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Conversations with stakeholders, as well as remarks in the literature, suggest that there may be
confusion about what can be concluded when a canine behavior evaluation has been described as being
“validated,” “reliable,” or “predictive.” To assess the evidence, we searched PubMed and ScienceDirect
using the terms “canine,” “behavior evaluation,” “temperament test,” and “shelter” to identify articles
that assessed the validity or reliability of evaluations based on battery of tests used or intended for
screening shelter dogs for behavior labeled aggressive and/or for adoption suitability. Despite 25þ years
of publications, including solid studies performed under good to ideal conditions by skilled investigators,
findings indicate there is no evidence that any canine behavior evaluation or individual subtest has come
close to meeting accepted standards justifying claims that it is validated for routine use in shelters.
Furthermore, the mean reported false-positive error rate in study populations was 35.1%, whereas in
more typical shelter populations, it was estimated at 63.8%. We propose that the discrepancy between
the actual state of the science and what people assume has been accomplished is primarily due to the
following: [1] confusion from mixing colloquial with scientific uses of words such as “validated,” “pre-
dictive,” “reliable,” and “agreement”; [2] the limitations of correlation and regression as statistical
methods for demonstrating agreement or predictive ability; [3] failure to account for the difference
between predictive validity of an instrument in populations of dogs in a research exercise versus pre-
dictive ability and error rate for individual dogs in real-world settings; [4] conflating statistical signifi-
cance with clinical significance; and, as a result of 1-4 aforementioned, [5] conferring overall validation
status, despite the results of studies being much more circumscribed. Given their published error rates,
one explanation may be that behavior evaluations lack basic face validity and/or a clear focus as to what
is being measured and its relevance to postadoption outcomes. This argues against use of any behavior
evaluation to make important decisions for shelter dogs, especially if the behavior(s) of concern were
only observed during provocative testing. These findings indicate an opportunity to acknowledge what
has been learned and bring together all stakeholders to consider the real needs of shelter dogs and what
the future might look like.
� 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction tests (often referred to as a series of subtests) involving different
Canine behavior evaluations conducted in shelters for the pur-
pose of making rehoming decisions typically comprise a battery of
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provocations on the part of the tester to attempt to elicit behavioral
responses from the dogs. In some cases, the behavior of the dog
under normal conditions or without provocation is also scored. The
implication is that the test designers believe that the responses
expressed during the tests reflect some global, fixed behavioral
tendency of the dogs.

In a previous article “No better than flipping a coin: Reconsi-
dering canine behavior evaluations in animal shelters”, we (G.J.P.
and J.B.) highlighted a fundamental, species-neutral principle of
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diagnostic testing that had not received sufficient attention in the
canine behavior literature, namely, that using even a validated test
in a population with a low prevalence of the behavior of interest
would inevitably be associated with an unacceptably high rate of
false-positive results (Patronek and Bradley, 2016). Having a low
prevalence of behaviors that adopters would find too problematic
to live with or that the test designers believed classify the dog as
dangerous would apply to most, if not all, populations of shelter
dogs that undergo a behavior evaluation. For shelter dogs, this
would mean that many could be inaccurately labeled as having
behavior problems and/or considered as failing the test, with
potentially dire consequences including euthanasia when behavior
evaluations are the main determinant of their fate.

Since that study was published, we have received questions along
the lines of “I thought it had been shown that a particular behavior
evaluation has been validated (or could reliably predict future
behavior)?”, and we have also read similar assertions in published
articles. This was both unexpected and concerning because in our
view, scientifically demonstrating overall validity (i.e., having
acceptable reliability, validity, and predictive ability conferring suit-
ability for routine use in shelter settings) has not been achieved for
any behavior evaluation or subtest published to date.

We propose that much of the disparity between the actual state
of the science and what people may assume has been accomplished
is primarily due to the following: [1] confusion from mixing
colloquial with scientific uses of words such as “validated,” “pre-
dictive,” “reliable,” and “agreement”; [2] the limitations of corre-
lation and regression as statistical methods for demonstrating
agreement or predictive ability; [3] uncertainty about the difference
between predictive validity of an instrument in populations of dogs
in a research exercise versus predictive ability and error rate for
individual dogs in real-world settings; [4] conflating statistical
significance with clinical significance; and, as a result of 1-4
aforementioned, [5] conferring overall validation status despite the
results of studies being considerably more circumscribed. The goals
of this article are to clarify these five issues with respect to shelter
behavior evaluations to assess what has actually been demon-
strated by reviewing published studies and to offer some insights
on what would be required to make a claim of overall reliability,
validity, and utility in the future for any canine behavior evaluation.

Literature search

We searched PubMed and ScienceDirect using the terms
“canine,” “behavior evaluation,” “temperament test,” and “shelter”
to identify publications that reported results from assessing the
validity or reliability of behavior evaluations used for screening
dogs for suitability for adoption and/or the presence of behaviors
categorized as aggressive by the test designers.We included articles
where evaluations were tested on owned dogs if the evaluation had
also been used in, or was potentially intended for, shelter dogs. We
also reviewed the reference lists of the retrieved articles.We did not
include publications whose focus was owner-completed scales
used to assess dog behavior, evaluations used to identify suitability
for training guide or service dogs, or results from testing purebred
dogs for inclusion or exclusion from breeding programs. A final
inclusion criterion was that articles had to report some measure of
reliability, validity, or predictive ability. We identified a total of 17
articles published from studies conducted in the United States, Italy,
Australia, the Netherlands, Sweden, Switzerland, Hungary, and the
United Kingdomwhose datawere consistent enough to summarize.
Those results, and our assessment of the degree of support from the
findings, are summarized in Figure 1. Specific reasons for our as-
sessments are further explained in Table 1. A glossary of terms is
also provided.
Issue 1: Colloquial versus scientific terminology

When discussing measurement of a subjective outcome using a
diagnostic instrument, terms such as “validated,” “predictive,”
“reliable,” and “agreement” have specific scientific meanings
(Streiner et al., 2015; Taylor and Mills, 2006). However, it can be
problematic when colloquial meanings are used when considering
the results of a scientific article. Slipping into colloquial usage may
imply what we defined in the Introduction as “overall validity,”
when in fact such usage is likely to overstatewhat has actually been
shown. The latter could occur, for example, if only some component
of reliability or validity had been explored to some degree, perhaps
only reaching the statistical threshold of being correlated, as we
explain later (under Issue 4: Statistical versus clinical significance),
“somewhat more often than not.”

This situation is hardly unique to the literature about canine
behavior evaluations. Mokkink et al. (2010) describe the COSMIN
studyda Delphi process by which an international group of sci-
entists developed a consensus on taxonomy, terminology, and
definitions of measurement properties for health-related, subjec-
tive, patient-reported outcomes such as pain or quality of life. They
noted that “many different terms for the same measurement
property ‘‘reliability’’ are used interchangeably, such as reproduc-
ibility, reliability, repeatability, agreement, precision, variability,
consistency, and stability”, and emphasized how different uses of
terminology can lead to confusion about which measurement
properties are being assessed (Mokkink et al., 2010, p. 737). Streiner
et al. (2015, p. 159) have also noted this problem. Similarly, the US
Food and Drug Administration has issued a guidance document for
the pharmaceutical industry when seeking a labeling claim for a
drug to improve a patient-reported outcome (Department of Health
and Human Services, 2009). That document explores many of the
same terminology conundrums as the COSMIN study.

The issue of colloquial versus scientificmeaning also bears on the
question aboutwhat shelters think itmeans to respondaffirmatively
to questions about whether a validated behavior evaluation would
be useful to them, as was performed by Haverbeke et al. (2015). We
suspect that the fact that even a validated evaluation would be
associated with a particular error rate (i.e., false-positive and false-
negative findings) is not fully appreciated when shelters respond
in the affirmative to this type of question. The error rate is an
essential piece of information for shelters to have before using a test.

Key concepts

In this section, we will only briefly touch on material describing
the components of reliability and validity in temperament tests for
adult dogs covered in a previous article in this journal (Taylor and
Mills, 2006, Appendix A and B for definitions). Instead, we will
focus on material that has not been previously addressed in depth
and/or new interpretations of previous concepts, particularly the
practical meaning and implications of reliability and validity. To
illustrate the scope of research needed to satisfy the scientific
standard of test validation, we have chosen to focus on attempts to
measure reliability and construct validity, each a necessary but not
sufficient step for demonstration of overall validity. For a readable,
well-established textbook on basic principles that can be purchased
online as an e-book, we also recommend “Health Measurement
Scales: a Practical Guide to Their Development and Use” (5th edi-
tion) (Streiner et al., 2015). We will quote liberally from that text.

Reliability
In our experience, a conversation about the overall utility of a

behavior evaluation (implying suitability for use in real-world sit-
uations such as animal shelters) often begins with issues
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surrounding individual types of validity (i.e., is the instrument
measuring what is intended to a sufficient extent). However, as
Streiner et al. (2015, p. 9) have indicated, the most important first
step is to demonstrate that an instrument is reliabledin other
words, that it is at least measuring something in a reproducible
fashion (i.e., reliability). Another reason that reliability should be
forefront in the discussion about the overall validity or utility of a
canine behavioral evaluation is that “reliability places an upper
limit on validity” (Streiner et al., 2015, p. 228). This means that if
reliability is less than 100%, the extent of any claims about validity
must be reduced accordingly.

Inter-rater reliability (i.e., different staff reaching comparable
conclusions on the same dog) is themost important type of reliability
to establish in the context of shelter behavior evaluations. As Streiner
et al. (2015, p. 171) have noted, if inter-rater reliability is acceptable,
then by default, intra-rater reliability will be as good or better.
Therefore,we did not summarize any results for intra-rater reliability.
Although some studieswe reviewed reportedon inter-rater reliability
(Diesel et al., 2008a; Valsecchi et al., 2011), only three studies (Klausz
et al., 2014; Mornement et al., 2014; van der Borg et al., 2010)
demonstrated acceptable inter-rater reliability (i.e., having mostly
strong [r >0.70] and statistically significant [P <0.05] correlations or
high kappa values [k �0.81]) (Figure 1; Table 1).

A type of reliability that does not bear nearly as much on human
clinical situations, but that factors in greatly for canine behavior
assessments, might be called “inter-shelter” reliability. Given the
heterogeneity of the animal shelter environment, any type of reli-
ability demonstrated at one or even several sites under carefully
controlled research conditions cannot be assumed to be the same
during actual field use in the extremely diverse settings of animal
shelters (Taylor and Mills, 2006). Why is this so important? As an
example, in human health care settings, it is even regarded as
important to validate something that may seem as trivial as
different modes of administration of a scale (e.g., self-
administration by paper and pencil or computer entry versus
interview by a third party) and not assume that one mode of
administration will produce equivalent results to another. For dogs,
this would imply that the reliability of a test determined from
videos (Diesel et al., 2008a; Klausz et al., 2014; Kroll et al., 2004;
Planta and De Meester, 2007), while a useful piece of supportive
evidence, cannot be extrapolated to field use (where the typical
administration involves observing the dog’s behavior from a full
vantage point in real time, possibly with a notetaker present in the
room). Further studies would have to be conducted under actual
shelter field use conditions. No study has demonstrated inter-
shelter reliability for any canine behavior evaluation.

With respect to the technical measurement of reliability, the
methodological approaches that tend to increase reliability are not
practical in a shelter setting. For example, Klausz et al. (2014) rightly
note that for humane as well as pragmatic reasons, it would be
desirable to reduce the number of subtests included. Unfortunately,
that prudent recommendation runs counter to the statistical
property whereby brevity (fewer subtests) carries the cost of lower
reliability of the evaluation as a whole (Streiner et al., 2015, p. 10).
Similarly, the sensible practice of excluding dogs from testing
because of known biting history or dangerous behavior, or
restricting the study to dogs deemed suitable for rehoming
(Hennessy et al., 2001; Mornement et al., 2014; van der Borg et al.,
1991), will have the effect of increasing the behavioral homogeneity
of the dogs actually tested. From a statistical perspective, the effect
of having dogs with less behavioral variety is to make it more
difficult to achieve a particular level of reliability. Conversely, if dogs
with a history of biting or intensely threatening behavior were
included in a study that would have the effect of falsely elevating
reliability with respect to the usual population of dogs available for
adoption, if the adoption pool did not typically include dogs with
such a history (Streiner et al., 2015, pp. 164, 245).

Repeatability (i.e., test-retest reliability) is also often mentioned
as an important type of reliability to establish for an evaluation, but
both the rationale for conducting such an exercise as well as the
logistical issues unique to dogs and shelters merit some additional
discussion. We are not the first to note the numerous conceptual
problems with attempting to demonstrate elicitation of similar
canine behaviors on retesting, including the inability to scientifi-
cally determine how soon after intake to perform and when to
repeat an evaluation, as well as the uncertain effect of dogs’ adap-
tation (or failure to adapt) to the shelter environment and staff.
Although a standard power calculation could be used to determine
the number of dogs to be tested to detect a particular difference in
scores that would be statistically significant, there is no consensus
as to what level of correlation in before and after scores would
constitute agreement, and conversely, it is unknown how different
the scores on the two tests would need to be in order to be
considered clinically significant, therefore indicating non-
repeatability. If the results of an evaluation are shown to be
somewhat repeatable in dogs that have been in the shelter for a
moderate or extended period (e.g., months) of time (Valsecchi et al.,
2011) that is not evidence that they would be repeatable in a
different population tested and retested shortly after intake. And
even if these timing postintake issues were resolved, that still
leaves open the question of the learning effect of a dog’s repeated
experience with the test on their behavior during retesting. Finally,
it remains far from established what groups of behaviors in dogs
can even be said to have the stability that warrants description as
personality traits. Absent this understanding, it’s difficult to see
what any test-retest protocol can establish, other than a record of
specific response in a specific place and time.

Showing that results of one subtest are repeatable also does not
mean results of other subtestswill be repeatable, and repeatability is
not the same as having practical importance. Establishing repeat-
ability of warning and biting behaviors may be of much greater in-
terest and likely more challenging, for example, than establishing
repeatability of response to a friendly greeting, reaction to a squeaky
toy or of jumping or barking behavior in the kennel, on a leash, or
during play. The implication of demonstrating test-retest reliability
is also influenced by the distribution of the traits or behaviors in the
population studied; if most dogs cluster together on their scores,
with little variability amongdogs, thendemonstrating similar scores
at a later timewould also be rather expected and say very little about
test performance in a sample of dogs with awider range of scores or
for different provocations/behaviors.

Among the studies we reviewed, six attempted to establish
(Klausz et al., 2014; Mornement et al., 2014; Netto and Planta, 1997;
Poulsen et al., 2010; van der Borg et al., 2010; Valsecchi et al., 2011)
but only two (Klausz et al., 2014; Valsecchi et al., 2011) demonstrated
test-retest reliability to any extent (Figure 1; Table 1). We describe
several here as examples of findings regarding test/retest reliability.
For example, one Hungarian study demonstrated test-retest reli-
ability for 5 subtests (Klausz et al., 2014). The testwas one developed
by the investigator which was scored from video. The first testing
was conducted on 73 owned dogs and was repeated after 1 year by
the same experimenter and in the sameplace. However, the retested
groupwas very small, includingonly19of theoriginal group, and the
subtests used included response to tug-of-war, where the nature of
the activity is to elicit simulated aggression in play. This is an
example of concerns noted previously regarding practical signifi-
cance of demonstrating reproducibility of dogs’ responses to rela-
tively benign and likely frequently occurring interactions in a
presumably stable environment. Another study conducted in
Australia reported test-retest reliability for the Behavioral



Figure 1. Results from, and our ratings of, published studies assessing aspects of validity and reliability of canine behavior evaluations focusing on behaviors categorized as
aggressive. yWhen not provided, values were calculated from data in the article using the following link: http://vassarstats.net/[Clinical Research Calculators: Calculator 1]. zReal-
world prevalencew16%, our estimate for the maximum proportion of shelter dogs that are not screened out at intake that may express a potentially relationship breaking warning or
biting behavior in the adoptive home (Patronek and Bradley, 2016). Calculations were performed using the following link: http://vassarstats.net/[Clinical Research Calculators:
Calculator 2]. xPrevalence data were not reported in study and were calculated from the raw data to be consistent with the reported estimates for sensitivity and negative predictive

G.J. Patronek et al. / Journal of Veterinary Behavior 31 (2019) 43e5846

http://vassarstats.net/
http://vassarstats.net/


=

G.J. Patronek et al. / Journal of Veterinary Behavior 31 (2019) 43e58 47
Assessment for Re-Homing K9’s protocol in 48 shelter dogs
(Mornement et al., 2014). The two tests were performed 24 hours
apart by the same person. The correlations between 12 subtests and
five behavioral attributes (anxiety, compliance, fear, friendliness,
and activity level) ranged from negligible to high, with the authors
deeming the predictive value as poor. It is noteworthy that more
than 80% of the dogs in this sample had been previously assessed
using another instrument and deemed adoptable, and none had
expressed any behaviors of concern to the shelter staff in the mini-
mum of 3 days they had been in residence. This calls into question
whether any reliability assessment could be applied to an un-
screened, presumablymoreheterogenous, shelter population. In the
final study,mostly (95%) stray dogs in a shelter in Italywere assessed
for a wide variety of behaviors using 22 subtests for sociability,
playfulness, problem-solving skills, trainability, possessiveness, and
reactivity (Valsecchi et al., 2011). Subtests were scored using either
2-, 3-, 4-, 5-, or 10-point scales, and scores on thesediverse behaviors
were summed. A total of 32 dogs were tested at both 20 days and
60 days after intake. Correlation between tests carried out at 20 days
and 60 days was moderate (r¼ 0.58, P< 0.001). Postadoption retest
results are included under predictive validity in Figure 1. In a study
that could not be summarized in Figure 1, Bennett et al. tested 33 US
shelter dogs at intake and 3 days later using the Safety Assessment
for Evaluating Rehoming (SAFER�) test. The subtest results were
unstable between the 2 administrations, and theydid not vary in the
same direction between dogs.

In summary, it appears that demonstrated reliability of any type
is largely absent in published studies of canine behavior evalua-
tions. The take-home message is that if sufficient reliability cannot
be established, validity is moot.

Construct validity
Construct validation studies are conducted to establish how

strongly an evaluation measures what it claims to be measuring.
Many types of comparison studies are included under the broad
umbrella of demonstrating construct validity. They include
convergent validation, criterion validation, discriminative valida-
tion, and predictive validation studies, among others. Even experts
may disagree on the precise definitions of these terms, although in
some cases, these debates may be largely semantic. The important
thing is to understand what is being compared and how the asso-
ciations between test scores and the comparator, as well as their
strength, are being measured.

One initial step could be to try to establish convergent val-
iditydin other words, to demonstrate that the results of an instru-
ment (in this case, a canine behavior evaluation) are correlatedwith
sufficient strength with some other behavior evaluation, instru-
ment, or testpurported tomeasure the same thing, usuallywithboth
measures being taken at roughly the same time. For example,
convergent validity would be demonstrated if scores on a new
value. Abbreviations for behavior evaluations: B.A.R.K., behavioral assessment for rehoming
study; SAB, socially acceptable behavior; SAFER�, safety evaluation for evaluating rehoming
dogs; OB, privately owned dogs presenting with a behavior complaint; SH, dogs in a shelter
criteria established with strong correlation and statistical significance; �, criteria tested but
published; X*, if data for predictive ability were provided, we made no rating for predictive
reported. Abbreviations for type of instrument for comparator: O/LS, owner-completed Like
research questionnaire; T, test responses; TQ, owner telephone questionnaire; VB, veterinar
during test; b, Aggression toward dogs during test; c, Biting/attack behavior during test ver
versus bite history for potentially aggressive breeds; e, no biting at all during test accepted
history of previous bite; g, biting in a maximum of one of 8 selected subtests accepted versu
future bite; i, lunged, snapped, or bit at least once during testing versus history of biting
aggression; k, fear or aggressive reaction toward doll versus diagnosis of fear aggression; l, f
fear or aggressive toward artificial hand versus diagnosis of dominance aggression; n, fear o
different SAFERTM subtests with aggression as an emphasis; p, scores summed for 9 differe
only; r, aggression during take-away-bone; s, aggression during threatening approach;
threatening approach or take-away-bone.
behavior evaluation were shown to be correlated with scores on
another (ideally older or well-established) instrument or test, with
adequate strength (e.g., r �0.70-0.80) and statistical significance
(P<0.05). The implications of demonstrating convergent validity
would also be highly dependent on the degree to which the
comparator instrument had been convincingly validated in a similar
population. In each of the studies we reviewed, a new behavior
evaluation was compared with another unvalidated instrument.

We found four examples that we believed qualified as attempts
to measure convergent validity; none was able to establish it
convincingly (Figure 1; Table 1) (Bräm et al., 2008; Bennett et al.,
2012; De Meester et al., 2008; Svartberg, 2005). For example, in
the study by Bräm et al. (2008), three different tests used in
Switzerland were compared in owned dogs. Behaviors were scored
on each test according to a 5-point scale ranging from “open,
friendly, neutral” to “overt aggression/attack/biting without
threatening/warning”. None of the rating scales were defined
behaviorally. Agreement (kappa coefficient, k) among the 3 tests
were found to be k < 0.135, which is poor. In another, Bennett et al.
(2012) used the Canine Behavioral Assessment and Research
Questionnaire (C-BARQ) owner-completed survey to categorize
owned dogs in the United States into three categories: [1] no tomild
aggression, [2] moderate aggression, and [3] severe aggression. In
the entire sample, the prevalence of either moderate or severe
aggression as defined by C-BARQ was 46/67 (68.7%) dogs and for
severe aggression alone was 24/67 (35.8%) dogs. The C-BARQ clas-
sifications were then compared with results of the SAFER� test and
modified Assess-A-PetTM behavior tests. The incidence of false-
positives with the SAFER� and a modified Assess-A-PetTM test
was 50% and 41%, respectively, meaning that behavior tests iden-
tified dogs as being aggressive when they were not scored as
aggressive on C-BARQ. Unfortunately, it is impossible to disentangle
howmuch of this was due to the poor performance of the behavior
tests versus misclassification of the dogs’ behavior status by the C-
BARQ scale, or both.

In another study, fear of strangers scores on 6 subtests in the
socially acceptable behavior test were compared with the similar
rating in C-BARQ and found to be negligible to low (r ¼ 0.21, 0.28,
0.32, 0.36, 0.37, 0.47) (De Meester et al., 2008). In the study by
Svartberg (2005), the C-BARQ scale was completed by owners of
dogs registered with the Swedish Kennel Club and similarly failed
to correlate with a provocative test, the dog mentality assessment
administered 1 to 2 years earlier, specifically on the aggression
factor. The author concluded that “The aggressiveness trait was not
validated by this study, and (the dog mentality assessment) seems
to be a poor predictor of aggressive behavior in a dog’s everyday
life” (Svartberg, 2005, p. 122).

Perhaps it should not be surprising that convergent validity has
been poor given the heterogeneity of the various tests and scoring
systems. An owner-reported scale such as C-BARQ represents an
K9s; DMA, dog mentality assessment; I-D, investigator-developed and unique to this
. Abbreviations for dog population: A, dogs adopted from a shelter; O, privately owned
; SHLT, dogs in a shelter in long-term residence. Abbreviations for ratings and data: U,
cautions apply (full explanation for our ratings are presented in Table 1); X, criteria not
validity unless different data were used; ?, unable to assess; NA, not applicable; NR, not
rt-type scale; Q, questionnaire or history; CB, C-BARQ, canine behavioral assessment &
y behaviorist diagnosis. Abbreviations for behavior tested: a, Aggression toward adults
sus bite history for potentially aggressive breeds; d, all aggression observed during test
versus history of previous bite; f, biting in a maximum of one subtest accepted versus
s history of previous bite; h, lunged, snapped, or bit at least once during testing versus
a human; j, fearful or aggressive reaction toward doll versus diagnosis of dominance
ear or aggressive reaction toward artificial hand versus diagnosis of fear aggression; m,
r aggressive reaction toward doll versus history with children; o, scores summed for 7
nt modified Assess-A-PetTM subtests with aggression as an emphasis; q, food-guarding
t, aggression during tug-of-war; u, aggression during rollover; v, aggression during



Table 1
Justifications for our ratings of strength of evidence for studies summarized in Figure 1

Study Rating Basis for rating

van der Borg et al., 1991 � For predictive validity of problem behaviors, only raw agreement for the proportion of correct positive tests was reported,
which ranged from 16.7 to 66.7% (Table 2 in reference).

Netto and Planta, 1997 � For test-retest, total attack behaviors (snapping, biting, attack behavior) were significantly correlated (Spearman’s rho [rs] ¼
0.77, P < 0.0001). Correlation for snapping was rs ¼ 0.52, P < 0.0017 and for biting/attack rs ¼ 0.65, P < 0.0001). When
agreement was evaluated with the kappa statistic across all 43 subtests, kappa coefficients were ranged from negligible to
high. Test-retest was carried out in a small number of dogs (n ¼ 37/112).

Planta and De Meester, 2007 NR No measures of reliability or validity rated.
De Meester et al., 2008 � This was a pilot study to assess utility of the SAB test for assessing shyness/confidence. For convergent validity, correlations

between the SAB score on 6 subtests and fear of strangers on C-BARQ ranged from negligible to low (r ¼ 0.21e0.47);
correlations were statistically significant (P < 0.05, P < 0.01, or P < 0.001) for 5/6 subtests.

van der Borg et al., 2010 U Using video recordings, inter-rater reliability (kappa) among three raters with 10 years of experiencewas k¼ 0.81 to 0.87 for
threats or attacks.

� For test-retest, aggression scores were significantly higher during the first test in the morning compared with the second
test in the afternoon (P < 0.001).

? We were unable to categorize or assess the results presented in Table 5 of this article.
U Dogs labeled as aggressive due to a history of having bitten a person (per owner) had significantly higher mean aggression

scores than dogs classified as controls (P ¼ 0.003), demonstrating discriminative validity.
Svartberg, 2005 � For convergent validity, correlations between variable scores on the DMA test and human directed aggression/fear factors

from the Swedish version of C-BARQ were negligible (r ¼ e0.03 to 0.12).
Kroll et al., 2004 NR No measures of reliability or validity rated.
Diesel et al., 2008a � Weighted kappas for inter-rater reliability were almost all poor to moderate, including when restricted to experienced staff.

Kendall’s coefficient of concordance was not statistically significant for 4/6 of the aggression characteristics tested, including
aggression during handling and aggression when meeting another dog.

Bräm et al., 2008 � For convergent validity, agreement (kappa) for weighted average of pairwise comparisons for intraspecific behavior (k ¼
0.133, P¼ 0.14) and interspecific behavior toward humans (k¼ 0.135, P¼ 0.014) across the three tests was considered slight.
The three tests appeared to agree on dogs that showed open, friendly, neutral behavior, which was most dogs.

Poulsen et al., 2010 � For test-retest reliability, dogs were assessed in the shelter from 24 hrs to months after intake. The actual shelter assessment
was replicated in the home (mean of 80.9 days between tests), with low and non-significant correlation between the two
times: r ¼ 0.29, P ¼ 0.08, as opposed to the assessment being used to predict more general behaviors after adoption. As the
second test was performed in the home, these results can also be viewed as an assessment of predictive validity.

Valsecchi et al., 2011 � For inter-rater agreement, correlations were very high to perfect for simple behaviors (e.g., behavior in kennel, playfulness)
but much more variable for more contextually complex behaviors (e.g., reactivity, sociability). Only 19 long-term stay
(minimum 1 year in shelter) dogs were tested.

� For test-retest reliability in the shelter, there were only moderate correlations for retesting at 20 days and 60 days after
intake (n ¼ 32, rs ¼ 0.58, P < 0.001).

U For discriminative validity, scores were calculated for 30 long-term dogs categorized into one of three extreme groups based
on preassessed behavioral profiles (10 dogs impounded by police and relinquished because of biting history, 10 with a
veterinarian-assessed history of fearfulness, and 10 dogs deemed adoptable.) Median scores were significantly different in
the expected directions for the three groups.

� For predictive validity, only moderate correlations between testing at 20 days after intake versus 4 months after adoption in
new home (n ¼ 34, rs ¼ 0.44, P ¼ 0.009).

Bennett et al., 2012 � For convergent validity, correlations between aggression history (no/mild vs. moderate/severe) and evaluations were low
and/or not statistically significant (SAFER�, r ¼ 0.217, P ¼ 0.078; modified Assess-A-PetTM, r ¼ 0.342, P ¼ 0.005).

Marder et al., 2013 NR No measures of reliability or validity rated.
Klausz et al., 2014 U For inter-rater reliability (kappa), there were high correlations (k ¼ 1.00 for aggression, 0.87 for latency of rollover, 0.84 for

barking) reported from parallel coding of tests from 15 dogs.
� For test-retest reliability, 19 owned pet dogs were evaluated. Retesting was conducted after 1 year; none of the tests

(friendly greeting, take-away-bone, threatening approach, tug-of-war, rollover) were different on retesting.
Mornement et al., 2014 U For inter-rater reliability, most subtests had correlations from moderate to strong.

� For test-retest reliability, correlations between 12 subtests and five behavioral attributes ranged from negligible to high (rw
�0.02 to 1.00).

� For predictive validity, correlations between B.A.R.K. scores and owner ratings of the dogs behavior were low to moderate
for fear (r ¼ 0.42, P < 0.01) and friendliness, (r ¼ 0.49, P < 0.01). Correlations between B.A.R.K. scores and owner ratings for
anxiety, compliance, and activity level were not statistically significant.

Mornement et al., 2015 � For predictive validity, regression analysis showed that there was a statistically significant relationship between B.A.R.K.
scores for fear and anxiety and owner ratings on behavioral subscales for fearful/inappropriate toileting, but the magnitude
of the correlation was moderate (r2 ¼ 0.31 [calculated rw0.56]) with 30.6% of the variance explained. The relationship
between owner ratings of problem behavior and aggression scores on B.A.R.K. was not statistically significant and thus not
considered predictive.

Dalla Villa et al., 2017 U Mean C-BARQ scores for familiar dog aggression, owner-directed aggression, and stranger-directed aggression were
significantly higher for dogs categorized as aggressive on the SAB compared with scores for dogs not so categorized, thus
showing discriminative validity.

� For predictive validity, logistic regression showed that none of the SAB subtests were predictive for C-BARQ scores for
owner-directed or familiar dog aggression. Seven of the SAB subtests were predictive for C-BARQ scores for stranger-
directed aggression.

U, criteria established with strong correlation and statistical significance; �, criteria tested but cautions apply; NR, criteria for rating not reported; SAB, socially acceptable
behavior.
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impression of cumulative behavioral trends over some time during
the period of ownership, whereas a shelter behavioral evaluation
reflects behavior at a specific time and place. The effect of using
different experimenter-defined thresholds and scoring systems
(e.g., dichotomized into present/absent, degrees of escalating fear
or aggression) as well as different systems for combining these
results into overall scores is unknown.

A closely related type of validation, criterion validation, seems
essentially the same as convergent validation, except that the
comparator is either an objectively measurable outcome or an



G.J. Patronek et al. / Journal of Veterinary Behavior 31 (2019) 43e58 49
instrument considered a gold standard. We are not aware of a gold
standard or objective measure that has been successfully used for a
canine behavior evaluation. Blood and fecal cortisol levels have
been explored (DePalma et al., 2005; Hennessy et al., 2001), but
exactly what differences in cortisol levels would say about different
kinds of behavior is unclear. Streiner et al. (2015, p. 11) have noted,
however, the following pitfall when considering any measure as
having criterion status “Although there are often measures which
have, through history or longevity, acquired criterion status, a close
review usually suggests that they have less than ideal reliability and
validity.”. So paying careful attention towhat was being promoted
as a criterion measure bears careful scrutiny, if such status were to
be claimed. Because no external gold (criterion) standard exists, it
was not possible for any of the studies to meet this criterion.

There were three studies that demonstrated discriminative
validity by showing statistically significant differences in mean or
median scores for aggression for dogs categorized as aggressive
versus dogs not so categorized (Dalla Villa et al., 2017; van der Borg
et al., 2010; Valsecchi et al., 2011). However, an important limitation
of this type of comparison is that the clinical importance of a dif-
ference in mean scores of a given magnitude from a subjective
measure, even if criteria are well defined, cannot be readily
assessed. For example, a difference in aggression score between two
dogs is not as clinically interpretable as a particular difference in
age, body temperature, or weight. So while showing the ability to
distinguish between very different/extreme groups is necessary, it
constitutes a fairly low level of evidence for overall validity.

Predictive validation refers to the behavior evaluation results
being correlated with a past or future outcome measure such as
behavior in the home (as opposed to something measured at
approximately the same time). Such an exercise, although impor-
tant, is not the same as showing adequate predictive ability for
individual dogs in future homes as demonstrated by the rate of
false-positive and false-negative results. We will elaborate more on
that critical point under Issue 3: Predictive validity versus predic-
tive ability, and explain why much of what is framed as predictive
validation actually reports statistics for predictive ability (e.g.,
sensitivity, specificity, false positives, and false negatives). Although
six studies might be classified as attempting to demonstrate pre-
dictive validity independently of predictive ability, none did so
convincingly (Figure 1; Table 1) (Dalla Villa et al., 2017; Mornement
et al., 2014; Mornement et al., 2015; Poulsen et al., 2010; van der
Borg et al., 1991; Valsecchi et al., 2011). Among these, Valsecchi
et al. (2011) provide an example. Extending the test-retest results
obtained while residing in the shelter, they further compared the
predictive validity of tests carried out at 20 days after intake with
those carried out in the home four months after adoption. The
correlation calculated for 34 dogs was low (r ¼ 0.44). This does not
strike us as surprising, given the heterogeneity of the behaviors
tested and the length of time in between tests, which could be an
interval of >1 year from intake testing to testing in the home. In a
sixth study described under test-retest, the second test was carried
out in the home on 39 dogs approximately 80 days after adoption,
so also explored predictive validity (Poulsen et al., 2010). By virtue
of being adopted, the dogs tested represented those that initially
passed their evaluation in the shelter. One of the findings from that
study was that there was no statistically significant correlation
between the assessment conducted before adoption in the shelter
and after adoption in the home for those tests which involved direct
contact between the dogs and the assessor. However, scores for
food guarding (P ¼ 0.02), reaction to noise and movement (P ¼
0.03), and reaction to toys and play attempt (P < 0.01) were
significantly correlated before and after.

When evaluating claims about predictive validity, it is also
important to consider the practical relevance of what is being
assessed and predicted. For example, Christensen et al. (2007) used
a modified version of the Assess-A-PetTM test to determine adopt-
ability of dogs in a US shelter. Sixty-six of the 279 adopters the
researchers attempted to contact within 13 months (median of
4 months) of adoption responded to a behavior questionnaire over
the phone. The authors reported that the test failed to predict
lunging, growling, snapping, and/or biting that occurred in 40.9% of
dogs after adoption (the prevalence was 71.2% if they included
barking under their “aggression” umbrella). They concluded that
behaviors directed at territorial, predatory, and intraspecific conflict
provocations had not been adequately tested for, and suggested
that the test be modified to minimize the number of dogs
expressing these behaviors being adopted from the facility.

The conclusion from the study by Christensen et al. (2007) bears
closer examination as some surveys suggest the frequency of the
various behaviors they queried as potentially problematic is within
the range of normal. For example, in a survey of 3,226 owners
recruited from general veterinary practice in Canada, 41% reported
that their dog had growled at a household member, including
during play, and that 15.6% had bitten a household member (Guy
et al., 2001). Christensen et al. (2007), however, asked the dogs’
adoptive owners about a much wider variety of contexts. These
ranged from an unfamiliar person entering the house or yard or
seeing people outside the home, to being in the presence of a
squirrel, cat, etc., to seeing another dog while in a car or while being
walked on a leash. These situations were in addition to responses to
various kinds of provocations on the part of the owner, which
included among others, lifting the dog, approaching the dog while
on furniture, disturbing while resting, nail-trimming, and verbal or
physical punishment. Because it was grouped with snapping, there
was no confirmation in this sample of any dog actually biting
anyone. Thus, this study’s results continue to beg the question of
the practical relevance of what exactly is beingmeasured by various
subtests in behavior evaluations. As Valsecchi et al. (2011, p. 173)
have acknowledged in their study of dogs in four Italian shelters
“.it is worth mentioning that [aggressiveness] is a normal
component of dogs’ behavior: even themost docile and friendly dog
could growl to the owner or to an unfamiliar dog under certain
conditions.”

In summary, although a few studies reported statistically sig-
nificant findings for various aspects of construct validity, none of
the studies demonstrated compelling evidence of construct validity
in a more global sense.

Issue 2: Limitations of correlation and regression

Another potential point of confusion is the interchangeable use
of correlation and agreement. Statistically speaking, the two are not
the same. Indeed, Mukaka (2012, p. 69) indicated “.misuse of
correlation is so common among researchers that some statisticians
have wished that the method had never been devised at all.” The
purpose of a correlation is to “.assess the strength and direction of
the linear relationships between pairs of variables” (Mukaka, 2012,
p. 71). Strength of the relationship is assessed by the magnitude of
the correlation coefficient (depending on the form of the data, this
could be Pearson’s coefficient, Spearman’s [rho] coefficient,
Kendall’s tau, or Cronbach’s alpha). A conventional rule of thumb
suggests that values between 0-0.30 are considered negligible,
0.30-0.50 low, 0.50-0.70 moderate, 0.70-0.90 high, and 0.90-1.00
very high (Mukaka, 2012, citing Hinkle, 2003), although neither this
terminology nor cutoffs are universally acknowledged or used
consistently in published articles.

It is scientifically imprecise to frame raw correlation, concor-
dance, or correspondence as agreement. When it is desired to show
actual agreement between two continuous variables (e.g., summed
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scores), the Bland-Altman method should be used (Giavarina,
2015). For categorical data, such as the presence/absence of a
behavior, instead of simply comparing the proportion of all obser-
vations in the cells of a 2 � 2 table that are in concordance versus
those that are discordant, the kappa statistic is the correct measure
of agreement to use. Kappa will make the important correction for
agreement beyond chance, which will inevitably be lessdand often
substantially lessdthan raw concordance. For example, Planta and
DeMeester (2007) reported that the raw agreement between biting
behavior among owned dogs during the socially acceptable
behavior with their behavior in the home as reported by an owner
questionnaire was 81.8%, but when corrected for agreement beyond
chance, they indicated that the value for kappa was 0.42 (42.0%), a
much less impressive number. For other examples of use of kappa,
see the study by Bennett et al. (2015) and Diesel et al. (2008a).

Regression techniques are sometimes used instead of correla-
tion. Although both techniques describe the association between
two variables, in regression, one variable is deemed dependent on
the other, as opposed to just covarying. The correlation coefficient
can be derived by taking the square root of R2 (the proportion of
variability in the dependent variable accounted for by the factors in
the model) from a regression model. The main advantage is that if
multiple regression is used, the regression coefficients will reflect
adjustments for other variables in the model, if such effects exist.
The P-values are not interpreted any differently.

Issue 3: Predictive validity versus predictive ability

As discussed previously, predictive validity can be established
when scores on a behavior evaluation in a population of dogs
significantly correlate with a second variable that can reasonably be
thought of as dependent on the characteristics being measured,
such as future behavior in the home. However, meeting these
criteria does in no way imply how accurate the prediction of future
behavior will be. Predictive ability, by contrast, reflects the likely
accuracy of that evaluation when predicting behavior of individual
dogs in the real world, as reflected by the number of errors (i.e.,
false-positive and false-negative results).

For predictive validity to be met, the bar is lower than that for
acceptable predictive ability. Predictive validity can technically be
established if the “somewhat more often than not” threshold is met
(explained under Issue 4: Statistical versus clinical significance),
whereas for a test to have acceptable predictive ability, the number
of false positives and number of false negatives must be deemed
low enough for the evaluation to have practical value in shelters.
This will be determined by the sensitivity and specificity of the
test(s), as well as the prevalence of the behavior(s) in the popula-
tion in question. A key corollary of this principle is that the pre-
dictive ability of an evaluation with a particular sensitivity and
specificity will be much better in the population in which it was
developed (usually a sample of dogs preselected to have a high
prevalence of the condition, such as abnormally aggressive
behavior demonstrated by previous biting history) than the same
evaluation in amore representative population of dogs with a lower
prevalence. Finally, it is essential to be mindful that in a low-
prevalence situation, it is unsurprising that there would be few
false-negative results, so passing the test would provide little new
information. By comparison, in the same low-prevalence popula-
tion, the risk of false-positive errors is of much greater concern
because that would label a dog as having a behavior problem,
possibly delaying or precluding adoption.

In a previous article, we created hypothetical scenarios from
extensively validated instruments for subjective outcomes in hu-
man health or behavior but consistent with real-world data from
dog behavior evaluations, and demonstrated that even if a validated
canine behavior evaluation were available, it would not be useful
for making “thumbs up/thumbs down” decisions with respect to
adoption due to the high prevalence of false-positive results
(Patronek and Bradley, 2016). We also showed that owing to the
likely low prevalence of problematic, adoption-preventing behav-
iors in shelter dogs, little more would be learned from a negative
test because most dogs would not exhibit behaviors of concern in
the home in response to the triggers in question.

Here, we examine attempts to establish the specific predictive
ability of individual instruments as recounted in the literature. As
Figure 1 shows, reported and/or calculated false-positive rates for
various individual dog behaviors in the study populations of mostly
owned dogs ranged from 11.8 to 53.7% (mean, 35.1%); false-positive
rates we estimated for real-world shelter populations using the
stated values for sensitivity and specificity ranged from 28.8% to
84% (mean, 63.8%). The mean false-negative rate in study pop-
ulations was 25.6%, whereas the estimatedmean false-negative rate
for typical shelter populations was estimated as 8.5%. A level of
false-positive error sometimes exceeding 70% goes far beyond the
simple random chance performance of “no better than flipping a
coin”, and suggests that the tests were measuring a different
construct entirely or inducing a behavioral response that was an
artifact of the test situation. This degree of error may be of lesser
importance when selecting dogs for a breeding program for
example, where maximizing negative predictive value is the most
critical metric and consequences of a false positive are minimal (i.e.,
not being bred). By comparison, avoiding false-positive error has a
much greater level of importance when tests are used to determine
the fate of dogs in shelters.

It is noteworthy that with the exception of the first article
published on this topic (a study of shelter dogs in the Netherlands
by van der Borg et al., 1991), and one article that evaluated just the
food-guarding subtest administered to a group of dogs in a US
shelter (Marder et al., 2013), all of the studies reporting predictive
ability of behavior tests have involved owned, rather than shelter
dogs. These include studies of pet dogs in the United States (Bennett
et al., 2012; Kroll et al., 2004), in Hungary (Klausz et al., 2014), and
in the Netherlands (Netto and Planta, 1997; Planta and De Meester,
2007; van der Borg et al., 2010). From a pragmatic perspective in the
early stages of research, using owned dogs is understandable, but it
should be recognized that if carried out in the home, that envi-
ronment poses its own challenges with respect to standardization.

Issue 4: Statistical versus clinical significance

We believe that conflating statistical versus clinical significance
is another source of potential confusion when interpreting or dis-
cussing results of canine behavioral evaluations (Wasserstein et al.,
2019). Although correlation can give an indication of the likely
strength of the relationship between scores on a dog behavior
evaluation and another variable categorizing that dog, statistical
significance testing is needed to ascertain the probability that any
correlation is indeed a real effect in the larger population from
which the sample was drawn. However, a demonstration of sta-
tistical significance says nothing about whether the correlation has
practical importance in the real world, only the probability that the
relationship in the sample is real in the larger population. Along
those lines, small highly significant values such as P < 0.001 only
mean that you are more certain that the relationship is real than
you are with a P-value of say P ¼ 0.04. A critical point here is that
statistical significance is heavily influenced by sample size, with
increasing the sample size in a study being akin to using a magni-
fying glass to detect a defect such as a scratch in a piece of antique
pottery. Consequently, with a sufficiently large sample size, even
weak correlations can become statistically significant. This is one



Figure 2. Example of a possible relationship between sample size, statistical significance, and agreement between scores on a behavior evaluation. The figure shows data simulated
in an Excel spreadsheet, which was programmed to deliver random samples of a given size (number of subjects) with specified mean, standard deviation, and correlation. (a-c)
negligible correlation of r ¼ 0.243-0.256 (w25%) has minimal practical significance (“somewhat more often than not” threshold), but P-values show how it becomes “statistically
significant” (hashed arrow) and even “highly significant” (green arrow) when sample size increases, even though the nature of the relationship between score on the behavior
evaluation and comparator measure does not change. (d-e) progressively increasing strong correlations ofw65%-85% (yellow arrows) are statistically and practically significant, and
help establish different types of “construct validity” for the evaluation: this would be “convergent validity” if the comparator measure was score on another behavior instrument,
and “predictive validity” if the comparator measure were a criterion (gold standard) instrument or a clinical outcome measured in the future after the behavior evaluation was
performed. However, as the scatter of the points in these panels suggests, scores on the behavior evaluation still explain only from 41.8% to 72.4% of the variance in the comparator
measure (R2). This is one reason why the correlation for predictive validity is not the same as the predictive value of positive or negative test (predictive ability).
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reason why statistically significant predictive validity can coexist
with poor predictive ability (i.e., high false positives and false
negatives) in the real world. So in the most conservative situation,
all that statistical significance implies is that two variables are likely
to be related somewhat more often than not. The possibility of
reaching only the “somewhat more often than not” threshold for
correlations that are of low to moderate strength is important to
keep in mind to avoid overinterpreting the importance of statistical
significance when assessing claims of reliability or validity.

We illustrate these principles in scatterplots of two variables (for
purposes of discussion, scores on a canine behavior evaluation and
some other instrument or criterion measure) (Figure 2). In this
simulation, we have deliberately omitted trend lines or lines of best
fit through thedata because that visual representation tends to draw
viewers to the line and the points closest to it; our goal with this
simulationwas to encourage viewers to focus on the pattern of data
points instead, when thinking about what correlation reveals about
the underlying data and relationship between two variables. Scat-
terplots C and D would be examples of the “somewhat more often
than not” threshold. As Figure 2 demonstrates, relationships that
visually appear considerably less than perfect can be statistically
significant, thus potentially leading to claims of being validated.

Issue 5: Establishing overall validity

Perhaps the most important general principle to appreciate is
that overall validity can only be claimed after multiple rigorous
studies, using precisely the same instrument and conducted in
different populations exactly the same way, have demonstrated
acceptable strength of association and statistical significance. As
Williams et al. (2006) have emphasized, “Validation is not an event
whereby an instrument is deemed valid once and for alldrather, it
is a periodic and systematic examination of a measure that helps to
build a body of evidence in support of an instrument’s validity and
utility.” Streiner et al. (2015, p. 12 and p. 230) also noted that “.the
burden of evidence in testing construct validity arises not from a
single powerful experiment, but from a series of converging ex-
periments” and that “.we can never say, ‘This scale is valid’,
because it is not the scale that is being validated. The most that we
can conclude regarding the results of any one particular study is,
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‘We have shown the scale to be valid with this group of people and
in this context.’” Streiner et al. (2015, p. 12) have also emphasized
that “.reliability and validity are not fixed, immutable properties
of scale, that once established, pertain to the scale in all situations.
Rather, they are a function of the scale, the group to which it is
administered, and the circumstances under which it was given”.

The environmental aspect is especially relevant to establishing
validity of canine behavior evaluations, which may perform very
differently in home and shelter environments, and within sub-
environments in the shelter (e.g., meeting rooms, outdoor play
areas, offices, hallways, and kennels), where the circumstance may
not seem at all equivalent when experienced through the eyes, ears,
noses, and previous experiences of dogs. Another issue is the in-
fluence of attachment (or lack thereof) to persons conducting or
present during the tests. Kis et al. (2014) showed that in a sample of
50 Hungarian pet dogs, more warning behaviors categorized as
aggression were recorded when their owners were present than
when they were absent. Nevertheless, the frequency of aggressive
responses was described as being rare. Using different tests, De
Meester et al. (2008) also demonstrated that the presence or
absence of the owner during a test influenced the results. Barrera
et al. (2010) reported that shelter dogs showed a higher fre-
quency of proximity and ears down behavior when they were
exposed to an unfamiliar experimenter who acted passively
compared with the person being more active. This was not
observed among owned dogs. However, attachment figure pres-
ence effects on test behavior may not be confined to owned dogs, as
Gácsi et al. (2001) showed that it was possible to detect gains in
attachment that affected behavior after as little as 3-10 minute
exposures of a dog living in a shelter to an unfamiliar person.
Although it’s not known whether these behaviors would be long-
lasting and thus conform to the definition of attachment between
mothers and offspring, and more recently, between owners and pet
dogs often studied with regard to this concept, the results on ver-
sions of the Ainsworth test are strikingly similar to those used to
evaluate attachment in long-term relationships.

The staff performing the evaluations are also an important po-
tential source of variability and error in measurement, particularly
given the complexity of canine behavior evaluations. For example,
in their survey of 11 shelters in Australia, Mornement et al. (2010)
describe how most did not have any documentation or step-by-
step instructions on how to administer whatever behavior evalua-
tion was being used, nor was there any standardization between or
within shelters as to how soon after intake the evaluations were
conducted. Evidence of training and auditing of that training to
ensure consistency was limited at best. Given the limited resources
and other constraints faced by many shelters just to stay abreast of
daily intake and animal care requirements, we believe this is not an
uncommon situation in the United States as well. As noted by
Mornement et al. (2010), minimizing measurement error in daily
field use must be an ongoing process that can only be ensured
through quality of initial training and auditing of training to be sure
original standards continue to be adhered to. Factoring in staff
turnover in shelters, this is not a trivial concern.

A major point in the validation process for instruments used in
human health care is that it cannot be assumed that an instrument
developed in one population (e.g., children or adolescents) would
be applicable to a different population (e.g., adults) who may have
clinically meaningful differences in demographic characteristics or
risk profiles. As additional examples, an instrument designed to
measure fatigue or pain in a population of patients with cancer
might not be suitable to measure those same constructs in a pop-
ulation of patients with a different disease, say rheumatoid
arthritis. Indeed, Streiner et al. (2015, p. 12) have emphasized that
“Potential users of a scale must assure themselves that reliability
and validity have been determined in groups similar to the ones
with which they want to use it.” The parallel situation with dogs
would include consideration of applicability in immature dogs
versus adults. Other repercussions would be that an instrument
developed in dogs living as pets in homes, service dogs, or police
canines, for example, could not be just assumed to be useful in a
population of dogs living in shelters, without further and sub-
stantial validation. With respect to dogs living in shelters, the fact
that they have been relinquished or lost and are in an unfamiliar
environment introduces critical environmental differences
compared with studies in populations of dogs living in homes as
pets. Indeed, as we mentioned earlier, it is possible that shelters
may be sufficiently different from one another that an evaluation
would need to be individually validated in each one. In fact,
“shelter” is a term that covers an enormous variety of environments
and simply means any place where animals that are not currently
owned by private individuals are kept.

Face validitydthe elephant in the room

In contrast to the statistical methods used to establish construct
validity, face validity is a common sense determination that an
instrument appears to measure what is intended. As a subjective
assessment of reasonableness, it does not involve any statistical
calculations. Thus, it was not possible to include face validity in the
characteristics of studies reviewed in Figure 1. In our opinion, this
critical issue is often glossed over during discussion of behavior
evaluations, and there does appear to be an underlying assumption
that canine behavior evaluations (and therefore, the subtests within
those evaluations) have face validity.

Regardless of the target expressed behavior settled on, perhaps
the most important question to consider when thinking about face
validity would be whether it is reasonable to assume that any
behavior on a test battery (or individual subtest) administered at a
single time in a stressful, unfamiliar shelter environment sur-
rounded by strangers can generally be considered a reasonable
surrogate for that dog’s behavior in a future home, where she/he
would presumably be attached, settled, and frequently in the
company of familiar people, and potentially have very different
concepts of territory and different reactions to stimuli. Embedded
in this concept is an assumption that the dog’s behavior in the home
would be invariant after adoption and that the time of evaluation
after rehoming to evaluate the success of the behavior evaluation in
the shelter would not be important. That assumption does not
strike us as plausible. This concern is often expressed or alluded to
when various instruments are discussed in publications, but re-
mains largely unresolved. In our opinion, when this issue is raised,
the discussion quickly moves on toways tomake a better widget, so
to speak, as opposed to critically thinking about whether awidget is
needed in the first place.

Given the absence of information, we have not included face
validity as a category in Figure 1, but that omission does not indicate
a lack of importance of the topic when assessing a canine behavior
evaluation. Indeed, it may well be the most fundamental.

To begin with, face validity requires a clear statement about
precisely “what” is being measured. We have not found a study
where this “what” is clearly stated, although 2 main issues are
mentioned to demonstrate the need for the tests: dog bite risks and
adoption return risk. We discuss both these rationales in more
detail in the section Dogs and risk, but some specific description of
agonistic behavior as the target of face validity in behavior evalu-
ations is needed here.

Behavior evaluations are used presumably to ensure good
matches and identify and mitigate risks. In human health care
practice, when developing an instrument used in assessing a
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subjective outcome such as quality-of-life or degree of disability or
pain, it is expected that experts as well as patients with the con-
dition of interest are typically involved (Department of Health and
Human Services, 2009). This practice suggests that if facilitating
safe and lasting adoptions is a goal of behavior evaluation, pet
owners and potential dog adopters who know what they find
desirable and what they find unacceptable in a relationship with a
companion dog would be important to include at an early stage of
the development of a canine behavior evaluation for shelter dogs.
This type of exercise has, to our knowledge, never been carried out.
In our opinion, the result of such an exercise would be to emphasize
the wide range of experience, motivations, and hopes that potential
adopters bring to the process of choosing a companion pet.

Authors sometimes begin with descriptions of dog bite injuries
as a public health issue, from which one can infer that the instru-
ment is an attempt to identify dogs with some degree of elevated
likelihood to inflict an injurious bite (Dalla Villa et al., 2017; Kroll
et al., 2004; Netto & Planta, 1997; van der Borg et al., 2010). The
tests then attempt to elicit biting or warning behavior by intro-
ducing various stimuli as described previously. However, the be-
haviors defined as problematicdand even those deemed
disqualifying for adoptiondvary from test to test, as do the stimuli
used to elicit them. An important question is at what level of
provocation could biting and warning behaviors be expected from
any dog, including those that we deem “normal”? There is also no
consensus regarding at what point the intensity, frequency, dura-
tion, or context of the behaviors included cross a threshold from the
species norm into unacceptable behavior for animals living as
companions to humans. Because most dogs will exhibit warning
behaviors at some point in their lives, it is not just an academic
question to ask “how much is too much?” Even among the valida-
tion efforts for various evaluations that followed up with adopters,
only one (Marder et al., 2013) reported whether the dogs had
actually bitten anyone after adoption (among 89 dogs that were
reported as approached or touched while eating, 1 dog was re-
ported as biting “sometimes” over delicious food items, and 2 dogs
reported as biting “rarely”; there were no reports that any of the
bites had injured anyone). Another lumped warning behaviors
along with biting into a single category (Christensen et al., 2007),
with the implication that any expression of any postadoption
warning behavior, even without any harm, was an indicator of a
failure of the behavior evaluation.

This question of “what is being measured” goes hand-in-hand
with the closely related concept of content validity, which ad-
dresses whether all relevant facets of whatever has been defined
under face validity (item generation in statistical parlance) have
been included in the assessment process. Although mathematically
complex statistical techniques such as factor analysis are some-
times used to confirm associations among different items in a scale,
thus helping to assert that they are measuring roughly the same
thing, ultimately, establishing content validity for battery tests used
in canines is mostly a subjective determination. Consideration of
the dimensionality of an evaluation comprising a series of subtests
is crucial here, particularly when subtests are lumped together to
create an overall score. If a battery of tests is not measuring one
identifiable, underlying construct such as danger from a bite, but
instead many different things, as suggested by the range of
everyday situations, play, and provocative stimuli, as well as be-
haviors they are intended to assess, then the rationale for
combining scores from all subtests into an overall score may not
only reduce face validity but beg the question as to what exactly is
being measured in the first place. These differences often also
preclude making meaningful comparisons across studies.

To illustrate the extent of this challenge, the types of provoca-
tions or interactions mentioned in various reports of behavior
evaluations include but are not limited to the following: routine
stroking, petting, handling, or brushing; hugging; squeezing toes;
examining teeth; touching the muzzle; putting on a collar;
approaching the dog in friendly manner; approaching the dog in
the kennel; staring into the dog’s eyes; staring at the dog while
trying to appear imposing such as by extending arms or making a
striking motion; knocking on a car window and attempting to open
the door; introducing a live or fake dog; presenting a doll or a
silhouette of a cat; chasing a dog around with a doll; appearing
dressed in an unusual manner or costume such as large hats,
buckets on heads, or draped in sheets; confronting with a human
dummy figure; approaching with a toy lawnmower; making sud-
den motions such as a flapping blanket or opening an umbrella in
the dog’s face; offering a tug-of-war toy; moving suddenly or
running to initiate play; making/causing loud noises such as bells or
gunshots; issuing verbal or hand commands; walking the dog while
on leash, ignoring the dog; leaving a dog alone in a room or car;
removing food, treats, or possessions with a fake hand or stick
(Bennett et al., 2012; Christensen et al., 2007; Mornement et al.,
2014; Svartberg, 2005; van der Borg et al., 2010; Valsecchi et al.,
2011; van der Borg et al., 1991).

Consider aggression,which has been described as a collection of
distance-increasing behaviors (Beaver, 2009). This is by no means
the only definition being used, and it should be noted that the term
had already become so murky by the 1960s that no less a luminary
in animal behavior science as John Paul Scott considered it scien-
tifically useless (Scott, 1966). According to Voith and Borchelt
(1996) “despite thousands of research reports investigating
aggression, no uniformly acceptable definition has ever been
agreed upon,” and that “a simple, precise, unitary definition of
aggression has been impossible to formulate.” In a recent compi-
lation of articles on dog bites, Mills (2017) points out that “a
fundamental principle of ‘behaviorism’ and the science of animal
behavior is that behaviors are objectively describable, but this does
not appear to be the case when it comes to ‘aggression’..” (Mills,
2017, p.15). Lockwood (2016) points out that classifications also
vary widely, with some based on the function of or motive for the
behaviors, some on context, and others on the recipients of the
behavior. Nevertheless, using the definition of distance-increasing
behaviors as an example, this implies that any behavior a dog
uses to increase distance could fall under the general umbrella of
the term. This makes the scenarios test designers might legiti-
mately invent, along with the behaviors they are attempting to
elicit, nearly infinite. Furthermore, given this diversity, making any
inferences across studies strikes us as problematic. Most of these
provocations, the justifications behind them, and their subsequent
interpretations have not been empirically evaluated. However, data
have shed doubt on the ability of model devices such as a human-
like doll (Barnard et al., 2012) and a fake dog to assess responses to
real children and dogs (Shebelansky et al., 2015). Both of these are
used in some behavior evaluations.

Therefore, to summarize, one explanation for the generally poor
predictive ability of the behavior evaluations studied so far may be
that the tests, or at least certain subtests, lack basic face validity. For
shelter dogs, it may well be that some evaluations are detecting
little more than fear, uncertainty, and lack of adaptation to the
shelter environment when they are conducted, as opposed to some
stable, generalizable behavior that will carry over into a different
situation. However, performance of tests on owned dogs has not
been any better.

Our findings in perspective

The most important conclusion that can be drawn from the
findings summarized in Figure 1 is that, based on accepted criteria
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for measuring subjective outcomes, no canine behavior evaluation
or individual subtest has sufficient evidence to be deemed reliable
and valid for routine use in shelters. Given the considerable het-
erogeneity of the studies with respect to dogs, tests, type of stimuli,
behaviors elicited or observed, and interpretations of those be-
haviors, it would also not be appropriate to daisy chain the sporadic
statistically significant results from inconclusive studies to argue
that the collective body of work is somehowgreater than the sum of
the parts, thereby disregarding the bulk of the evidence. The
sensitivity and specificity of current behavior evaluations, if applied
to the general population of shelter dogs that are not screened out
immediately due to history of a bite or behavior at intake and that
have a low prevalence of potentially problematic behaviors (we
used �16% based on published shelter data), indicates that a posi-
tive finding (i.e., failing the test) would be misleading in that an
unacceptably high proportion of positive tests would be in error
(false positives). This is particularly germane if the only problematic
behavior exhibited by the dogs in the shelter was during provoca-
tive testing. These latter results from published dog behavior
evaluations are in line with those from previous hypothetical sce-
narios (Patronek and Bradley, 2016).

In human clinical use, it is also well-established that once vali-
dated in a specific population, an instrument cannot bemodified (at
least without permission of the developers) as even minor changes
to a scale, series of questions, or other rating system may alter
performance and negate any claims to validity. Indeed, it is not
uncommon for developers of scales to make this requirement an
explicit condition for using a particular instrument, which may be
copyrighted. There is evidence to suggest this core principle is
regularly ignored in the practical application of canine behavior
evaluations in shelters, with shelters modifying items, deleting
items, and/or adding items of their own, as well as creating their
own evaluations from scratch (D’Arpino et al., 2012; Mornement
et al., 2010; Mohan-Gibbons et al., 2018). This type of diversion
from accepted practice is a cause of great concern, and underscores
the pitfalls of what happens when procedures are implemented in
an environment where there is little to no regulatory or profes-
sional oversight to prevent suchmisuse, however, well-intentioned.
We concede this is currently a moot point, as it is not possible to
invalidate something that had never been validated in the first
place. But it does highlight a concern for the future.

Some of our skepticism about the feasibility of validating such
instruments for day-to-day application in shelters arises from the
history of canine behavior evaluations. The practice of formal
evaluations of canine behavior in Europe largely predates that in
the United States and reflects purposes that are absent in the United
States. One of these is an effort to guide breeding decisions among
purebred dogs in an attempt to select animals that may be more
likely than the general population to produce progeny that will
express very specific working task aptitudes. In some cases, this
means specifically targeting the reduction of the expression of be-
haviors categorized as manifestations of fear and aggression below
what is presumed to be the level typical for the breed (van der Borg
et al., 2017). With some breeds in some countries, this has been
taken to the length of testing breeding animals as a requirement for
registering their offspring as pedigreed individuals (van der Borg
et al., 2010; van der Borg et al., 2017). That endeavor has its own
daunting limitations and challenges, but they are dramatically
different from those of attempting to predict the behavior in an
adoptive home of a dog currently living in a shelter, or to make a
life-and-death decision for an individual dog.

Current evidence also confirmswhatwasfirst noted over a decade
ago (Taylor andMills, 2006) and repeatedmore recently (Mornement
et al., 2014): that canine behavior evaluations have leapfrogged from
various stages of development and/or initial research studies to
widespread clinical use,with profound consequences for shelters and
dogs. The implications of using poorly validated instruments in hu-
manhealth care settings have been eloquently stated by Streiner et al.
(2015, p. 14), and we believe they are equally applicable for dogs: “A
scale that places a ‘normal’ person in the abnormal range (a false-
positive result) or misses someone who actually does have some
disorder (false-negative result) is not too much of an issue when the
scale is being used solely within the context of research. It will lead to
errors in the findings, but that is not an issue for the individual
completing the scale. It is amajor consideration, though, if the results
of the scale are used to make a decision regarding that personda
diagnosis or admission into a program. In these circumstances, the
issue of erroneous results is amajor one, and should be one of the top
criteria determining whether or not a scale should be used.” This
concern would also apply to use of owner-completed scales as an
assessment tool for dogs being relinquished to shelters, such as
described by Duffy et al. (2014).

Dogs and risk

As mentioned earlier, the issue of what risk of injury to people a
given dog may represent figures large in the discussion of the
function of behavior evaluations in shelters. While preventing
serious dog bite injuries is a legitimate concern, we also believe that
underlying the persistence in the design and use of behavior eval-
uations is a premise that most shelter dogs present an elevated
danger to people, and that this must be ruled out before a dog is
offered to the public for adoption. Although dangerous dogs
certainly can be encountered in shelters, dogs with a history of
biting or deemed too dangerous to handle at or shortly after intake
are often identified and removed from the adoption pool without
needing to resort to a formal behavior evaluation (see Mornement
et al., 2014; Hennessy et al., 2001; van der Borg et al., 1991). These
are a minority of dogs. Of course, this initial screening is not fool-
proof as some owners may fail to disclose problematic behavior at
surrender. But to our knowledge, there is no evidence that truly
dangerous dogs routinely enter the shelter adoption pool and end
up exposing the community to risk.

Catastrophizing about dog bite incidence is certainly common in
the human medical literature (Arluke et al., 2017), which may offer
some explanation for the hypervigilance expressed about the need
forbehaviorevaluations in thearticlesweexamined.However, if one
looks instead at the proportion of thew86 million dogs believed to
reside in human households in the United States who inflict even a
medically attended bite (recognizing thatmany people seekmedical
attention after a minor incident for reasons other than injury
severity), that statistic frames the risk from dogs quite differently. In
theUnited States, it can be concluded “that>90% of dogs did not bite
anyone in a given year and that <1.5% of dogs inflicted a bite for
which medical assessment was sought, regardless of whether
treatment was actually necessary. The proportion actually requiring
medical treatment or hospitalization would be much lower”
(Patronek & Bradley, 2016, p. 71). There is no compelling evidence to
suggest that this latter group is so disproportionately represented in
shelters that resource-intensive testing is needed for the general
population of dogs that are not already screened out at intake.

We speculate that some of this belief about inherent danger of
shelter dogs may also derive from claims from, or misreading of,
relinquishment studies. Indeed, as mentioned previously, it seemed
almost de rigueur that an article describing a behavior evaluation
begins with a claim about behavior being the most common or very
common reason for relinquishment. Nearly half (8/17) of the studies
we examined cited secondary sources to support this rationale
(Bennett et al., 2012; Bräm et al., 2008; Dalla Villa et al., 2017; Diesel
et al., 2008a; Kroll et al., 2004; Planta and DeMeester, 2007; Poulsen
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et al., 2010; van der Borg et al., 1991). But closer inspection of the
cited studies often indicates that relinquishment is often compli-
cated by owner-associated factors such as moving, lack of time, etc,
that make it difficult or impractical for a particular owner to
accommodate the needs of a given dog (Haverbeke et al., 2015; Hemy
et al., 2017; Marston et al., 2004; Salman et al., 1998). Furthermore,
most of the behavioral reasons cited in these studies are normal
behaviors reflecting a lack of training, not threatening behaviors or
biting. There is also a potential for confusion when citing data from
risk factor studies if relative versus absolute risk become conflated.
For example, if a behavior is reported more frequently in dogs
relinquished to shelters than in samples of owned dogs, then it may
well be a strong risk factor for relinquishment. However, if that
behavior is uncommon, then even a doubling of the risk may have
little practical importance because it still remains an uncommon
occurrence. It has also been argued that relinquishing owners may
under-report behavior problems out of concern for jeopardizing the
rehoming prospects of their dog and that this possibility should be
factored into interpretation of these statistics (Segurson et al., 2005).
However, recent high (�w77%) average placement rates from
thousands of US shelters and rescue organizations reporting to
standardized databases support the contention that the prevalence
of adoption-preventing behaviors is generally low (see live release
rates: https://shelteranimalscount.org/data/Explore-the-Data; http
s://bestfriends.org/2025-goal). These data are likely skewed in that
they over-represent organizations that may have incorporated an
operating ethic geared toward saving every placeable animal or that
do not admit certain dogs, but the large number of organizations and
inclusion of open-admission shelters is supportive evidence.

The issue of under-reporting also must be assessed in light of
whether owners consider some behaviors detected by screening
questionnaires such as C-BARQ as actual problems affecting their
ability to livewith a dog. Research indicates that pet owners make a
clear distinction between behaviors that are considered undesir-
able and those that are considered problematic (Pirrone et al.,
2015), and that owners’ responses do not necessarily match the
assumptions of rehoming professionals (Marder et al., 2013;
Mohan-Gibbons et al., 2012; van der Borg et al., 1991). As a result,
it is possible that test designers and users in shelters are over-
estimating the relevance of certain behaviors to the clientele they
are hoping to serve. For the only behavior where this has been
empirically studied in depth (food guarding), there is research
demonstrating that behavior a shelter deems problematic may, in
fact, not be of much concern to adopters and/or be easily
manageable in the home (Marder et al., 2013; Mohan-Gibbons et al.,
2012). Interestingly, this lack of concern about food guarding
among owners of adopted dogs was noticed in the first publication
of a behavioral assessment in shelter dogs (van der Borg et al.,1991).

One survey of 784 clients of a veterinary teaching hospital
(excluding dogs with chronic illness or dogs attending the behavior
services) reported that behaviors such as stranger-directed
aggression (21.6%) or fear (12.3%) or dog-directed aggression
(23.5%) were not uncommon among their dogs (Segurson et al.,
2005). The data in the study by Christensen et al. (2007) also
confirm what practical experience showsdthat many family pets
bark or growl when someone comes to the door (a normal and
sometimes desired behavior), when they see an unfamiliar dog or
cat walking down the street, or a squirrel running across a phone
wire and still remain successfully in their homes.

Are there practical uses of unvalidated tests?

With respect to continued use of unvalidated canine behavioral
tests in shelters, some animal scientists (Mornement et al., 2014)
and one national humane organization (ASPCA, 2018) have
explicitly called out the consequences of using those instruments as
objective evidence to make life-and-death decisions for dogs. We
share these concerns, and extend them to making any important
decision. It seems that in shelter situations, their utility would be
limited to being part of a series of acknowledged subjective as-
sessments that might help, in conjunction with history and obser-
vations of other behavior during routine care, inform placement
decisions or possibly identify the need for mitigation strategies to
help dogs better copewhile in the shelter. In those circumstances, it
is important for shelters to carefully consider whether the time and
resources required for conducting these standardized screening
tests on all dogs deemed potentially placeable after intake is
worthwhile, given that time and resources could be spent in other
efforts to assess behavior and safety through normal daily inter-
action, provide enrichment, and help rehome those dogs that may
stand to benefit from more individualized attention. Nevertheless,
even such use is not without peril, as the simple act of using an
evaluation may convey an unconscious belief that the tests do have
objective predictive meaning. There is also a slippery slope in that
behaviors observed (typically by people who are not veterinary
behaviorists) in the evaluation may have a tendency to turn into
labels, labels to morph into quasi-diagnoses, and these quasi-
diagnoses to become behavioral pathology that justifies the need
for more intensive screening and/or rehabilitation that only the
shelter can provide.

Another goal of using these tests has been said to be to aid in
making better matches between dogs and new owners (Mornement
et al., 2015; van der Borg et al., 1991; Valssechi et al., 2011) and
thereby presumably preventing returns after adoption. Although this
may seem intuitively compelling, as discussed previously, this goal
may well rest on erroneous assumptions about risk factors for
relinquishment. And indeed, we are not aware of any empirical data
suggesting that it does, in fact, make a difference. There are shelters
that do not use formal behavior evaluations before placing dogs for
adoption, and it might be possible to empirically assess this concern
by comparing adoption-return rates between those shelters and
shelters that do use formal evaluations, as had already been per-
formed on a small scalewith regard to testing dogs for food-guarding
behavior (Mohan-Gibbons et al., 2018).

Along these same lines are concerns over preventing the so-
called “failed adoption” which, for reasons that are not entirely
clear, have been ingrained in shelter culture as a terrible thing to
befall a dog and a black mark on the efforts of the shelter as well.
Although we completely agree that prudent steps to minimize
returns are desirable, we are not aware of any data justifying this
degree of self-flagellation. Indeed, if anything should be surprising,
it is that most adoptions succeed so well, given the number of
variables in play and the limited amount of time available to devote
to any individual adoption. Typical return rates published from
studies in the United States and United Kingdom seem to fluctuate
around 14% (Bollen and Horowitz, 2008; Diesel et al., 2008b; Posage
et al., 1998) although one Australian study of more than 4,400 dogs
reported returns of only 7.22% (Marston et al., 2004) and a study
from the United Kingdom indicated 36 returns/556 completed
surveys (Wells and Hepper, 2000). It should also be noted, when
considering these statistics, that the duration of time after adoption
for which a surrendered dog would be considered returned could
vary substantially.

There is no reason to expect that any matchmaking effort
would be 100% successful. Although behavior is one important
reason for return, it is not the only reason. Dogs do not know that
the adoption has “failed,” and the notion that shelters are averse to
the “failed” adoption because dogs will be traumatized by such an
experience is contradicted by the common practice of sending
dogs to temporary foster homes for training, medical care, or

https://shelteranimalscount.org/data/Explore-the-Data
https://bestfriends.org/2025-goal
https://bestfriends.org/2025-goal
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stress relief, after which it is expected the dog will be returned to
the shelter for later adoption. A recent study has contributed some
interesting empirical data on this issue (Patronek and Crowe, 2018,
Supplementary Table 1). That study found that dogs in an open-
admission shelter returned from adoption were nearly all
readopted and had a statistically significant odds of length of stay
�1 week, compared with first-time owner-surrendered dogs
(odds ratio, 1.44 [95% confidence interval 1.22; 1.70], P < 0.001).
This suggests that a temporary adoption experience may have
functioned akin to a foster experience, giving the dog an oppor-
tunity to get away from the stress of the shelter and the adopters
an opportunity to report back much more accurate information
about the dog’s behavior and needs when the dog was returned.
This of course does not mean that some dogs may not find the
experience of being sent to a foster home or being returned from
adoption mentally stressful, but it does suggest that the effects of
those experiences did not have an adverse effect on length of stay
in shelter before a future adoption.

Of course, there are justifiable reasons for using some type of
systematic process to identify lack of coping by a dog in the shelter
environment. Identifying poor welfare due to stress in the kennel
could then lead tomitigation strategies, such as placing the dog into
an alternative environment (e.g., office or foster home). However,
the goal of assessing “well being” in the shelter is sufficiently
different from predicting future problematic behavior in a home
that different types of evaluations would be required. Attempting to
provoke previously unobserved unwanted behavior seems less
appropriate than simply identifying and then reacting appropri-
ately to actual stress-induced behavior observed on a day-to-day
basis while in residence.

Conclusion

In the past, when the deficiencies of behavior evaluations have
been identified, most authors have called for further research. Calls
for further research are understandable when deficiencies in
existing work are newly recognized, and they are justifiable when
there is some reasonable expectation that successful efforts will be
forthcoming. The latter would imply a consensus at minimum over
which evaluation(s) and/or subtests and behaviors are the most
meaningful; how the work will be funded and replicated suffi-
ciently to support a claim of overall reliability, validity, and utility;
how confirmation of that validation will occur and be supported at
individual shelters; how continual quality control over time will be
achieved; and what error rate false-positive results would be
acceptable to shelters; and most importantly, how the problem of
poor predictive ability of a positive test (false-positive errors) in the
face of low prevalence will be overcome. We see the latter as
insurmountable based on the likely low prevalence of adoption-
preventing behaviors in shelter dogs, as the method of calculating
false-positive and false-negative errors is a fundamental, species-
invariant principle of evaluating diagnostic test performance.

We would argue that when looking at the cumulative results of
25þ years of publication in this field, including solid studies per-
formed under good to ideal conditions by skilled investigators, that
calls for additional research, at least for assessing aggression-
related behaviors in shelter dogs, is akin to waiting for Godot.
This delay only serves to dodge the need for engaging in a much-
needed conversation starting with first principles, including, as
Mornement et al. (2010 p. 316) noted, considering the meaning of
behavior observed under “.highly artificial conditions and during
a limited time.” Ethically, we would argue, given the lack of scien-
tific evidence for validity, reliability, and predictability of canine
behavior evaluations for individual dogs in a field setting, a mora-
torium on any uses of these evaluations as the sole determinant of a
dog’s fate is warranted, particularly when problematic behavior on
the evaluation is the only cause for concern for a dog that has
otherwise acted normally in the shelter. Careful observation of a
dog’s daily behavior in the shelter during routine interactions is a
more natural way to gauge a dog’s needs.

Although the findings from this reviewmay seem surprising, the
humanmedical literature is replete with reports of dozens of dearly
held medical practices eventually discarded once they were refuted
by actual data showing they were of low-value or even harmful
(Elshaug et al., 2012; Prasad et al., 2013). In fairness although,
achieving this has not typically been an instantaneous process,
often taking many years after the deficiencies were first noted for
users to abandon them. An important discussion is also now un-
derway in the field of forensic investigation, where government
reports have noted that many common forensic techniques such as
forensic dentistry, blood spatter analysis, and other types of pattern
matching used to convict (and in the most extreme cases argue for
the death penalty) in human crimes have never been adequately
scientifically validated (National Research Council, 2009;
President’s Council of Advisors on Science and Technology, 2016).
Concerns have also been raised about problems plaguing genetic
testing for pets, which according to the authors, has proceeded
despite lack of necessary validation or evidence of ability to predict
health outcomes (Moses et al., 2018). Therefore, it should not be
surprising that a similar situation might exist in shelter practice as
well. Indeed, the American Society for the Prevention of Cruelty to
Animals has now recommended that “unless aggressive behavior
during an assessment is egregious, shelters should consider it valid
only if corroborated in another environment” (ASPCA, 2018).
However wewould argue that even if used in such a fashion, it must
still be recognized that the clinical importance of the behavior(s)
remains subjective and should not be interpreted as a scientifically
validated indicator of future behavior.
What could the future hold?

We see this as an opportunity to acknowledge what has been
learned from past efforts and bring together researchers, behav-
iorists, shelter staff, and even pet owners and potential adopters to
consider what the future might look like. Going forward, if studies
of canine behavior evaluations appear in the literature, we suggest
that journals require, and authors use, a standardized reporting
metric where authors must be specific about what particular as-
pects of a behavior evaluation are being evaluated and/or claimed
to be validated. This would ensure greater rigor and more accurate
reporting of such studies. Guidelines exist regarding best practices
for conducting and reporting validation studies (Kottner et al.,
2011). A very comprehensive model for the predictive ability
component is the Standards for Reporting of Diagnostic Accuracy
Studies adopted by leading human clinical journals and some
psychology journals (Bossuyt et al., 2015). We realize certain as-
pects of these may be impractical or not relevant for dogs, but at
minimum, when clinimetric statistics (sensitivity, specificity, and
predictive ability) are available and/or calculable, they should be
included in addition to psychometric measures. No test should ever
be deemed validated without explicit, published error rates. We
also recommend that journals discourage colloquial use of terms
that may have specific scientific meanings when discussing or
reporting results from scientific studies of behavior evaluations. If
terms are used in the scientific sense, the evidence should be robust
enough to support the scientific meaning. Finally, to avoid intro-
ducing further confusion in the literature, statements in the
Introduction or Discussion section of an article claiming or implying
that other instruments have been “validated” or are “reliable”
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should not be allowed unless there is compelling evidence to show
that such a state of affairs does in fact exist.
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Glossary of terms (in the context of canine behavior
evaluations)

Absolute risk: The probability of a behavior such as a bite occurring among the
population of dogs being studied.

Battery tests: A series of situations or stimuli, some of which may be provocative in
nature, intended to elicit particular behavior(s) in dogs if those behaviors are
present.

Clinical significance: A subjective assessment of how important the result is for dogs
in the real world.

Construct validity: How well an evaluation actually measures the trait or behavior it
claims to be measuring. This can include subcategories such as criterion,
convergent, discriminative, and predictive validity.

Content validity: How well an evaluation assesses all relevant facets of a behavior or
trait.

Convergent validity: How well the results of the evaluation correlate with another
measure presumably assessing the same behavior.

Correlation: How strongly two measures tend to change (increase or decrease)
together.

Criterion validity: Correlates with another measure of the same behavior, preferably
one that is a gold standard.

Discriminative validity: Howwell the results of the evaluation discriminates between
dogs that have a behavior or trait and dogs that do not.

Face validity: A common-sense assessment of whether an evaluation or subtest ap-
pears to be assessing the behavior or trait of interest. Note: What is being
measured must be clearly indicated.

False-positive errors: The proportion of dogs identified by the evaluation as having a
behavior or trait when they do not.

False-negative errors: The proportion of dogs identified by the evaluation as not
having the behavior or trait when they do have it.

Incidence: The number of new cases of a condition or behavior.
Intra-rater reliability: Level of agreement when the same rater assesses the same dog

at different times.
Inter-rater reliability: Level of agreementwhen different raters assess the same dog at

the same time.
Overall validity: A characteristic indicating that a behavior evaluation has been

scientifically established to be suitable for routine use across shelters to
make predictive decisions about the likely future behavior of a dog after
adoption which are sufficiently accurate to ensure public safety and dog
welfare.

Predictive ability: Demonstrating that the rate of false-negative and false-positive
results on a behavior evaluation in both research and real-life settings is
acceptable.

Predictive validity: Demonstrating that a result of a behavior evaluation is of
acceptable strength and statistically significantly associated with other objective
or validated measures of behavior.

Prevalence: The proportion of dogs that have a specific behavior or trait at a
particular point in time. How common is the behavior or characteristic? Note:
The positive and negative predictive value of any diagnostic test is heavily
dependent on the prevalence of the behavior in the population tested.

Predictive value of positive tests: The proportion of dogs that test positive on an
evaluation that actually have the problematic behavior.

Predictive value of a negative test: The proportion of dogs that test negative on an
evaluation that are actually free of the problematic behavior.

Relative risk: The probability of a behavior such as a bite occurring in a population of
dogs with a certain characteristic relative to the probability of a bite occurring in
a population of dogs without that characteristic.

Reliability: Reproducibility of the evaluation as established by inter-rater, intra-rater,
test-retest reliability, and inter-shelter reliability.

Sensitivity: The ability of the test to correctly identify dogs that have the problematic
behavior; it is calculated as the proportion of dogs with the behavior that test
positive.

Specificity: The ability of the test to correctly identify dogs that do not have the
problematic behavior; it is calculated as the proportion of dogs without the
behavior that test negative.

Statistical significance: A mathematical assessment of the probability that the result
reflects what is truly happening in a population of dogs versus the result being
due to having used an atypical sample of dogs that are not representative of the
dog population.

Test-retest reliability: The ability of the test to obtain the same result when repeated
on the same dog.
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