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Using a popular method of behaviour evaluation which rates the intensity of behaviour in different contexts, we demonstrate how pooling item scores relating to a given construct can reveal different potential risk factors for the dependent variable depending on how the total score is constructed. We highlight how similar simple total scores can be constructed through very different combinations of constituent items. We argue for the importance of examining individual item score distributions, and the results from different intensity thresholds before deciding on the preferred method for calculating a meaningful dependent variable. We consider simply pooling individual item scores which conflate context with intensity to calculate an average score and assuming this represents a biologically meaningful measure of trait intensity is a fallacy. Specifically using four items that describe intercat aggression and eleven that describe playfulness in cats in Fe-BARQ, we found sex and neuter status, social play and fearfulness were consistently significant predictors for intercat aggression scores; and age, age when obtained, social play and fearfulness were significant predictors of playfulness scores. However, the significance of other factors such as scratching varied with the threshold used to calculate to the total score. We argue that some of these inconsistent variables may be biologically and clinically important and should not be considered random error. Instead they need to be evaluated in the context of other available evidence.
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INTRODUCTION

Surveys of animal carers allow us to potentially gather large datasets on the individuals with which they are familiar. These reports can be both reliable and valid, with the latent structure showing convergence with other more objective measures of the same construct e.g., Wright et al. (1). The structure of such instruments is often revealed by Principal Components Analysis (PCA), which tells us that the items are related. However, when pooling scores of individual items to create total or average scores of the components, we need to consider carefully what this value represents. For example, if the items relate to the occurrence of the behaviour in a given context and are scored in a binary way (present-absent), then the sum score of items indicates the number of contexts in which the behaviour occurs; but if individual items relate to the frequency or intensity of the behaviour in a given context (as often occurs with Likert scales) then the interpretation of the sum/average of all items is more complicated. The Feline Behavioural Assessment and Research Questionnaire (Fe-BARQ) (2, 3) is a potentially useful behavioural instrument that was developed for the purposes of quantitative behavioural evaluation of pet cats in their home environment. It comprises of 85 items which group into 23 factors measuring different aspects of cat behaviour (e.g., playfulness, sociability with people, purring and prey interest); this includes some potentially problematic issues such as aggressive behaviour (towards people, other cats and dogs) and repetitive behaviours. It also includes 21 other “miscellaneous” items which are not part of any of the preceding factors but which might be important to consider from the cat-owner relationship perspective (e.g., excessive vocalisation, spraying, playing “fetch,” fearfulness or inappropriate scratching). Each item relates to a behaviour, often in some specific context, and can be scored using a Likert scale referring to the frequency of behaviour occurrence, where 0 = never, 1 = seldom, 2 = sometimes, 3 = usually and 4 = always (3). Four items make up the score for the factor “aggression towards other cats,” with each item relating to the frequency of the behaviour in four different contexts. Aggression in cats can be context specific (4) whether directed towards other cat e.g., Lindell et al. (5) and Levine et al. (6) or human e.g., Chapman and Voith (7) and Ramos and Mills (8). Accordingly, cats with a total factor score of 4 for aggression towards other cats could be scoring low (1) in each of the four contexts, or they could be scoring high (4) on one item and zero on the other three i.e., always showing an aggressive response in one specific context but never in the other three. These are very different behaviour profiles and clinical behavioural implications; they may also have serious implications when trying to investigate relationships between survey scores and potential risk factors. Factor scores may be strongly influenced by extreme values and while it may be argued that this reflects the intensity of a trait in some sense, it may not be very accurate. This is of particular concern when we are interested in risk factors for a given factor especially when it relates to a potentially complex problem such as aggressive behaviour (9, 10). Unfortunately, without access to the raw data of studies, we have no way of knowing the extent to which pooled results (and the conclusions which are drawn as a result) are affected by this potential problem.

One way to potentially address this is to convert the individual constituent Likert scales making up a factor into binary outcomes so that the total reflects the extent of the behaviour occurring at a certain level across the contexts described. This intensity could be simply presence/absence of the behaviour in a traditional 1-0 behaviour sampling sense [as done by (11)]. However, in some contexts it might be useful to consider a higher severity threshold, for example the threshold might be raised based on what are considered normal levels of expression or some other threshold of interest. This could be determined post-hoc from the distribution of the raw data if it is recognised that the research is fundamentally at an exploratory stage, without strong evidence to support the testing of specific hypotheses (12). Alternatively, a threshold could be set based on other factors, such as the point at which the behaviour has been shown to become a concern. The question then arises: What is the impact of cutting the data to create this new binary outcome at different levels? In this paper we illustrate and explore the implications of this potentially significant, but seemingly largely overlooked, phenomenon (10, 13, 14) by examining the potential risk factors revealed for various aspects of feline social behaviour using the recently developed Fe-BARQ scale which, like its canine equivalent (Canine Behaviour and Research Questionnaire, C-BARQ) is potentially subject to such misuse.

So far, Fe-BARQ has only been used to study associations between breed, coat type, eye colour and behaviour of cats (2). By contrast, C-BARQ, which uses a similar scoring system, has been utilised in a much wider range of studies and appears to be becoming a popular instrument for investigating increasingly complex relationships beyond the sort of behaviour profiling for which it was originally developed (10, 15). For example scores have been used to make inferences about welfare (14) and to inform working dog selection (16) but also to make heritability estimates for a range of behaviours (17) and to investigate more closely the potential risk factors of specific issues such as aggressive behaviour (9, 18, 19). It is in these latter contexts that the issues relating to the pooling of scores of similar value are of potential concern and we suggest a fallacy. The diversification in the use of this scale make our current work very timely.

In this paper, our primary aim is to illustrate the effect of this “pooling fallacy” in relation to our own dataset for Fe-BARQ, although the issue applies to any similarly scored instrument, such as C-BARQ. We illustrate this by reference to two behavioural elements within the Fe-BARQ made up of quite different numbers of items (aggressiveness towards other cats and non-social playfulness). Since there are more ways to potentially calculate non-extreme values when there are more items, we hypothesise that there will be greater variability in the risk factors revealed using different forms of average score calculation when there are more items making up the factor. Specifically, if we convert Likert scale data into binary outcomes with different thresholds, we may not only reveal different significant associations with demographic variables but also that these relationships may be different from those identified using the average score of all items making up that factor (Averaged total score).

Within Fe-BARQ, playfulness has the highest number of constituent items (14), and so we used a subset of 11 items within this factor clearly related to object/self play in cats as our primary focus. By contrast, aggressive behaviour towards familiar cats is calculated on the basis of only 4 items. The choice of these two features not only allows us to illustrate the breadth of the issue, but also the potential impact on two features of cat behaviour used to draw opposing conclusions about their welfare: i.e., positive in the case of play (20, 21) and negative in the case of signs of social stress leading to intercat aggressive behaviour (22–24).

As a secondary aim we examine the results generated by the different methods with regards to their interpretation as potential risk factors. We recognise that no single method is without its limitations, and so emphasise the importance of careful consideration of the nature of the research being undertaken. A key feature in this regard (and in the choice of statistical threshold conventions) is a clear distinction between research that seeks to primarily generate hypotheses for later investigation (such as the analysis of potential risk factors) and research which is focused on testing and differentiating between specific hypotheses (12). It is worth pointing out that both forms of research can involve statistical testing of hypotheses, but the results reduce scientific uncertainty to different degrees because of their methodological rigour. Within hypothesis generating research we primarily reveal what might be important, while within hypothesis testing research we focus on specifically excluding competing hypotheses. Within hypothesis generating research, since we are often exploring what the data reveals, it can be useful to consider and contrast the outcome from different methodologies to see what is found consistently to be significant (25). However, researchers will often only report the outcome of a single test. Therefore, as part of our second aim, we consider first how examination of consistency of results across methods of calculation can be useful in prioritising factors for subsequent consideration. We then consider how examination of the correlation between the average score of all items compared to the average score of the data converted into binary outcomes at different levels can provide useful insight into the nature of the factor being explored.



MATERIALS AND METHODS


Survey Structure and Distribution

An online English survey using Fe-BARQ was developed using Google forms. It consisted of 27 demographic questions about the cat and cat ownership. The second part of the survey consisted of 100 items concerning cat behaviour including 85 from Fe-BARQ, which were subdivided into 23 sections [as per (3)] with an additional 15 items included in a “miscellaneous” section (as per the recommendation of instrument's author—personal communication, 2017).

The survey was launched in December 2017, publicised via social media (e.g., Facebook) and closed in February 2018 (For the online survey as presented via Google forms see Supplementary Material—Questionnaire).



Creation of Dataset for Analysis

For the purposes of this study, we focus only on the results relating to aggressive behaviour towards familiar cats (hereon referred to simply as “aggression”) and object/self play (hereon referred to simply as “playfulness” — social play was excluded at this point due to its confusion with aggressive behaviour—this point is discussed further below) as dependent variables. Eleven of the 27 demographic questions about the cat and cat ownership were relevant potential predictors of these responses (Table 1). In addition, and based on the clinical behaviour literature (8, 26–29), social play (playing with other household cats), inappropriate scratching [scratches claws on inappropriate objects or surfaces indoors (furniture, rugs, curtains, wallpaper, etc.)], spraying [sprays (standing position with tail raised vertically) outside of the litter box or on other surfaces and objects (e.g., furniture, walls, people's legs, etc.) indoors] and fear of noises [runs and/or hides in response to sudden or loud noise (e.g., vacuum cleaner, car backfire, road drills, dropped object, sounds of musical instruments, doorbells or someone knocking on the door)] were also considered as potential predictors for the analysis of the aggression and playfulness scores.


Table 1. Demographic data on selected questions (N = 1,805).
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Data were initially cleaned, by checking for and removing duplicates and then for the purposes of this study only datasets relating to multicat households were selected for analysis (since we wanted to include intercat play as a potential independent variable for both dependent variables). Finally, those with any incomplete data representing unknown or absent responses were removed from our sample population.

Two demographic items [In a typical week, how many days is this cat left alone (no people around) at home for more than 1 h; On a typical day, how many hours is this cat left alone (no people around) at home?] were subsequently combined into a single composite variable by multiplying days left alone per week by hours left alone per day (using the midpoint value of the range within each category of answer option for both items, e.g., for answer option: 1–3 days left alone per week, midpoint value used to calculate the composite variable was “2”). The resulting value then represented time left alone per week and these results were then ordered into five different categories (up to 42 h [based on (3)] creating a new variable: “time left alone per week” (henceforth described as “left alone”). In addition, the two items on sex and neuter status were combined into one new variable “sex and neuter status” with four categories (female non-neutered, female neutered, male non-neutered, male neutered), before analysis.

Initially we calculated descriptive summary statistics, and examined the frequency distribution for both the Averaged total scores [the sum of scores for the factor divided by the number of items making up that factor as per the recommendation of (3)] and specific item scores. Aggression scores were made up of four items [as per (3)], whereas for the playfulness score we based our scores on only the 11 items relating to object, predatory or self play. We excluded three of the items included in the original Fe-BARQ [Chases and ambushes other household members (including pets) playfully; Initiates mutual chasing by running from room to room in the house; and Plays with other household cat(s)] as these items might relate to rough and tumble social play, which it has been argued has a different neuro-affective basis [PLAY sensu (30)] and might also be confused with forms of agonistic behaviour resulting in related outcomes and thus confounded correlates. By doing this, it can also be argued that the remaining 11 items are related to a single affective system [SEEKING sensu (30)].

We then converted individual item response scores into binary data based on different thresholds (1, 2, 3 or 4, i.e., a cut off threshold of 2 means scores of “0 = never” or “1 = seldom” were recoded as 0, while scores of “2 = sometimes”, “3 = usually” or “4 = always” were recoded as 1). These were then summed and divided by the number of items to create a standardised score between 0 and 1. These new variables are henceforth referred to as Averaged total binary scores 1, 2, 3 or 4 respectively.



Data Analysis

In order to examine the impact of different ways of calculating the total score on the significance of a range of potential risk factors, we initially used non-parametric tests (Mann-Whitney test, Kruskal-Wallis test, Kendall's Tau correlation coefficient). These examined the relationship between the Averaged total scores and Averaged total binary scores for both aggression and playfulness and the following demographic factors: age (by year up to age 11+ years of age), sex including neuter status, breed type [domestic shorthair/mixed breed, domestic longhair/mixed breed, purebreed (pedigree), mix of pure breeds or if only one parent of your cat is pedigree], source of animal [Home (born at), Friend/relative/neighbour, Veterinary hospital, Street (as a stray), Shelter, Breeding cattery, Cattery (boarding/foster), Pet store (purchase), Pet store (rescue), Selling website], age when obtained [unweaned kitten (0–2 months), kitten (2–6 months), junior (6 months−2 years), mature (3–10 years), senior (11+ years)], lifestyle [Indoors only, Indoors with controlled or limited access to space outdoors (e.g., fenced garden or pen), Indoors with free access outdoors, Outside only (no access indoors), Lives in pen/stall/cage and has controlled access outdoor], time left alone per week (0–6 h, 7–15 h, 16–29 h, 30–42 h, 43 h and more), health status (healthy or not) and presence of a dog in the home (present or not). For the overview of demographic factors see Table 1.We also examined the relationship between scores and items relating to the single Fe-BARQ item most clearly related to social play [Plays with other household cat(s)], inappropriate scratching, spraying and fearfulness.

A selection of the demographic items from the univariate analysis (see sections Results, Aggression and Playfulness) was then used in a backward stepwise procedure to generate minimal adequate models of the relationship between the independent variables and the two behaviour factor scores (various forms of score for playfulness and aggression). Only items found to be significant at p < 0.05 in the univariate analysis were initially included in the model and non-significant factors (p ≥ 0.05) in the multivariate analysis were serially removed until the final model contained only significant factors (interactions were not included). Assumptions concerning homogeneity of variance and heteroscedasticity for these models were evaluated from visual inspection of the standardised residual plots and deemed to be acceptable.

In order to consider the implications of cutting the data relating to aggression and playfulness at different levels of score, we not only examined the data distribution, but also calculated Kendall's Tau for the association between the scores of items making up that component and total scores. Kendall's tau was used as it is more mathematically tractable to the large number of ties present (31).

All statistical analyses were conducted using IBM SPSS ver. 25.0.0.1.



Ethics Statement

All experiments (the questionnaire survey and its analysis) were performed in accordance with guidelines and regulations of University of Veterinary Medicine and Pharmacy in Košice. The experimental protocol used in this study (internet questionnaire survey) did not require approval by the local Ethics committee of the University of Veterinary Medicine and Pharmacy in Košice for handling of animals. As the online completed survey used in this study was directed at owners, it was assumed that all participants were over 18 and participants' consent was inferred from the completion of the survey and submission of the data. No sensitive information was stored from any of the participants and any incomplete surveys, which might indicate withdrawal of consent, were not used.




RESULTS


Sample Characteristics

5,631 responses were received for the online survey, this dropped to 5,353 after removing duplicates, of which 3,681 (68.7%) related to multicat households. After removal of those with incomplete/unknown item responses, data relating to 1,805 cats were included in the analysis.

Mean age of the sample population was 5.1 years (±3.5) with 47.3% neutered females, 3.3% non-neutered females, 46.8% neutered males and 2.7% of intact males. The majority (73.2%) was non-pedigree (mix breed) domestic shorthair and longhair cats, with most (78.9%) obtained from a breeding cattery, friend/relative/neighbour, shelter or street as a stray cats and more than half (57.8%) between the ages of 2–6 months. Almost half of the cats (45.5%) were kept strictly indoors. Almost 40% of cats (39.9%) were left alone up to 6 h per week and <5% of cats (4.7%) were left alone more than 43 h per week; most of the cats were reported to be currently healthy (80.8%). About two thirds of cats (65.37%) lived without a dog in the home. Further details on the demographics are provided in Table 1.

Descriptive summary scores for aggression and playfulness are shown in Tables 2, 3, below, respectively. Item scores were not normally distributed (frequency distribution histograms per each item and score calculation method for aggression and playfulness can be found as Supplementary Graphs 1–25).


Table 2. Descriptive summary data for the aggression factor: individual items, averaged total score and averaged total binary scores 1,2,3,4 of the four individual items making up this factor, Kendall's Tau describes correlation between averaged total score and each item and binary score in the table, all correlations are significant at 0.01 level (2-tailed).
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Table 3. Descriptive summary data for playfulness items: individual items, averaged total score and averaged total binary scores 1,2,3,4 of 11 individual items above, and correlation between averaged total score and each item and binary score in the table (Kendall's Tau coefficient), all correlations are significant at 0.01 level (2-tailed).
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For aggression (Table 2), the median value of the constituent items was 0 in all cases; Kendall's tau revealed reasonably similar correlations between these individual items and average factor scores (Averaged total score). Much greater variation was observed between Averaged total score, and Averaged total binary scores, with correlation reducing the higher the threshold.

The median for the 11 items making up the factor playfulness (Table 3) ranged from 1 to 4 with 3 the most frequent value (7/11 questions). Correlation coefficients between each item and average factor score was more variable than with aggression; the trend for weaker correlation between Averaged total binary scores and Averaged total score with higher binary cut off points seen with aggression was not apparent (Table 3).



Potential Risk Factors for Behavioural Outcomes

The significant predictors for each factor differed according to the method used for calculating total score.


Aggression

For Averaged total score, univariate analysis identified 11 significant associations (p ≤ 0.05): age, breed type, sex and neuter status, source of animal, age when obtained, lifestyle, health, social play, fearfulness, scratching, and spraying (details of univariate analysis results for aggression are available in Supplementary Tables 1–3). Seven of these remained in the minimal adequate model: age, breed type, sex and neuter status, social play, fearfulness, scratching and spraying.

For Averaged total binary score 1, univariate level of analysis revealed 10 of the same items as found for the Averaged total score to be significant, but scratching was excluded. Likewise, the minimum adequate model for this variable included only six items (Table 4).


Table 4. F and partial eta squared value for minimal adequate models for different ways of aggression score calculation methods, *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001.
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For Averaged total binary score 2, univariate analysis 10 same items as found for Averaged total score were significant with health excluded: age, breed type, sex and neuter status, source of animal, age when obtained, lifestyle, social play, fearfulness, scratching and spraying. Five of the items identified when trying to predict the Averaged total score (including scratching) were retained in the minimal adequate model (Table 4).

For Averaged total binary score 3, univariate analysis revealed 10 significant items, same as for Averaged total score but with age when obtained excluded, namely age, breed type, sex and neuter status, source of animal, lifestyle, health, social play, fearfulness, scratching and spraying. The same five items identified in the previous model when trying to predict the Averaged total binary score 2 were retained in the minimal adequate model (Table 4).

For Averaged total binary score 4, (i.e., when only aggression that was rated as always occurring in the given context was used to calculate the score), univariate analysis revealed five significant items (with age, source of animal, age when obtained, lifestyle, health and spraying excluded when compared with Averaged total score), namely: breed type, sex and neuter status, social play, fearfulness and scratching; four of which were retained in the minimal adequate model (Table 4).

Across these analyses, only three items: sex including neuter status, social play and fearfulness were consistent predictors of the dependent variable, which was always some form of severity of aggression. Neutered females consistently had the highest score for aggression, followed by entire females and neutered males, (Supplementary Tables 1–3 for results of univariate analysis) with entire males least aggressive except when using the Averaged total binary score 4 method, where they were replaced by neutered males (Supplementary Table 2). The item on social play correlated negatively but weakly (using conventional thresholds for interpretation) with aggression using each calculation method (Kendall's tau r = −0.306 to −0.208, p ≤ 0.001) (see Table 5), while fearfulness correlated significantly but very weakly (Kendall's tau r = 0.079–0.066, p ≤ 0.001) (Supplementary Table 3).


Table 5. F and partial eta squared values for minimal adequate models for different ways of playfulness score calculation methods,*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001.
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Playfulness

The type of effects (different predictors significant depending on total score calculation method used) observed in relation to the aggression factor were even more extensive with the playfulness factor which was comprised of 11 items (Table 5).

For Averaged total score, univariate analysis identified 12 significant predictors (p ≤ 0.05): age, breed type, sex and neuter status, source of animal, age when obtained, lifestyle, left alone, dog, health, social play, fearfulness and scratching (details of univariate analysis results are available in Supplementary Tables 4–6). Eleven of these remained in the minimal adequate model, with source of animal (where it was obtained from) being excluded (Table 5).

For Averaged total binary score 1, univariate analysis revealed 11 of the same items as found for the Averaged total score to be significant: age, breed type, sex and neuter status, source of animal, age when obtained, lifestyle, left alone, dog, health, social play and fearfulness with scratching excluded. The minimal adequate model for this variable included 8 items: age, source of animal, age when obtained, lifestyle, dog, health, social play and fearfulness (Table 5); the source of the animal was retained in this case unlike in the multivariate model for predicting Averaged total score.

For Averaged total binary score 2, univariate analysis revealed the same 11 items as for Averaged total binary score 1 were significant. Eight items were retained in the minimal adequate model, 6 of which were common with the model generated for predicting Averaged total binary score 1, and all were common with 8 of the 11 retained to predict Averaged total score (Table 5).

For Averaged total binary score 3, univariate analysis revealed the same 12 significant items as for Averaged total score. Nine items were retained in the minimal adequate model, of which 7 were common with the model generated for predicting Averaged total binary score 2; 5 with the model generated for predicting Averaged total binary score 1 and all were common with 9 of the 11 retained to predict Averaged total score (Table 5).

For Averaged total binary score 4, (when only playfulness that was rated as always occurring in the given context was used to calculate the score, univariate analysis revealed the same 12 significant items as found to be significant for the Averaged total score. Eight items were retained in the minimal adequate model. Seven were common to the predictors retained to calculate Averaged total binary score 3, 6 with the model generated for predicting Averaged total binary score 2; 4 with the model generated for predicting Averaged total binary score 1 and all were common with 8 of the 11 retained to predict Averaged total score (Table 5).

Thus, between 8 and 11 potentially significant predictors for playfulness were identified using simple non-parametric statistics, according to the factor score calculation method, but only age, age when obtained, social play and fearfulness remained significant predictors across all methods of calculating the dependent variable score for all minimal adequate models.

There was a consistent significant effect of age on playfulness scores (H = 195.676–399.761, p ≤ 0.001, Supplementary Tables 4, 5) with playfulness scores reducing with age regardless of the calculation method. There were also consistent effects of age when obtained on playfulness scores (H = 48.036–84.260, p ≤ 0.001, Supplementary Tables 4, 5). Cats obtained as kittens (between 2 and 6 months of age) consistently had the highest scores for playfulness, and those obtained as seniors (11 years and older) were least playful (Supplementary Table 5). The correlation between playfulness and social play scores were consistent but moderate-weak (Kendall's tau r = 0.459–0.377, p ≤ 0.001, Supplementary Table 6). Fearfulness scores correlated consistently but very weakly negatively with playfulness scores (Kendall's tau r = −0.073 to −0.063, p ≤ 0.001, Supplementary Table 6).

Since there is a confound between age and age when obtained, because age is obviously dependent to some extent upon age when obtained, we repeated the analysis considering only cats aged more than 3 (Supplementary Tables 7–16) and the findings support our first aim, however there were differences in the relationships identified as part of our second aim. Fearfulness was excluded as a potential risk factor for both aggression and playfulness. There was also a change in the relationship between aggression of neutered vs. intact males: intact males were consistently more aggressive than neutered ones across the methods of calculation (Supplementary Table 11).





DISCUSSION

These results highlight the problems that can arise when behavioural survey data which conflate prevalence (i.e., which specific behaviours occur within a composite measure) with intensity (the frequency with which a particular behaviour occurs in a given context) is pooled to create a dependent variable for some form of further epidemiological investigation. We refer to this as a “pooling fallacy” as the result of bringing these two distinctive dimensions of a behavioural variable together into a single score is not a homogenous measure of the intensity/severity of the construct of interest. Our results show firstly how this can produce significant differences in the apparent factors of importance (age, breed type, scratching and spraying being differently significant depending on method used for calculation of aggression score and breed type, sex with neuter status, source of animal, lifestyle, time left alone, presence of dog, health status and scratching being variously significant when playfulness was calculated using five different methods), and, as predicted, how the greater the number of variables being pooled the greater the risk of error (four to 6 predictors being significant for aggression comprising of 4 items and 8–11 predictors being significant for playfulness factor comprising of 11 items). This is not surprising from a mathematical perspective as a larger number of variables mean there are a greater number of permutations that can give a given score. The problem is not unique to Fe-BARQ and C-BARQ and should be considered for any instrument that consists of items relating to constructs assessed for their severity in a range of contexts. There is no simple or single solution to this issue, other than to undertake multiple analyses using different cut off points as we have done here, and then consider carefully the results across analyses focusing on the most consistent effects. It is essential that researchers consider carefully the potential impact of such pooling and the limitation this might impose on their conclusions, and we encourage research to use multiple methods to evaluate the robustness of their results.

The “fallacy” in such pooling is assuming that the pooled score of a behavioural profile instrument is a reliable measure of the intensity of the behaviour within the individual, like the general level of a temperament trait. A behaviour is a response to a particular context, whereas a trait is a broader response tendency and so, by definition, should be evident across a range of contexts. Behavioural responses in a given context are often shaped by direct experience in that context. Thus, a behavioural profile can tell us about the animal's response in a range of particular circumstances, but this information relates only indirectly to the intensity of any underlying trait. For example, if a cat avoids a wide range of situations then we might conclude that it is temperamentally fearful, however if it avoids some situations but not others or has an extreme response in certain specific situations and not others, the temperament of the cat is much less clear. It is for this reason that Brady et al. (32) highlighted the need to develop a consensus on the difference between an instrument that produces a behavioural profile (which they refer to as an assessment of “character”), such as Fe-BARQ or C-BARQ (whose structure describes the aggregation of context specific behaviours), and one that assesses personality, such as the Monash Dog Personality Questionnaire (33, 34) or similar feline assessments (35–37) whose structure potentially describes broader biological based predispositions that underpin individual differences, and one that assesses temperament, such as the Positive and Negative Activation Scale (38) or Canine Frustration Questionnaire (39) whose structure is focused on the emotional aspects of personality. Each is valuable in its own right, and the appropriateness of one over another in a given context, will vary with the question being asked. We suggest that pooling the scores of a behavioural profile to suggest that we now have a measure of temperament is at best unreliable and at worst a fallacy. Thus, if we are interested in assessing the genetic basis to behavioural predispositions, we would suggest that the use of traits may provide greater accuracy than a factor based on behavioural profiles; this does not negate the feasibility of the latter approach [as recently demonstrated by (17)], but it may be less accurate than a more nuanced approach. However, if it is believed that there is a genetic basis to a contextually specific response then using a behavioural profile may be preferable. What is important is that we think carefully about what measure is best so that we can optimise our investigation, or at least recognise its limitations.

The variability in the results relating to different forms of average score, is not simply noise; it may be biologically meaningful and of practical value. For example, in the case of aggression score, the very high correlation between Averaged total score and Averaged total binary score 1 indicates that for this factor the Averaged total score (which is the score that is most likely to be subject to a pooling fallacy) reflects the prevalence of this type of response in different contexts rather than its frequency within a given context. By contrast for playfulness, the strongest correlation was between Averaged total score and Averaged total binary score 3. This could indicate that Averaged total score for this trait reflects playfulness expressed very frequently (usually and always), however, it might also be an artefact of the nature of the distribution of scores. Averaged total binary scores for the two factors might therefore reflect different properties of the factor (prevalence at any level in the case of aggression, but the prevalence of frequent occurrences in the case of playfulness). This finding is reflected in the different frequency distribution histograms of aggression and playfulness scores (Supplementary Graphs 1–25) and an appreciation of the how average component scores are composed from constituent items is essential, if we wish to avoid unsound inferences.

It is also useful to consider what the variation in predictors with different cut off points might tell us. Again, these differences should not be simply dismissed as random errors, but their potential biological significance evaluated in terms of hypotheses that might need to be investigated. This is particularly valuable, when it is recognised that the work is exploratory [hypothesis generating research (12)] such as that described here. Indeed, we would argue that the primary goal of much initial epidemiological work examining the relationship between potential risk factors and outcomes should be to generate hypotheses, that can be more rigorously tested later on, and both the statistical plan and discussion of findings need to be considered accordingly (40). The exclusion of scratching as a potential risk factor only from the minimal adequate model for aggression relating to the Averaged total binary score 1, would suggest that inappropriate scratching, might be associated more with the frequency of bouts of aggression to familiar cats than the general prevalence or very low levels of the problem. Likewise, spraying was not a significant potential risk factor when only the data relating to the highest frequency of familiar cat aggression (always aggressive cats in different range of contexts) was used to calculate aggression score. This could suggest that spraying is associated less with the most severe cases of intercat aggression. Interestingly, there is some evidence to support this; within the clinical behavioural literature, it has been suggested that spraying is a response to low level of frustration associated with threats to resources to others, which may be the prelude to overt aggression (41). There are also data to indicate that pheromonal treatments which reliably moderate urine spraying in cats (42) are less effective when there is overt aggression between cats in the home (43). Both of these observations are consistent with the association identified in the current study and add weight to the hypothesis concerning the relationship between spraying and frustration.

The current analysis also reveals items that are consistently associated with a given factor: sex including neuter status, social play and fearfulness in the case of aggression scores and age, age when obtained, social play and fearfulness in the case of playfulness. This would suggest a very important role for these factors in these aspects of behaviour, even though some of the relationships are weak.

The relationship between sex/neuter status and aggressivity is clearly complex and has been frequently studied in cats, however, there seems to be little consensus on what the relationship is. Like many other species, male cats are often reported to be more aggressive than females (5, 44); however several studies have failed to find gender differences in aggression towards other cats (6, 8, 45, 46). This has led some to suggest that aggression in domestic cats lacks sexual dimorphism (8). Data from animal behaviour clinics, support our finding that females may be the more aggressive sex (47, 48), or at least the sex where it is perceived to be a problem. However, these clinical populations are often skewed towards neutered, mostly indoor house cats (5, 47–51), like those studied here. Unspecified generalisation about the relationship between sex and aggressivity, without considering factors such as neuter status, context (such as target of the behaviour) alongside the motivational-emotional status of the problem should therefore be treated with caution. Neutering has been reported to have a calming effect on behaviour with a decrease in aggression in both, males and females (44, 52); by contrast our initial results indicated aggressivity was consistently highest in female neutered cats, and greater in females compared to males. This might reflect the management of male entire cats, who are perhaps kept away from other cats to reduce the chances of unplanned breeding, but deserves further attention, as this would not account for the generally lower aggression in neutered males compared to females. Some clarification comes from our subsequent analysis which recognised the confound between age and age when obtained. In our initial analysis, entire males were less aggressive than neutered males, except for the most severe form of aggression (Averaged total binary score 4). This could be interpreted to indicate that neutering may have little effect on the general frequency of aggression in male cats, but it does reduce the most severe forms which could perhaps be related more to reproductive opportunities. In our subsequent analysis of cats 3 years old and more, intact males were consistently more aggressive than neutered ones, and not just in relation to ATBS 4 scores (see Supplementary Table 11). Thus, the relationship with neuter status in males, seems to be an artefact of many young entire males who are less aggressive. This might be revealed by a more sophisticated analysis which controls for such interactions, but this would hardly be justified in the exploratory phase. Nonetheless it does highlight the importance of using an incremental approach and series of analyses to build an understanding rather than depend on a single final analysis. It has been suggested that neutering may increase shyness and hiding in cats (53) and Ramos and Mills (8) reported an increased risk of human aggression when being startled by neutered cats. Other authors have also noted that neutering does not reduce fear induced aggression (54), and given our finding that fearfulness may increase aggressivity, this might provide a mechanism for the relationship found between neutering and aggression in both sexes.

The consistent relationship between aggressivity and both social play [Plays with other household cat(s)] and fearfulness [Runs and/or hides in response to sudden or loud noise (e.g., vacuum cleaner, car backfire, road drills, dropped object, sounds of musical instruments, doorbells or someone knocking on the door)], are as to be expected; as is the converse relationship between these two factors (aggression and fearfulness) and social play. However, these relationships, while being consistently significant do not appear as strong as might be predicted; this highlights the problem of simply relying on p-values for interpretation; an issue we discuss further below. This might also indicate that they are not strong determinants of aggressivity or object playfulness or be an artefact of the method used which depends heavily on owner interpretation for these items. Animals play less when their welfare is sub-optimal and this will include when they are fearful (20), so those who are afraid of more stimuli, can be expected to play less as a result; fearfulness is also a common underlying state that leads to aggression in animals (30). In particular, it has been reported that in cats that a fearful reaction to noises is most common triggering stimulus for redirected aggression (55). The strength of this relationship should be explored more rigorously through studies specifically designed to both test these hypotheses and quantify effect sizes. However, it must also be considered that these relationships are also affected by owner perception. Owners who see their cats fight more [especially if one is clearly fearful of another and thus likely to growl or hiss at each other (56)], may also tend to interpret rough and tumble play as aggression, which would conflate the reported relationship. However, our results indicate a negative relationship between social play and aggression, suggesting that, in general, this potential confusion was not the norm; however, it might weaken the relationship. Unfortunately, the definition of social play in Fe-BARQ and elsewhere is often defined using a circular definition (57): i.e., Plays with other household cat(s); without reference to more objective criteria such as inhibited biting and scratching which may be important ways of distinguishing it from affective aggression (58). Observational studies and specific hypothesis driven research to tease out these factors more clearly would be valuable.

The relationship between solitary/object play (items included with our playfulness factor) and social play with other household cats deserves further consideration. Panksepp (30) argues that the two have a different affective basis, and the weaker relationship here might support this. The original relationship between social and solitary play identified during the development of Fe-BARQ (3) may actually be an artefact of the use of a single item relating to social play. As a result, it may correlate more closely with items relating to solitary play, due to greater commonality between these items than the other states examined, however this does not mean they reflect a unitary “playful” system. If there had been more items relating to social play, it might be (if Panksepp's argument is correct) that these “social play” items would cross correlate more closely and thus form their own factor. This deserves further research attention, but an important prerequisite is the development of suitable items to use in the definition of social play. So far, there appears to have been only one observational analysis of intercat interactions involving both kittens and adult cats (59). This suggests that the patterning of behaviours such as wrestling, vocalisations and periods of inactivity might be useful for helping to differentiate between playful and agonistic encounters. The authors will be examining this further in their future research.

Age and age when obtained were both consistently associated with playfulness in the current study: playfulness declined with increasing age of the cat and also with increasing age when the animal was acquired for cats obtained at or after 2–6 months of age, with cats obtained before this slightly less playful too. Decline of playfulness with ageing is a common finding in developmental studies on play (60–62), and our result replicates that from another recent Fe-BARQ based study by Duffy et al. (3), which is important given the lack of developmental studies on cat play after the age of 6 months (57). This is a significant gap in the literature, which needs to be addressed. Burghardt (63) argues that play is initiated when an animal is well-fed and free from environmental stresses (e.g., physical danger, predators, social instability) or intense competing systems (e.g., feeding, mating, competition, fear), so the question arises how are these age-related factors related to freedom from environmental stressors and competing systems? It might be that when kittens are obtained very young (0–2 months of age), that their management is suboptimal in the absence of a mothering queen and this has knock on effects for their playfulness, whilst those obtained later than 6 months, may be more likely to have had a more traumatic early life, reflected in their later (re)homing. It should also be noted that between 2–6 months of age includes the developmental peak for play in cats (64). Accordingly, it might be that when cats are obtained at this age that there is greater reinforcement of the behaviour by owners through the provision and use of toys and interactive devices. While living in multicat households (such as in our population), provides the opportunity for social play (not the focus of playfulness in our study), it comes at a cost which includes potentially increased competition over resources and social conflict (23), and this may also contribute to the relationship between age when obtained and playfulness, as older cats may be faced with greater competition from resident animals, and less easily integrated. To date, studies of risk factors for intercat aggression (5, 6) do not appear to have considered this.

There are several limitations to this study which need to be put into context. Our primary aim was to illustrate how pooling scores that confound range of contexts with severity can result in different potential risk factors to a score based on specific threshold of response; our secondary aim was to explore and evaluate the potential risk factors identified by this process. The latter part of the report should be considered very much exploratory research aimed at generating hypotheses for future evaluation and it is this aim that is potentially affected by the main limitations of our chosen analyses. One concerns the statistical threshold used for considering significance and the other the lack of statistical correction for multiple testing. We have justified this decision earlier (40), but it should be noted any future research aimed at specifically testing the hypotheses we generate here should allow for such statistical correction. Secondly amongst the factors considered, we acknowledge that there are potential confounds, such as between age and age when obtained. The repeat the analysis considering only cats aged more than 3 did not affect our general aim, but did result in changes in specific factors of importance. We recognise that a more sophisticated analysis examining interactions between factors could more clearly reveal some of these points, but was not justified in this case, given our primary aim, which also emphasises the importance of an incremental approach to the analysis in exploratory research and not to treat the data as if they are suitable for hypothesis testing research. Although our work is exploratory, we have made reference to effect sizes and, it might be argued that this is not appropriate. Certainly, these measures should be treated with some caution until more definitive studies are undertaken, but they do provide some insight into what might be the most important/relevant factors to investigate in future. In line with a growing literature on the topic (65–68), we argue against a simple dependence of crude metrics and conventional threshold and wish to encourage a more thinking approach to analysis and reporting of this. Thirdly, number of cats per respondent filling the questionnaire was unknown in this study due to our anonymised data set, and while this fact does not invalidate the primary aim of our analysis, conclusion relating to potential risk factors may be influenced by interdependencies of the data from the same household.

In conclusion, failure to recognise the “pooling fallacy” of creating a heterogeneous total score for a dependent variable can result in different predictors appearing to be statistically significant. It is essential that researchers reflect carefully on what pooling scores actually produces and the implications of this. We argue that by converting component item scores into binary outcomes based on a particular threshold, a richness to the data may be revealed that could otherwise be lost. There is clearly a need for researchers to develop scales which do not suffer from this problem. Further we urge researchers to consider carefully whether their research is aimed at generating tentative hypotheses for subsequently evaluation or aimed at providing definitive evidence concerning a specific hypothesis and to adapt their analyses and reporting accordingly.
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Bold items are common to all models.
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Averaged total
binary score 3

F Partial eta
squared
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8.354** 0.014
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x x
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383.847** 0.176
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Averaged total
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F Partial eta
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1. Quickly learns how to play with new introdluced toys. 300 309 0 4.00 300 4.00 0533
2. Curious: actively investigates/explores new objects, sights, 4.00 334 0 400 300 4.00 0.466
or changes in its environment

3. Carries small objects/toys in the mouth to interact with 2.00 207 ) 4.00 1.00 3.00 0.574
4. Runs and jumps in the air. 3.00 2.48 0 400 200 350 0.668
5. Engages in active jumping and climbing on high surfaces, 300 289 0 400 200 4.00 0535
fumniture or curtains.

6. Exhibits sudden bursts of running or climbing in certain 3.00 280 0 4.00 200 4.00 0503
periods of the day.

7. Exhibits sudden jumping and running during playful activity. ~ 8.00 276 0 400 200 4.00 0.654
8. Stalks, chases or pounces on moving objects (string, balls, 3.00 3.07 [ 4.00 2.00 4.00 0.619
soft toys, etc.) during playful activity.

9. Displays running/chasing and hunting/pouncing on 200 224 0 400 1.00 3.00 0597
unseen/imaginary prey/objects.

11. Chases or follows shadows or ight spots. 3.00 241 0 400 1.00 4.00 0528
13. Iniiates interactive play with people in the home (e, 1.00 165 0 4.00 0 3.00 0578
brings toys, strings, or small objects to play with).

Averaged total score 272 262 0 400 200 327 E
Averaged total binary score 1 1.00 090 0 1.00 091 1.00 059
Averaged total binary score 2 081 077 0 1.00 064 1.00 0779
Averaged total binary score 3 063 060 0 1.00 036 0.82 0.857
Averaged total binary score 4 027 034 0 1.00 009 055 0.764

Min., minimum value, Max, maximum value, Fe-BARQ scores for answer options: 0 = never, 1 = seldom, 2 = sometimes, 3 = usually, 4 = always, Averaged total binary score 1: 0
0and 1,2,3,4 = 1; Averaged total binary score 2: 0,1 and 2,3,4 = 1; Averaged total binary score 3: 0,1,2 = 0 and 3,4 Averaged total binary score 4: 0,1,2,3 = 0 and

1.
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Age 4381 0.002
Breed type 2.963* 0.005
Sex and neuter 17675 0029
status
Q Social play 230162 0.118
QFearfulness 7.061" 0.004
Q Scratching 15257 0008
Q$praying 14251 0008
R 0.226
Adj. R? 0.221

Bold items are significant across all models.

Averaged total
binary score 1
F Partial eta
squared
26620 0015
3.960" 0,007
16.141** 0.026

134.763** 0.070
7.267" 0.004
x x
17.786" 0010
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0.188

Averaged total
binary score 2
F Partial eta
squared
x x
x x
13935 0,023
280232 0.135
7.798" 0004
17.022 0,009
11.426"* 0.008
0.189
0.186

Averaged total
binary score 3

F Partial eta
squared
x x
x x
10574 0017

240.549 0.118
4.650" 0.003
14101 0.008
7.280" 0.004
0.161
0.157

Averaged total
binary score 4

F Partial eta
squared
x x
x X
6107+ 0010

141.570" 0073
4.041% 0.002
7.746™ 0.004
x %
0.097
0.094
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Neutered female

Non-neutered female

Neutered male

Non-neutered male

Breed type

Domestic long hair/mixed breed
Domestic short hair/mixed breed

Mix of pure breeds (or if only one
parent of your cat is pedigree)

Pure breed (Pedigree)
Obtained from
Breeding cattery
Cattery (boarding/foster)
Friend/relative/neighbour
Home (born at)

Pet store (purchase)

Pet store (resoue)
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13
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100
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3.88

416
14.02

47.31
327
46.76
266

16.24
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21.00

14.85
161
2355
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233
4.04
554
23,66
16.79
222

Age when obtained

Unweaned kitten (0-2 months)
Kitten (2-6 months)

Junior (6 months—2 years)
Mature (3-10years)

Senior (11-+ years)

Lifestyle

Indoors only

Indoors with controlled or imited
access to space outdoors (e.g.,
fenced garden or pen)

Indoors with free access
outdoors

Lives in pervstal/cage and has
controlled access outdoors

Outside only (no access indoors)
Left alone per week

0-6h

7-15h

16-29h

30-42h

43 and more hours

Is this cat currently suffering from any health problems?

No
Yes

Does a dog live in your household?

No
Yes

332
1,042
282
137
12

494

481

720
190
450
360
85

1,459
346

1,180
625

%

18.39
57.73
16.62
7.59
0.66
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2737
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0.39
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44. Growls/hisses when approached by a familiar (householc) 0 064 0 400 0 1.00 0673
cat while eating.

45. Growls/hisses when approached by a familiar (householc) 0 068 0 4.00 o 1.00 0742
cat at a favourite resting place.

46. Growls/hisses when stared at, growled or hissed at by a 0 082 0 400 0 1.00 0.790
familiar (household) cat.

47. Attacks (scratches/bites/attempts to bite) when stared at, [ 0.73 0 4.00 0 1.00 0.722
growled or hissed at by a famiar (ousehold) cat.

Averaged total score 025 072 0 400 0 1.00 -
Averaged total binary score 1 025 036 0 1.00 0 075 0916
Averaged total binary score 2 0 021 0 1.00 0 025 0.807
Averaged total binary score 3 0 0.10 0 1.00 0 0 0616
Averaged total binary score 4 0 004 0 1.00 0 0 0.429

Min., miminum value, Max., maximum value, Fe-BARQ scores for answer options: 0 = never, 1 = seldom, 2 = sometimes, 3 = usually, 4 = always, Averaged total binary score 1: 0 =

0and 1,2,34 = 1; Averaged total binary score 2: 0,1

and 2,3,

: Averaged total binary score 3: 0,1,2 = 0and 3,4

Averaged total binary score 4: 0, 1,2,

and4=4.
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