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Animal cognitive and behavioral testing often requires a reward to motivate task acquisition, yet 
reward perception may depend on reward type and previous experience. We first assessed the effects 
of reward types on initial discrimination and reversal learning ability in weaned dairy calves, with 
calves tested in a T-maze containing either a food, social, or exit reward. During the initial stage, 
success rate was greater for calves provided the social vs. food reward, whereas success in the reversal 
stage was greater for calves provided the exit vs. social reward. We also assessed effects of social 
experience in calves previously housed individually or in pairs tested with either a social or exit reward. 
Interactive effects of previous housing and reward type were evident during the initial discrimination 
stage of testing, with previously pair housed calves relatively more successful if given the exit reward 
and individually housed calves relatively more successful if given the social reward. During the reversal 
stage, success rate was greater for calves given the exit reward, particularly if previously housed 
individually. These results suggest that previous social experience can affect the subjective perception 
of different reward types, and that the subjective valuation of an exit reward may uniquely increase 
with repeated testing.

Keywords  Calves, Cognition, Reward, Behavioral flexibility, Social experience

The evaluation of animal cognition has interdisciplinary applications, with uses in a variety of fields ranging 
from wildlife conservation1to human neuroscience2. In recent years the assessment of cognition in agricultural 
animals has gained interest due to potential implications for animal performance and welfare. For instance, dairy 
cattle routinely encounter potential stressors such as housing and management transitions, which can cause 
undesirable physiological responses such as decreased immune competence, health status, and milk yield3,4, 
and negatively impact affective state5,6. Individuals that are more cognitively flexible, or better able to mentally 
and behaviorally adapt to environmental change7,8, may be less affected by potential stressors and thus may 
see a comparative improvement in welfare and performance9. For example, dairy calves that were seen to be 
more cognitively flexible in a behavioral test subsequently adjusted their behavior more rapidly when turned 
out to pasture and simultaneously regrouped, demonstrating greater exploration of the environmental space 
and a relatively lower latency to feed10. As such, providing an environment that enables adequate cognitive 
development may be important, and research has suggested that aspects of the early life environment such as 
social housing11, feeding12, and environmental enrichment13 can affect dairy calf cognitive flexibility.

Cognitive flexibility is often assessed using reversal learning tasks in which an animal learns a rule to obtain a 
reward and then must adapt to obtain the reward once the rule has changed14. Importantly, the reward provided 
within these assessments must be sufficiently hedonic to motivate a desire to obtain it15. Food is often used 
as a reward within such tasks across species. For example, cattle may be offered grain-based concentrates16,17, 
sweetened liquid solutions18–20, or milk if at the pre-weaning stage of life11,12,21,22. Though frequently used, the 
motivational properties of food may be inconsistent, altered by factors such as hunger levels and the perceived 
value of the food relative to availability of food sources in the environment (e.g. in chickens23; pigs24; and 
cattle25). Consequently, tests using food may require prior food restriction to initiate hunger to be sufficiently 
motivating, which can negatively affect learning ability (e.g. in chickens26; and calves27), and can be detrimental 
to animal welfare28.
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Alternatives to food rewards for behavioral testing have received less attention. For example, social contact 
may be considered rewarding (e.g. in calves29; and sheep30,31) yet little appears to be known about the potential 
confounding effects of prior experience when using this type of reward. An important management consideration 
affecting dairy calves is the provision of social contact during early life, which remains variable on commercial 
dairy farms. Though early life social housing is being increasingly utilized, it is still common practice for dairy 
calves to be housed individually from birth until they are weaned32. Provision of social companions may affect 
general success during maze testing (e.g. in rats33; and calves11), but the effects of previous social experience on 
the perception of social rewards is unclear. Considering that social housing has been seen to affect calf social 
behavior (e.g. see34–37), it may also affect individual motivation to gain access to social contact in a behavioral 
testing scenario.

Another potential form of reward is the ability to exit the behavioral test. This reward type may be effective 
if animals are motivated to regain access to a more familiar environment or to escape a testing scenario that 
is perceived as aversive. This type of reward has been utilized for some species (e.g. pigs38; squirrels39; and 
guppies40), though it has not to our knowledge been previously used as a form of reward for cattle. This type of 
reward may avoid biases related to the perception of food and social contact due to prior experience and thus 
may offer a promising alternative to food and social rewards.

The first aim of this study was to assess the effects of different reward types on the learning ability of dairy 
calves during a test of cognitive flexibility comprised of an initial discrimination stage and a reversal learning 
stage. We investigated the efficacy of three reward types, including the commonly used food reward, as well 
as a social reward (access to a familiar companion) and an exit reward (ability to leave the testing facility) as 
alternatives. We predicted that all three reward types may enable successful cue discrimination but had no 
specific predictions as to the relative effects of different reward types. The second aim of this study was to assess 
the effects of previous social experience on the efficacy of social rewards within the same test. Considering 
previous evidence of reduced social behavior in individually reared calves36,37,41, we hypothesized that previously 
individually reared calves may be less successful when provided the social reward than previously socially 
housed calves.

Results
Aim 1: comparison of food, social contact, and exit rewards
During the initial discrimination stage of testing, calves that received the social reward required the fewest 
sessions to pass and had the highest overall success rate, while calves that received the food reward had the lowest 
rate of success (Kaplan-Meier estimates; Table 1). Reward type was seen to affect the overall learning ability of 
calves (P = 0.02; Cox proportional hazard estimates; Table 2), where the likelihood of success significantly differed 
between calves receiving either the social or food reward (P = 0.007), with the exit reward yielding intermediate 
outcomes. Hazard ratio estimates indicated that, for any given session, calves that received the social reward 
were 6.5 times more likely to pass than those that received the food reward (Table 2; Fig. 1a). Birthweight also 
predicted success at this stage (P < 0.001), with hazard ratios indicating that for every 1 kg increase in birthweight 
calves were 1.3 times more likely to succeed during any given session (Table 2).

During the reversal learning stage of testing, calves that received the exit reward required the fewest sessions 
to pass and had the highest overall success rate (Kaplan-Meier estimates; Table 1). Calves that received the exit 

Stage

Treatment level

Pass rate (%)

Sessions 
to pass

Reward Housing mean SE

Aim 1 Initial Exit – 60 11.2 1.7

Food  – 44 11.2 1.0

Social  – 80 7.7 1.3

Reversala Exit  – 100 7.0 0.9

Food  – 75 11.8 2.5

Social  – 75 12.3 1.7

Aim 2 Initial Exit Individual 60 11.2 1.7

Social Individual 80 7.7 1.3

Exit Pair 100 7.4 1.1

Social Pair 70 9.3 1.7

Reversala Exit Individual 100 7.0 0.9

Social Individual 75 12.3 1.7

Exit Pair 100 7.5 0.6

Social Pair 86 10.0 1.8

Table 1.  Pass rates and Kaplan-Meier estimates (produced to enable initial data screening within the 
confounds of a survival analysis model) for average number of sessions to successfully pass the initial 
discrimination and reversal learning stage, for calves provided different reward types (Aim 1) and subject to 
different previous housing treatment and reward types (Aim 2). aDuring these stages, Tarone Ware tests in 
main effects only analysis indicated statistical significance of P ≤ 0.05.
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reward had a significantly greater chance of success than those that received the social reward (P = 0.04; Cox 
proportional hazard estimates; Table  2), with the food reward yielding intermediate outcomes. Hazard ratio 
estimates indicated that, for any given session, calves that received the exit reward were 4.1 times more likely to 
succeed than those that received the social reward (Table 2; Fig. 1b). Birthweight also predicted success at this 
stage (P = 0.03), with hazard ratios indicating that for every 1 kg increase in birthweight calves were 0.7 times as 
likely to succeed during any given session (Table 2).

Aim 2: interactive effects of previous social housing and reward type
During the initial discrimination stage of testing, previously pair-housed calves that received the exit reward 
required the fewest sessions to pass and had the highest overall success rate, while previously individually housed 
calves that received the exit reward required the greatest number of sessions to pass and had the lowest overall 
success rate (Kaplan-Meier estimates; Table  1). Correspondingly, there was an interactive effect of housing 
treatment and reward type on learning ability (P = 0.03; Cox proportional hazards estimates; Table 2; Fig. 2a), 
with no main effects of housing treatment (P = 0.12) or reward type (P = 0.13). Birthweight also predicted success 
at this stage (P = 0.005), with hazard ratios indicating that for every 1 kg increase in birthweight calves were 1.2 
times more likely to succeed during any given session (Table 2).

During the reversal learning stage of testing, calves provided the exit reward required the fewest sessions to 
pass and had the highest overall success rate, while individually reared calves that received the social reward 
required the greatest number of sessions to pass and had the lowest overall rate of success (Kaplan-Meier 
estimates; Table 1). There was a main effect of reward type on learning ability (P = 0.02; Cox proportional 
hazard estimates; Table 2), particularly within previously individually housed calves, with hazard ratio estimates 
indicating that, for any given session, individually reared calves that received the exit reward were 5.8 times 
more likely to succeed than those that received the social reward (P = 0.02; Figure 2b). In contrast, the success 
of previously pair-housed calves was not affected by reward type (P= 0.72). There was no main effect of previous 
housing treatment on overall success (P = 0.43). Birthweight again predicted success at this stage (P= 0.02), with 

Stage Effect Reference levels HR (95% CI)a χ2 P-value

Aim 1 Initial BW + 1 kg  –  – 1.3 (1.1,1.5) 13.6 < 0.001

Reward  –  –  –  – 7.5 0.02

Exit Food  – 2.9 (0.7,11.9) 2.3 0.13

Exit Social  – 0.5 (0.2,1.3) 2.1 0.15

Food Social  – 0.2 (0.04,0.6) 7.3 0.007

Reversal BW + 1 kg  –  – 0.8 (0.7,1.0) 4.6 0.03

Reward  –  –  –  – 4.2 0.12

Exit Food  – 2.3 (0.4,14.2) 0.8 0.37

Exit Social  – 4.1 (1.1,16.4) 4.1 0.04

Food Social  – 1.8 (0.4,8.3) 0.6 0.45

Aim 2 Initial BW + 1 kg  –  – 1.2 (1.1,1.3) 7.9 0.005

Housing  –  –  –  – 2.7 0.10

Reward  –  –  –  – 2.3 0.13

Interaction†  –  –  –  – 4.7 0.03

Individual Pair Exit 0.4 (0.1,1.2) 2.7 0.10

Individual Pair Social 2.3 (0.7,7.5) 2.0 0.16

Exit Social Individual 0.4 (0.1,1.3) 2.3 0.13

Exit Social Pair 2.4 (0.8,7.2) 2.5 0.11

Reversal BW + 1 kg  –  – 0.8 (0.7,1.0) 4.9 0.03

Housing  –  –  –  – 0.6 0.46

Reward  –  –  –  – 6.0 0.01

Interactionb  –  –  –  – 2.2 0.14

Individual Pair Exit 1.6 (0.5,5.9) 0.6 0.46

Individual Pair Social 0.4 (0.1,1.4) 2.1 0.15

Exit Social Individual 6.0 (1.4,24.9) 6.0 0.01

Exit Social Pair 1.4 (0.3,6.5) 0.2 0.66

Table 2.  Significance of effects and hazard ratios for effects used in Cox proportional hazards model (complete 
model enabling inclusion of multiple predictor variables and interaction terms) for sessions to pass the initial 
discrimination and reversal learning stage, for calves provided different reward types (Aim 1) and subject to 
different social housing treatments and reward types (Aim 2). aHR (95% CI) = hazard ratios within variable 
with 95% confidence intervals (lower, upper). bInteraction between reward type and previous housing 
treatment.
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hazard ratios indicating that for every 1 kg increase in birthweight calves were 0.8 times as likely to succeed 
during any given session (Table 2)

Discussion
The evaluation of livestock cognition can provide information relevant for the assessment and improvement 
of agricultural animal welfare and performance, yet established methodology is lacking across species and age 
classes. This research aimed to compare the suitability of different reward types for use in dairy calf cognitive and 
behavioral testing, and to determine the effects of previous social experience on the perception of social rewards.

In comparing reward types, we found that initial discriminative learning was generally improved through 
provision of a social or exit reward rather than a food reward. This result aligns with previous research suggesting 
that animals may show preferences for social contact over food (e.g. in calves42, chimpanzees43and rabbits44), 
though the extent to which these findings may be generalized may vary with study conditions. Because feed 
restriction can be detrimental to welfare and negatively affect learning, we did not restrict intake prior to 
testing26,27and thus our results may reflect a lack of hunger25. Alternatively, it is possible that the perceived value 
of the food reward was insufficient to motivate task completion, as the desire to obtain food, though often driven 
by metabolic need, can also arise from the hedonic pleasure derived from eating45. As such, providing a highly 
preferred feed type may be sufficiently rewarding even in the absence of feed restriction (e.g., in chickens46), 
although a suitable option in this age class of cattle would require further study.

Considering established effects of early social contact on behavioral development, we additionally investigated 
the effects of early social housing on response to different reward types. During the initial learning stage, we 
found evidence of an interactive effect of previous social housing on response to reward, where calves reared with 
social contact from birth were relatively more successful when provided the exit reward rather than the social 

Fig. 1.  Cox proportional hazards probability estimates for number of sessions required to pass A) the initial 
discrimination stage of testing, and B) the reversal stage of testing, for calves provided different reward types 
(social, exit, or food; Aim 1).
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reward, while calves reared individually were relatively more successful when given the social reward rather 
than the exit reward. These findings may suggest effects of previous social experience on reward perception 
that may require consideration when assessing cognition. Although some previous studies have suggested that 
individually reared calves may approach other calves less readily due to increased fearfulness (e.g. see35,41), our 
findings align with observations of a rebound effect in socialization, where motivation to access social contact 
may increase after periods of social deprivation47. For example, rats subjected to social isolation were seen to 
choose social interaction over food more than rats that were socially raised, even after food deprivation48, while 
stallions housed in isolation for 9 months engaged in more frequent positive social interactions and maintained 
closer proximity with conspecifics when grouped at pasture than stallions that were previously socially housed49.

Effects of reward types differed during the reversal learning stage compared to the initial discrimination 
stage of testing, with success rates greatest for calves that received the exit reward and lowest for calves that 
received the social reward. We suggest that a possible explanation for the different effects of reward type between 
stages could be altered motivation to access the reward. The stimulus-response link connecting a reward with 
an individual’s desire to obtain it can change as a function of experience50, and typically repeated consumption 
of a reward reduces its subjective valuation51. While the desire to obtain rewards such as food or social contact 
may decrease with repeated testing as hunger or social motivation diminish, reward satiation depends on 
the individual properties of the reward51. If calves become increasingly disinterested or even frustrated with 
repeated testing, the subjective valuation of the exit reward may increase, thus offering potentially unique and 
advantageous motivational properties. However, the generalizability of this finding will depend on how animals 
perceive the testing area relative to the exit area, and how this perception changes over time. In the present 
study, heifers may have been particularly motivated to exit to regain visual access to their home pen and social 

Fig. 2.  Cox proportional hazards probability estimates for number of sessions required to pass A) the initial 
discrimination stage of testing, and B) the reversal stage of testing, for calves previously housed individually or 
in pairs and assigned to receive either the social or exit reward.

 

Scientific Reports |         (2025) 15:7571 5| https://doi.org/10.1038/s41598-025-91843-x

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


companions, but it is possible that different testing scenarios may yield different motivations. An exit alone, 
without simultaneous access to a positively perceived stimulus upon exiting, may lower motivation to exit. 
Further, habituation through repeated testing may decrease the aversiveness of the test environment, resulting 
in the test being perceived as progressively less aversive, and indeed animals may even become increasingly 
motivated to participate if the test itself is perceived as rewarding (e.g. see17).

Alternatively, it is also possible that the characteristics of each reward type may differentially affect success 
across stages, as the reversal learning stage seeks to assess cognitive flexibility while the initial learning stage 
focuses on the ability to correctly discriminate cues. Cognitive flexibility can be impaired by physiological arousal 
or stress52,53, which could be elicited by features of the reward itself. We found that the success of previously 
individually housed calves was sensitive to reward type during the reversal learning stage, with lower success 
rates seen when calves were provided the social reward. In contrast, we saw no significant effect of reward type 
on reversal learning outcomes in previously pair-housed calves. It is possible that the presence of the stimulus 
calf provided as the social reward could evoke stress or fear for calves with less previous social experience35, 
consequently diminishing cognitive flexibility. These effects are also subject to potential nuisance variables such 
as the unique relationships between focal calves and calves used as a social reward or calves situated in the home 
pen, as well as the behavior of these other calves during testing. Individual difference in personality must also 
be considered, as calves have been seen to show individual differences in traits such as exploratory behavior, 
fearfulness, and sociability54,55, which may also affect testing outcomes and responses to different reward types.

An incidental finding of this study was that birthweight (but not body weight concurrent with testing) was a 
significant predictor of testing success. We found that birthweight positively correlated with success during the 
initial stage of testing yet was negatively correlated during the reversal stage, as has previously been seen in piglets 
(initial stage56–59; reversal stage60,61). Taken together, these results suggest that lower birthweight animals may 
experience poorer spatial learning and memory yet demonstrate improved cognitive flexibility when compared 
with their higher birthweight counterparts. Possible mechanisms underlying cognitive deficiencies in lower 
birthweight individuals, as seen within our initial stage of testing, could include neurodevelopmental impairment 
during late natal and early post-natal periods57,62–64, a comparative reduction in overall brain volume60,65–67, a 
compensatory growth-performance trade-off68, or an increase in levels of chronic stress due to lower social 
standing or due to a reduced capacity to compete for resources58,69. Potential explanations for improvements in 
cognitive abilities due to lower birthweights, as seen within our reversal stage of testing, may include a stronger 
motivation to obtain rewards60, a decrease in chronic stress due to a blunted stress response60,70, or brain pre-
conditioning, in which sublethal insults to the brain (such as an insufficient supply of blood or oxygen in-
utero) may result in increased protection against subsequent stressors60,71. While previous literature offers some 
potential mechanisms that may explain our results, this incidental finding requires further targeted research to 
confirm and explore the relationship between birthweight and cognitive abilities in dairy calves.

In conclusion, we investigated the effects of different reward types on cognitive testing outcomes in weaned 
dairy calves and explored potential interactive effects of previous social experience on the perception of rewards. 
Our results suggest that a novel exit reward was effective and may be valuable for use in future dairy cattle 
cognitive and behavioral testing. Further, our results suggest that social experience can affect the subjective 
perception of rewards, possibly increasing sensitivity to social contact provided as a reward.

Materials and methods
Animal management and experimental design
All study procedures were reviewed and approved by the University of Florida Institutional Animal Care and 
Use Committee (protocol #201910617) and all experiments were conducted in accordance with institutional 
guidelines and regulations. A total of 50 female Holstein calves were enrolled into the study at approximately 
24  h of age at the University of Florida Dairy Research Unit (Hague, Florida, USA). Calves were provided 
ad-libitum access to water and pelleted calf starter (22% CP and 2% fat, Ampli-Calf Starter Warm Weather 
20, Purina Animal Nutrition LLC, Shoreview, MN) from birth. Calves were given 4–8 L of quality-controlled 
colostrum within 24 h of birth and then received milk replacer (28% CP and 20% fat; Suwanee Valley Feeds, 
Trenton, FL) from a teat bucket (Peach Teat Limited, Christchurch, New Zealand) at a rate of 8 L/d in 2 feedings. 
At 6 weeks of age, calves were weaned according to a 10-d step-down protocol (6 L/d in 2 meals on days 1–4, 
4 L/d in 2 meals on days 5–8, and 2 L/d in 2 meals on days 9–10). Calves received weekly clinical examinations 
by a veterinarian, and daily health checks by farm and research personnel.

Calves were randomly assigned to one of two housing treatments within 72 h of birth: individual housing 
(n = 30 calves) or pair housing (n = 20 calves; 1 focal calf/pen, paired with another calf born within 48 h). Calves 
were housed in wire mesh pens (dimensions 0.9 × 1.8 m for individual pens; 1.8 × 1.8 m for pair pens), located 
under an open-sided barn protecting from downwards rain and wind, bedded with sand that was replaced 
weekly. Pens were interspersed between individual and pair pens, spaced to provide visual but not physical 
contact between adjacent pens. At 2 d postweaning (56 ± 6 d of age), calves were mingled between previous 
housing treatments and group-housed in the same open-sided barn (3–6 calves/pen; pen dimension 3.7 × 8.0 m). 
At 9 d postweaning (63 ± 6 d of age), calves were moved into a group pen on pasture (10 calves/group; dimension 
15.2 × 45.7 m). The pen provided a sheltered feeding area with ad-libitum access to calf starter and water. Calves 
were weighed using a floor scale (PS-2000 scale, Brecknell Scales, Fairmont, MN, USA) at birth and again when 
turned out to pasture (63 ± 6 d of age).

After 10 d habituation to the pasture pen (73 ± 6 d of age) calves were subject to a test designed to assess 
cognitive flexibility, described in more detail below. For Aim 1, previously individually housed calves were tested 
with either a food reward (n = 10 calves), a social reward (n = 10 calves), or an exit reward (n = 10 calves). For Aim 
2, previously pair housed calves were tested with either a social reward (n = 10 calves) or an exit reward (n = 10 
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calves) and compared with a subset of previously individually housed calves assigned to the corresponding 
reward types for Aim 1.

Data collection
To assess cognitive flexibility, we used a T-maze test, a two-armed maze in which a reward was spatially located 
in one of the arms during an initial discrimination learning phase, and subsequently relocated to the other arm 
during a reversal learning phase8. The test design was similar to a previous study in pigs72, subsequently adapted 
for use in pre-weaned calves12. The maze, which bordered the subjects’ home pen (Fig. 3), was constructed using 
cow gates covered with opaque black corrugated plastic to create a visual barrier to both the outside of the maze 
and to the rewards from the base of the T (height 1.83 m). The reward location was evenly counterbalanced 
across subjects and reward types to prevent effects of side preferences due to laterality73.

Prior to their first testing session, calves were escorted through the maze, firstly to the unrewarded arm, 
and then to the rewarded arm, where they were allowed to interact with their designated reward, and then to 
exit via the rewarded arm. Calves were then given their first testing session, in which they were released into 
the base of the T-maze through an opaque door that was immediately closed behind them. Each session lasted 
for a maximum of 3 min, or until any part of the calf surpassed the maze exit (only applicable for exit reward). 
To successfully ‘pass’ each stage of the maze, calves had to move directly to the arm of the maze containing the 
reward (without first going to the unrewarded arm) for 3 consecutive sessions, a criterion based on a previous 
study which found that after successfully completing these types of sessions 3 times calves no longer made 
regressive errors12. Once calves successfully reached criterion for passing the initial learning stage the reward 
side was switched, and the same criterion for success applied to the reversal learning stage. Calves were allowed 
a maximum of 18 sessions to meet criterion during each stage. Calves received 5 sessions/d for a maximum of 6 
days and were given an additional sixth session on any given day if they correctly navigated the fourth and fifth 
sessions to enable them the opportunity to meet criterion that day.

For the food reward, an opaque bucket containing 1 cup of pelleted starter (familiar, provided in regular diet) 
mixed with 1 handful of chopped hay (unfamiliar, not provided prior to testing) was located on the ground in 
the rewarded arm of the maze (Fig. 4a). Hay was selected as a form of food reward given evidence that heifers 
are motivated to obtain forage74, and may consume hay preferentially at the time of feed delivery75, while the 
starter pellet was offered simultaneously as a more familiar food option to minimize the potential effects of food 
neophobia. Buckets containing the same food reward were also placed just outside of the non-rewarded arm 
to balance olfactory cues. For the social reward, a non-study stimulus calf from the same home pasture (first 
introduced to all test calves during post-weaning grouping) was placed in a holding area in the rewarded arm of 
the maze (Fig. 4b). The stimulus calf was enclosed by a gate that enabled the test calf visual and tactile contact, 
while preventing movement of the stimulus calf around the maze. Another non-study calf was placed in the 
holding pen in the unrewarded side of the maze to balance auditory and olfactory cues, this time with an opaque 
plastic barrier preventing visual and tactile contact. For the exit reward, a gate half the width of the arm of the 
maze was left open, allowing calves to exit the maze into a holding area located adjacent to the home pasture, 
enabling the calf visual contact with the home pen and pen mates (Fig. 4c).

Statistical analysis
Statistical analyses were performed using SAS (Version: OnDemand for Academics; SAS Institute Inc., Cary, NC, 
USA), with calf as the experimental unit. Survival analyses were performed separately by stage of testing, using 
time-to-event models fitted to the data to quantify the effect of explanatory variables on the number of sessions 
required (latency) to reach the passing criterion (event) for each stage of the behavioral test76. Kaplan-Meier 

Fig. 3.  Diagram of T-Maze location and dimensions.
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survival estimates were produced to enable initial data screening within the confounds of a survival analysis 
model (PROC LIFETEST). Cox proportional hazards models were subsequently used to implement a more 
complete model enabling inclusion of multiple predictor variables and interaction terms where appropriate 
(PROC PHREG). Calves that did not meet the criterion within the allotted timeframe were included as censored 
values within both types of analysis.

The Cox proportional hazards model parameterizes the hazard function λ(t, x) as

	 λ (t, x) = λ 0 (t) eβ 1 x1+β 2 x2+··· +β p xp

where λ0(t) is the baseline hazard function (hazard for individuals with all covariates equal to zero) and the 
exponential function captures the proportional association between covariates and hazard. Thus, λ(t, x) 
represents the hazard of the event at time  (i.e., likelihood of passing the task if they haven’t already) for heifers 
with covariate values x1,…,x. The set of covariates x used in the model for Aim 1 were reward type (food, 
social, exit), and birthweight. The set of covariates x used in the model for Aim 2 were reward type (social, 
exit), previous housing treatment (individually housed, pair housed), the interaction between reward type 
and previous housing treatment, and birthweight, which was considered as a predictor variable given previous 
evidence of effects of birthweight on later cognition in other species (e.g. humans77, and pigs56–60). ANOVA tests 
were used to confirm that birthweight (mean ± SD = 38 ± 4 kg) did not differ between reward types or housing 
treatments prior to model inclusion. Additional variables that were also initially considered as covariates 
included reward side (given potential effects of side preferences due to laterality78), season of testing (given 
possible effects of heat stress on activity levels79), and bodyweight at the time of testing (temporarily replacing 
birthweight within models to determine that the effects of birthweight were not due to body size at the time of 
testing). These variables were not seen to be significant or to improve model fit and so were not retained in the 
final models. Week of testing (corresponding to concurrent turnout group; 1–4 heifers tested per week) was also 
initially included as a frailty in the models. However, there was no significant random effect of this variable (as 
indicated by insignificant estimates for the associated variance, and resulting in only minor changes to standard 
errors upon the use of robust variance) and thus it was also not included within the final models. The assumption 
of proportional hazards was checked using a Kolmogorov-Smirnov test, and by plotting the time component of 
the model against the Schoenfeld residuals to visually check that the correlation produced an approximately zero 
slope. A plot of the deviance residuals set against the linear predictors was used to assess model fit and presence 
of outliers. Significance was declared at P < 0.05.

Data availability
Data are available upon request to the corresponding author (emillerc@ufl.edu).
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Fig. 4.  Diagram of T-Maze set-up for (A) food reward, (B) social reward, and (C) exit reward (including 
indication of the location of home pen relative to the holding area the calves entered after exiting the maze). 
Solid lines represent opaque fencing. Dashed lines represent non-opaque fencing enabling visual and tactile 
contact between areas. Reward side was evenly counterbalanced for each reward type.
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