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Abstract
The Open Field test is a common tool to measure anxiety and behavioral changes in rodents. However,
scientific findings of rodent experiments may not translate adequately to humans and it has been
shown that larger animal models might perform better in that regard. As a result, the number of
published studies involving the Open Field test in domestic pig models is increasing. The aim of our
review was to investigate the Open Field set-ups in published studies as well as similarity between
performance and parameters published. Following the PRISMA guidelines for reviews we selected 69
studies for data extraction in this systematic review. We were able to determine specific set-up
conditions such as size, duration and daytime for most of the included studies and found a high
variability within these test specifiers. Results indicate a non-uniform performance of set-up including
size, timing, parameters and additional combined tests such as the novel object test. We would like to
point out the need for standardization of Open Field test for pigs in order to improve result,
comparability and reduce inconsistencies.

Introduction
One tool to assess treatment outcomes is the Open Field (OF) test, which is widely used in rodent
models. A closer look into history reveals that the OF was first developed by Hall in 1934 defined as an
‘unfamiliar enclosure’ [1]. It was supposed to analyze anxiety, behavior or toxicological effects in
rodents. In the context of approach-avoidance conflicts the OF test however is recommended to be
used in combination with other anxiety-related tests like elevated plus maze or the social interaction
test in order to make a powerful statement, as OF alone is no valid indicator of emotions [2]. Within
time and with evolving technology the OF was used to also determine distance and velocity as objective
parameters for locomotor activity [3, 4]. Later, behavioral patterns such as rearing and grooming were
added to determine well-being in rodents as they indicate stress levels [5-7]. In pigs, the OF is often
combined with a novel object test (NOT) or human approach test (HAT) [8]. For NOT an unfamiliar
(new) object is usually hung from the ceiling, mostly after the pig adapted to the Open Field for a few
minutes to assess the exploratory reaction. For the HAT, a human unfamiliar to the pig, enters the
Open Field area and likewise the behavior such as anxiety or curiosity as well as the approach are
recorded.
The domestic pig is a commonly used model in several fields of biomedical research [9]. It also closes
the gap between rodents to humans with more genetically and morphological similarities to humans
[10]. Especially before adapting clinical studies, a large animal model can answer specific questions in
fields of surgical models, toxicology or brain disorder. However, behavioral tests established in rodents
do not necessarily translate to pigs due to their different response to behavioral stimuli [11].

However, there are only a few validated methods to assess aversion to novelty in pigs [12]. In addition,
animal models of pain-related studies include a variety of methods to assess changes in behavior
following pain. Although, using rodents and flight animals for pain-assessment is criticized due to a lack
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of translational ability to humans [13-15]. Additionally, toxicology studies in pigs have also been used
to investigate fetal programming, [16] antipsychotic drugs[17, 18] for mental disorders like
schizophrenia or addiction to drugs [19]. Furthermore, environmental enrichment is known to have a
positive influence on early life stage in regard of sensory, social, cognitive and motor functions in rats
[20, 21]. It is also under investigation if such factors facilitate social or emotional behavior in pigs by
rearing the environment. Especially in respect to farm animals the OF might be a powerful tool to
determine the impact of husbandry conditions on pigs [22-24].
According to Forkman et al when transferring the OF test to domestic and farm animals their species
specific behavior was not taking into account [25]. Rodents naturally show thigmotaxis when exposed
in the OF whereas such behavior is not described for farm animals like pigs. Although boars could be
seen roaming close to timberline, the distance to trees is with an average of 54m too high to be seen
as thigmotaxic behavior and cannot be transferred to the OF arena [8]. Therefore, using OF as an pure
indicator [24] of anxiety should be seen critical [25].
A screening of literature yields a wide and non-uniform use of the OF test in pigs varying in size,
duration and outcome parameters. Additionally, a lack of information regarding the housing
conditions, animals and performance of behavioral tests could be observed. Additionally, since there
is so far no consensus on the behavioral parameters with the most significance for the emotionally
state, impacts on social isolation or pain-based behavior change, we examined the broad range of
parameters used in the studies to see which ones where the most often used.
Therefore, this systematic review investigates if an overlap of set-up, performance and parameters can
be found between the studies to give future recommendations on standardization of OF test in pigs.

Methods
This study was done in accordance with the guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [26] and was conducted using a registered protocol of the
International Prospective Register for Systematic Reviews (PROSPERO, CRD42019156734).
Search strategy
The survey aimed to identify published manuscripts with defined set-ups using OF in combination with
sus scrofa. We searched MEDLINE (Pubmed), EMBASE and Web of Science with various search terms
related to pig namely: “pig”, “porcine”, “swine”, “boar”, “gilt”, “miniature swine”, “sows”, “piglet” and
“piglets” and combined them with terms to investigate into studies using the OF test to assess behavior
with the terms “open field”, “open-field” and “behav*”. Search terms were similar for each database.
The systematic literature search of studies was carried out in November 2019 for the years 1967 to
November 2019.
Study selection
We defined the inclusion criteria a priori into 4 dimensions: (I) a full text could be retrieved, (II) the
study was written in English, (III) the species was limited to sus scrofa and (IV) the study used an OF
with or without a novel object (NOT) or human approach test (HAT). We defined the OF as an
unfamiliar, confined environment including alternative names like “pen” or “home pen” if used.
Studies were excluded if (I) the publication type was a review and (II) if studies were unpublished yet.
All references were imported to Endnote X9 (Clarivate, Pennsylvania) and duplicates were removed.
Primary Outcomes


Set-up of OF (dimension, segments, duration, daytime)
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Age or body weight of animals

Secondary Outcomes




Time spent with NOT, HAT or intruder
Parameters gained by OF (e.g. mobility, vocalization, exploratory behavior)
Categorization of scientific fields of selected studies

Data Collection
Two independent reviewers evaluated with a standardized selection worksheet the eligibility of each
article. Studies were excluded when both reviewers agreed that the inclusion criteria were not met. A
third reviewer was not required as all disagreements could be solved by discussion.
Risk of Bias
The risk of bias was described and judged according to the SYRCLE’s risk of bias tool [27] adapted from
the Cochrane Risk of Bias (RoB) tool [28]. Studies will be categorized as low, high or unclear risk of bias
in all ten domains. Three independent authors judged the RoB for each study.
Data synthesis and statistical analysis
Our primary outcome was study parameters regarding the dimension of OFs as well as the actual
performance (time used, acclimatization, NOT and HAT) of the behavioral tests. Additionally,
parameters of interest occurred as secondary outcomes describing the day time of test performance,
age or body weight of animals used, and the investigated behaviors of pigs. Additionally, the domains
of scientific questions were evaluated. A meta-analysis was not performed due to a solely narrative
description of data. To correlate parameters the software Graph Pad Prism 7.0 (Dan Diego, USA) was
used with Pearson r and 95% confidence interval. Boxplot were given with whiskers displaying the 595% confidence interval and outliers. Results are given in mean or median with standard deviation.
Scientific domains were displayed in a radar plot by visual-paradigm.com.

Results
The initial search of each data base yielded a cumulative 379 hits. Both independent reviewers had a
high level of agreement in which 11 studies had to be discussed. The abstract screening provided 81
studies. A second consensus meeting with full congruence excluded another 12 studies due to
exclusion criteria. In total, a sum of 69 studies were included into this survey. Figure 1 displays the
review process stepwise.
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Figure 1 Flow chart of systematic review process by four stages according to the PRISMA guidelines

Our quality indicator between the 69 selected studies varied widely. Key criteria focused on detailed
information given about OF dimension, day time of experiment, animals, test specifiers (time in OF,
number of tests, etc.) and ethical approval by authorities.
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Table 1 Quality and ranking of studies based on the given information sorts all studies by information
available ranking those with highest quality above.
Only three studies were able to provide all information followed by 25 studies matching at least 4 of 5
quality criteria. More than half of the selected publications (41 publications) did provide 3 or less of
the quality criteria and therefore had a lack of information.
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Set-up of Open Field
The size of the OF varied highly within the studies with a mean of 11.28 m² and a large standard
deviation of 8.55 m². Two studies did not provide information about the size of their OF [30, 71] (Figure
2). Whereas most studies used a rectangular room, two studies of the same group mentioned a circular
arena as OF [12, 81]. Forty-two studies gave additional information about a segmentation of the arenas
in sections whether physically or virtual applied (Figure 3). The median of sections used is 12 ± 13.2.
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Figure 2: Points showing the length and width of OF with 27 points presenting a square (n=67). Two studies
used a circular area which is presented as a circular dotted line.
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Figure 3 Left: Boxplot of Open Field size with whiskers displaying the 5-95% confidence interval and outliers
(n=69). Right: Boxplot of number of segments used in the Open Field with whiskers displaying 5-95% confidence
interval and outliers (n=45).
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Some studies gave information about the size of the OF being adapted to the age of the pigs according
to previous studies [12, 81]. To investigate, whether the size of OF correlates with the size of the
animals, we looked into the weight and age distribution and compared them with the OF square
meters. Overall, 6 studies did not provide information about age/body weight or size of OF and could
not be included into the comparison [34, 37, 63, 71, 75, 92]. Even though most studies reported the
age of their animals, the race and crossbreds varied, so no estimation can be made between age and
body weight or size of the animal. As data of body weight are not uniform (given absolute [33, 54, 60,
62, 72, 93], as range [31, 47-50, 78], with mean and SD [12, 41, 51, 63, 80, 86, 88] or gained bodyweight
due to food intake over time [44, 59]) a calculation was not possible. Thus, leading to 60 studies where
information about the animals age could be included. For comparison, all ages were recalculated into
days.
The distribution of age in the studies showed 63.8% (44 studies) of the animals being in the age of 2 to
79 days of which 13 studies used piglets during the weaning phase of <20 days [11, 30, 40, 42, 50, 55,
57, 65, 67, 71, 72, 90, 91]. Thirty-six percent reached an age of 80 days up to 540 days (Figure 4: Age
distribution of animals per study. Age is given in days with a split x-axis at 100 days.). In. Six studies used adult
pigs with an age over 6 months. [31, 49, 51, 77, 78, 85]
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Figure 4: Age distribution of animals per study. Age is given in days with a split x-axis at 100 days.

The correlation of animals’ age against the size of OF showed no positive correlation (Figure 5).
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Figure 5: No correlation (Pearson R) between age and size of Open Field could be found (n=58).

The majority of the 24 studies provided information about the day time the test took place performed
the OF before noon and 54.5% between 10 and 11am (Figure 6). Four of the studies did mention a
starting time of OF at 10:00, 14:30, 15:30 and 16:30 [24, 35, 51, 75]. One study postponed the
behavioral test to the evening (6 to 7pm) without further explanation [69]. Forty-five publications (65.2
%) did not refer to a daytime at all.
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Figure 6 Spans of daytime the OF was performed in. Grey lines referring to the total time and black lines
referring to a start time with open end.

A closer look at the distribution of age per sex revealed that studies using litters with both sexes mainly
used younger piglets with a mean of 42.05 ± 34.1 days than the overall age of animals (Figure 7).
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Figure 7: Distribution of age separated by gender.

To estimate the average time a pig spent in the OF arena we distinguished between OF test, NOT and
HAT. Thirty-four studies (50.7%) did only perform an OF test whereas another 35 studies additionally
used NOT and/or HAT (Figure Figure 6: Duration pigs spent in a start box, in the Open Field with additional
NOT or HAT.). In six studies (8.7%) a start box with an initial waiting and acclimatization time was used
with a mean of 2.14min ± 1.87 [53, 62, 63, 68, 71, 77]. In the majority of studies, the OF behavioral test
lasted for 10 min (8.92 min ±12.2). An intruder (human [41, 56, 62, 70, 71, 76, 92] or pig [74]) was
added in eight studies. This was often combined with NOT and separated OF time. If a NOT test was
used, the mean time for this test was set to 5 min (5.74 min ± 2.76).
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Figure 6: Duration pigs spent in a start box, in the Open Field with additional NOT or HAT.
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Parameters gained by Open Field
In this review we divided the various parameters into eight main categories and counted the number
of occurrences in each publication. Those parameters only occurred less than two times where
displayed as “others”. Categories in Table 1 Quality and ranking of studies based on the given
information where sorted according to the frequency of occurrence.
Table 2: Parameters gained by Open Field sorted into domain categories and their occurrence.
Category

Description

Mobility

Total
Distance (number of squares entered; total distance
covered)
Escape attempts (by jumping)
Locomotion (without further sub-division)
Walking
Running
Trotting
Velocity
Others
Total
Surrounding (ground, wall)
Object (sniffing/manipulating with snout or body,
avoiding, looking at object, knocking object with
head)
Person (touching, sniffing, looking at human, licking,
biting)
Total
Standing
Laying/Recumbency (lateral/ventral)
Time spend in center/number of entries to center
Sitting
Freezing in alert
Others
Total
Defecation
Urination
Food intake
Water intake
Total
Grunts
Squeals
Screams
Not differentiated (Vocalization)
Barks (Bark-like noise)
Total
Standing
Laying (ventral, lateral)
Sitting
Freezing in alert
Others
Total
Rooting
Chewing
Sniffing
Nudging

Exploring

Immobility

Excretion/ Ingestion

Vocalization

Posture

Behavior

No of
occurrence/study*
113
34
21
21
18
7
3
3
6
65
27
31
7

62
26
10
10
7
4
5
55
26
16
9
4
54
20
13
9
8
4
52
27
10
7
4
4
36
6
5
4
3
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Scratching
Watching/scanning/looking around
Others
Social interaction
Total
Aggressiveness (chasing, biting, pushing, oral grasping,
attacking)
Playing with mates
Proximity to mates
Self-isolation
Exploring mates
Other
Study dependent parameters other than main categories
*multiple number of occurrence possible

3
3
12
13
5
3
2
2
1
5

We found mobility and immobility as well as exploratory behavior (if a NOT was used) to be the
categories with the main interest followed by vocalization and excretion/ingestion. There is an overlap
of parameters defined as posture in some studies with immobile parameters. Interestingly, the
parameters of species-specific behavior of pigs are only ranked on the seventh position and where
used in only 20 studies. If a species-specific behavior (e.g. nudging or chewing) occurred as exploratory
interaction with a NOT it was categorized as exploratory behavior. Some behaviors where categorized
by the authors as exploration instead of behavior. We found the wording and interpretation of
parameters to be inconsistent between the various studies. Therefore, immobile parameters also
describing a posture where counted in both categories.
Domain of Scientific Question
During this systematic review as secondary outcome the question arises which experimental field are
the publications assigned to, giving more insight view of how OF is used for pigs. We therefore
categorized all studies given 6 main categories and cumulating the remaining ones as others.
The following categories for experimental questions were defined: Anxiety/stress, toxicology (studies
of drugs and their impact on behavioral change), behavior change due to diet, genetic background,
intervention (e.g. surgery), environmental change associated behavior and others (Figure 9).
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Figure 7: Radar plot showing the studies assigned to the categories of scientific question. Each line representing
one number on the scale (n=69).
Risk of Bias

The publication bias has been applied according to the SYRCLE risk of bias tool [27] on all sixty-nine
studies. Three independent authors judged all studies leading to 250 issues being solved by discussion.
A full agreement on the RoB was found.
The performance bias regarding random housing concludes that no study referred to a random
allocation of animals to their home pens. Mostly, animals were grouped litter wise for toleration of
companions in respect to the animal welfare. However, if animals were housed in pens with the same
controlled climatic conditions and sizes the author decided to answer the question positive (low risk).
In this case there seems to be no negative influence of the allocation to the different pens on the
experimental outcome.
Because in various publications animal behavioral tests often occurs with a special housing situation
like warm areas, special signature odors or sex depended assignment, care takers or investigators
could not be blinded for the experiment. In this case the authors judged against the study. If animals
were assigned to all interventions with or without random allocation to the individual tests, the
question of allocation concealment was defined as positive.
The complete analysis of the authors judgement with respect to the RoB is shown in Figure 10.
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= low risk,

= high risk,

= unclear risk

Figure 10: Estimated risk of bias of all studies according to the RoB-tool
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Positively, around 60% of all studies had a low risk of bias regarding the baseline characteristics.
Because behavioral testing as well as grouped husbandry of pigs is highly influenced by body weight,
littermates or sexes most sequence generations were not random but took this important aspect into
account [84]. This leading to 30 studies with a high risk of bias in sequence generation, according to
the RoB-tool.
Twenty-nine publications had a higher risk of bias mainly due to commercial funding whereas 39
studies where approved by authorities or governmental institutions leading to a low risk of bias.
Additionally, we focused on the study design to answer the question of other sources of bias.
Especially, the blinding of assessors as well as the randomization of outcomes where the items with
the most unclear status. Only 5 studies referred to a blinded assessor for at least one parameter.
An overview of the estimated risk of all studies per domain is shown in Figure11.

Figure 11: Review authors' judgments about each risk of bias item presented as percentages across all included
studies.

Discussion
The aim of this systematic review was to investigate into the set-up of OF used in pigs. We therefore
firstly looked into the size of OF arenas (Figure 2) to determine whether there is a common or
standardized size being used. Although, almost half of the studies used a square or nearly-square OF
the size varied widely between all studies. In mean the dimension of the OF is 11.3 m². Andersen et. al
referred to the size of the OF being adapted to the age of the animals [12]. In a second attempted we
therefore correlated the animals age (Figure 4: Age distribution of animals per study. Age is given in days
with a split x-axis at 100 days.) with the size of OF area (Figure 5). We could however not find any
indications that there is a positive correlation (R² = 0.02) between those parameters/outcomes. We
assume the high variance might be due to structural conditions instead of being chosen in accordance
of animals age or weight. In two-third of the studies the OF was subdivided into sections, whether
virtually applied or painted to the floor. The comparison between the included studies showed a high
variance in the number of sections from zero up to 72 (Figure 3). In median the amount of sections
was 12. Overall, we found the size and number of sections of the OF to be inconsistent and not be
18
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related to the age of pigs. For future experiments, a standardization would help to compare results
between studies and set them into an overall context.
Often, a male bias in research is reported where female mammals are neglected. Although in clinical
research the inclusion of women reached more attention this is not the case in basic science and
translational research [94-96]. In contrast to this, the distribution of gender showed multiple studies
using female pigs or both sex when focusing on litters. There seems to be a low sex bias which enhances
the possible translation of results to humans.
We also investigated if there is a daytime commonly used for OF tests in pigs. Rodents are nocturnal
animals and most of the OF tests were performed during their inactive phase [97]. Most domestic
animals are diurnal [25]. These ecological characteristics might make it difficult to translate the OF
from rodents to large animals. A comparison between studies revealed the morning between 9 and
10pm to be the most used time to perform the OF test (Figure 6 Spans of daytime the OF was performed
in. Grey lines referring to the total time and black lines referring to a start time with open end. ). Some studies
mentioned the OF were carried out after the feeding and a few used feeding as a part of the OF test
[43, 88]. The predictability of food rewards or feeding are known for being stressors to rats [98]. If for
anxiety test the feeding and daytime of OF test should be considered to have an effect on the outcome
measures. Some studies investigated in several different tests per animal and day (data not shown).
None of those seven studies performing the OF test later than 11am gave an explanation for the chosen
time . Right now, no investigation into the impact of daytime on the OF could be found.
Another primary outcome of this systematic review were the test specifiers. Here we wanted to
identify how long animals stayed in the OF and if there are any consistencies. Because half of the
studies used the OF in combination with NOT or HAT we also wanted to picture the average time spent
on these test as well. Almost half of the studies used 5 minutes and only three studies extended the
time to one hour (Figure 6: Duration pigs spent in a start box, in the Open Field with additional NOT or HAT.).
Therefore, the original time of 10 minutes developed by Hall [1] for rodents was often reduced down
to 5 minutes. Thirty-four studies added a NOT to the OF test extending the time to 10 minutes. Of
those studies, the majority investigated into the behavioral change due to environmental conditions,
looking into the welfare and development of animals (Figure 7) [24, 56].
As another potential source of variability, we listed the parameters gained by the OF (Table 2). In
contrast to exploratory behavior parameters of mobility especially distance and velocity are objective
values which can easily be determined by using tracking software [99]. Unfortunately, many studies
instead used the method of counting steps being made into sections to determine the mobility of
animals. Due to different numbers of sections per area and various size, a comparison between studies
is difficult, here. Additionally, the size of pigs according to their strain and age is another variable when
determining the distance covered. In contrast to objective measurable values, parameters like
behavior and exploration have potential limitations. The interpretation of this species-specific
behavior is lacking of guidelines. Where some authors interpret the avoidance and immobility as
neophobia [29] others found this to not mirror anxiety [100, 101]. Rooting and sniffing behavior
changes within age of pigs decreasing over time as curiosity declines and are also be effected by the
increase of test cycles [29, 42, 74]. Additionally, the husbandry conditions also influences the behavior
of the pigs within the Open Field [69]. Over all, the included studies showed no consensus on the
wording and categorization of parameters.
A closer look into the categorization of studies to their scientific questions revealed the environmentdepending behavior changes to be of most interest (Figure 7). This is followed in equal proportions of
toxicological and anxiety studies. When distinguished between farm and laboratory animals it is
evident that the issue of rearing and enriched environment is primarily relevant for farm animals [23,
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41, 69, 85]. Other categories like surgical interventions or toxicology apply to laboratory animals. It
seems the OF test is not only able to answer scientific questions which translate to humans but also a
tool to assess welfare [56, 79] of farm animals. With 18 of 25 studies within this scientific field being
published after the year 2000 it becomes clear that awareness for welfare of farm animals rises.
Limitations
The quality of the included studies varied both in terms of available set-up data and comprehensible
results (
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Table 1 Quality and ranking of studies based on the given information ). The RoB analysis shows that
especially within performance and detection bias the procedures were mostly unclear (Figure). We
found no evidence of any study being controlled leading to a high risk of bias. Though, the sequence
generation has a high risk of bias in most of the studies this does not reflect the fact that the pig as a
target animal has a high sense of hierarchy. In some studies this behavior is implemented into the
study question where a sequence generation cannot be random [40, 53, 60]. In other studies, it is of
high interest for the pigs welfare to be grouped with equally ranked conspecifics or siblings to reduce
biting or gain access to feeding [30, 60].
Our study has some inherent limitations due to the heterogeneity of data. For comparison, we
recalculated the age of animals into days, which however leads to a slight difference to the actual age.
Another source of bias is the limitation to English language. This unfortunately excluded some studies.
A third factor of potential bias is the authors judgement of domain categories of parameters (Table 2).
We tried to match and assign the different outcome parameters to their related category. All studies
had a lack of information regarding the performance and detection bias. As we rely on these data, we
cannot eliminate the high-risk incidental thereto. Despite these limitations, we followed the strict and
sensitive protocol for data identification to reduce potential bias.
Conclusion
There is a high need of standardization for the use of Open Field tests in pigs. Especially general terms
and conditions on dimension, daytime and performance should be made. Additionally, a critical review
of parameters gained by Open Field as well as terminology should be in focus. It can be stated that the
use of OF alone does not give valuable information on anxiety models and is highly influenced by
several external factors. In addition, apparently the number of tests and age of the animals influence
objective parameters like mobility and elimination. It should be critically examined for each
experimental setup whether the Open Field is a meaningful test for pigs and whether a transfer from
rodent models is applicable.
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