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ABSTRACT 
To evaluate the Welfare Quality® assessment protocol 
(WQ), it was applied on 60 dairy farms in the 
Netherlands, with good, moderate and poor welfare in 
equal numbers, according to the veterinary opinion. 
Three (5%) farms scored Not Classified, 52 (86.7%) 
Acceptable and 5 (8.3%) Enhanced, no farm received a 
score Excellent. Because similar results were reported 
previously, it was concluded that the discriminative 
capacity of the WQ protocol was low under Dutch 
circumstances. It became clear that, as was also 
reported by others, only a few measures and criteria 
had a major impact on the end result. The farmers 
stated that assessment of the welfare level was very 
informative and valuable. However, they were not 
convinced that the result of the Qualitative Behavior 
Assessment (QBA) is something to be taken seriously 
and they did not consider this test a proper 
component in the determination of the level of 
welfare of their animals. We modified the WQ 
protocol in 3 ways: the calculation of the cleanliness of 
water points and integument alterations was changed 
in a more quantitative way and the QBA was omitted. 
After these modifications to the WQ protocol, the 
discriminative capacity appeared substantially higher. 
We, therefore, propose to modify the WQ protocol 
accordingly. 

Keywords: Welfare assessment, water supply, 
integument alteration, Qualitative Behavior 
Assessment (QBA), acceptance by farmers. 

INTRODUCTION 

Ethical considerations and care for the animal, and an 
increasing concern of the general public, make animal 
welfare an issue on a dairy farm, [1]. Furthermore, an 
incentive for farmers to improve the conditions for the 
cows on their farms can be that an increase in the level 

of animal welfare is correlated with a higher milk yield 
[2,3]. How to measure animal welfare in an overall, 
objective, way, however, has been the subject of 
discussion for a long period of time and still is. For a 
long time, the focus has been on the measuring of 
biological functioning, which is necessary, but not 
sufficient. Welfare issues also relate to affective states, 
such as pleasure or suffering from pain [4]. 
Furthermore, for dairy cattle, the expression of natural 
behavior and access to pasture are also very important 
[5,6]. Although a ‘gold standard’ is still lacking, several 
protocols have been developed that measure welfare 
at a dairy farm. The Welfare Quality assessment 
protocol®[7] (WQ) is one of the most extensive ones 
and uses mainly animal based measures. These are 
parameters that are measured directly on/from the 
animals, like skin lesions or behavior, and not in the 
environment (resource based parameters). In total, 33 
measures are taken on a farm that are integrated in 12 
criteria. These 12 criteria are then further grouped into 
4 principles: Good feeding, Good Housing, Good 
Health and Appropriate Behavior. Finally, an end 
qualification is calculated and this can be Excellent, 
Enhanced , Acceptable or Not Classified (Welfare 
Quality assessment protocol® , 2009). However, the 
WQ protocol is extensive and time consuming (almost 
a full day is needed for its execution), which has 
hampered its implementation as a routine, on farm, 
welfare check [8,9].  Furthermore, the relative 
contribution of certain measures/criteria is disputed 
[9-12].  In the study of Heath et al. (2014) it appeared 
that they could classify the final outcome of the WQ 
protocol correctly with the result for “Absence of 
prolonged thirst” in 88% of the farms. This problem is 
not only present in the dairy cattle protocol, but also 
in the chicken protocol, where Buijs et al. (2016) 
reported that the overall classification for 95% of the 
flocks could be explained by two measures only 
(‘drinker space’ and ‘stocking density’). In the present 
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study, the WQ protocol for dairy cattle (2009) has 
been executed on 60 Dutch dairy farms, of various 
levels of welfare, to evaluate practicality and 
acceptance by the farmers. During the study, it 
became evident that the WQ protocol had a low 
discriminative capacity on the 60 farms as most of 
them were classified as acceptable. This corroborates 
the results of  De Vries et al.[11], Heath et al. (2014), 
De Graaf et al. (ILVO, Gent, Belgium, personal 
communication) in Belgium, who classified 94 out of 
111 farms as acceptable (none not classified or 
excellent) and Toma et al. [13] who had 9 farms with 
good, 25 acceptable and 1 not classified in a study in 
Scotland. We propose 3 modifications to the original 
WQ protocol [14], to increase the discriminative power 
and acceptance by the farmers. 

 

MATERIALS & METHODS 

The WQ protocol (2009) was applied on 60 dairy farms 
in the Netherlands. Four large veterinary practices, 
spread over the Netherlands in order to avoid possible 
regional effects, were asked to make a list of their 
dairy farmer clients. Each farm was classified as good, 
average or bad, based on the availability of good 
quality food & water, quality of housing, health and 
behavior. This mark was based on the impression of all 
the dairy cattle veterinarians of each practice, no 
specific assessment was done at this time (because 
there is no ‘gold standard’). These were large practices 
with each more than 5 dairy cattle veterinarians, so it 
was not a subjective, individual opinion. Furthermore, 
because there were 4 practices involved, the influence 
of an individual opinion was minimized. Out of the 
lists, randomly, 60 farms were selected in such a way 
that in each of the 4 practices there were 5 good-, 5 
average- and 5 bad farms. This was not used as a ‘gold 
standard’ or a representative sample of the Dutch 
dairy farms, but just to get a diverse quality of farms, 
in order to evaluate the assessment protocol over the 
full range of animal welfare status. The selected 
farmers were asked if they would be willing to 
participate in the project and, if not, the next farmer 
on the list was addressed. This occurred twice. 

Of each practice at least one veterinarian was trained 
to execute the WQ protocol during a three day course, 
provided by the Welfare Quality consortium. The 
observers did not assess farms that they regularly visit 
and advise. One of the other observers assessed those 
farms. 

The WQ protocol (2009) consists of several steps. It 
starts with measuring 33 parameters (indicators) that 
are converted into 12 criteria. These 12 criteria form 
the basis for the calculation of a score for 4 main 
principles: Feeding, Health, Housing and Behavior. 
Finally, an end qualification is computed: Not 
classified, Acceptable, Enhanced or Excellent. In this 
study, initially, the original protocol and calculations 
were used (Welfare Quality protocol for dairy cattle, 
2009). After the measurements and calculations with 
the original protocol, 3 modifications were applied 
that are described below. These modifications did not 
require a new assessment, because they are 
alternative calculations of the original measures.  

1) Absence of Thirst 

The first modification of the WQ protocol, was the 
introduction of a weighted score for cleanliness of the 
drinkers. A clean drinker scored 1, a partially dirty 2, 
and a dirty one 3 points. After giving the score for the 
rest of the drinking related parameters measured, the 
total is divided by the average score for the cleanliness 
(see fig. 1). This number was then used in the 
calculations according to the original WQ protocol 
[14].  

 

Figure 1: The scoring for water in the modifed WQ 
protocol for dairy cattle. For the determination of the 
number being sufficient, the requirements of the WQ 
protocol (2009) were used. Then it was checked if 
there were at least 2 drinking locations available per 
cow (WQ protocol, 2009). The cleanliness was scored 
in points per drinker: clean = 1; partly dirty = 2 and 
dirty = 3. The average of all drinkers is computed and 
used in the calculation.  
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2)  Integument Alterations (hairless patches (HP) and 
lesions/swellings) 

In the modified protocol, the HPs and lesions/swellings were 
assessed and counted as in the WQ protocol (2009). 
However, the average number of HPs, lesions and swellings 
per cow in the group was used in the calculations. Because a 
lesion or swelling is a more severe impairment for the 
welfare of the cow, it receives more weight in the 
calculations, similar to the WQ protocol (2009). 

The Index for integument alterations was calculated as:  

                   (2HP+5(lesions+swellings))x10 
I  = 100 - ------------------------------------------- 
                                       5 

If I < 65 the score becomes: (0,43 x I) + (0,0065 x I2) + 
(0,00013 x I3) 

If I > 65 the score becomes: 29,9 – (0,94 x I) + (0,015 x 
I2) + (0,00002 x I3) 

Where HP is the average number of HP’s per cow and 
lesions + swellings are also the average number of 
lesions and swellings per cow. This index was then 
used instead of the one for integument alterations 
from the original WQ protocol (2009) in the 
calculations. 

3)  Qualitative Behavior Assessment (QBA)  

The QBA was omitted in the modified protocol. Since 
this was the component with the largest weight for the 
principle of Appropriate Behavior score, the values for 
µ for the other criteria in the Choquet integral were 
doubled. 

Statistical analysis 

To model the relation between the four principles and 
the welfare scores, a multinomial regression model 
(base-line category logit) was used [15]. Residuals 
were checked. Two logits were modeled: the log-odds 
for acceptable versus not classified (AvsNC) and the 
log-odds for enhanced versus not-classified (EvsNC). 
Akaike's Information Criterion (AIC) was used for 
model reduction. For the important effects, Wald 
confidence intervals were calculated. Note that the 
Wald intervals need not be in accordance with the AIC.  

RESULTS & DISCUSSION 
The results for the original WQ protocol (2009) were: 3 
(5%) farms with score Not Classified, 52 (86.7%) with a 

score Acceptable and 5 (8.3%) Enhanced, no farm 
received a score Excellent (Table 1). Since the farms 
were selected as having bad, average or good welfare, 
in equal numbers, this was not expected. Because 
there is not a ‘gold standard’ for animal welfare 
assessment, some degree of subjectivity is inevitable 
when weighing different measures [16]. So it could be 
that the farms were not selected in an appropriate 
way. However, analysis of the measurements of the 
farms showed that there were indeed substantial 
differences between parameters on farms (Table 1; 
figures 2-4). This way of selecting of the farms was 
comparable with Botreau et al  [17], who used the 
‘general impression’ of the observers of the farms in 
their study to compare 5 procedures that could form 
the basis of the calculations of aggregation of the 
measures in the WQ protocol. In the end, the way of 
computing that matched the ‘general impression’ of  
the observers best, was implemented in the WQ 
protocol as final step to categorize the farms [17]. In 
the present study, not just the general impression of 
one person was used, but several persons based their 
opinion on the availability of good quality food & 
water, quality of housing, health and behavior. 

Due to the way of calculating and aggregation of the 
measures in the WQ protocol most farms received an 
‘Acceptable’ as the end result. This implied that the 
WQ protocol (2009) did have little discriminative 
capacity under Dutch circumstances. As can be seen in 
figure 2-4, several farms had a substantial amount of 
problems, e.g. 18 farms had 10% or more severely 
lame cows, a disorder with a substantial impact on 
animal welfare. This appeared to be acceptable for the 
WQ protocol. Similar findings have been reported 
previously. In a study in England and Wales by Heath 
et al. (2014), all the 92 farms they assessed had a 
result as acceptable (35 farms) or enhanced (57 
farms). Data from de Graaf et al. in Belgium (ILVO, 
Gent, Belgium, personal communication) confirmed 
this. Out of 111 farms they assessed 94 as acceptable 
vs 17 as enhanced (none not classified or excellent). 
Furthermore, Toma et al. (2017) had 9 farms 
categorized as enhanced, 25 acceptable and 1 not 
classified in a study in Scotland. Due to (almost) 
singular Hessian matrices the housing effects could not 
be estimated for the WQ and the WQ-modified scores. 
The principles Good Feeding and Appropriate Behavior 
were the variables related to the WQ-scores according 
to AIC. The Odds ratio's and their confidence intervals 
are presented in table 2. 
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Table 1: Overview of the principle- and end score of WQ and the modified version  

 WQ - Original WQ - Modified 
Farm Feed Hous Health Behav Score Feed Hous Health Behav Score 

1 85 53 16 37 A 81 53 26 35 A 
2 30 52 16 38 A 25 52 27 32 A 
3 40 53 21 32 A 56 53 33 29 A 
4 12 52 19 47 NC 12 52 34 45 A 
5 85 65 21 39 E 81 65 36 33 E 
6 40 53 18 45 A 15 53 26 38 A 
7 63 53 23 43 A 63 53 41 34 A 
8 27 53 16 50 A 36 53 30 44 A 
9 15 64 44 52 A 15 64 56 46 A 

10 15 53 17 24 NC 15 53 26 23 NC 
11 62 53 28 42 A 53 53 39 35 A 
12 32 64 23 38 A 38 64 36 35 A 
13 24 52 16 51 A 24 52 25 49 A 
14 15 65 23 39 A 15 65 30 28 A 
15 25 53 19 37 A 31 53 33 33 A 
16 23 69 41 18 A 37 69 57 7 NC 
17 25 64 29 22 A 20 64 44 10 NC 
18 62 59 35 36 E 58 59 55 33 E 
19 37 59 24 47 A 48 59 32 37 A 
20 65 72 25 57 E 60 72 41 55 E 
21 22 52 32 17 A 22 52 52 9 NC 
22 9 69 37 25 NC 9 69 60 9 NC 
23 47 53 19 39 A 43 53 34 42 A 
24 36 52 41 20 A 34 52 60 8 NC 
25 35 64 22 27 A 31 64 38 8 NC 
26 82 52 33 20 A 82 52 45 10 NC 
27 44 61 24 20 A 37 61 43 7 NC 
28 41 69 54 18 A 37 69 66 9 NC 
29 10 52 25 26 A 10 52 40 7 NC 
30 24 69 28 15 A 9 69 38 8 NC 
31 40 52 27 42 A 40 52 33 45 A 
32 23 53 22 40 A 46 53 42 33 A 
33 26 52 26 29 A 42 52 36 20 A 
34 23 53 29 18 A 25 53 31 8 NC 
35 35 53 21 18 A 35 53 37 4 NC 
36 33 56 31 22 A 31 56 53 7 NC 
37 34 53 19 29 A 50 53 35 34 A 
38 40 68 37 25 A 27 68 42 9 NC 
39 40 67 40 20 A 40 67 47 5 NC 
40 38 52 26 47 A 38 52 44 32 A 
41 35 52 27 41 A 60 52 49 26 A 
42 43 53 45 50 A 35 53 44 40 A 
43 30 62 34 55 E 32 62 58 51 E 
44 25 56 27 31 A 25 56 36 26 A 
45 38 57 34 26 A 23 57 53 6 NC 
46 35 52 36 22 A 51 52 35 4 NC 
47 33 58 30 24 A 33 58 52 7 NC 
48 34 57 46 45 A 49 57 54 34 A 
49 32 53 18 29 A 29 53 33 41 A 
50 27 52 27 44 A 32 52 48 26 A 
51 28 52 16 33 A 28 52 32 33 A 
52 28 52 37 43 A 18 52 43 38 A 
53 33 56 48 36 A 33 56 60 30 E 
54 31 58 54 47 A 26 58 57 36 E 
55 43 52 41 27 A 43 52 56 7 NC 
56 20 52 17 35 A 20 52 29 56 A 
57 32 52 37 34 A 44 52 57 9 NC 
58 59 52 37 35 A 56 52 51 37 A 
59 60 54 24 68 E 60 54 52 62 E 
60 65 54 28 23 A 65 54 59 9 NC 
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Figure 2: Frequency distribution of the percentage of extremely lean cows on the 60 farms. 

 

Figure 3: Frequency distribution of the percentage of severely lame cows on the 60 farms. 
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Figure 4: Frequency distribution of the percentage of cows with at least 1 skin lesion on the 60 farms. 

 
Table 2:    Odds ratio's and their confidence intervals of WQ                 
 

 AvsNC EvsNC 
 OR confidence interval OR confidence interval 
Feeding 1.51 .99-2.31 1.68 1.10-2.59 
Behavior 1.02 .87-1.18 1.34 .93-1.92 

 
AvsNC = Acceptable vs Not Classified 
EvsNC = Enhanced vs Not Classified 
 
Apparently, mainly the principles Good Feeding and 
Appropriate Behavior were determining the WQ end 
score. The other two appeared of minor importance. 
De Vries et al. (2013) also reported that a limited 
number of welfare measures had a strong influence on 
the WQ classification of dairy herds. This was 
confirmed in the study of Heath et al. (2014), where 
88% of the farms could be classified correctly with 
“absence of prolonged thirst”, a component of the first 
principle, only. De Graaf et al. (2016) reported also 
that absence of prolonged thirst and the QBA were the 
most influential measures. Heath et al. (2014) 
suggested that the protocol could be shortened to just 
15 minutes with the same outcome. Furthermore, 
during the execution of the WQ protocol, several 

questions were raised by the observers and farmers 
about the parameters measured, tests and 
calculations used. Therefore, the original WQ protocol 
was modified in 3 ways:  

1) Cleanliness of the Drinkers  
If on a farm there is 1 dirty (or partially dirty) drinker, 
not all drinkers are clean. The question in the 
calculation of the WQ protocol is: “Are the drinkers 
clean?” (WQ 2009 pp 95). This than has to be 
answered as ‘No’. Resulting in a maximum score for 
absence of prolonged thirst of  32 out of 100 points. 
This implies that on a farm with 100 cows with 12 
water bowls with sufficient flow and of adequate size, 
on at least 2 different locations, the score for absence 
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of prolonged thirst will be 32 points if 1 of the drinkers 
is (partially) dirty and 11 are clean. These are more 
clean drinkers than required by the WQ protocol. On 
another farm with 100 cows with 7 water bowls with 
sufficient flow and of adequate size, on at least 2 
different locations, the score for absence of prolonged 
thirst will be 60 points if all 7 drinkers are clean. This 
implies that the WQ protocol (2009) considers the 
water supply almost twice as good when there are 4 
clean drinkers less available for the animals. This is, in 
our opinion, not correct. And since, in practice, a 
farmer cannot clean each drinker several times a day, 
often one of the drinkers will be (partially) dirty when 
the assessor is at the farm. This implies that, in 
practice, the maximum score for absence of prolonged 
thirst will be 32 points. Even when the score for 
absence of prolonged hunger is maximal (100 points) 
the score for the first principle will be 40.16. This is not 
even considered ‘enhanced’ by the WQ protocol. In 
our modified WQ protocol, therefore, the weighted 
score for cleanliness of the drinkers (see M&M 
section) was introduced. In this way the cleanliness of 
a single drinker cannot determine the score for 
absence of prolonged thirst and thus the score for the 
first principle. 

2)  Integument Alterations (hairless patches and 
lesions/swellings) 
For this criterion the WQ protocol takes into 
consideration if a cow has one, or more, hairless 
patches (HP), swellings or lesions. The classification in 
the WQ protocol (2009) is as follows: “Percentage of 
animals with no integument alteration (no HP, no 
lesion/swelling). Percentage of animals with mild 
integument alterations (at least one HP, no 
lesion/swelling). Percentage of animals with severe 
integument alterations (at least one lesion/swelling)”. 
However, the number of these alterations nor the 
severity is taken into account. A cow with 20 HP is the 
same in the calculations as one with just 1. And a 
lesion of 20 cm2 is the same as one of 3 cm2. This 
seems not right, because it will make a difference for 
the level of pain experienced by the cow if a lesion is 3 
or 20 cm2. So in the modified WQ protocol the average 
number of HP/lesions/swellings per cow is used in the 
calculations. 

3)  Qualitative Behavior Assessment (QBA) 
QBA is a method based upon the integration by 
observers of perceived expression of animal behavior, 
using descriptors such as ‘calm’, ‘aggressive’, ‘sociable’ 
or ‘indifferent’ [18]. A description or definition of 
these animal behavioral expressions is lacking, so it is 

left to the observer what the perception of these 
descriptors is. This is remarkable, because for the rest 
of the parameters measured in the WQ protocols 
everything is well defined and photos are presented to 
illustrate the definitions. However, with the QBA this is 
completely different. For the QBA there is no 
description at all of what to look for and how to 
assess. Terms like ‘indifferent’ and ‘content’ are very 
subjective and, without a proper definition or 
guidance, the score will vary substantially among 
assessors [19,20]. In our experience it appeared to be 
highly subjective and variable. During the training 
sessions there was almost no agreement between the 
assessors. The usefulness of the QBA has been 
seriously disputed and considered “insufficiently 
reliable as a tool for welfare assessment in dairy 
cattle” by Bokkers et al. [21]. There are reports that 
QBA can be a reliable method for the assessment of 
the emotional state of the cows [18], but the QBA 
scores did not have a meaningful pattern of 
relationship with other WQ measures in a Danish 
study [22] and in the study of Hubbard and Scott 
(2011). This is not surprising because, as Tuyttens et al. 
[20] have pointed out, there can be substantial bias in 
the observer reliability when executing the QBA.  

Another important aspect, in this respect, is that the 
aim of WQ [14] is improvement of animal welfare on 
dairy farms. In order to achieve this, one has to 
motivate the farmer to improve the situation on his 
farm [23]. If they think the protocol makes sense, they 
will take the outcome seriously. If not, nothing will be 
done. All the farmers in our study did not consider the 
QBA a proper test for determining the level of welfare 
of their animals, and were not convinced that the 
result is something to be taken serious. And because 
Hubbard and Scott (2011) reported that farmers and 
scientists use the same measures for the 
determination of animal welfare, the opinion of the 
farmers should not be neglected in this respect. Whay 
et al. [24] reported that it was possible to make steps 
forward in a project to reduce lameness on dairy 
farms, but that it was very difficult to convince the 
farmers. Therefore, we avoid any disputed 
measurement in the modified protocol. Because of the 
3 reasons mentioned above, the QBA was omitted in 
the modified protocol. We think that measuring social 
interactions and activities would be a better way to 
assess the emotional state of the cows. Those can be 
defined and objectively assessed. Since the QBA is the 
component with the largest weight for the principle of 
Appropriate Behavior, the values for µ for the other 
criteria in the Choquet integral were doubled, else the 
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maximum score for this principle would not reach 100 
points. 
All other measures and calculations remained the 
same as in the original WQ protocol (2009). Since the 
cleanliness of the drinkers was already scored per 
drinker and the number of integument alterations was 
already quantified according to the instructions of the 
WQ protocol (2009), no new measurements needed to 
be performed. A new score was calculated after these 
modifications for the 60 farms and resulted in 23 

farms with score Not Classified, 30 Acceptable and 7 
Enhanced, no farms were scored Excellent. In Table 3 
is shown that the principles Feeding, Health and 
Behavior were the variables related to the WQ-
modified scores according to AIC. Because the WQ 
protocol (2009) is the fruit from a large panel of 
experts, it can be seen as a kind of ‘standard’. 
However, as is mentioned in the publication of the 
protocol, it is a living document and the protocol might 
be changed according to current insights.  

 
Table 3:    Odds ratio's and their confidence intervals of WQ-modified               
 

 AvsNC EvsNC 
 OR confidence interval OR confidence interval 
Feeding 1.24     .68-2.23         1.36     .75-2.49 
Health           1.10     .42-2.96 1.41     .34-3.67      
Behavior 3.54     .43-4.64 4.07     .49-33.94 

 
AvsNC = Acceptable vs Not Classified 
EvsNC = Enhanced vs Not Classified 
 
 
CONCLUSIONS 

In order to improve the discriminative capacity, to 
level the importance of each of the 4 principles, and to 
increase the acceptance of the WQ protocol for dairy 
cows, we propose the 3 modifications described 
above: Change the calculation of the cleanliness of 
water points and integument alterations in a more 
quantitative way and omit the QBA. 
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