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Abstract

In the present study, the effect of training on inter-observer reliability was studied for a 5-category lameness scoring system used for
routine on-farm surveys of welfare in dairy cattle. The inter-observer agreement between an experienced and an initially inexperi-
enced observer was determined during an initial training phase and at specific time points in the course of data collection in 46 herds.
During the training phase on three farms, inter-observer reliability increased to an acceptable level for both the 5-category gait scoring
system and the distinction between lame and non-lame cows.
The 4th testing after 17 on-farm visits revealed a considerable increase in inter-observer reliability which was further improved in the
course of the on-farm visits.
In conclusion, acceptable inter-observer agreement for differentiating between non-lame and lame cows was achieved after only a
brief  introduction. In order to obtain high inter-observer repeatability with the 5-category gait scoring system used in this study, (more)
intensive training procedures are required.
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Introduction

Various lameness scoring systems based on numerical

rating scales are used for routine surveys of welfare in dairy

cattle (Winckler & Willen 2001; De Rosa et al 2003;

Winckler et al 2003). As they do not require any equipment,

these methods can be easily applied in on-farm research.

Their validity with regard to claw lesions and/or other

behavioural traits has been shown in several studies

(Winckler & Willen 2001; O’Callaghan et al 2002).

However, information on inter-observer reliability is rather

scarce and sometimes contradictory (eg Baadsgaard &

Enevoldsen 1997). In the present study, we investigated the

effect of training on the inter-observer reliability for a 5-

category gait scoring system in order to evaluate the impor-

tance of a learning phase and the amount of training

necessary for reliable results.

Materials and methods

The inter-observer agreement between an experienced and

an initially inexperienced observer was determined in loose-

housed Holstein Friesian herds. First, lameness scoring was

carried out on three farms during a gait scoring training, ie

after a theoretical introduction to the method including

videotapes for demonstration and limited live observations.

Subsequently, inter-observer reliability testing took place

another six times in the course of data collection in 46 herds

(two to six months later). These farms were visited by both

observers, but inter-observer reliability testing only took

place at specific time points. Locomotion was assessed

using the 5-category gait scoring system described by

Winckler and Willen (2001; Table 1). Animals were

observed while walking in the feed or walking alleys

(slatted and solid floors) without forceful driving.

The prevalence-adjusted bias-adjusted Kappa ([PABAK]

described by Gunnarsson 2000; Keppler et al 2004;

Petersen et al 2004), the weighted Kappa coefficient, the

Spearman rank correlation coefficient (r
s
) and the propor-

tion agreement were calculated as parameters of inter-

observer reliability. Calculations were either carried out

with the original scores (5-category) or after transformation

into lame/non-lame scores ie 1-2: non-lame, 3-5: lame.

According to Byrt et al (1993), the Kappa coefficient

measures the agreement beyond what would be expected by

chance. The weighted Kappa coefficient also takes into

account that larger disagreement is more important than

near disagreement. Finally, the prevalence-adjusted bias-

adjusted Kappa (PABAK = [(k × p)-1]/(k-1) where k is the

number of categories and p the proportion of matchings) is

based on the unweighted Cohen’s kappa test and it is the

value that kappa would take if, in addition, the prevalence

of each category was equal (Gunnarsson 2000). Matchings

are only counted, if both observers give exactly the same

score.

All coefficients may range between 0 and 1 meaning no

agreement between observations if the coefficient is equal

to 0 and perfect agreement if the value is equal to 1.
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Results 

With regard to the identification of lame and non-lame

cows, respectively, the PABAK
lame/non-lame

reached

0.53 (n = 68) after only a brief theoretical introduction. It

was improved, however not consistently, during the initial

training period (Table 2). The coefficients of inter-observer

reliability for the 5-category gait scoring system ranged

initially between PABAK
5-category

= 0.32, r
s
= 0.55 and Kappa

weighted
5-category

= 0.41. Further experience in applying the

scoring system during the training period resulted in slightly

higher values (PABAK
5-category

= 0.40, r
s
= 0.73 and weighted

Kappa
5-category

= 0.54; n = 21). This was confirmed on the

third test, (PABAK
5-category

= 0.40, r
s

= 0.67 and weighted

Kappa
5-category

= 0.52; n = 50).

After 623 cows on 17 farms had been assessed, the inter-

observer reliability in test 4 substantially increased for both

the distinction between lame and non-lame cows

(PABAK
lame/non-lame

= 0.75; n = 40) and the 5-category system

(PABAK
5-category

= 0.66, r
s

= 0.82 and weighted

Kappa
5category

= 0.69). A further improvement in most of the

inter-observer reliability coefficients was achieved in the

comparisons thereafter (tests 5 to 9; Table 2).

Discussion 

The inter-observer agreement achieved during the initial

training period (tests 1 to 3) is well within the range of the

(little) information given in the literature (Winckler &

Willen 2001; O’Callaghan et al 2002; Engel et al 2003).

However, it has to be taken into account that different gait

scoring systems use different numbers of categories which

is likely to affect the level of agreement. With increasing

number of categories, the use of discrete scores decreases

the chance of agreement.

Further training and experience with the gait scoring system

substantially increased the level of agreement between the

formerly inexperienced and the expert observer. Based on

video recordings, Engel et al (2003) also found a training

effect, which was different for the individual observers and

in some cases even paradoxical. When a difference of one

class within nine categories was accepted, the agreement

was in the order of 80% thus confirming the results of the

present study.

With regard to the acceptability of the level of agreement,

Holzhauer et al (2004) defined Kappa values between

0.4 and 0.5 as moderate, values between 0.5 and 0.6 as

sufficient and values between 0.6 and 0.8 as good. Habison

et al 2002 interpreted Kappa coefficients lower than 0.4 as
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Table 1   Lameness scoring system (modified after Winckler & Willen 2001).

Table 2   Development of coefficients of inter-observer reliability between an experienced and an initially 

inexperienced observer on 9 occasions. 

Test 1: without; tests 2 and 3: after short practical training; tests 4 to 9; in the course of an on-farm research project in 47 herds. 
1 P < 0.01.

Lameness score Definition

1 Normal gait

2 Uneven gait: stiff, very careful

3 Lame: Short striding gait with one limb (even if just noticeable).

4 Lame: Short striding gait with more than one limb or strong reluctance to bear weight on one limb.

5 Lame: Does not support on one limb or strong reluctance to put weight on limb in two or more limbs;
holding a limb up whenever possible.

Test number Previous experience

with gate scoring

(cows/farms)

Number of

cows

PABAK

(lame/non-

lame)

5-category Weighted Kappa

5-category

Spearman rank

correlation

coefficient1

Proportion

agreement

5-category

1 -/- 68 0.53 0.32 0.41 0.55 0.46

2 68/1 21 0.71 0.40 0.54 0.73 0.52

3 89/2 50 0.52 0.40 0.52 0.67 0.52

4 623/17 40 0.75 0.66 0.69 0.82 0.73

5 1,099/30 40 0.85 0.88 0.86 0.87 0.90

6 1,311/35 42 0.95 0.94 0.66 0.59 0.95

7 1,665/44 35 0.89 0.86 0.83 0.89 0.89

8 1,768/47 58 0.86 0.81 0.64 0.73 0.84

9 1,859/49 50 0.88 0.68 0.75 0.87 0.74
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an indicator of low agreement, values between 0.4 and

0.6 as moderate and values equal to or greater than 0.6 as

high agreement. Accordingly, PABAK values lower than

0.4 are rated as unsatisfactory; values above 0.4 as accept-

able, above 0.6 as good/satisfactory and above 0.8 as very

good (Keppler et al 2004). Spearman rank correlation coef-

ficients (r
s
) equal to or higher than 0.7 have also been

regarded as indicators of good inter-observer reliability

(Keppler et al 2004; Rousing & Waiblinger 2004). 

Based on these definitions, acceptable/moderate up to satis-

factory/good inter-observer reliability for differentiating

between non-lame and lame cows and acceptable levels for

the 5-category gait scoring system were already achieved

after a rather short theoretical and practical introduction.

The experience gained in the course of data collection in

46 dairy herds increased all parameters of inter-observer

reliability to an at least good/satisfactory level. However,

the decision how well an observer should perform for

example in a welfare monitoring system will depend finally

on the accuracy that is demanded, eg the discrimination

between farms. Feasible instruction schemes for on-farm

welfare assessors will probably provide much less training

than in the present study (more than 1,800 jointly assessed

cows). It is likely, therefore, that for monitoring systems

with frequent observer changes and little time and resources

available for training, a lower level of reliability/agreement

will have to be accepted (Engel et al 2003).

Depending on the prevalence distribution of the discrete

scores, not all coefficients describe the inter-observer relia-

bility correctly. This is true for the rank correlation coeffi-

cient as well as weighted Kappa as regards test 6 (Table 2).

Both coefficients tend to be inaccurate when most of the

data have the same values and/or show a skewed data distri-

bution (Rousing & Waiblinger 2004). This underlines the

usefulness of PABAK or other simple measures such as

proportion agreement which should be provided additionally.

Conclusions

Acceptable inter-observer agreement for differentiating

between non-lame and lame cows could already be

achieved after a short introduction to the method.

Acceptable reliability of the 5-category gait scoring system

used in this study which aims at a more detailed distinction

between gait types and degrees of lameness can also be

reached when limited practical experience is included in the

training. However, in order to obtain further improvements

in the inter-observer repeatability, intensive training proce-

dures with live animals and an experienced observer are

required. The number of animals required may amount to

between 200 and 300. The integration of the 5-category gait

scoring system into on-farm welfare assessment protocols

seems to be justified, if such adequate practical learning

phase is assured.
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