers at all times. Each session included one experienced ethologist with exten

sive knowledge in pig behavior and a master’s student undergoing training. The students were trained on an independent video data

set that was not used for the analyses until they demonstrated a high level of agreement with the experienced ethologist (Cohen’s 

kappa ≥0.70) across multiple pilot sessions. After reaching this threshold, the students completed the behavioral analysis. The intra

class correlation coefficients (ICC) agreement ranged from 0.82 to 1.00, except for freezing (0.67) where the agreement was consid

ered moderate,91 whereas the number of observations per test used for the inter-observer reliability ranged from 3 to 16 (see 

Table S2).
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QUANTIFICATION AND STATISTICAL ANALYSIS

All data analysis and data handling were conducted in R v. 4.4.0.80 Table 1 describes all variables included in the analysis. We had 

missing observations for the behaviors duration (4.375%) and occurrences of chewing (4.375%), duration (3.125%), latency 

(3.125%), and occurrences of interacting with the rewards (3.125%), duration (3.125%) and occurrences of freezing (3.125%), dura

tion of interrupting the vocalisations in the BIBAGO (3.125%), number of vocalisations in the BIBAGO (3.125%), number of rewards 

eaten (5.625%), duration (1.875%), latency (1.875%), and occurrences for exploring the novel human (1.875%), occurrences of jump

ing during the HAT (1.875%), occurrences of wagging the tail during the HAT (1.875%) for the personality dataset. Multiple imputation 

was performed with the R package ‘‘mice’’ v. 3.16.0,81 using the method ‘‘pmm’’ (predictive mean matching). In addition, all behav

iors from the NPT test had 12.5% missing variables due to all animals from one replicate (16 animals) serving as pilot study on time 

point 1. These values were not imputed, and a reduced dataset is used for further analysis. BIBAGO was additionally tested in an 

independent group of 21 pigs, 19 of which were tested two times. The variables duration of interrupting the vocalisations and number 

of vocalisations had 2.5 and 7.5% missing data and were imputed with the same method described above.

In order to reduce redundancy, and ensure reliable, parsimonious results and easier interpretability, we chose to remove variables 

that have a Pearson’s correlation rho >0.8 in pairwise comparisons. Removed variables were: the occurrences of freezing, chewing, 

locomotion, walking by the fence, sudden display, being in the back of the pen, being in the middle of the pen; duration of facing the 

back and being in the front of the pen.

We tested whether the different behavioral reactions as a whole recorded in each test are consistent within individuals between the 

two timepoints, i.e., the test repeatability. A high repeatability value means individuals are behaving consistently, while a low value 

means their behavior is less predictable from one time to another. We summarised all behavioral variables for each test into pairwise 

Aitchison distance matrices to provide an overall repeatability for each test and 1) calculated distance-based ICC (dICC) with the 

function ‘‘dICC’’ and 1000 iterations of the ‘‘GUniFrac’’ R package v. 1.8,82 to quantify how consistently individuals maintained their 

behavioral profile over time. This method extends the traditional ICC to multivariate data, evaluating how well the distance matrix 

preserves individual differences across repeated measures; 2) calculated marginal permutational multivariate analysis of variance 

test (permanova) to assess the marginal contribution of time point (time point 1 vs. time point 2) while controlling for sow and replicate 

effects as explanatory variables, using the function ‘‘adonis2’’ of the R package ‘‘vegan’’ v. 2.6–4.83 This approach tests whether the 

overall behavioral patterns of the animals changed between the two timepoints. Instead of looking at each behavior separately, it 

considers all behaviors together to see if, as a group, they differ over time. Repeatability of the NPT test was tested on a reduced 

dataset (n = 64 animals repeated 2 times) due to missing data.

Additionally, we tested the repeatability of each individual behavior within a test with the R package ‘‘rptR’’ v. 0.9.22,84 with the 

Gaussian data type, and 1000 parametric bootstrap iterations. This method is widely used in the personality literature to quantify 

the proportion of total variation in a behavioral measure that can be explained by consistent differences between individuals, in other 

words, the repeatability of each single behavior.29

To ensure that the links between behavioral variables reflect links between different personality traits, we excluded all behaviors 

that were not repeatable, i.e., confidence interval includes 0, for further analysis. Excluded variables were latency and occurrences of 

manipulating the novel object from the NOT test, duration of exploring the human and occurrences of from the HAT test, and latency 

and occurrences for nose-nose interactions, occurrences for climbing the fence, being in the front of the pen and latency to reach the 

front of the pen from NPT test, latency to interact with the rewards from the BIBAGO (Table S4). Locomotion, jumping and vocalisa

tions measured during the OFT were not repeatable, but were included in further analysis, as we find it important to compare the OFT 

with other tests given its widespread use.

We represented the associations between the 20 (17 repeatable and the 3 non-repeatable OFT) behavioral variables from the 

different tests applying graph theory to construct ‘‘psychological networks’’, in which a node represents one behavior recorded dur

ing a particular test and edges represent associations between these behaviors, after controlling for all other nodes within the 

network. Network analysis was implemented using Gaussian graphical models (GGMs). This approach has been successfully 

used in human clinical psychology, psychiatry and personality research (reviewed in92,93), and in animal behavior94 and can be 

used to explore associations between the different behaviors, potentially highlight causal relationships and generate hypotheses 

on the processes acting on these associations.95 For that, we included the behaviors measured at the first exposure (time point 

1) which has been suggested more relevant in the context of personality for species habituating quickly to novelty such as 

pigs.14,28 For the NPT behaviors which did not have time point 1 (first replicate) available, we used the measurements at time point 

2. All behaviors were scaled.

For constructing the GGMs, we applied L1 lasso penalties, where the inverse covariance matrix (partial correlations) underwent 

regularisation through penalised maximum-likelihood estimation.96 This regularisation resulted in a sparse graph with non-zero par

tial correlations considered credible, while partial correlations close to zero were shrunk to zero. To select the optimal tuning param

eter, λ value, we employed the Extended Bayesian Information Criterion (EBIC) based on the graph with the lowest EBIC97 and im

plemented it with the R package ‘‘qgraph’’ v. 1.9.8.85 EBIC uses a hyperparameter γ that controls how much EBIC prefers a model 

with fewer edges.97 We chose an intermediate γ value of 0.12, that balances the removal of spurious edges and the removal of true 

edges while prioritising a network with higher sensitivity. The final network was visualised with the R package ‘‘igraph’’ v. 2.0.3.86 We 

applied the walktrap algorithm to identify clusters within the network98 implemented in ‘‘igraph’’, i.e., groups of behaviors (nodes) that 
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are more densely connected with each other than with the rest of the network. To assess the role of individual behaviors (nodes) in the 

network, we calculated three centrality measures, strength, betweenness and closeness with the function ‘‘centralityplot’’ of the 

‘‘qgraph’’ R package. Strength measures how strongly a node is directly connected to other behaviors in the network. A node 

with high strength influences or is influenced by many others. Betweenness indicates how often a node lies on the shortest path be

tween two other nodes. A node with high betweenness may act as a ‘‘bridge’’ or mediator between different nodes or clusters. Close

ness reflects how quickly a behavior can reach all other behaviors in the network. Higher closeness means a node is more centrally 

positioned and can potentially influence others more efficiently. To evaluate the stability of these centrality measures, we used the 

function ‘‘bootnet’’ of the R package ‘‘bootnet’’ v. 1.6.87

Complementary to the network approach, we further investigated the connection of the motivational systems and personality traits 

with extended exploratory factor analysis (EFA) with the Dwyer’s factor extension99 implemented in the ‘‘psych’’ package v. 2.4.3.88

All behaviors were scaled, and a correlation matrix was created with Pearson correlation. Sampling adequacy was assessed with the 

Bartlett sphericity test and the Kaiser-Meyer-Olkin (KMO) factor adequacy for each behavior. The functions ‘‘cortest.bartlett’’ and 

KMO were used and based on the measure of sampling adequacy (MSA) values. The number of factors was estimated with scree 

plots within parallel analysis, with the function ‘‘fa.parallel’’. The exploratory factor analysis was implemented with 2 factors, oblimin 

rotation and a principal factor solution with the functions ‘‘fa’’ and ‘‘fa.extension’’. The relations between the resulting factors and the 

behaviors are considered interpretable if factor loadings are minimum 0.3.100 Factor scores for each individual were calculated based 

on regression-based weights with the function factor.scores and adequacy was evaluated with indices of determinacy.
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