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Many pet dogs exhibit problem behaviours which can be corrected through the judicious use of posi-
tive and negative reinforcers in training. However, animals often vary in their sensitivity and re-
sponse to these. It is hypothesised that this variation may offer a biological basis for discriminating 
between animals that develop certain types of problems (eg fears and phobias) and their response to 
treatment. The development of a clinical tool that uses owner report to measure individual differences 
in positive and negative activation in pet dogs is described. The activation scales each measured a 
single homogeneous construct and effectively differentiated between individuals, demonstrating 
variation on two dimensions. Test-retest reliability was good and the study provided evidence of va-
lidity. Normative data were calculated and may be used in future research that could provide further 
evidence of validity and in investigations of the underlying structure of canine behaviour disorders. 
The final scales comprised of 21 items, and so can be administered with little difficulty. 
 

Veterinary behavioural medicine is the diagnosis and treatment of behav-
iour disorders in animals under the auspices of the veterinary profession. In 1997, 
the first global conference was held for this emerging field of veterinary science 
(Mills et al., 1997) and a disparity between alternative approaches to the conceptu-
alisation of behaviour problems was highlighted. It is apparent that in many ways, 
the discipline has developed along similar lines to the human psychiatric field, but 
it has the potential to learn from the experiences of this related discipline and re-
cent advances in psychobiology (Sheppard & Mills, 2003). Thus, in contrast to 
many other streams of comparative psychology, this field is developing through 
the use of methods and concepts developed in the human field to explore the mind 
of other animals, more than the reverse.  

An area of growing importance, in both the veterinary and human medical 
fields, is the need for comprehensive theories that link behaviour, affect, motiva-
tion and neurobiology (Panksepp, 1998). For example, Depue and Collins (1999) 
reviewed evidence that links individual differences in positive incentive motivation 
with variation in dopamine activity and personality. This model also implies that 
individuals at the extremes of the dimension are more likely to exhibit behaviour, 
which is inappropriate and problematic in a range of circumstances and so are 
more likely to present with signs of “clinical mental illness”. Psychometric inter-
views may be developed to quantify such traits, but must be based on an under-
standing of the underlying psychobiology of the construct to be measured. This has  
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been used in humans to assess responsiveness to rewarding and aversive experi-
ences  (positive and negative activation; e.g. Carver & White, 1994), but it has not 
previously been developed in veterinary behavioural medicine for the clinical 
evaluation of patients. It is hypothesised that such an assessment may serve several 
useful functions in clinical practice. First it may help to predict at risk individuals; 
for example, individuals with a greater sensitivity to aversion might be expected to 
be at greater risk of developing fears, phobias and anxiety problems. Second, pet 
dogs normally undergo some form of training in their life; this involves the judi-
cious use of rewards and/or punishment and at present this choice of reinforcement 
is often based on the personal predispositions of the trainer. Some claim to only 
use reward based techniques, whilst others find punishment acceptable (Marschark 
& Baenninger, 2002). In reality most trainers use a combination of reward and 
punishment, even if they do not use physical punishment (Mills, 2002). It is hy-
pothesised that an assessment of positive and negative activation, will allow a 
more objective choice of training style, tailoring the type and magnitude of rein-
forcement to the subject being trained. This would represent an advance in both 
routine dog training as well as behaviour therapy programmes in which an animal 
already has a behaviour problem. Third, in any behaviour modification pro-
gramme, some animals respond well and others do not for reasons beyond owner 
compliance.  It is hypothesised that differences in emotional sensitivity may under-
lie at least some of this difference in response, with animals at the extremes of sen-
sitivity perhaps being less likely to make a sustainable response within the realms 
of normality. An assessment of positive and negative activation may therefore al-
low greater accuracy in prognostication in any given case. There are currently few 
prognostic instruments beyond those which have been identified from retrospective 
epidemiological studies (e.g., Reisner et al. 1994; Takeuchi et al., 2000). On a re-
lated note, it has recently been reported that shyness-boldness as assessed from 
behavioural tests is predictive of performance in working dog trials (Svartberg, 
2002). This trait is probably a composite of positive and negative activation and so 
further elucidation of the structure of the trait, may also allow more specific 
prediction of performance in normal animals as well.    

The psychobiological approach proposed here for the development of the 
general assessment of pet dogs is fundamentally different to the principals guiding 
the  choice of behaviours in the development of many temperament tests in dogs 
(e.g., Campbell, 1972; Netto & Planta, 1997; Wilsson & Sundgren, 1998). Some-
times purely descriptive  behaviour categories are used and these may lead to the 
inclusion of behavioural expressions with a variety of motivations, affecting the 
validity of the subsequent scale (Martin & Bateson, 1986); others focus on predict-
ing the behaviour of animals destined for a specific function in a specific environ-
ment. These are inevitably limited in their utility in other contexts. By contrast, a 
focus on identifying behaviour traits with clear  psychobiological foundations in 
the concepts of positive and negative activation should produce a valid scale which 
allows behavioural tendencies to be predicted over a wider range of environmental 
contexts as defined by their reinforcing properties. This is particularly important in 
veterinary behavioural medicine as pet animals are kept in a variety of environ-
ments that frequently change, e.g. a dog may be at home with familiar people one 
minute and then out in an unfamiliar environment with strange dogs the next. 
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Broad range predictability is therefore important to the practical utility of a tool for 
assessing pets.  

Although non-human animals are not amenable to direct interview, psy-
chometric profiling using owner/carer interview is possible (Gosling & John, 
1999) and it has been argued that comparative studies can also make a serious sci-
entific contribution to the study of personality (Gosling, 2001). The development 
of an instrument for the assessment of emotional functioning in companion ani-
mals could also be used to guide diagnosis, treatment recommendation and prog-
nostication for patients with behaviour problems and help assess their welfare in 
other contexts. 

Internal consistency and unidimensionality are important to the validity of 
such a scale (Smith & McCarthy, 1995). Internal consistency refers to the mean 
level of inter-item correlation within a scale whereas unidimensionality indicates 
that items are measuring a single underlying construct (Clark & Watson, 1995). 
Measures of internal consistency may conceal the absence of significant correla-
tions between some items if sufficiently strong. Thus, internal consistency alone 
cannot indicate unidimensionality, and an additional examination of the range of 
inter-item correlations is required (Clark and Watson, 1995).  

Therefore our aim was to develop a psychometric interview of emotional 
functioning in pet dogs for use primarily in veterinary behavioural medicine, based 
on current theories of positive and negative activation.  A rigorous developmental 
methodology is an essential prerequisite to the acceptance of a useful clinical tool 
and so, in keeping with the tradition in clinical psychology (e.g., Watson et al., 
1988), we emphasise here first, the procedure adopted during the development of 
this instrument. We focussed on the constructs of positive and negative activation 
for two reasons. Firstly because of the practical importance of reward and punish-
ment in dog training as has already been described above, and secondly because  
these constructs have broad scientific support as fundamental emotional systems 
which are likely to occur in a range of mammalian species, including dogs. The 
fundamental  importance of the tendency to boldness-shyness as an influence on 
behaviour in a range of test situations has also recently been reported by Svartberg 
and Forkman (2002). This does not however preclude the future addition of other 
scales for other traits, in order to develop the tool described here further for use in 
both broad and narrow range contexts.  The efficacy of the scale in a range of 
clinical contexts will be described in future publications.  

 
Methods 

 
Item Generation 
 

A literature review identified mood descriptors, personality traits, behavioural tendencies 
and eliciting stimuli that were associated with positive and negative activation. A broad item pool 
was generated from this information, based mainly on the following publications: Depue and Collins 
(1999), Panksepp (1998), Gray (1983, 1994), Watson et al., (1988, 1999). The main objective was 
that each item should measure either positive or negative activation, but should not reflect both con-
structs. Items within the broad item pool then had to be assessed for their ability to be readily applied 
to a typical domestic setting which could be easily and unambiguously  identified by the owner. 

Items that described behavioural responses to specific situations appeared to have greatest 
objectivity. However, some behavioural responses may be subject to the effects of training and other 
environmental constraints, preventing these expressions of positive and negative activation. The in-
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clusion of mood descriptors, although much more subjective, could enhance the schedule’s ability to 
measure the proposed constructs. Items were selected by an ultimate consensus from both authors to 
represent normal “nonproblematic” affect and behaviour as well as the extreme variants that may be 
associated with disorder, as evidenced by the second author’s clinical experience. Thus the range of 
scores from the assessment instrument should represent the full extent of variation in positive and 
negative activation.  

The questionnaire was administered to a small pilot sample, identifying areas of ambiguity 
and revision. The prototype questionnaire included 45 items, numbered 1-45 that were hypothesised 
to measure positive and negative activation (Appendix 1). Demographic data (e.g., age and sex) was 
also gathered. 

 
Scoring Responses 
 

Scoring methods reflected the hypothesis that high scorers on the dimensions of positive or 
negative activation would experience the affective state more frequently and intensely than low scor-
ers (Watson et al., 1994). Therefore it was not appropriate to use a scale that referred to frequency 
alone. Participants were presented with a series of statements and asked to rate their level of agree-
ment with each. Responses were recorded on a 5-point Likert scale, having “strongly agree” (scores 
5) and “strongly disagree” (scores 1) at the extremes and “partly agree, partly disagree” at the mid-
point. A “not applicable” option was also provided.  

Each construct was represented by some positively-worded items and some that were nega-
tively-worded. Thus extreme levels of a construct would be indicated by strong agreement with some 
items and strong disagreement with others. This format was used to reduce the possibility of a re-
sponse set (DeVellis, 1991), reflecting acquiescence bias. Scores for items were later reversed as 
appropriate to ensure that the total scores for each scale would be meaningful.   
 
Participants 
 

Questionnaires were distributed on the university campus (to staff, students and clients of 
the animal behaviour clinic), at obedience classes, dog shows and at a large retail outlet that special-
ises in provisions for pets. A stamped addressed envelope was provided with those that were distrib-
uted externally. The sample was selected to include a wide range of individuals to reflect the varia-
tion in the constructs to be measured, including the norm and the more extreme scores that may be 
associated with problem behaviours.  

 
Statistical Analyses 
 
  All statistical analyses were conducted using Minitab 12.1 (Minitab Ltd). 
 

Missing Data. Complete data sets were required to compute multivariate statistics as the 
many statistical software packages delete all of the data from questionnaires that have missing re-
sponses (Figueredo et al., 2000). Such deletion of data was not desirable as the number of items that 
were included within the questionnaire determined that a large number of participants were required 
in order to conduct the statistical analysis. Floyd and Widaman (1995) suggest that a participant to 
item ratio of at least 4:1 is traditionally recommended for exploratory factor analysis and Kline 
(1994) recommends that the ratio should be as large as possible. Additionally deletion may introduce 
bias if, for example, all dogs that were never walked off a lead were excluded from the sample. Inclu-
sion of these items may be necessary for each of the constructs to be fully represented. Thus it was 
felt necessary to impute values for missing data.  
 The method of multiple imputation (Longford et al., 2000) was used to complete data re-
cords that had missing responses. Items were organized into groups, each consisting of between three 
and five theoretically similar statements. For example, the items 1, 13, 16 and 41 (appendix 1) repre-
sent one of these groupings. The complete data records were examined to determine the distribution 
of response scores within each of these item groups. This made it possible to calculate the relative 
frequencies of alternative scores for an item, based on the scores for other items in that grouping. A 
score was then imputed using random number generation and the probability associated with each of 
the possible alternative scores. Thus a score was imputed for a missing response, using other data that 
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the participant had provided and the distribution of response scores in the complete data sets of other 
participants.  
 Records were deleted and missing data were not imputed if less than 40 of the 45 items 
were completed.  
 Five alternative values were imputed for each missing datum, resulting in five complete 
data sets that were each subjected to statistical analysis. This facilitated comparisons of results to 
ensure consistency. Differences between data sets would indicate that the imputation of missing val-
ues had influenced the results and be a cause for significant concern in evaluating the validity and 
utility of the final scale proposed. 
 
 Distribution of Item Response Scores. Descriptive statistics were used to identify the dis-
tributions of response scores for each item. Items that displayed gross deviations from a normal dis-
tribution were initially excluded from further analyses as such items poorly differentiated between 
individuals. Items were initially excluded if the mean score was greater than 4.0 and the median 
equalled 5.0 or if the mean was less than 2.0 and the median equalled 1.0.  
 
 Scale Development: Positive and Negative Activation. Pearson product moment correla-
tion coefficients were used to construct a correlation matrix of general response scores, which was 
then subjected to a principal component analysis. The Eigenvalues were plotted against the order of 
extraction, and visual inspection, using the rules of the scree test (Cattell, 1966) indicated the number 
of principal components for extraction. A principal components factor analysis with varimax rotation 
was then used to extract the appropriate number of factors. Varimax rotation identifies orthogonal 
simple structure (Kline, 1994). This method was selected as the constructs to be measured were hy-
pothesised to be independent and the law of parsimony dictates that simple solutions are preferred.  

In order to maximise the specificity of the items, they  were retained if their loading on one 
of the first two factors was greater than 0.35 and their loading on the other factor was relatively weak 
(i.e., < 0.20). Items that did not fulfil these criteria were deleted.  

Scale development allowed the reintroduction of items that were initially excluded due to 
skewed responses. This increased the coverage of the scales, increasing the likelihood that they 
would fully reflect the constructs being assessed.  

The principal components factor analysis (described above) was repeated after each addi-
tion or deletion of items, resulting in further amendments. This continued until all remaining items 
loaded significantly on one factor and weakly on the other.  

The final items of each scale appeared to emphasise some facets of positive and negative 
activation more than others. This suggested that it may be appropriate to group homogeneous items 
together, facilitating their representation by a mean score (“facet score”). This approach may prevent 
scales from reflecting a single facet more than the construct as a whole. Facet scores are also likely to 
have greater reliability and deviate less from a normal distribution than individual item scores (Reise 
et al., 2000). Scales were analysed separately, using the multivariate statistical techniques described 
above and alternative solutions were explored (i.e. the extraction of two, three and four factors). The 
preferred solution was defined as one where mean item-item correlations within facets were greater 
than mean itemitem correlations between facets (Clark & Watson, 1995). It also had to provide a 
meaningful representation of the data.  

A final principal components analysis was conducted on the remaining response scores. A 
scree test (Cattell, 1966) identified the number of principal components to be extracted and a princi-
pal components factor analysis with varimax rotation was used for this purpose. These final multi-
variate statistics were repeated with each of the data sets to facilitate comparison of the results. 

The mean score per scale was calculated for each participant’s data record, by averaging 
item or facet scores.  

 
Test-Retest Reliability. The initial questionnaire asked participants to indicate whether they 

would be willing to complete a follow up questionnaire in the future. One third of those that indicated 
willingness were selected by removing every third questionnaire. The second questionnaire was dis-
patched six weeks after the initial response was received. It included the same items as the first 
schedule but the order had been changed. Participants were asked to ensure that the same individual 
completed the questionnaire on both occasions.  

This approach provided two sets of data for some participants. A Pearson product-moment 
correlation coefficient was calculated for test-retest item scores to provide a reliability coefficient 
(Rust & Golombok, 1989). Any items that did not display a significant correlation were removed. 
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Additionally, Wilcoxon signed rank tests were used to compare the median test-retest scores for each 
item and significant differences resulted in deletion.  

These statistical analyses were repeated with facet scores and scale scores. Cronbach’s al-
pha coefficient was not calculated as an estimate of internal consistency as this is based on mean 
interitem correlation and so a moderate value could potentially conceal some extreme individual lev-
els of correlation. However, visual inspection of inter-item correlations  was conducted to determine 
whether each fell within an acceptable range (see below). This provided a more appropriate means of 
maximising unidimensionality whilst avoiding the inclusion of redundant data.  

 
Internal Consistency and Unidimensionality. The mean interitem correlation for each 

scale was calculated to measure internal consistency. The range of individual interitem correlations 
was additionally examined to assess the unidimensionality of each scale. Clark and Watson (1995) 
recommend that “virtually all” interitem correlations within a scale should range from 0.15 to 0.50 to 
maximise unidimensionality (correlations < 0.15) but avoid redundancy (correlations > 0.50). Inter-
item correlations within each scale were compared to this range.  

 
Standardisation. Scale scores were standardised, using z conversion (Cronbach, 1990). 

Thus each raw score was expressed in terms of the number of standard deviations above or below the 
mean score for the scale [i.e., (score – mean)/standard deviation].  
 

Results 
 
Response Rate 
 

 In total, 775 questionnaires were distributed and 358 (46.19%) were re-
turned. Table 1 describes the extent of missing data. Items that had fewer re-
sponses tended to be those that described a situation that a dog may never experi-
ence (e.g., being walked off a lead). The responses of seventeen participants were 
removed before analyses due to missing data, leaving a total of 343, of which 125 
had missing responses. 
 The second questionnaire was sent to 105 of the original participants, and 
78 (74.29%) were returned. 
 

Table 1 
The Extent of Missing Data within the Sample. 

No. of items completed No. of dogs % 

0 3 0.84 
1 - 4 0 0.00 
5 - 9 0 0.00 

10 - 14 0 0.00 
15 - 19 1 0.28 

20 - 24 0 0.00 
25 - 29 2 0.56 

30 - 34 2 0.84 
35 - 39 7 2.23 

40 - 44 125 34.92 

45 218 60.34 

Total 358 100 
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Imputing Missing Data 
  
  In total 209 item responses were imputed to complete the records (1.35% 
of general data). Multiple imputation resulted in five complete data sets. These will 
be referred to as “data set 1”, “data set 2”, etc.  
 
Demographic Data 

 
 The demographic data (Tables 2, 3) indicated that the sample included 

dogs that varied greatly in their age and the length of time that they had been with 
their current owner.  Both sexes appeared to be adequately represented and a large 
proportion (40.82%) was reported to have a behaviour problem. 
 

Table 2 
 Sexual status of dogs and frequency of behaviour problems. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3 
Age of Dog and Length of Time with Current Owner. 
  

Mean 

 

Maximum 

 

Minimum 

 
Standard de-

viation 

 
No data 

Age (years) 4.70 17 0.25 3.89 4 

Length of ownership (years) 4.05 16 0.25 3.76 8 

 
Scale Development: Positive and Negative Activation (Data Set 1) 
 

 One item [31, “Your dog trembles but makes little attempt to get away 
when you try to perform any procedure that it dislikes (e.g., giving medication, 

Sex n % 

 Male Neutered 71 20.70 

  Entire 113 32.94 

 Female Neutered 89 25.95 

  Entire 67 19.53 

 No data  3 0.87 

Behaviour problem   

 Yes  140 40.82 

 No   195 56.85 

 No data  8 2.33 
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grooming, or bathing)] was removed before any analysis was conducted, as it be-
came apparent that it could be ambiguous.  

Almost all of the items had response scores that were skewed to a greater 
or lesser degree. Fifteen items (3, 4, 5, 9, 11, 19, 22, 23, 28, 30, 34, 37, 38, 44, 45) 
were provisionally excluded as their response scores displayed gross deviations 
from normal distributions.  

The Eigen analysis of the correlation matrix of the remaining items follow-
ing  principal components analysis indicated that the first and second components 
accounted for 18.9% and 11.8%, respectively, of the total variability in the correla-
tion matrix. Each of the remaining principal components accounted for less than 
7% with the sixth principal component and beyond each accounting for less than 
4%. The scree plot of the Eigenvalues indicated that a two-factor solution was ap-
propriate for the data. From the load plot of the two factor principal components 
factor analysis with varimax rotation, seven items did not appear to load strongly 
on only one of the first two factors (items 6, 8, 12, 13, 17, 32, 35, 42) and so were 
removed. Many of the items that referred to exploratory behaviour (including re-
sponse to novel stimuli) were included among these deletions.   
  Six of the previously deleted items (3, 19, 22, 28, 30, 34) were reintro-
duced to increase the coverage of factor two and the principal components factor 
analysis with varimax rotation repeated. This resulted in the deletion of three items 
(3, 26, 28). Two of these items referred to the dogs’ response to novelty (i.e., un-
familiar surroundings and unfamiliar people). 

Preliminary reliability analyses identified significant differences in the 
median test-retest scores of items 21 and 33. These items were removed and the 
two factor principal components factor analysis with varimax rotation repeated. 
This resulted in the further deletion of item 43. 

The correlation matrix of the remaining items was subject to a principal 
components analysis. The Eigen analysis indicated that the first two principal com-
ponents accounted for a much greater proportion of the variation (36.7%) than 
subsequent principal components. Visual inspection of the scree plot  also indi-
cated that there were two main factors (Figure 1).  

Figure 1. Scree plot of the principal components identified in the analysis of negative and positive 
activation items. 
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The two factor factor analysis with varimax rotation confirmed that the 
remaining items all loaded strongly (> 035) on one factor and weakly (< 0.20) on 
the other (Table 4). The nature of the remaining items suggested that factor 1 and 
factor 2 may correspond to negative and positive activation respectively. 

 
Table 4 
Rotated Factor Loadings of Positive and Negative Activation Item Scores. 

 Activation 
Item Negative Positive 
Your dog……   
*2 is rarely frightened                                         
   

0.705 -0.151 

7 is easily startled by noises and / or movements   0.681 0.048 
15 appears nervous and / or jumpy for several minutes after it  
   has been startled                                     

0.665 -0.045 

18 has a specific fear or phobia                                    0.654 -0.118 
*20 appears calm in noisy, crowded places                                    0.691 0.024 
24 is frightened by noises from the television or radio                         0.594 0.117 
*25 usually appears relaxed                                     0.569 0.099 
*27 adapts quickly to changes in its environment (eg. being cared for 
by   different people, moving house or a family member leaving 
home)         

0.418 -0.124 

29 appears afraid of the vacuum cleaner or any other familiar  
   household appliance                                     

0.499 -0.036 

*39 appears calm in unfamiliar environments                                     0.677 0.060 
40 appears unsettled by changes to its routine (eg. if it is not fed   
   at the usual time, if it is left alone for longer than usual)            

0.382 0.106 

1 becomes very excited when it is about to go for a walk (eg. when  
   it sees its lead, or when it hears “walkies”, etc.)              

-0.016 0.453 

10 is very persistent in its efforts to get you to play            -0.030 0.635 
*14 shows little interest in its surroundings                                  -0.150 0.407 
16 is easily excited                                     0.152 0.658 
19 tries to escape from the garden                                     0.146 0.353 
22 is full of energy                                  -0.059 0.787 
*30 is lazy                                  -0.021 0.576 
*34 requires a great deal of encouragement to take part in energetic  
   activities                                  

-0.151 0.603 

36 persists in being naughty despite being told off for the behaviour     0.167 0.461 
41 is very boisterous                                  -0.019 0.779 
Variance 4.136 3.562 
% Var           0.197 0.170 

Note. * Indicates reversed scored items. 
 

Multivariate statistical analyses of the negative activation items did not 
identify facets of the domain or provide a useful structure for grouping items. 

The principal components analysis on the correlation matrix of positive ac-
tivation items suggested two, three and four-factor solutions which could be ex-
plored. Two and four factor solutions corresponded poorly to the hypothesised 
construct. The two-factor solution did not appear to adequately represent the dif-
ferent facets whereas a four-factor solution appeared to subdivide one of the facets. 
The extraction of three-factors using principal components factor analysis with 
varimax rotation provided the most meaningful representation of the data (Table 
5). Additionally, mean item-item correlations within facets ranged from 0.29 to 
0.35, whereas mean item-item correlations between facets were lower (0.22 – 
0.24).  
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Table 5 
Principal Components Factor Analysis with Varimax Rotation to Extract Facets of the Positive Acti-
vation Domain.               

Item: Your dog……………. 
Energy & 
interest Persistence Excitement 

*14 shows little interest in its surroundings 0.561 0.234 -0.168 
22 is full of energy 0.689 0.150 0.460 
*30 is lazy 0.718 -0.090 0.227 
*34 requires a great deal of encouragement to 
take part in energetic activities             

0.770 0.035 0.133 

10 is very persistent in its efforts to get you to 
play 

0.369 0.465 0.320 

19 tries to escape from the garden -0.002 0.743 -0.030 
36 persists in being naughty despite being told 
off for the behaviour 

0.036 0.737 0.134 

41 is very boisterous 0.441 0.491 0.429 
1 becomes very excited when it is about to go 
for a walk (eg. when it sees its lead, or when it 
hears “walkies”, etc.) 

0.060 -0.041 0.787 

16 is easily excited 0.186 0.334 0.676 
    
Variance 2.268 1.753 1.691 
% Var 0.227 0.175 0.169 

Note. * Indicates reversed scored items. 
 

The response distributions of facet scores were skewed but not as greatly 
as many of the item response distributions (Table 6). The apparent deviations from 
normal distributions did not indicate failure to differentiate between individuals.  

 
Table 6 
Descriptive Statistics of Facet Scores (Positive Activation). 

Facet  N Mean Median SD SEM Min Max Q1 Q3 

Energy & 
 interest 343 4.26 4.50 0.76 0.04 1.50 5.00 4.00 5.00 

Persistence 343 2.76 2.75 0.91 0.05 1.00 5.00 2.00 3.50 

Excitement 343 3.99 4.00 0.86 0.05 1.00 5.00 3.50 4.50 

 
Principal components analysis of the facet scores (positive activation) and 

item scores (negative activation) indicated that the first two components accounted 
for 43.1% of the total variability in the correlation matrix. The scree plot indicated 
that a two-factor solution was most appropriate. Each facet had a strong loading on 
one factor and a minimal loading on the other. This was also apparent in the load 
plot. These results identified eleven items for inclusion within the negative activa-
tion scale and ten items for inclusion in the positive activation scale of the final 
psychometric instrument (Table 7).  

Similar results in the final analysis of facet and item scores were obtained 
with the alternative imputed data sets. The resulting load plots showed that the 
items and facets were similarly grouped in each data set. However, two of the data 
sets produced inverted plots.    
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Table 7 
List of Final Items Included in the Psychometric Scale and Results of Final Principal Components 
Factor Analysis Using Varimax Rotation of Negative Activation Items and Positive Activation Facets.  

Negative activation items: Your dog……………. Negative Positive  

*2 is rarely frightened 0.715 -0.189 

7 is easily startled by noises and / or movements 0.689 0.047 

15 appears nervous and / or jumpy for several minutes after it has been 
startled 0.668 -0.049  

18 has a specific fear or phobia 0.668 -0.160  

*20 appears calm in noisy, crowded places 0.687 0.056  

24 is frightened by noises from the television or radio 0.588 0. 172  

*25 usually appears relaxed 0.563 0.147  

*27 adapts quickly to changes in its environment (eg. being cared for 
by different people, moving house or a family member leaving home) 

0.426 -0.148  

29 appears afraid of the vacuum cleaner or any other familiar house-
hold appliance 0.507 -0.039  

*39 appears calm in unfamiliar environments 0.675 0.071  

40 appears unsettled by changes to its routine (eg. if it is not fed  at the 
usual time, if it is left alone for longer than usual)      0.367 0.177  

Positive activation facets   

Energy and interest (facet 1)       -0.120  0.742  

*14 Your dog shows little interest in its surroundings 

22 Your dog is full of energy 

*30 Your dog is lazy 

*34 Your dog requires a great deal of encouragement to take part 
in    energetic activities       

  

Persistence (facet 2)    0.055  0.812  

10 Your dog is very persistent in its efforts to get you to play 

19 Your dog tries to escape from the garden 

36 Your dog persists in being naughty despite being told off for 
the behaviour 

41 Your dog is very boisterous 

  

Excitement (facet 3) 0.074  0.767  

1 Your dog becomes very excited when it is about to go for a walk  
(eg. when it sees its lead, or when it hears “walkies”, etc.) 
16 Your dog is easily excited 

  

Variance 4.062  1.977  

% Var           0.290  0.141  

Note. * Indicates reversed scored items. 
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Scale Scores 
 

 The distribution of scores for each scale was skewed (Figure 2), but 
to a lesser extent than many of the individual item scores. The negative ac-
tivation scale scores were positively skewed whereas the positive activation 
scale scores were negatively skewed. The response distribution of standard-
ised scores for each scale indicates ability to discriminate between individu-
als. These standardised scale scores for positive and negative activation 
were produced whilst maintaining minimal correlation (r = 0.01, p = 0.87).  
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Figure 2. Frequency distributions of standardised scale scores. 
 
Test-Retest Reliability 
 

 Each facet of positive activation displayed moderate to high correlations 
in test-retest scores and there were no significant differences in their median values 
(Table 8). The positive and negative activation scales both displayed correlations 
in test-retest scores that were at least moderate, and median scores did not differ 
significantly.  
 
Internal Consistency and Unidimensionality 
 

Negative Activation. The items of the negative activation scale displayed 
inter-item correlations that ranged from r = 0.08 to r = 0.49 with a mean inter-item 
correlation of 0.29. Only five of the fifty-five inter-item correlations for the nega-
tive activation scale fell outside of the optimal desired range (0.15 – 0.50), indicat-
ing internal consistency and unidimensionality.  
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Table 8 
 Measures of Test-Retest Reliability on Facet and Scale Scores. 

 Comparisons of median scores Correlations per item  
(Pearsons) 

 N N missing N for 
test 

Wilcoxon 
statistic 

p r p 

Negative 
Activation 

       

Scale 
Scores 

78 0 71 1416.0 0.43 0.87 <0.01 

Positive  
Activation 

       

Facet 1 78 0 53 66.5 0.69 0.80 <0.01 
Facet 2 78 0 63 1118.5 0.45 0.70 <0.01 
Facet 3 78 0 49 497.0 0.25 0.72 <0.01 
Scale 
Scores 

78 0 70 1239.5 0.99 0.75 <0.01 

 
Positive Activation. The items of the positive activation scale displayed in-

ter-item correlations that ranged from 0.05 to 0.54 with a mean inter-item correla-
tion of 0.26. Thirteen of the forty-five correlations fell outside of the optimal de-
sired range (0.15 – 0.50).  

When the facets of the positive activation scale were examined separately, 
the items of facet 1 (energy and interest) displayed correlations that ranged from 
0.20 to 0.54 (Mean = 0.35). Two of the six correlations were slightly higher than 
the optimal desired range (0.15 – 0.50). The items of facet 2 (persistence) dis-
played correlations that ranged from 0.25 to 0.39 (Mean = 0.31). Facet 3 included 
only 2 items, displaying a correlation of 0.29. This suggested that the facets of 
positive activation had internal consistency and unidimensionality. The correla-
tions between the facet scores ranged from 0.40 to 0.45, again falling within the 
optimal range.  

 
Discussion 

 
This investigation has described two underlying traits that appear to corre-

spond to the dimensions of positive and negative activation commonly reported in 
humans. Since multiple imputation of missing data appeared to have little impact 
on the results, the use of all available data sets was justified.  

 
Trait Measures of Positive and Negative Activation  
 

The negative activation scale included items that referred to the frequency 
of fearful and relaxed states (items 2 and 25), and responses to changing environ-
ments (items 27 and 40), unfamiliar environments (39), habituation (items 18, 20, 
24, and 29) and the startle response (items 7 and 15). The relevance of each of 
these to the concept of negative activation is discussed below. 

Watson and Tellegen (1985) suggested that fear and relaxation clearly rep-
resent the two extremes of the negative affect dimension. The canine scales in-
cluded references to these and other mood descriptors (e.g., calm, afraid, and nerv-
ous) that are regarded as indicators of negative affect in humans (Watson & 
Tellegen, 1985). The inclusion of items relating to the ability to adapt to environ-
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mental change within the negative activation scale is consistent with expectations. 
Such adaptation requires appropriate  responses to novel stimuli and/or signals of 
the omission of an expected reward and these processes are thought to be con-
trolled by the behavioural inhibition system, which is associated with negative ac-
tivation (Gray, 1983). Theories of habituation refer to the novel and emotional sig-
nificance of stimuli (Gati & Ben-Shakhar, 1990), suggesting that individual differ-
ences in rates of habituation may reflect sensitivity of the behavioural inhibition 
system. Individual differences of this nature may be demonstrated by differences in 
the avoidance of novel or potentially punishing stimuli. The development of such 
avoidance behaviours in pet dogs has been associated with their early environment 
(Appleby et al., 2002), suggesting that the sensitivity of the behavioural inhibition 
system in dogs may, at least in part, be dependent upon early environmental stim-
uli. Potentiation of the startle response is similarly associated with fear and anxiety 
(Panksepp, 1998), and may also reflect a low tendency to habituation. Thus it ap-
pears that the items that were retained within the final scale may be regarded as 
measures of negative activation.  

The positive activation scale included three facets, referring to energy and 
interest, persistence and excitement. Watson et al. (1988) used similar mood de-
scriptors (“interested”, “active”, “determined”, and “excited”) to measure positive 
affect in humans. Energised, excited and vigorous behaviours are consistently as-
sociated with the motivation systems that are linked to positive activation (Depue 
& Collins, 1999; Panksepp, 1988). Depue and Collins (1999) also suggest that per-
sistence, effort and resistance to extinction are associated with the behavioural ac-
tivation system.   

Whilst it appears that items in the negative and positive activation scales 
correspond to facets of the constructs that they were designed to measure, neither 
construct may be fully represented. The negative activation scale did not identify 
the hesitance and vigilance that would usually be associated with anxiety (Gray, 
1983). Items of this nature loaded on both factors. This might be because owners 
fail to differentiate between similar behaviours that have different motivations. For 
example, an animal that attends to the environment may be monitoring signals of 
reward (positive activation) or signals of punishment (negative activation).  

The positive activation scale does not fully reflect the exploratory behav-
iours that are commonly associated with the underlying motivation system (Depue 
& Collins, 1999; Gray, 1991; Panksepp, 1998). Items that referred to active explo-
ration (items 17, 32, and 42) loaded on both factors. This may reflect the absence 
within the scale of specification of the presence or absence of a signal of reward, 
however, active exploration may also reflect both high positive activation and low 
negative activation and so not be amenable to assessment in this way. 

Generally items that referred to the dog’s attachment to the owner (26, 28, 
43) did not load strongly on one factor alone. Such attachment may reflect social 
engagement, which Eysenck and Eysenck (1985) associated with extraversion 
(positive activation), as well as insecurity, which is more likely to be related to 
neuroticism (negative activation). Thus it appears that these items are not pure 
measures of either construct. The significance of attachment in a range of problem 
behaviours such as separation anxiety, remains controversial (Horwitz, 2002) and 
so development of an appropriate clinical assessment instrument would be useful. 
However, given the limitations of owners as accurate observers of behaviour, it 
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may be that an in-clinic test, such as that described by Prato Previde and col-
leagues (2001) will be a more fruitful way forward than any test based on inter-
view alone.   

Some items were endorsed rarely, resulting in extreme response distribu-
tions and poor differentiation between individuals. Such items included those that 
referred to irritability and aggression. Watson and colleagues (1988) included 
“hostile” and “irritable” among the items of their PANAS scales, indicating the 
potential importance of these in measures of activation. Such behaviour was rare in 
the sample but may occur more commonly than indicated due to the influence of a 
social desirability response set.  

 
Positive and Negative Activation as Separate Factors Influencing Canine       
Behaviour 
 

 Several studies on dogs have revealed the importance of positive and 
negative activation in the regulation of behaviour in a broad range of contexts 
(Brace, 1961; Goddard & Beilharz, 1984, 1985; Svartberg & Forkman, 2002) and 
some (e.g., Svartberg & Forkman, 2002) have drawn comparison between this and 
the human supertraits of Extraversion and Neuroticism described by Eysenck 
(1967). However, there is a tendency in the canine literature to assign these behav-
ioural tendencies to a single dimension, with some form of “boldness” at one end 
of the scale and “timidity” at the other. This is not consistent with the proposed 
biological basis of these traits. By contrast, our data suggest that two independent 
dimensions may be used to describe these tendencies. Draper (1995) in a reanalysis 
of the data of Hart and Hart (1985) and Hart and Miller (1985), identified three 
factors which he interpreted as analogous to surgency, agreeableness and openness 
from the “Big Five” factors commonly described in human personality (Norman, 
1967). However, the loadings of the first two factors could just as easily be inter-
preted as loading on positive and negative activation as separate items.  Similarly, 
Goodloe and Borchelt (1998) identified some factors that may be facets of positive 
activation and some that may be facets of negative activation. “Friendliness” and 
“play” factors may be associated with the former whereas “fear or avoidance of 
strangers” may reflect the latter. Further support for the independent evaluation of 
these factors comes from Serpell and Hsu (2001) who identified one factor, “en-
ergy level”, that appears to correspond to a facet of positive activation, and three 
that refer to fearful behaviour, possibly representing facets of negative activation.  
 
Psychometric Evaluation  
 

Measures of internal consistency and unidimensionality indicated that each 
of the canine activation scales measured a single homogeneous construct. This 
suggests that they represent a solid foundation for future investigation. 

The positive and negative activation scales in this study accounted for 
43.1% of the common variance within the sample. In comparison, trait measures of 
positive and negative affect in humans using the PANAS scales accounted for 
68.7% of common variance (Watson et al., 1988). The BIS / BAS scales that were 
developed by Carver and White (1994) to measure Gray’s constructs of behav-
ioural approach and behavioural inhibition in humans displayed greater similarity 
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to the results of this study. The factors that they identified accounted for 49% of 
variance. Whilst this result for the canine negative and positive activation scales 
could reflect a failure to fully represent all of the facets of each of the domains, it 
may also be that there are other potentially important sources of variance that are 
not apparent in investigations of humans. This may include the effects of owners, 
who may facilitate or inhibit specific aspects of their dogs’ behaviour.  

Watson and colleagues (1988) found relatively weak correlations between 
positive and negative affect scales scores, ranging from –0.12 to –0.23. The corre-
lation between canine scale scores for positive and negative activation was much 
lower (r=0.01). This might indicate that the dimensions of canine activation dis-
play a greater degree of independence than those of human affect, supporting the 
view that positive and negative activation correspond to two unipolar dimensions 
that are largely independent. Both need to be assessed in any given clinical case as 
abnormalities in either or both may be important. 

 
Distribution of Response Scores 
 

Individual differences in activation scores reflect inter-dog variation in 
their perceived environment. There may be real differences in the frequency, inten-
sity and duration of exposure to aversive and appetitive stimuli, however, differ-
ences in perception may also reflect variation in underlying neurobiology such that 
neutral stimuli may be misinterpreted as potentially harmful or rewarding. We be-
lieve the latter most probably explains the distribution recorded here, since most 
items were aimed at being generic in their circumstance. 

The theory describing the dimensions of positive and negative activation 
suggests that scale scores would be expected to correspond to a normal distribution 
if the sample was representative of the population as a whole. Whilst both scales 
approached normality, both the positive and the negative activation scale scores 
had skewed distributions, the former displaying a positive skew and the latter dis-
playing a negative skew. These distributions suggest that the majority of dogs in 
the sample perceive their environments to contain fewer signals of punishment in 
relation to signals of reward. This may be a true reflection of the home environ-
ment of many dogs and may also indicate that such imbalance in scale scores 
represents the optimal level of functioning for pet dogs. This may, in part, be the 
result of selective breeding for a “pet” dog, i.e. animals less sensitive to punish-
ment and more sensitive to rewards are favoured in pet selection. This is consistent 
with theories of domestication, in which it is frequently proposed that humans may 
act as a buffer against some aversive stimuli in the wild environment (Price, 1984) 
and thus reduce selective pressure for escape behaviours. It is also believed, in the 
case of the dog, that domestication came about as a result of the evolution of a ten-
dency for greater behavioural approach towards human settlements in order to 
scavenge from their waste sites (Coppinger & Coppinger, 2001).  This would not 
only result in an attenuation of negative activation, but also require accentuation of 
behavioural activation. The skewed response distributions may, however, also re-
flect bias within the sample of dog owners. Some owners may think that it would 
reflect badly on them if their dogs were anxious and lethargic, resulting in a social 
desirability response set.  
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It is inevitable that some important behaviours or states will have extreme 
response distributions. This is particularly likely if items refer to signs of disorders 
(e.g. aggression and repetitive behaviours), as disorders are relatively rare. The 
results demonstrated that response distributions were improved by combining cor-
related items within a single variable and despite the skewed response distribu-
tions, the scales did appear to effectively differentiate between individuals.   
 
Test-Retest Reliability and Validity 
 

 The scales demonstrated good test-retest reliability. This suggests tempo-
ral stability in owners’ perceptions of their dogs but does not necessarily imply that 
those perceptions are accurate. Further investigations of the scales’ validity will 
address this issue. 

A rigorous methodology was adopted in the development of these canine 
positive and negative activation scales and the literature provides a solid biological 
foundation for the measurement instrument and items included in the scale. Efforts 
have been made to fully represent the facets and domains of both constructs in or-
der to provide some evidence of content validity (DeVellis, 1991). The multivari-
ate statistical analyses supported the factor structure that has been identified in in-
vestigations of positive and negative activation in humans. The psychometric 
properties indicated that each scale measured a single homogeneous construct and 
that these constructs appeared to correspond  to those used to describe  positive and 
negative activation in humans. However, we acknowledge that in the absence of 
specific studies aimed at validating the scales against physiological parameters, 
caution is warranted in assuming that these human and canine scales are indeed 
truly homologous. 

Overall, it appears that the scales hold considerable promise as a method 
of assessing positive and negative activation in dogs, and investigating the 
underlying behavioural tendencies of dogs in a much greater variety of contexts 
than has been possible before with narrower, less biologically based scales and 
temperament tests.  

 
Limitations of the Scale  
 

The use of a single sample for the development and refinement of scales 
suggests that the results could be specific to a chance bias that may be present 
(Smith & McCarthy, 1995). The exclusion of dog-owners that were not sufficiently 
motivated to complete the questionnaire could bias the results but we consider this 
to be unlikely, given the range of populations from which responses were received 
and the distribution of results. However, replication with an independent sample is 
recommended to indicate the degree to which the results may be generalised. Simi-
larly, these scales have been developed with a population of pet dogs and cannot 
readily be applied to dogs kept in a non-domestic environment, such as working 
dogs, laboratory animals, and feral dogs.  

Other potential sources of bias may have been reduced by the nature of the 
questionnaire. This provided descriptions of behavioural tendencies rather than 
descriptions of specific behaviours. The former may provide more accurate meas-
ures of positive and negative activation, as owners may prevent their dogs from 
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displaying specific behaviours but still recognise the extent to which the behav-
ioural tendency exists.  

The measurement instrument relies on owners’ subjective assessments of 
their dogs, but this does not indicate any compromise in terms of validity. Assess-
ments of child temperament in humans are frequently based on questionnaires that 
have been completed by parents or teachers. No evidence has been found to sug-
gest that these are less valid than more objective measures, such as direct observa-
tions (Bates et al., 1994). Some studies of infants have identified a great deal of 
coherence between data obtained by parental report questionnaires and data ob-
tained in laboratory observations of behaviour (e.g., Carranza et al., 2000) and the 
robustness of psychometric profiles as predictors of behaviour in a range of con-
texts and across time have also been established in other nonhuman species (Capi-
tanio, 1999).  However, similar correspondence cannot be assumed without inves-
tigation. Objective behavioural recording in conjunction with the questionnaire 
could be used to determine the robustness of the scale (Kazdin, 1995). Hennessey 
and colleagues (2001) developed a battery of behavioural tests that aimed to assess 
responses to novelty and threatening situations. These measures were found to be 
predictive of behaviour problems that were reported six months later (Hennessey et 
al., 2001). Gray (1994) suggests that behavioural tests investigating sensitivity to 
signals of reward and punishment may assess activity of the behavioural approach 
and behavioural inhibition systems. Therefore such tests could be used in conjunc-
tion with the questionnaire to identify the effects of social desirability response set 
and indicate the accuracy of owners’ subjective assessments of their dogs. 

 
Conclusion 

 
This paper has described the development of a new tool that uses owner 

report to measure individual differences in positive and negative activation in pet 
dogs. The assessment instrument is the first psychometric profile to be developed 
for use in managing problem behaviour in non-humans that is based on compara-
tive psychological theories that link behaviour, affect, motivation and neurobiol-
ogy and suggests that these traits are consistent between humans and dogs. The 
solid biological foundation, combined with the rigour of the developmental process 
gives confidence to the potential for the instrument to assess general behavioural 
tendencies that cannot be elucidated with other available canine assessments. The 
scale may therefore have many uses within veterinary behavioural medicine and 
the study of canine welfare, analogous to those of the comparable human scales. 
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Appendix 1. List of Items in Original Questionnaire 

 
1. Your dog becomes very excited when it is about to go for a walk (eg. when it sees its lead, or 

when it hears “walkies”, etc.) 
2. Your dog is rarely frightened 
3. Your dog ignores unfamiliar people that you invite into your home 
4. Your dog becomes aggressive (i.e. growl, snap or bite) if you try to remove its favourite toy or 

food 
5. Your dog is sluggish in its movements 
6. Your dog frequently sniffs its surroundings when being walked 
7. Your dog is easily startled by noises and / or movements 
8. Your dog approaches most activities with enthusiasm 
9. Your dog appears hesitant and / or wary in most of its movements 
10. Your dog is very persistent in its efforts to get you to play 
11. Your dog is hesitant to approach unfamiliar people that you invite into your house 
12. Your dog appears to be very upset when you tell it off 
13. Your dog becomes very excited when its dinner is being prepared 
14. Your dog shows little interest in its surroundings 
15. Your dog appears nervous and / or jumpy for several minutes after it has been startled 
16. Your dog is easily excited 
17. Your dog chooses to stay close to you when walked off the lead 
18. Your dog has a specific fear or phobia 
19. Your dog tries to escape from your garden 
20. Your dog appears calm in noisy, crowded places 
21. Your dog is constantly vigilant, frequently scanning the environment 
22. Your dog is full of energy 
23. Your dog displays repetitive movements or behaviours (eg. repeatedly licking a specific area of 

its coat, repeatedly chasing its tail, repeatedly pacing or running a specific path) 
24. Your dog is frightened by noises from the television or radio 
25. Your dog usually appears relaxed 
26. Your dog chooses to stay very close to you in unfamiliar surroundings 
27. Your dog adapts quickly to changes in its environment (eg. being cared for by different people, 

moving house or a family member leaving home) 
28. Your dog appears indifferent towards you 
29. Your dog appears afraid of the vacuum cleaner or any other familiar household appliance 
30. Your dog is lazy 
31. Your dog trembles but makes little attempt to get away when you try to perform any procedure 

that it dislikes (eg. giving medication, grooming or bathing) 
32. Your dog is keen to investigate noises, objects or movements in the environment 
33. Your dog appears shy around people that it does not know well 
34. Your dog requires a great deal of encouragement to take part in energetic activities (eg. running, 

vigorous games) 
35. Your dog is curious about its surroundings 
36. Your dog persists in being naughty despite being told off for the behaviour 
37. Your dog frequently appears nervous 
38. Your dog often appears irritable or grumpy 
39. Your dog appears calm in unfamiliar environments 
40. Your dog appears unsettled by changes to its routine (eg. if it is not fed at the usual time, if it is 

left alone for longer than usual) 
41. Your dog is very boisterous 
42. Your dog is keen to explore new surroundings 
43. Your dog tries to stay in close proximity to a person that it knows well 
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44. Your dog appears to be lethargic 
45. Your dog frequently experiences recurrent health problems such as stomach upsets (not relapses 

or flare ups of an ongoing problem like arthritis) 

  

Received September 2, 2002. 
Revision received January 6, 2003. 

Accepted January 19, 2003. 

 


