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Human-animal interaction has clear positive effects on people’s affect and stress. But less
is known about how animal interactions influence cognition. We draw parallels between
animal interactions and exposure to natural environments, a research area that shows clear
improvements in cognitive performance. The aim of this study is to investigate whether
interacting with animals similarly enhances cognitive performance, specifically executive
functioning. To test this, we conducted two experiments in which we had participants self-
report their affect and complete a series of cognitive tasks (long-term memory, attentional
control, and working memory) before and after either a brief interaction with a dog or a
control activity. We found that interacting with a dog improved positive affect and
decreased negative affect (in one of the two experiments), stress, and anxiety compared to
the control condition. However, we did not find effects of animal interaction on long-term
memory, attentional control, or working memory. Thus, we replicated existing findings
providing evidence that interacting with animals can improve affect, but we did not find
similar improvements in cognitive performance. These results suggest that either our
interaction was not of sufficient dose or timed appropriately to elicit effects on cognition or
the mechanisms underlying effects of human-animal interaction on cognition differ from
effects generated by other cognition-enhancing interventions such as exposure to nature.
Future research should continue to increase knowledge of the connection between nature
exposure and human-animal interaction studies to build our understanding of cognition in
response to animal interactions.
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Imagine that you have an hour-long lunch break to take your dog for a walk. Would you
rather take Fido down a city street or down a tree-shrouded trail? If you chose the leafy trail, it’s
not by chance—there is a mountain of evidence to suggest that exposure to natural landscapes is
psychologically restorative. Specifically, nature exposure has been shown to increase positive
mood (e.g., Mayer et al., 2008), decrease feelings of anxiety (e.g., Bratman et al., 2015), decrease
psychological and physiological responses to stress (e.g., Gidlow et al., 2016), and improve
cognitive functioning (e.g., Berman et al., 2008; Bratman et al., 2012). The aim of this study is to
investigate whether interacting with animals has a similar effect on well-being and cognition as
exposure to nature.

At the core of the scientific endeavor to quantify the influence of natural landscapes on
human health and well-being is the biophilia hypothesis, which postulates that humans have an
innate tendency toward and affinity for life and life-like processes (Wilson, 2009). Two relevant
theories based on the biophilia hypothesis have been proposed to account for effects of exposure
to nature on well-being and cognition. First, Stress Reduction Theory proposes that aesthetic
features of nature reduce autonomic responses to stress captured by decreases in physiological and
experiential indicators of stress (Ulrich, 1981). Second, Attention Restoration Theory postulates
that experiences in nature restore cognition by replenishing attentional capacities (Kaplan &
Kaplan, 1989; Kaplan, 1995). In this view, an individual requires a finite and exhaustible mental
resource to maintain focus on a particular task without distraction (i.e., to maintain directed
attention). In turn, this resource can be restored while engaging in tasks or activities that do not
require marked cognitive demand, such as interacting with nature.

Though directed attention itself is not clearly defined or quantifiable, it is a key component
of executive functions (i.e., those related to complex, goal-directed behaviors) and can be tested
with well-established paradigms (Miyake et al., 2000). For example, researchers have investigated
the effects of experiences in nature on executive functions such as attentional control (i.e., the
ability to simultaneously attend to relevant information and ignore distracting information) and
working memory (i.e., the ability to mentally hold and manipulate information in the short-term).
The improvement in cognitive performance often observed following nature exposure thereby
provides evidence for the restorative effects of nature (for a review, see Stevenson et al., 2018).
Though some researchers posit that decreases in stress facilitate attention restoration, evidence
indicates that autonomic and cognitive effects of exposure to natural landscapes are distinguishable
(Li & Sullivan, 2016). As such, the quantification of nature’s influence on cognition is concentrated
in research working through the Attention Restoration framework.

The study of human-animal interactions—the mutual and dynamic exchanges between
humans and non-human animals (Griffin et al., 2019)—also rests on the same foundational
principle of biophilia, though it is minimally integrated with the nature exposure literature (but see
Franco et al., 2017). Yet human-animal interactions (HAIs) elicit strikingly similar effects on
human health and well-being as nature exposure. Human-animal interactions encompass the
interactions between owners and pets, handlers and trained service dogs, and individuals and
unfamiliar dogs (Thayer & Stevens, 2019b). This is of particular public interest in light of the
rapidly increasing presence of dogs in hospitals, schools, and therapeutic contexts (Barker &
Wolen, 2008; Friedmann & Son, 2009; Hosey & Melfi, 2014). Here, we focus on animal-assisted
interventions or facilitated interactions between an unfamiliar animal and a person to improve
individual health or well-being (Thayer & Stevens, 2019a). These interactions between individuals
and unfamiliar dogs can evoke positive mood (Beetz et al., 2012; Crossman et al., 2020) and
mitigate behavioral and physiological responses to stress (Odendaal & Meintjes, 2003; Lass-
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Hennemann et al., 2014; Barker et al., 2016; Fiocco & Hunse, 2017; Ein et al., 2018). However,
these effects are not always present. For example, Johnson et al. (2008) found no effect of canine-
assisted activities on mood, and Barker et al. (2003) found no effect on anxiety.

Akin to the understanding that human preferences for natural views are evolved, HAI
practitioners believe the stress- and anxiety-reducing effects of animal interactions to be largely a
function of humans’ evolutionary need to attend to environmental cues for survival, animals being
key indicators of environmental safety (Serpell, 1996; Kruger & Serpell, 2010). In turn, it is
assumed that there are subconscious feelings of safety elicited by these benign interactions that
induce a calming effect that reduces stress (Beetz, 2017). Since animal interactions and natural
experiences elicit similar stress-reducing effects, do human-animal interactions possess the same
cognitive restorative potential as experiences in nature?

There is a gap in the human-animal interaction literature with regard to the place of HAIs
in relation to cognitive performance. HAIs and cognitive performance in adults are
disproportionately understudied compared to the presence of HAIs in educational contexts (Gee et
al., 2017). There have been few direct tests of HAIs and cognitive performance in adults (Gee et
al., 2014, 2015; Trammell, 2019) or children (Gee et al., 2010, 2012; Hediger & Turner, 2014).
Most of these studies approached cognition from a bio-psycho-social model of stress reduction,
analogous to Stress Reduction Theory. Trammell (2019) replicated effects of human-dog
interactions on self-reported affect but found no differences between control and HAI groups’
performance in a long-term memory paradigm. Long-term memory, however, is not a part of the
executive function system, so it is perhaps unsurprising that it is not influenced by HAI. Working
memory and attentional control, on the other hand, are components of executive function (McCabe
etal., 2010). Yet interacting with a dog does not seem to influence working memory in adults (Gee
etal., 2014, 2015) or attentional control in children (Hediger & Turner, 2014). With so few studies,
we need to quantify the influence of HAIs on cognition.

Our aim in the present study was to examine the influence of human-animal interactions on
affect and cognitive performance in adults using established methods from the adjacent exposure
to nature literature. In Experiment 1, we sought to replicate positive affective effects of HAIs
observed in previous research (Beetz et al., 2012; Thelwell, 2019; Crossman et al., 2020) and test
whether HAI induces restorative effects on cognition using tasks implemented in the experience in
nature literature (e.g., Berman et al., 2008). We selected tests of cognitive performance used in the
nature exposure literature to capture the attentional control and working memory components of
directed attention. We also included a long-term memory task to assess cognitive performance
outside of directed attention to investigate if HAI effects might influence cognition generally or
executive functioning specifically. We hypothesized that HAI would evoke greater improvements
in mood and directed attention but not long-term memory compared to a control condition. We
tested these hypotheses using a between-groups pre-post intervention design where we
administered affective and cognitive tasks both before and after either a three-minute human-
animal interaction or control activity. Further, due to potential moderating effects of affect and pet
attitudes on interaction efficacy (Barker et al., 2010), we conducted exploratory moderation
analyses of positive and negative affect change and pet attitudes on the effect of animal interaction
on cognition. In Experiment 2, we sought to replicate our findings and also replicate self-reported
stress- and anxiety-reducing effects of HAI observed in previous research (e.g., Grajfoner et al.,
2017) to better characterize the influence of animal interaction on cognition.
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Experiment 1
Methods
Participants
We recruited participants who did not have a physical or emotional aversion to
dogs (i.e., allergy, fear) from the University of Nebraska-Lincoln (UNL) Department of
Psychology subject pool between Sep to Nov 2018. When recruiting participants, we did not
include any information about dogs in the study description to avoid introducing self-selection bias
into our sample. We also did not include references to dogs in the consent procedure to avoid
building expectations about interacting with dogs. We collected data from 73 undergraduate
students of whom 60 (82.2%) identified as female, 13 (17.8%) identified as male, and 0 (0.0%)
identified as neither female nor male (race/ethnicity and parental income information available in
Table S1). Participants were on average 19.2 (SD = 1.4) years of age. There were 39 individuals
(53.40%) who currently lived with at least one pet in their primary residence and 62 (84.90%) who
lived with at least one pet as a child. All participants received one hour of research credit in
exchange for their participation.
Measures
Unless otherwise indicated, all stimuli were presented and all responses were collected
with Psychopy version 1.90.2 (Peirce et al., 2019) on a computer with a 16-inch monitor in a private
room with only the participant and experimenter present.

Affect. We assessed participants’ affect with the Positive and Negative Affect Schedule
[PANAS; Watson et al. (1988)]. Participants viewed 10 positive and 10 negative adjectives (e.g.,
“excited,” “disinterested”) and rated each from one (very slightly or not at all) to five (extremely)
as they pertained to how they felt. Higher values for positive adjectives represent more positive
affect, and higher values for negative adjectives represent more negative affect. We calculated
Revelle’s omega total (w) as our measure of internal consistency reliability of scales (Revelle &
Zinbarg, 2008; McNeish, 2018): wpositive = 0.90, wnegative = 0.92).

Cognitive tasks. We administered four separate cognitive tasks: Deese-Roedinger-
McDermott (long-term memory), Necker cube pattern control (attentional control), backwards
digit span (working memory), and n-back (working memory).

Deese-Roedinger-McDermott. We used the Deese-Roedinger-McDermott long-term
memory (DRM) paradigm to examine participants’ capacity for long-term memory retention
(Roediger & McDermott, 1995; McEvoy et al., 1999). While this task is primarily used for studying
false memory, it can be used as a general memory distortion task as well (MacDuffie et al., 2012;
Cadavid & Beato, 2016). During the presentation phase of this task, participants passively viewed
two sets of ten words associated with a not-presented critical word (e.g., child) presented one at a
time. In the recall phase at the end of the experiment, participants were told that they would view
some of the words they were instructed to remember at the beginning of the experiment. They
viewed 6 of the 20 previously presented words, the two critical words, and four unrelated words in
random order and responded via key press whether they recalled seeing the words previously in
the experiment (Table S2). We analyzed mean accuracy as the proportion of items correctly
recognized, with 1 representing perfect recognition and 0 representing complete lack of
recognition. We also calculated d” as z(P(recall | presented word)) — z(P(recall | not presented
word)) (Tajika, 2001), but the outcomes are identical to accuracy, so we only report the accuracy
results.

Necker Cube Pattern Control. We used the Necker Cube Pattern Control Test to measure
participants’ attentional control (Orbach et al., 1963; Cimprich, 1993; Sahlin et al., 2016). The
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Necker cube is an optical illusion that consists of a cube outline that lacks visual cues to indicate
its orientation (Figure Sla); with continued viewing, the viewer observes shifts in perspective
between back-in-focus and front-in-focus. In this task, participants were prompted to observe the
cube and record perceived perspective shifts for 30 s. After this initial trial, they were prompted to
observe the cube in a second trial while purposefully holding each focus for as long as possible and
minimizing shifts. We calculated the difference in the number of shifts reported between the first
and second trials as a measure of participants’ attentional control. Positive values represent more
shifts in the first trial, which can be interpreted as exerting more attentional control in the second
trial.

Backwards digit span. We presented participants with a backwards digit span task to
measure their working memory capacity (Berman et al., 2008). In this task, participants viewed
sequences of numbers presented individually for one second each, then wrote the sequence down
on a sheet of paper in the reverse order from which it was presented (Figure S1b). Following a
practice sequence of numbers, participants responded to a total of 14 unique sequences that
increased in span (number of digits), starting with three digits and ending with nine digits. We
pseudo-randomly generated each sequence such that no digit was repeated within a given sequence.
If the participant correctly recorded an entire sequence in reverse order, that response was coded
as correct. We measured performance by identifying participants’ digit span index, or the greatest
span they reversed correctly before failing two consecutive sequences of the same length (Schutte
etal., 2017). Spans ranged from 3-9 digits, so higher values represent greater spans, which indicates
better working memory.

N-back. We administered an n-back task as an additional measure of working memory
capacity (Cohen et al., 1994; Rich, 2007). In this task, participants observed a stream of
phonologically distinct letters [B, F, K, H, M, Q, R, X; Kane et al. (2007)] and responded when the
current stimulus was presented n (two) trials prior (Figure S1c). Each letter was presented for 0.5
seconds and followed by a 2.5 second inter-stimulus interval (fixation cross). Participants
completed a brief practice before viewing a total of 96 letters, of which 16-19 were targets (i.e.,
matching the stimulus from two trials prior). We assessed participants’ working memory
performance on the n-back task by calculating d” as z(P(hit | target) — z(P(hit | not target)) to capture
both correct recognition and false alarm rates (Tajika, 2001). A value of O indicates that a
participant was not able to discriminate between previously presented and not presented words and
larger values indicate greater propensities to discriminate between presented and not-presented
words (Haatveit et al., 2010). Higher values can be interpreted as better working memory.

Animal-related measures. In addition to standard demographic metrics (e.g., age and sex),
at the end of the experiment, we asked participants whether they owned pets as a child and whether
they currently owned pets. We also assessed participants’ attitudes towards pets with the Pet
Attitude Scale [PAS; Templer et al. (1981); Templer et al. (2004)]. Participants rated the extent to
which they agreed with 18 statements (e.g., “House pets add happiness to my life, or would if I had
one”) on a scale from one (strongly disagree) to seven (strongly agree) (w = 0.93). Higher values
represent more positive attitudes toward pets.

For those assigned to the HAI condition, we administered an additional questionnaire used
by Gee et al. (2015) to assess participants’ evaluation of the quality of the dog interaction.
Participants rated on a scale from one (strongly disagree) to four (strongly agree) the extent to
which they agreed with 11 statements (e.g., “I felt more relaxed when the dog was present”)
pertaining to their comfort, discomfort, ambivalence, and desire to interact with the dog (w = 0.88).
Higher values represent more positive experiences with the interaction.
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Cardiovascular activity. Participants wore an Empatica E4 wristband on their left wrist for
the duration of the experiment to provide a continuous measure of cardiovascular activity,
specifically heart rate variability (McCarthy et al., 2016; Empatica, 2018). The E4 wristband uses
a photoplethysmogram (PPG) sensor located on the backside of the device face seated atop the
wearer’s wrist that samples heart beats at 64 Hertz. We do not provide analyses of cardiovascular
data because the device did not sample at a sufficient frequency to detect fine changes in heart rate
variability (Shaffer & Ginsberg, 2017).

Procedures

Participants were pseudo-randomly assigned to either an animal interaction (human-
animal interaction or HAI) or control condition before arrival. After participants arrived to the
experimental session, they completed informed consent and sat calmly for three minutes to attain
a resting state. Then, the researcher instructed the participant to begin the experiment on the
computer at their desk. The researcher remained seated in the room throughout the duration of the
experiment. The experiment was partitioned into three components, pre-condition, condition, and
post-condition, which correspond to the time before, during, and after the animal interaction or
control activity, respectively. Participants took about 45 minutes to complete the study.

Pre-condition. Participants experienced the task set in the following order: PANAS, DRM
(presentation phase), Necker cube, digit span, and n-back. We administered the affect task first to
capture affect upon arrival, the DRM second to allow time to elapse between presentation and recall
phases, then followed these with the remaining cognitive tasks in a fixed order for the sake of
simplicity.

Condition. Participants experienced three minutes of either the HAI or control condition.
We based this timing on changes observed in cortisol, oxytocin, and heart rate after a three-minute
dog interaction in Handlin et al. (2011). Participants were not informed which of the three-minute
conditions they were assigned to experience until the pre-condition phase was completed.

HAI. We employed JRS’s pet dog for every animal-interaction session. The dog used for
the HAI condition was a 65-pound, neutered, male Catahoula leopard mix that was Canine Good
Citizen certified. Prior to this study, he had completed approximately 35 similar sessions in a
previous study. When not interacting with participants, the dog was housed in JRS’s office or
adjacent experiment room that were both equipped with a large kennel and access to water. The
dog participated in 1-5 sessions spread throughout the day with at least 40 minutes between
sessions. JRS was not involved in the actual behavioral testing or human-animal interaction to
minimize potential bias. Researchers monitored the dog for signs of stress (e.g., excessive panting
or licking, avoidance of interacting with participants, barking, aggression, fatigue) and stopped the
interaction if he showed signs of stress. Signs of stress were never observed during a session, but
when they occurred prior to a session, we reassigned the subsequent participant from the HAI to
the control condition.

Before introducing participants to the dog, the researcher asked participants if they had a
physical or emotional aversion to dogs; no participants reported any dog aversions. The researcher
then brought in the dog, inviting the participant to pet and verbally interact with the dog calmly:
“Feel free to pet [dog name] and talk with him all you want. Please try not to rile him up. Other
than that, we’ll get back to it in a few minutes.” Participants were not required to interact with the
dog for the whole three minutes.

Participants remained seated for the duration of the interaction. If participants asked
questions of or made conversation with the researcher, the researcher briefly informed participants
that they would be able to discuss more at the end of the experiment. The dog remained in the
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experiment room within visual contact after the animal interaction period to rest next to the
researcher.

After the experiment ended, researchers debriefed participants who experienced the HAI
condition. The researcher explained that participants were not made aware of the dog in recruitment
or consent materials to avoid biasing the sample and the results. Researchers requested that
participants not discuss the presence of the dog in the experiment with other individuals to help
maintain an unbiased sample. Then, researchers invited participants to ask any questions about the
nature of the study.

Control. Researchers provided participants with a sheet of paper with a full page of Latin
text printed on it and instructed them to circle every ‘e’ and ‘f’ for “the next few minutes.”
Researchers emphasized that the task would not be graded and incorrect answers would incur no
penalty. The researcher collected the sheet after the three minutes passed; no data were extracted
from the activity.

Post-condition. Participants completed the tasks again in the following order: PANAS,
Necker cube, digit span, n-back, and DRM (recall phase). They then completed the Pet Attitude
Scale, and those assigned to the HAI condition also completed the animal experience questionnaire.
All participants answered standard and animal-related demographic questions (e.g., age, number
of pets owned) to conclude the experiment.

Ethics. All procedures were conducted in an ethical and responsible manner, in full
compliance with all relevant codes of experimentation and legislation and were approved by the
UNL Internal Review Board (protocol # 19552) and Institutional Animal Care and Use Committee
(protocol # 1599). All participants gave written consent to participate, and they acknowledged that
de-identified data could be published publicly.

Analysis

We analyzed data from 73 participants, with 36 participants experiencing the animal-
interaction condition and 37 experiencing the control condition. The sample size was based on
previous studies showing effects of HAI on stress responses (Lass-Hennemann et al., 2014;
Crossman et al., 2015) with some additional participants added to enhance our ability to detect any
potential effects.

Participant characteristics. We compared pre-condition scores for affective measures,
cognitive tasks, and animal-related measures (PAS, pet history) between animal interaction and
control groups using independent samples t-tests (or Wilcoxon rank sum test in the case of test
violations) to ensure that any experimental differences could not be attributed to participant
characteristics. There were no significant between-group differences in any measure (Table 1).

Data analysis. We used R [Version 4.0.4; R Core Team (2020)] and the R-packages
BayesFactor [Version 0.9.12.4.2; Morey and Rouder (2018)], ggbeeswarm [Version 0.6.0; Clarke
and Sherrill-Mix (2017)], ggcorrplot [Version 0.1.3; Kassambara (2019)], here [Version 1.0.1;
Miiller (2017)], Hmisc [Version 4.4.2; Harrell Jr et al. (2020)], papaja [Version 0.1.0.9997; Aust
and Barth (2020)], patchwork [Version 1.1.1; Pedersen (2020)], psych [Version 2.0.12; Revelle
(2019)], rcompanion [Version 2.3.26; Mangiafico (2020)], and tidyverse [Version 1.3.0; Wickham
et al. (2019)] for all our analyses. We prepared the manuscript using rmarkdown [Version 2.6; Xie
et al. (2018)] and papaja [Version 0.1.0.9997; Aust and Barth (2020)]. Data, analysis scripts,
supplementary methods, tables, and figures, and the reproducible research materials are available
in Supplementary Materials at the Open Science Framework (https://osf.io/v7wxt/).

In addition to frequentist analyses, we calculated and drew inferences based on Bayes
factors, that is, the strength of evidence for the alternative over the null hypothesis. For example,
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BF10 = 15 suggests that there is 15 times more evidence for the alternative than the null hypothesis.
Bayes factors between 3-10 provide moderate evidence for the alternative hypothesis, those
between 10-30 provide strong evidence, those between 30-100 provide very strong evidence, and
those above 100 provide extreme evidence; reciprocal values (1/3, 1/10, 1/30, 1/100) provide
comparable evidence for the null hypothesis (Wagenmakers et al., 2018). We used the BayesFactor
package to calculate most Bayes factors (using default priors and settings), except for the Wilcoxon
rank sum tests, which we calculated from code provided by van Doorn et al. (2020).

Condition effects. To assess potential condition differences pre-condition, we conducted
independent samples t-tests or Wilcoxon rank sum tests in the case of test violations. For condition
effects, we used analysis of covariance to examine the effects of condition on post-scores
controlling for pre-scores. We report predicted marginal means and 95% confidence intervals and
calculated effect sizes with generalized eta squared (#%). We used both visual and test-based
methods to check analysis of covariance test assumptions: linearity between covariate and outcome
variable, homogeneity of regression slopes, normally distributed residuals on outcome variable,
and homogeneity of variance (Johnson, 2016). Since we recorded responses only at post-condition
for the long-term memory task, we compared between-groups differences with a Wilcoxon rank
sum test, as it violated assumptions of an independent samples t-test. For these, we calculated effect
sizes with r, the z-score of the test statistic divided by the total number of observations.

The analyses of covariance for negative affect and Necker cube significantly violated model
assumptions, so we log-transformed negative affect pre- and post-scores and removed outliers
(standard deviation x 3; 2 observations) from Necker post-scores to conform to model assumptions.
We excluded one observation from DRM (participant expressed comprehension issues after task),
three from Necker cube (participants expressed comprehension issues after task), and three from
digit span (participants did not request response sheet) when running respective analyses, inserting
missing data for these subjects.

Moderation analyses. We conducted follow-up exploratory analyses to identify potential
moderators of the relationship between animal interaction and cognitive performance. Because we
have three cognitive measures and several potential moderators, combining all of these would result
in a large number of statistical tests. To reduce the number of statistical tests run, we aggregated
all of the cognition scores into a single composite measure, as used in the nature exposure literature.
Following VVan Hedger et al. (2019), we constructed the cognitive composite measure by averaging
the z-scores for the Necker cube, digit span, and n-back post - pre difference scores. We tested
whether positive and negative affect change (i.e., post - pre difference scores; PANAS) and pet
attitude (PAS) explained the relationship between experimental condition and composite cognitive
performance change. For each moderation analysis, we used multiple linear regression with
predictors condition, moderator, and conditionxmoderator and outcome post - pre cognitive
composite. We report model fit results alone, as no moderation model accounted for more than a
negligible amount of the variance in the data.

Animal experience correlations. We also conducted follow-up exploratory analyses to
identify correlations between the animal-related measures, affect, and cognitive performance
composite.

Results
Affect
To test the effect of animal interaction on affect, we compared positive and negative PANAS
scores following the control and HAI condition. Figure 1 shows the effect of condition on positive
and negative affect (Table 1; Figure S2). Analyses of covariance indicate very strong evidence that
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positive affect is greater post-condition for those who experienced HAI than those who did not,
controlling for pre-interaction scores (F(1,70) = 30.21, MSE = 0.15, p<0.001, A% = 0.30, BF1 >
100). For negative affect, on the other hand, there is not sufficient evidence to determine whether
the log post-condition scores differed between control and HAI groups (F(1,70) = 4.32, MSE =
0.03, p=0.041, nz = 0.06, BF1o = 1.39).

Table 1: Experiment 1 scores

Pre-condition

Post-condition

Control HAI Contro HAI
Measure n M M p BF1o n IM M p BF1o
Animal measures
Pets now (%) 73 7297 3333 - - - - - - -
Pets as a child (%) 73 91.89 77.718 - - - - - - -
Pet attitude (PAS) 73 5.74 5.63 0.84 0.18 - - - - -
Affective measures
E’Fﬁ’:’t\:‘fs) affect 75 304 283 024 044 73 274 325 <0001 >100
Negative affect
(PANAS) 73 1.45 151 0.79 0.17 73 0.29 0.21 0.04 1.43
Cognitive measures
Accuracy (DRM) - - - - - 72 0.76 0.77 0.70 0.19
Average shifts
(NCPC) 70 -0.76 -1.12 0.63 0.27 70 -2.41 -1.66  0.39 0.34
Index (Digit span) 70 6.69 6.12 0.25 0.31 70 7.11 7.30 0.58 0.28
d” (N-back) 73 0.08 -0.08 0.74 0.20 73 0.04 -0.04 0.73 0.28

Note: Post-condition scores control for pre-condition scores. Table used with permission under a
CC-BY4.0 license: Thayer & Stevens, 2020; available at https://doi.org/10.31234/osf.io/7v5ng.
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Figure 1. Affect scores pre- and post-condition for control and HAI (human-animal interaction) groups in
Experiment 1. Scores show (a) positive PANAS ratings and (b) negative PANAS ratings. Open triangles
(blue) represent individual control participant scores, open circles (orange) represent individual HAI
participant scores, closed triangles and circles represent condition group means (with lines connecting
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condition means), error bars represent 95% confidence intervals. Figure used with permission under a CC-
BY4.0 license: Thayer & Stevens, 2020; available at https://doi.org/10.31234/o0sf.io/7v5na.

Cognitive tasks

To test the effect of animal interaction on cognition, we compared scores on four cognitive
tasks following control and HAI conditions. There is evidence to suggest that animal interaction
and control groups did not differ on any cognitive task post-condition (Table 1; Figures 2 and S3).
Specifically, there is moderate evidence that there is no difference between control and HAI groups
for accuracy in the long-term memory task post-condition scores (W = 681, p = 0.696, r = 0.05,
BF10 = 0.19). Similarly, the analyses of covariance provide evidence of no difference between
groups—controlling for pre-condition scores—for the number of switches in the Necker cube
attentional control task (F(1,67) = 0.76, MSE = 12.85, p = 0.385, 7 = 0.01, BF1o = 0.34), the
backwards digit span index for working memory (F(1,67) = 0.31, MSE = 1.98, p = 0.578, A2 =
0.01, BF10 = 0.28), and the n-back d” for working memory (F(1,70) = 0.12, MSE = 1.09, p = 0.726,

2=0.01, BF10 =0.25).
Exploratory analyses

We tested affect and pet attitude as potential moderators of the effect of HAI on cognition.
There is substantial evidence to suggest that there were no observable moderators on the effect of
experimental condition on composite cognitive performance. Specifically, the moderation model
did not outperform an intercept-only model for positive affect change (R? = 0.01, F(3,36) = 0.30,
p = 0.828, BF10 = 0.04), negative affect change (R? = 0.02, F(3,63) = 0.41, p = 0.746, BF10 = 0.04),
or pet attitude (R? = 0.04, F(3,63) = 0.86, p = 0.468, BF10 = 0.07).

We found that pet attitude positively correlated with the positive interaction quality
measures from Gee et al. (2015) (comfort and desire to interact with the dog) and the change in
positive PANAS between pre- and post-condition (Figure S4a), while negatively correlating with
discomfort and ambivalence with the dog. The cognitive performance composite score did not
correlate with any animal-related measures.
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Figure 2. Cognitive performance for control and HAI (human-animal interaction) groups in Experiment 1.
(a) Long-term memory accuracy from the Deese-Roedinger-McDermott task was calculated only post-
condition. Pre- (Pre) and post-condition (Post) performance was calculated for (b) the difference in number
of attentional shifts between the two Necker cube trials, (c) the index for the backwards digit span task, and
(d) d” for the n-back task. Open triangles (blue) represent individual control participant scores, open circles
(orange) represent individual HAI participant scores, closed triangles and circles represent condition group
means (with lines connecting condition means), error bars represent 95% confidence intervals. Figure used
with  permission under a CC-BY4.0 |license: Thayer & Stevens, 2020; available at
https://doi.org/10.31234/o0sf.io/7v5nq.
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Summary of results

Our first investigation of the effects of HAI on affect and cognition replicated effects of
HAI on affect but did not evoke predicted improvements in cognitive performance. Specifically, a
three-minute animal interaction bolstered positive affect more so than a control activity. But we
did not observe improvements in attentional control or working memory. Our follow-up
moderation analyses indicated that affect and pet attitude did not moderate a relationship between
experimental condition and cognitive performance.

Experiment 2
Our aim with Experiment 2 was to replicate Experiment 1 and extend the investigation to
the influence of HAI on anxiety and stress. We assessed self-reports of anxiety and stress
throughout the experiment using visual analogue scales. We again conducted follow-up exploratory
analyses to identify potential moderators of the relationship between experimental condition and
cognitive performance.

Methods
Participants

We recruited a new sample of participants between Nov 2018 to Apr 2019 from the
University of Nebraska-Lincoln psychology subject pool who did not have a physical or emotional
aversion to dogs (i.e., allergy, fear), again without providing information about dogs in the study
description or consent materials. We analyzed data from 83 of 84 participants, excluding one
person who progressed through the study without completing the experimental manipulation. Of
the 83 eligible participants, 66 (79.5%) identified as female, 17 (20.5%) identified as male, and 0
(0.0%) identified as neither male nor female (race/ethnicity and parental income information
available in Table S1). Participants were on average 19.9 (SD = 1.8) years of age (Table S1). There
were 47 individuals (56.6%) who currently live with at least one pet in their primary residence and
67 (80.7%) who lived with at least one pet as a child. All participants received one hour of research
credit in exchange for their participation.

Measures

In addition to the measures used in Experiment 1, we also explored the influence of human-
animal interaction on affect through measures of anxiety and stress.

Affect. We assessed participants’ present and general feelings of anxiety with the State and
Trait Anxiety Inventory [STAI; Spielberger et al. (1999)]. Participants were presented with 20
statements (e.g., “I feel calm”) and rated each from one (not at all) to four (very much so) to
describe their feelings in the moment (state; @ = 0.93), then rated another set of 20 to describe their
feelings in general (trait; @ = 0.95). We also measured present feelings of anxiety with the single-
item Anxiety Visual Analogue Scale [AVAS; Cella and Perry (1986)]. Participants indicated how
anxious they felt in the moment via mouse-click between poles not at all anxious and extremely
anxious on a 100-tick horizontal line. Participants also indicated how stressed they felt in the
moment with the similar Stress Visual Analogue Scale [SVAS; Cella and Perry (1986)]. Higher
values represent stronger feelings of anxiety and stress.

Animal-related measures. Participants responded to the same the animal-related measures
used in Experiment 1, including the pet attitude scale (w = 0.93) and the HAI experience questions
(w =0.86). In addition, the researcher logged the amount of time the participant spent physically
interacting with the dog, which ranged from 30 sec to the full 3 min.
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Procedures

All procedures from Experiment 1 carried over to Experiment 2. However, instead of
beginning with the Positive and Negative Affect Schedule, participants first completed Anxiety
and Stress Visual Analogue Scales (baseline), then STAI prior to PANAS. Participants also
completed Visual Analogue Scales immediately preceding the 3-minute animal interaction/control
condition (pre-condition or pre), immediately following the condition (post-condition or post), and
following completion of the experiment (post+20).

Analysis

Of the 83 eligible participants, 42 participants experienced the animal-interaction condition
and 41 experienced the control condition. We increased our sample size slightly from Experiment
1 1 to enhance our ability to detect any potential effects in negative affect.

Participant characteristics. There were no between-group differences in pre-condition
scores for any affective measures, cognitive tasks, or animal-related measures (Table 2).

Data analysis. We utilized the same data analysis approach as Experiment 1 and also used
this approach to analyze AVAS and SVAS (immediately before and after intervention). For
moderation analyses, we tested all Experiment 1 moderators in addition to state and trait anxiety
(from STAI), anxiety change from immediately pre- to post-condition (from AVAS), and stress
change from immediately pre- to post-condition (from SVAS). We also included these additional
measures in exploratory correlations between pet experience, affect, and cognition for those who
experienced the animal interaction.

We log-transformed negative affect pre- and post-scores and removed a single outlier
(standard deviation x 3) to conform to analysis of covariance model assumptions. We excluded
one observation from DRM (participant expressed comprehension issues after task), three from
Necker cube (participants expressed comprehension issues after task), six from digit span
(participants did not request response sheet or did not complete more than half of task), and three
from n-back (two participants did not record any responses and one participant expressed
comprehension issues after task).

The effect of condition on anxiety and stress ratings is demonstrated by Figures 3c&d and
S5c&d and Table 2. There is strong evidence that anxiety was lower post-condition for HAI
compared to control (F(1,80) = 9.50, MSE = 172.0, p = 0.003, #2 = 0.11, BF1 = 11.22) and
moderate evidence that stress was lower for those who experienced HAI than control (F(1,80) =
6.20, MSE = 228.7, p = 0.015, A% = 0.07, BF10 = 2.96) when controlling for pre-condition scores.
Cognitive

There is no evidence to suggest that human-animal interaction and control groups differed
on any measure of cognition (Table 2; Figures 4 and S6). Specifically, there is moderate evidence
that there is no difference between control and HAI groups for the long-term memory task at post-
condition (W = 767, p = 0.485, r = 0.08, BF1o = 0.20), the average switches in the Necker cube
controlled attention task (F(1,77) = 0.43, MSE = 8.19, p = 0.516, 7 = 0.01, BF1o = 0.29), the n-
back working memory task (F(1,77) = 0.26, MSE =0.92, p = 0.610, 7z = 0.01, BF1o = 0.25), and
the digit span working memory task (F(1,74) = 0.76, MSE = 2.42, p = 0.385, #2 = 0.01, BFyo =
0.32).
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Table 2: Experiment 2 scores

Pre-condition Post-condition
Control HAI Control HAI

Measure n M M p BF1o n M M p BF1o
Animal measures
Pets now (%) - 60.98 52.38 - - - - - - -
Petsasachild (%) - 8293 7857 - - - - - - -
Pet attitude (PAS) 83 5.84 590 0.67 0.19 - - - - -
Affective measures
Positive affect
(PANAS) 83 2.96 3.09 045 0.30 83 277 3.25 <0.001 >100
Negative affect
(PANAS) 83 1.44 140 096 0.17 82 025 0.13 <0.001 9.31
Anxiety (AVAS) 83 28.83 36.45 0.11 0.59 83 23.28 14.28 <0.001 11.08
Stress (SVAS) 83 33.73 39.36 0.18 0.34 83 25.44 17.12 0.01 3.00
State anxiety
(STAI) 83 36.22 3400 025 031 - - - - -
Trait anxiety
(STA) 83 40.88 38.55 0.37 0.26 - - - - -
Cognitive measures
Accuracy (DRM) - - - - - 82 0.74 0.71 0.48 0.21
Average shifts
(NCPC) 80 0.15 -1.15 0.19 0.36 80 -1.51 -193  0.52 0.28
Index (Digitspan) 77 5.84 6.13 043 0.21 77 6.83 6.52 0.39 0.32
d” (N-back) 80 -0.09 030 019 0.49 80 0.00 0.11 0.61 0.26

Note: Post-condition scores control for pre-condition scores. Table used with permission under a
CC-BY4.0 license: Thayer & Stevens, 2020; available at https://doi.org/10.31234/osf.i0/7v5na.
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Figure 3. Affect scores pre- and post-condition for control and HAI (human-animal interaction) groups in
Experiment 2. Scores show (a) positive PANAS ratings, (b) negative PANAS ratings, (c) anxiety ratings,
and (d) stress ratings. Open triangles (blue) represent individual control participant scores, open circles
(orange) represent individual HAI participant scores, closed triangles and circles represent condition group
means (with lines connecting condition means), error bars represent 95% confidence intervals. Figure used
with  permission under a CC-BY4.0 license: Thayer & Stevens, 2020; available at
https://doi.org/10.31234/osf.io/7v5nq.
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Figure 4. Cognitive performance for control and HAI (human-animal interaction) groups in Experiment 2.
(a) Long-term memory accuracy from the Deese-Roedinger-McDermott task was calculated only post-
condition. Pre- (Pre) and post-condition (Post) performance was calculated for (b) the difference in number
of attentional shifts between the two Necker cube trials, (c) the index for the backwards digit span task, and
(d) d” for the n-back task. Open triangles (blue) represent individual control participant scores, open circles
(orange) represent individual HAI participant scores, closed triangles and circles represent condition group
means (with lines connecting condition means), error bars represent 95% confidence intervals. Figure used
with  permission under a CC-BY4.0 |license: Thayer & Stevens, 2020; available at
https://doi.org/10.31234/o0sf.io/7v5nq.
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Exploratory analyses

In line with Experiment 1, there is no evidence that the same variables nor the anxiety- and
stress-related variables moderated the relationship between experimental condition and composite
cognitive performance. Specifically, there is evidence that condition-cognition moderation models
did not outperform intercept-only models for pet attitude (R?> = 0.01, F(3,68) = 0.07, p = 0.973,
BF10 = 0.02), positive affect change (R? = 0.05, F(3,68) = 1.15, p = 0.336, BF1o = 0.08), negative
affect change (R? = 0.03, F(3,68) = 0.64, p = 0.589, BF1o = 0.05), stress change from pre- to post-
condition (R? = 0.02, F(3,68) = 0.36, p = 0.781, BF1o = 0.03), anxiety change from pre- to post-
condition (R? = 0.01, F(3,68) = 0.06, p = 0.979, BF1o = 0.02), STAI-State anxiety (R?> = 0.04,
F(3,68) = 1.02, p = 0.390, BF10 = 0.07), and STAI-Trait anxiety (R?> = 0.04, F(3,68) = 1.00, p =
0.400, BF10 = 0.07).

We replicated finding (1) positive relationships between pet attitude and comfort with the
dog, desire to interact with the dog, and the change in positive PANAS, (2) negative relationships
with discomfort and ambivalence with the dog, and (3) no relationships with cognitive performance
composite (Figure S4b). Pet attitude also positively correlated with trait anxiety and negatively
correlated with change in negative PANAS, feelings of stress, and feelings of anxiety.

Summary of results

Our findings from Experiment 2 provided nearly identical results to those we observed in
Experiment 1. We observed once more that a three-minute HAI bolstered positive affect more so
than a control; however, unlike in Experiment 1, HAI reduced negative affect. Further, human-
animal interaction evoked lower stress and anxiety than the control. We did not observe differential
improvements in attentional control or working memory between control and HAI groups. All
follow-up moderation analyses mirrored those conducted in Experiment 1 such that affect change,
ratings of anxiety and stress change, pet attitude, and state and trait anxiety did not influence the
relationship between experimental condition and cognitive performance.

Discussion

Taken together, our findings provide support for the efficacy of animal interaction on affect
but no evidence to suggest that animal interaction influences executive function. Specifically, there
was greater positive affect improvement in HAI compared to control groups in both Experiments
1 and 2. Though we did not have evidence of effects of HAI on negative affect in Experiment 1,
this likely resulted from a slightly smaller sample size. With the larger sample size of Experiment
2, we found that negative affect was reduced more in human-animal interaction than control groups.
Anxiety and stress measures included in Experiment 2 captured more pronounced decreases in
anxiety and stress for HAIl compared to control groups. Nevertheless, measures of cognitive
performance (long-term memory, working memory, and attentional control) did not differ between
control and HAI groups in Experiments 1 or 2.

Improvements in affect following brief interactions with an unfamiliar animal are
commonly observed in experimental HAI manipulations (Beetz et al., 2012; Lass-Hennemann et
al., 2014; Crossman et al., 2015; Grajfoner et al., 2017), although future research should explore
how long these effects last. Our evidence of a positive affect-boosting effect of animal interaction
in both experiments validates our experimental design. We observed similar improvements in
negative affect, anxiety, and stress in Experiment 2. Given the modest effect sizes observed here,
three minutes may be a minimally effective interaction period. In fact, a recent dose-response
investigation found that low doses of HAI (i.e., three minutes) elicited stress improvement in a
majority of participants but that maximal improvement relative to time spent was reached with 15
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minute doses (Fournier, 2019). Thus, longer interaction durations could induce changes in
cognition not observed here. Note that this work focuses on the short-term interactions used in
animal-assisted interventions. It is not clear whether they carry over into longer-term interactions
associated with pet ownership.

Given the evidence that HAI influences affect and stress, which in turn can influence
cognition, we expected HAI to influence cognition. In particular, we expected HAI to influence
executive functioning because HAI shares characteristics with another literature—exposure to
natural landscapes—that does influence attentional control and working memory. Because animals
are an inherent part of nature, and HAI has been tied to biophilia as well, the nature exposure
literature created a conceptual framework for predicting that HAI could influence executive
functioning. However, our results—and the results of others (Gee et al., 2014, 2015; Hediger &
Turner, 2014; Trammell, 2019)—run counter to the findings in the exposure to nature literature.

There are at least two possible reasons why our results do not follow the findings in the
nature exposure literature. First, there may just be a fundamental difference between exposure to
nature and interacting with animals. Perhaps biophilia may elicit strong affective effects in both
nature and animal interactions because they share a similar experiential component. However, the
improvement in affect triggers downstream effects on cognition differently with animals and
nature. Similarly, cognitive restoration observed following experiences in nature may not be
attributable to biophilia alone because these effects are dependent on aesthetic features unique to
natural environments, whereby cognitive improvement is facilitated by a more complex
mechanism. Also, using biophilia as the framework connecting the nature exposure literature with
human-animal interaction may not be as clear-cut as would be expected. While early work
suggested that animal interactions should fit within the biophilia framework (Lawrence, 1993),
more recent critiques suggests a more nuanced approach (Joye & De Block, 2011). For example,
observed HAI effects on well-being may be due to the calming and supernormal stimulus properties
of animals or social/cultural effects rather than them being historically important in our evolution
(Serpell, 2004; Kruger & Serpell, 2010). Even within an evolutionary framework, animals typically
fall into categories of predator or prey, and we may have evolved specific cognition to avoid
predators and capture prey (Barrett, 2015). From this perspective, some species are functional in
terms of consuming their meat, whereas others are to be feared and avoided. This view would
predict differences between species, with predator species probably not enhancing well-being to
the degree that less threatening species might. Thus, human-animal relationships are not as
straightforward as proposed in the original biophilia hypothesis, and this hypothesis may not have
strong predictions about how interacting with animals should influence human well-being.

An alternative possibility is that our experimental paradigm did not trigger latent cognitive
effects of HAI. Perhaps exposure to nature can reach the threshold for triggering these effects
easily, but the threshold is higher or harder to reach for animal interactions. Or the time lag for
these effects may be delayed (e.g., Handlin et al., 2011). Thus, experimental design could be critical
for studying HAI effects on cognition. Decisions about durations of exposure, number and timing
of cognitive tasks, and the presence of stress induction could be important in eliciting effects of
animal interactions (Fournier, 2019; Griffin et al., 2019), as has been demonstrated in the exposure
to nature literature (Shanahan et al., 2016; Cox et al., 2017; Stevenson et al., 2018; Stenfors et al.,
2019).

Alternatively, other factors could moderate potential HAI effects on cognition. Individual
and cultural differences in interactions with animals can moderate effects on well-being (Barker et
al., 2010) and could potentially moderate effects on cognition. This possibility necessitates
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inclusion of individual difference measures, such as pet attitudes, to better understand the factors
influencing potential HAI effects on cognition. Though we found no moderating effect of pet
attitudes or ownership in our analysis, these types of factors are important to help profile
individuals and groups best suited for animal interventions (Melson, 2011; McCune et al., 2014,
2020).

Thus far in the field, the experimental design attributes of human-animal interaction
delivery, duration, and features have been a function of convenience and guesswork as opposed to
driven by theory. The field is in need of a grounding framework to systematically grow this
understanding. The neighboring domain of exposure to nature literature may provide a suitable,
rigorously studied foundation (Kaplan & Berman, 2010; Bratman et al., 2012; Schertz & Berman,
2019). By taking advantage of the affective and cognitive frameworks embedded within the
exposure to nature literature, HAI practitioners provide themselves with the chance to standardize
investigations of cognitive performance and draw theoretically sound inferences from their
findings. Evidence of this sort is well-positioned to inform decisions regarding the implementation
of HAIs in schools and other performance-dependent contexts for healthy and clinical populations.
A deeper understanding of the influence of HAIs on cognition can also provide necessary footing
to investigate whether observations are moderated by life experiences, such as growing up in an
urban or rural community, race/ethnicity, socio-economic status, or personal history with animals.
With affiliative animals like dogs so accessible in daily life, it is crucial to profile the restorative
potential of these therapeutic agents by furthering research into the influence of animal interactions
on cognition.

Our study investigated HAI in student participants and replicated effects on affect (Stewart
et al., 2014; Crossman et al., 2015; Crump & Derting, 2015) and lack of effects on cognition (Gee
et al., 2014, 2015; Trammell, 2019) observed in similar populations. Undergraduate students are a
unique and unrepresentative population, potentially limiting the application of these findings to
other populations. Nevertheless, the high levels of stress and anxiety experienced by students—
and the pressure for high levels of cognitive performance—underscore the importance of
understanding these effects in this population. Furthermore, the effect of HAI on affect (Crossman
et al., 2020) and and the lack of an effect on cognition (Hediger & Turner, 2014) has also been
documented in children, suggesting that our findings may generalize beyond undergraduate
students. Yet even the sample of undergraduates that we tested is not representative, with a bias
toward female, white, affluent participants who owned pets as children. Further research must
assess if these findings generalize to other populations.

In addition to a potentially unrepresentative sample of participants, the experimental design
may have imposed limitations on the ecological validity of the study. The controlled nature of the
experimental setting may have inhibited participants from engaging with the dog in a natural way.
Participants may have found having the experimenter in the room or the admonition to avoiding
‘riling up’ the dog to be awkward for engaging in a natural interaction. Thus, differently structured
interactions (e.g., in less prescribed or group settings) could result in different outcomes.

Experimental outcomes could also depend on how familiar participants are with the dogs.
People interacting with their own dog or a familiar dog may have a more enjoyable experience,
which may put them in a different state of mind for completing the cognitive tasks. Not knowing
the dog may have made the participants more inhibited, precluding them from fully experiencing
any possible benefits in cognitive performance.
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Conclusion
In the present study, we addressed a need to strengthen theory-driven tests of the influence
of human-animal interaction on cognition. We observed positive effects of HAI in affective
measures—including positive affect, negative affect, anxiety, and stress—but did not observe
improvement in cognitive performance. Future research should continue to enhance the connection
between nature exposure and human-animal interaction studies to build our understanding of
cognition in response to animal interactions.
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