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a  b  s  t  r  a  c  t

This  study  applies  qualitative  behaviour  assessment  (QBA)  for the  first  time  to  dairy  buf-
faloes,  using  three  groups  of  observers  with  different  cultural  backgrounds  and  different
levels of  experience  in animal  behaviour  observation  and  buffalo  farming.  Eight  buffalo
heifers  aged  16–18  months  were  subjected  to two isolation  tests,  one  performed  in  the
indoor  part  of their  home  environment,  and  one  in a novel  outdoor  paddock.  Animals
were  filmed  individually  for  2.5 min,  and  the  resulting  16  video  clips  were  shown  to
three  observer  panels,  consisting  of  11  applied  animal  behaviour  scientists  from  6  Euro-
pean countries,  11  Italian  animal  scientists  with  a background  in buffalo  farming  but  no
experience  in behavioural  observation,  and 14  Italian  undergraduate  animal  science  stu-
dents  with  no  particular  experience.  A  free  choice  profiling  method  was  used  to instruct
observers  in QBA, and  data  for the  three  panels  were  analysed  separately  using  Gener-
alised Procrustes  Analysis.  All  three  panels  showed  significant  inter-observer  agreement
(p < 0.001)  and  generated  two  main  consensus  dimensions  characterised  as  ‘calm-agitated’
and ‘curious-shy’.  There  were  significant  correlations  between  buffalo  scores  provided  by
each  of  the  three  observer  panels  on  both  these  dimensions  (dim1:  Kendall  W =  0.96,  n =  3,
�2 =  43.28,  p < 0.001;  dim2:  W  =  0.68,  n = 3,  �2 =  30.73,  p  < 0.01).  Buffaloes  viewed  in  the  famil-
iar  indoor  pen  were  assessed  by  all  three  panels  as more  calm  and  less  agitated  (dimension
1) than  animals  viewed  in the  novel  outdoor  pen  (Wilcoxon  z  =  −2.52,  p  <  0.01,  z  = −2.52,
p  <  0.01,  z  =  −2.38, p <  0.01  for  Panels  1,  2, and  3, respectively).  Scores  on  dimension  1 for  the
same animals  viewed  in  either  indoor  or outdoor  pen  were  correlated  at  r  =  0.60  (p <  0.10),
0.74 (p  < 0.05)  and  0.71  (p < 0.05)  for Panels  1, 2, and  3, respectively.  Quantitatively,  buffalo
in the  outdoor  pen  displayed  longer  bouts  of running  and  higher  frequencies  of sniffing
(both  p  < 0.05)  than  those  in  the  indoor  pen.  Principal  component  analysis  showed  mean-
ingful  associations  between  qualitative  and  quantitative  assessments,  allowing  qualitative
dimensions  to play  a  valuable  role  in  interpreting  the animals’  state.  The  main  outcomes  of
this study  are  that QBA  can be  usefully  applied  to scientific  studies  of  dairy  buffalo,  and  that
substantial  differences  in  observer  background  do not  appear  to  diminish  the  reliability  of
QBA.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The qualitative assessment of animal behaviour (QBA)
is an integrative, ‘whole-animal’ methodology based on

∗ Corresponding author. Tel.: +39 0971 205078; fax: +39 0971 205099.
E-mail address: fabio.napolitano@unibas.it (F. Napolitano).

the qualitative interpretation of the dynamic style in which
animals interact with their environment. In other words,
it describes not ‘what’ the animals do, but ‘how’ they do
what they do (Stevenson-Hinde, 1983). This method relies
on the ability of human observers to integrate perceived
details of behaviour and their context into judgements
of animal ‘body language’, using descriptors such as
‘calm’, ‘tense’, anxious’ or ‘content’. Such terms have an
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expressive, emotional connotation, and provide informa-
tion that appears relevant to animal welfare and could be a
useful addition to information obtained from quantitative
indicators (Wemelsfelder, 1997; Wemelsfelder et al., 2001;
Rutherford et al., 2012). QBA has so far been applied to farm
animal species such as pigs (Wemelsfelder et al., 2001,
2009a) and cattle (Rousing and Wemelsfelder, 2006), and
companion animals such as horses (Napolitano et al., 2008)
and kennelled dogs (Walker et al., 2010). This study reports
the first application of QBA to Mediterranean buffaloes, a
dairy animal recently moved from traditional farming tech-
niques based on the extensive use of humid environments
to intensive systems similar to those applied to dairy cattle
(De Rosa et al., 2009). Intensification of farming techniques
has subjected these animals to environmental challenges
so far unknown to this species and potentially impairing
their welfare, so there is a need to develop welfare assess-
ment tools suited to address these problems in buffalo.

Qualitative methodologies have in the past been
criticised for being based on subjective and unreli-
able evaluations, however recently their validity has
gained renewed interest and discussion (Meagher, 2009;
Whitham and Wielebnowski, 2009). Previous QBA stud-
ies have shown good intra- and inter-observer reliability
(e.g. Wemelsfelder et al., 2001, 2009a,b; Rousing and
Wemelsfelder, 2006; Walker et al., 2010), and have sup-
ported the validity of QBA in terms of its correlation with
ethogram-based behaviour assessments (Napolitano et al.,
2008; Minero et al., 2009) and indicators of physiological
stress (Stockman et al., 2011). Most recently Rutherford
et al. (2012) demonstrated QBA to be highly sensitive
(in a blind trial) to whether growing pigs observed in
different test situations had been treated either with anti-
anxiety drug azaperone or with neutral saline solution.
Generally these studies support that the assessment of
animal demeanour through QBA can add a valuable layer
of expressive information to animal studies, identifying
differences in emotional valence that can be difficult to
capture quantitatively. Questions that are still to be investi-
gated, however, are for example whether and how different
cultural backgrounds in observers, and different levels of
experience with animal behaviour observation and ani-
mal  farming, affect the reliability of QBA. No information is
available as yet on these aspects in buffalo or other animal
species.

Thus the aim of this study was to compare the quali-
tative behaviour assessments of buffalo provided by three
groups of observers with different nationalities and differ-
ent levels of experience in animal behaviour observation
and buffalo farming. As in most previous QBA studies, a
free-choice profiling (FCP) methodology was used to this
end. FCP was originally developed in food science (Arnold
and Williams, 1985; Oreskovich et al., 1991), and adjusted
for use in animal science by Wemelsfelder et al. (2001).
It is characteristic of FCP that it asks observers to develop
their own descriptors based on direct observation of ani-
mals, a feature we consider essential for being able to
test whether or not observers perceive animal body lan-
guage expressions in similar ways. If pre-determined lists
of descriptors were given to observers, the actual process of
qualitatively interpreting the animals’ expressions would

remain untested, and any found agreement would only
concern the quantitative use of terms. Thus we consider FCP
to be a more powerful tool for testing the reliability of QBA.
The association of QBA data with a range of quantitative
behaviour variables was  also investigated using principal
component analysis.

2. Materials and methods

2.1. Experimental procedures

Animal subjects were 8 Mediterranean buffalo heifers
aged 16–18 months. They were group housed in a
5.0 m × 4.6 m indoor slatted floor pen with free access to
an outdoor earth floor 5 m × 4.6 m paddock. These animals
had previously been kept in intensive farming conditions,
where they were subjected to artificial rearing, early wean-
ing and close confinement. These conditions made the
animals accustomed to farming practices involving human
presence and handling.

In order to test observer agreement in judging buffalo
expressions, it was  necessary to show observers a variety
of different buffalo expressions. To achieve this, buffaloes
were subjected to two  different isolation tests. One con-
sisted in isolating individual animals from the rest of the
group in the indoor part of the home pen, and one in lead-
ing animals individually through a single-file chute to an
outdoor paddock (5.0 m × 4.6 m,  with earth floor and open
metal fencing), which was  novel to the animals and located
approx. 20 m away from the home pen. Four animals were
tested first in the home indoor pen and subsequently in
the novel outdoor paddock; the other four were tested
in the opposite order. During tests subjects were isolated
from tactile and visual contact with conspecifics, but could
receive auditory and olfactory stimuli from other animals;
they could not receive any stimuli from humans. All testing
procedures were performed by a stockperson well-known
to the animals.

Each animal was  confined individually for 2.5 min in
each testing condition, and her behaviour during this time
was  video-recorded using a DVL-157 JVC video camera
equipped with a wide-angle lens, located at a corner of the
test area at a distance from the fence of 6 m and operated by
remote control. From this material a video tape was  created
containing 16 clips (8 animals in two conditions) of 2.5 min
duration each, showing indoor and outdoor tested buf-
faloes in random order. To give observers time for recording
their assessments, each video clip was  followed by a blank
frame lasting 1.5 min, which was then followed by the next
video clip. Thus the total duration of the video recording
presented to observers was  64 min.

2.2. Behaviour assessment

2.2.1. Quantitative assessment
The behaviour shown by buffalo heifers in the 16 video

clips was analysed quantitatively by means of continuous
recording technique (accurate to 1 s). Observations were
performed by one trained observer. Training consisted
in the observation of 3 outdoor clips and 3 indoor clips
with the aim to instruct the observer in recognizing the
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Table 1
Description of behavioural categories recorded during the isolation tests.

Behavioural category Description

Latency to first movement
(duration)

Time lapse between entrance of
the animal in the pen and first
movement of the animal.

Run (duration) Rapid forward movement
including gallop and trotting.

Flight attempts (frequency) Fast run towards the fence abruptly
interrupted either before or after
crashing into it. Final posture with
head protruding beyond the fence.

Vocalisation (frequency) Emission of acoustic signals.
Sniffing (frequency) Sniffing the ground or the fence.

behavioural categories identified in a previous study
(Napolitano et al., 2004). The behaviours recorded are
described briefly in Table 1.

2.2.2. Qualitative assessment
For the benefit of this study three groups of observers

with different nationalities and cultural and experien-
tial backgrounds were recruited. These were: (1) eleven
applied animal behaviour scientists (8 female and 3 male)
from 6 different European countries with substantial expe-
rience in the assessment of farm animal behaviour (Panel
1), who observed the buffalo video in Edinburgh (Scotland);
(2) eleven Italian animal scientists (5 female and 6 male)
with a solid background in buffalo farming but no education
or experience in assessing animal behaviour (Panel 2), who
observed the video in Portici (Naples, Italy); and (3) four-
teen Italian undergraduate students in animal science (7
female and 7 male) with no experience in either the obser-
vation of animal behaviour or in buffalo farming (Panel 3),
who observed the video in Potenza (Italy). These observers
all volunteered to participate in the study, and none had
previously taken part in any QBA assessment. Observations
were conducted in blind: observers received no informa-
tion on either the animals (i.e. they did not know each
animal was tested twice) or on the experimental design (i.e.
they did not know the indoor paddock was familiar and the
outdoor paddock unknown to the animals), although they
could see from the video that two different testing locations
were used.

Each group of observers was instructed in free choice
profiling procedures by a different instructor (who were all
scientists in the field of applied animal behaviour), follow-
ing Wemelsfelder et al. (2001).  These procedures consisted
of two phases. In phase 1 observers generated their own
descriptive vocabularies by watching the 16 buffalo video
clips (of 2.5 min  each) and by writing down, during a
1.5 min  blank period after each clip, the terms that in their
view adequately summed up the animal’s style of respond-
ing to the test situation. No limit was imposed on observers
with regard to the number of terms to be generated, but this
number never exceeded forty. In phase 2 observers were
instructed to use their personal vocabularies to quantita-
tively score the responsiveness styles of the same animals.
They watched the same videos again in the same order, and
during the 1.5 min  period after each clip scored each ani-
mal  on each term of their vocabulary, using visual analogue
scales of 125 mm length (0 mm:  attribute absent, 125 mm:

attribute could not be stronger). Scores for each attribute
were measured as the distance in millimetres from the 0-
point. For further details of this method see Wemelsfelder
et al. (2001).

2.3. Statistical analyses

2.3.1. Analysis of quantitative data
The durations and, in case of incidental behaviours, the

frequencies of the recorded quantitative behavioural vari-
ables were calculated. A non-parametric Wilcoxon test was
used to investigate whether significant differences existed
between buffalo behaviour assessed indoors and outdoors.

2.3.2. Generalised Procrustes Analysis
As each panel was instructed by different instructors in

different languages, times and locations, their data were
analysed separately. For each panel the FCP procedures
produced one data matrix for each observer, providing
scores for the animals in the 16 clips (8 indoors and 8
outdoors) on the basis of the observers’ personal vocab-
ularies. For each panel the concordance between these
matrices was analysed using Generalised Procrustes Anal-
ysis (GPA), a multivariate statistical technique which does
not require fixed variables for its calculation of a consen-
sus. This calculation is essentially a process of complex
pattern recognition; the observer matrices are represented
in virtual space as multi-dimensional configurations, with
the number of dimensions for each configuration deter-
mined by the number of terms generated by a particular
observer. The 16 clips observed by all observers are placed
at different positions in the different observer configura-
tions. The concordance between these configurations is
calculated through a complex process of rotation, transfor-
mation, aimed at finding a ‘best-fit’ consensus profile. GPA
provides a statistic (called the Procrustes Statistic) which
indicates the level of consensus (i.e. the percentage of varia-
tion explained between observers) that has been achieved.
Whether this consensus is a significant feature of the data
set, or, alternatively, an artefact of the Procrustean calcula-
tion procedures, is determined through a permutation or
randomisation test (Dijksterhuis and Heiser, 1995). This
procedure rearranges at random each observer’s scores
and produces new permutated data matrices. By applying
GPA to these permutated matrices, a ‘randomised’ profile
is calculated. This procedure is repeated 100 times, provid-
ing a distribution of Procrustes Statistics indicating how
likely it is to find an observer consensus based on chance
alone. Subsequently a one-way t-test is used to determine
whether the actual observer consensus profile falls signif-
icantly outside the distribution of randomised profiles.

The calculation of the consensus profile takes place
independently of the semantic information provided by
the terminologies chosen by the observers. Semantic inter-
pretation of this consensus profile takes place after its
calculation. Through a principal component analysis (PCA),
the number of dimensions of the consensus profile is
reduced to one or more main dimensions explaining the
majority of variation between the observed animals. These
dimensions are subsequently interpreted by correlating
them to the original individual observer data matrices. This
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step of the analysis produces two-dimensional individ-
ual observer interpretative word-charts. In each chart, all
terms of a particular observer are correlated with the prin-
cipal axes of the consensus profile. These observer word
charts can be used for the interpretation of the main dimen-
sions, in that the higher a term correlates with an axis, the
more weight it has as a descriptor for that axis.

Each clip receives a score on each of these main consen-
sus dimensions. For each panel a non-parametric Wilcoxon
test was used to investigate whether the scores obtained
for indoor and outdoor animals within the same dataset
differed significantly (assessment of differences within ani-
mals between the two  different environments), whereas
the relationship between indoor and outdoor animal scores
was determined using the Spearman correlation coefficient
(rs) in order to assess the predisposition of the animals to
respond similarly in different environments.

When GPA is performed on groups of animals char-
acterised by disparities in terms of breed, treatment or
experience, the analysis tends to show such diversities, and
more subtle differences between individuals may  be more
difficult to discern or disappear altogether (Napolitano
et al., 2008). Therefore, in order to take a closer look at
differences among individual animals independently from
the treatment (location and novelty of test), assessments
of indoor and outdoor clips were also analysed separately.
For sake of brevity only data provided by Panel 1 (applied
animal behaviour scientists) were included in this analysis.

For a more detailed description of GPA calculation and
interpretation procedures see Wemelsfelder et al. (2000).
All GPA analyses in this study were performed using the
programme Senstools.NET v1.x.

2.3.3. The relationship between quantitative and
qualitative data

A principal component analysis (PCA) was  used to
investigate the relationship between quantitative and
qualitative data, and to indicate which variables were most
closely associated in explaining the variation between clips
(Cooper and Weekes, 1983). The PCA was based on the
scores of the animals on the first two dimensions of the GPA
consensus profile of Panel 1, and on quantitative behaviour
data recorded during the two isolation tests. A correlation
matrix was used and no rotation was applied. The analysis
was performed using the software Unscrambler X v.10.1.

2.3.4. Inter-panel reliability
The degree of agreement between data gathered from

the three panels (i.e. the scores of individual animals on
the first two components of each panel’s consensus profile)
was calculated using Kendall’s coefficient of concordance
(W). In addition, Spearman rank correlation coefficients (rs)
were used to determine the correlation between pairs of
panels.

3. Results

3.1. Quantitative behaviour assessment

Table 2 shows the mean durations and frequencies of
buffalo heifer behaviour expressed indoors and outdoors.

Table 2
The mean durations in seconds (s) and, for incidental behaviours, the
frequencies (f), of behaviours recorded indoors and outdoors.

Behavioural category Indoors Outdoors P-Value

Latency to first movement (s) 15.5 ± 3.3 7.0 ± 3.3 0.09
Run (s) 0.0 ± 1.3 3.7 ± 1.3 0.05
Flight attempts (f) 1.2 ± 1.1 3.9 ± 1.1 0.09
Vocalisation (f) 6.1 ± 2.0 7.7 ± 2.0 0.58
Sniffing (f) 4.1 ± 1.0 7.9 ± 1.0 0.02

In the novel outdoor pen the animals exhibited longer bouts
of running and greater frequency of sniffing (Wilcoxon
signed ranks tests: Z = −2.84 and −1.96, respectively, N = 8,
p < 0.05), and tended to show a shorter latency time to
first movement and a higher frequency of flight attempts
(Wilcoxon signed ranks tests: Z = 1.68 and −1.85, respec-
tively, p < 0.10) than in the familiar indoor pen.

3.2. Qualitative behaviour assessment and panel
reliability

The consensus profiles of the three observer pan-
els explained a high percentage of variation among the
observers, and differed significantly from the mean ran-
domised profile (Procrustes Statistic: 77.3%, 77.1% and
77.9% for Panels 1, 2 and 3, respectively; p < 0.001).

Two  main dimensions of the consensus profiles were
identified, explaining 47.0% and 11.5%, 55.2% and 7.6% and
60.3% and 7.7% of the variation between animals for Pan-
els 1, 2 and 3, respectively. Within and between panels the
observer word charts interpreting these dimensions were
semantically consistent, as they all converged towards sim-
ilar meanings, albeit using a range of different terms. As it
was  impossible to show the word charts of all observers,
that of observer 1 from Panel 1 was  chosen as represen-
tative (Fig. 1). The chart characterised the first dimension
of the consensus profile with terms ranging from calm
to restless/unsettled, whereas the second dimension was
described as ranging from curious/confident to shy. These
terms displayed correlation coefficients higher than 0.3
with the axes of the consensus profile. To provide an
overview of highly correlated terms for all observers,
Table 3 lists for each observer the two  terms with the high-
est positive and negative correlation with dimensions 1 and
2. This table shows that the most frequently used descrip-
tors for the positive ends of axes 1 and 2 were ‘calm’ (used
by 2–7 observers per panel) and ‘investigatory’ (used by at
least 1 observer per panel) along with ‘explorative’ (used by
3 observers from Panel 1) and ‘curious’ (used by 4 observers
from Panel 3), respectively. At least three observers per
panel used the term ‘agitated’ to describe the negative end
of axis 1, whereas ‘scared’, ‘shy’ (both used by at least 1
observer per panel), and ‘frightened’ (used by 4 observers
from Panel 3) were the most used negative descriptors of
axis 2. Thus, axis 1 was labelled as ‘calm-agitated’ and axis
2 was  named as ‘curious-shy’.

Fig. 2 shows individual animals as positioned by Panels
1, 2 and 3 on these two  consensus dimensions. The animal
plots were characterised by a reasonably homogeneous
distribution of the individual subjects, thus indicating that
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Fig. 1. Word chart of observer 1 from Panel 1. Axes reflect a term’s strength of correlation with consensus dimensions 1 and 2.

the two dimensions provided a good resolution of animal
behaviour. The scores of individual animals on the first
two components of GPA were used to assess inter-panel
reliability. The correlation among the three panels was sig-
nificant for the first and the second dimension (Kendall
coefficient of concordance: W = 0.96, �2 = 43.28, d.f. = 15,
p < 0.001 and W = 0.68, �2 = 30.73, d.f. = 15, p < 0.01, respec-
tively). When calculated separately, correlation coeffi-
cients between Panel 1 and Panel 2 (Spearman rs = 0.97,
p < 0.001, and rs = 0.68, p < 0.01, N = 16, for dimensions 1 and
2, respectively) were higher than those between Panel 3
and Panel 1 (rs = 0.94, p < 0.001, and rs = 0.63, p < 0.01, N = 16,
for dimensions 1 and 2, respectively,) and between Panel 3
and Panel 2 (rs = 0.94, p < 0.001, and rs = 0.43, p < 0.10, N = 16,
for dimensions 1 and 2, respectively).

A marked effect of test location/novelty was observed
on the scores of animals on the first dimension (Wilcoxon
signed ranks tests: Z = −2.52, N = 8, p < 0.01, Z = −2.52, N = 8,
p < 0.01, Z = −2.38, N = 8, p < 0.01 for Panels 1, 2 and 3,
respectively), but no effects were observed on the sec-
ond dimension. Buffalo heifers received significantly higher
scores, and were thus assessed as more calm and less agi-
tated, when tested indoors.

For the first dimension high correlation coefficients
were found between the scores of the same animals when
tested either indoors or outdoors (Spearman rank corre-
lation: rs = 0.60, N = 8, p < 0.10, rs = 0.74, N = 8, p < 0.05 and
rs = 0.71, N = 8, p < 0.05 for Panels 1, 2 and 3, respectively),
whereas no significant correlations were observed for the
second dimension.

Table 3
Terms (one for each observer) showing the highest positive and negative correlation with dimensions 1 and 2 of the consensus profiles for each of three
panels.

Dimension Positive correlation Negative correlation

Panel 1
1  Calm (7), docile (1), slow-moving (1), passive (1), tranquil

(1)
Active (4), agitated (3), restless (2), fidgety (1), unsettled
(1)

2  Explorative (3), confident (3), investigatory (1), searching
(1), careful (1), interested (1), self confident (1)

Shy (2), timid (2), scared (1), desperate (1), jumpy (1),
rushing (1), flighty (1), challenging (1), assessing (1)

Panel 2
1  Calm (5), timorous (1), indifferent (1), waiting (1),

perplexed (1), tranquil (1)
Agitated (3), restless (2), nervous (2), preoccupied (1),
content (1), bold (1)

2  Investigatory (2), self-confident (2), bold (2), nervous (2),
active (1), sociable (1)

Shy (2), scared (2), suspicious (2), docile (2), escaping (1),
exhausted (1)

Panel  3
1  Tranquil (5), relaxed (4), calm (2), quiet (1), resigned (1) Agitated (5), nervous (2), fidgety (2), escaping (1), restless

(1), annoyed (1), tense (1)
2  Curious (4), investigatory (3), sociable (1), interested (1),

nervous (1), sad (1), tense (1)
Frightened (4), scared (2), lonely (2), escaping (2), flighty
(1), shy (1), assessing (1)
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Fig. 2. Position of individual buffalo on the two main consensus dimensions, as scored by Panels 1 (a), 2 (b) and 3 (c) for familiar indoor (©) and novel
outdoor (�) test situations. Axes reflect GPA scaling values for relative sample distance.

The GPA performed on indoor and outdoor animals
separately also yielded good consensus among observers
(Panel 1 only), and differed significantly from the mean
randomised profiles (Procrustes Statistic: 77.7% and 78.9%
for indoor and outdoor animals, respectively; p < 0.001).
The assessors attributed to the first two dimensions of the
consensus profile descriptors that were similar to those
previously described for all animals, and dimensions 1
and 2 were therefore again labelled as ‘calm-agitated’ and
‘curious-shy’, respectively, for both the indoor and outdoor
analyses. For the indoor analysis the first two dimensions
explained 53.9 and 13.8% of the total variation, respec-
tively, whereas for the outdoor analysis the total variation
explained by dimensions 1 and 2 was 49.2% and 15.4%,
respectively. Fig. 3 shows the positions of animals on the

main consensus dimensions of the separate indoor and
outdoor analyses. The Spearman rank correlation between
animals indoors and outdoors was 0.64 (N = 8, p < 0.10)
on dimension 1; there was  no significant correlation for
dimension 2.

3.3. The relationship between qualitative and
quantitative assessments

Principal component analysis of qualitative assess-
ments (Panel 1 only) and quantitative data showed two
main components explaining 41% and 26% of the variation.
Fig. 4 shows the loadings of the different variables on these
two  components. QBA dimension 1 (calm-agitated) and
‘latency to first movement’ showed the highest positive
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Fig. 3. Position of individual buffalo on the two  main consensus dimensions of the ‘home indoor test’ analysis (a) and the ‘novel-outdoor test’ analysis (b),
as  scored by Panel 1. Axes reflect GPA scaling values for relative sample distance.

loadings on the first PCA component (0.54), whereas flight
attempts (−0.65) and duration of running (−0.59) dis-
played the highest negative loadings on this component.
The highest positive loadings on the second PCA compo-
nent were those of QBA dimension 2 (0.65) and vocalisation
(0.44), whereas the highest negative loadings were again
shown by running (−0.49) and flight attempts (−0.30).

4. Discussion

A first main result of the present study is that, using
FCP methodology, high levels of inter observer agreement
in qualitative assessments of dairy buffalo behaviour were
found within three different observer groups varying in
cultural and experiential backgrounds. This is in line with
results found for other species in previous QBA studies (e.g.
Rousing and Wemelsfelder, 2006; Walker et al., 2010), and
generally supports the reliability of QBA. A second main
result is that high agreement was also found between the

different observer groups, in that the rankings of individual
buffaloes on the two main consensus dimensions of sep-
arate panel analyses were found to be highly correlated.
Thus, notwithstanding their differences in nationality, cul-
tural background, and experience with animal behaviour
observation and buffalo farming, observers developed sim-
ilar vocabularies to describe buffalo demeanour, and used
these for scoring buffalo in similar ways. This suggests that
QBA reliability may  be robust even when observers’ back-
grounds differ substantially in various ways. However more
investigation of this question is needed, particularly with
observers assessing animals in more complex and variable
environments which would require more complex judg-
ments.

That the correlation between the two experienced
panels with backgrounds in animal behavioural obser-
vation and buffalo farming was highest, suggests that
experience and training may  be important determinants of
QBA reliability (Wemelsfelder et al., 2009a).  An interesting
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Fig. 4. Loadings of qualitative behaviour dimensions (bold) and quantitative behavioural variables (underlined) on the two  main components of a PCA
based  on data provided by Panel 1 for buffalo in two test environments.

question is how the qualitative QBA assessment process
might be embodied physically in observers’ perceptive
systems. Recent research in humans and some non-human
animal species such as birds and monkeys, has indicated
that activation of ‘mirror neurons’ plays a role in the recog-
nition of emotion between individuals (e.g. Keller and
Hahnloser, 2009; Rizzolatti and Sinigaglia, 2010; Keysers
et al., 2010). It is conceivable that such activation may  also
be involved in the recognition of emotion between human
and animal individuals, however this hypothesis has not
yet been investigated but would be interesting to pursue.

Because observers in this study all used different
descriptors, calculation of agreement relied on compar-
ison of scoring patterns generated by observers’ entire
vocabularies, not comparison of scores generated by spe-
cific terms. It is possible that if terms were imposed on
observers through pre-determined scoring lists, agreement
would not be as high as found in this study, or would be
high for some terms but not others. Fixed-term lists are
more suitable than FCP for welfare monitoring purposes,
when a standardised way of assessment is needed for fea-
sibility reasons (Wemelsfelder et al., 2009b).  It is important
in this case to give observers the opportunity to consider
and/or discuss the meaning of each term, and regular tests
of observers’ agreement on individual terms would allow
elimination of terms failing to reach good agreement. FCP
also provides information on how observers use particu-
lar terms, in that comparison of the semantic structure and
tone of word charts gives an idea of how well observers’
use of terms converges, but this information is not as

quantitatively precise as that provided by fixed lists. Clearly
FCP and the use of fixed lists each have advantages and dis-
advantages in how they support application of QBA, and
should be used in situations to which they are best suited.

Given the high levels of observer agreement, it is of
interest that the three panels attributed different mean
scores to buffaloes tested in a familiar indoor environment
or an unfamiliar outdoor pen. Animals tested indoors were
on average assessed as more calm and docile, and less agi-
tated and restless, than animals tested in the outdoor pen.
A previous study with pigs indicated that the background
against which animals are viewed can have a small effect on
observers’ scores of these animals, but is not likely to signif-
icantly alter their overall characterisation (Wemelsfelder
et al., 2009a).  Thus, although the different backgrounds
against which buffalos were viewed may  have affected
observer assessments, it is certainly feasible that the per-
ceived differences in demeanour shown by the buffaloes in
the two  test environments were genuinely present. In addi-
tion to noting differences in the buffaloes’ average response
levels, observers also noted a consistency in how buffaloes
responded individually to the two test environments, as
indicated by the significant correlation between indoor and
outdoor scores for individual buffaloes on dimension one.
Thus it appears that QBA may  be sufficiently sensitive to
detect temperamental predispositions in individual ani-
mals, over and above mean differences in these animals’
responsiveness levels.

The behavioural response of young ruminants to open
field testing is generally viewed as driven by a mix
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ofmotivations, and it can be difficult to discern exactly
which are operative at any given time (Rushen, 2000;
Forkman et al., 2007). In the present study multivariate
analysis through principal component analysis showed a
meaningful association between qualitative and quantita-
tive assessments, suggesting that QBA could potentially
add valuable information to assist the interpretation of
quantitative data gathered in open fields. For instance, the
association between ‘calm’ and ‘latency to first movement’
on Component 1 suggests that the latter measure does
not in this case reflect fearful freezing, but rather a more
tranquil, relaxed response to the test situation compared
to animals running around trying to escape. Similarly, the
association between ‘curious’ and ‘vocalisation’ on Compo-
nent 2 suggests vocalising in this study is associated more
with exploration than fear. This coherence of QBA with
quantitative measures is in line with results reported by
Rutherford et al. (2012) for pigs, which showed QBA to play
an important role in judging the emotional valence of the
animals’ physical activity in open field and elevated plus
maze tests.

Finally, we note that the separate analyses of in- and
outdoor buffalo scores for Panel 1 data reproduced the
characterisation of the two main consensus dimensions as
‘calm-agitated’ and ‘curious-shy’, indicating the robustness
of these dimensions in describing the animals’ response
to the two open field tests. Given this robustness it is
not surprising that the position of individual buffaloes on
dimension 1 of both separate analyses is virtually identical
to their position on dimension 1 in the combined analy-
sis. Thus in the present study it seems that the significant
treatment effect of test location/novelty did not, as hypoth-
esised, mask more subtle within-test individual differences
on this dimension. However there are some changes in the
positions of individual buffalo on dimension 2 when in-
and outdoor scores are analysed separately, even though
there was no significant effect of test on this dimension in
the combined analysis. Whether or not such changes occur
may  depend on the strength of a dimension, the particular
characteristic this dimension captures, or any other trait.
Careful thought should thus be given to size and compo-
sition of animal samples in QBA testing, in relation to the
questions that are asked.

5. Conclusions

In conclusion, the positive results reported here in
applying QBA to dairy buffalo heifers in familiar and novel
testing environments add to the growing literature sup-
porting the reliability of QBA. A novel contribution of the
present study is that reliability was achieved even though
observers differed in cultural background, and in their
experience with buffalo farming and animal behavioural
observation. Given this consistency in assessments, QBA
was able to provide expressive information helpful to
the interpretation of quantitative behaviour variables. It
described the effects of two open field tests on the animals’
state, and also uncovered a consistency in how individual
animals responded to these tests. Together these results
support the guiding hypothesis that QBA, rather than
consisting of unfounded projections of human emotion,

is  empirically grounded in the observation of expressive
behavioural criteria.
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