
Preventive Veterinary Medicine 232 (2024) 106312

Available online 14 August 2024
0167-5877/© 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Evaluation of a data-driven youngstock rearing quality system in Dutch
dairy herds (2019–2022)
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A B S T R A C T

In recent years, the Netherlands exhibited an increased focus on improving youngstock rearing. Several data-
driven tools were developed to assess and benchmark calf rearing practices based on key indicators, stimulate
farmers to improve their youngstock rearing and reduce calf mortality. KalfOK is such a data-driven tool in which
a farm-level overview with 15 indicators of youngstock rearing quality is communicated to participating farmers.
In this study we assessed which farm characteristics are associated with A) a continuously high or low KalfOK
score and B) frequent usage of KalfOK. Data from KalfOK and the identification and registration system were
available for all participating herds over a period between 2019 and 2022 (Dataset A). Additionally, a sample of
324 dairy farmers, randomly selected from the entire Dutch dairy population (Dataset B), participated in a
voluntary survey. Multivariable (logistic) regression models were used to A) identify differences in character-
istics between farms with a continuously high- and farms with a continuously low KalfOK score and B) assess
which farm characteristics were associated with frequent use of the KalfOK report. The results of analysis A
showed multiple factors associated with having a low or high KalfOK score, including replacement rate, closed
farming system, limited growth in herd size and the region where a farm was located. Sociological factors might
also partly explain the difference between high and low scoring farms. Analysis B showed that approximately half
of the surveyed farmers indicated that they do not frequently use their KalfOK overview in their calf rearing
management. The KalfOK score of farmers who regularly use their KalfOK report was higher – and consequently
better - compared to the KalfOK score of farmers who sometimes or never use KalfOK. Additionally, farmers using
a milk robot and those discussing KalfOK regularly with their veterinarian, used KalfOK more often. Thirty four
percent of the surveyed farmers made adjustments to their youngstock rearing management since the start of
participation. The study’s insights into patterns in KalfOK utilization and associations with farm characteristics
provide valuable information for ongoing efforts to enhance calf rearing practices via the use of KalfOK. It is
important to consider what is needed to convince farmers that do not use the KalfOK tool to frequently start using
their KalfOK report. Future research incorporating sociological aspects can provide a more comprehensive un-
derstanding of other dynamics influencing calf rearing and contribute valuable insights for enhancing the
effectiveness of programs like KalfOK in promoting calf health and welfare.

1. Introduction

Young stock rearing is an essential part of dairy management given
that calves are raised as replacement for milking cows, and it should
occur optimally to maximize health and welfare (Hultgren and Svens-
son, 2009; Sandgren et al., 2009; De Vries et al., 2011; Santman-Berends

et al., 2021). An important indicator to assess the quality of calf rearing
is the calf mortality rate (Ortiz-Pelaez et al., 2008; Kelly et al., 2013),
where, in general, a higher mortality rate in calves is associated with
poor young stock rearing and poor animal welfare (Sandgren et al.,
2009; De Vries et al., 2011). For the farmer, high calf mortality leads to
economic loss, additional labour and loss of potential breeding stock

* Correspondence to: Royal GD, Department of Research and Development, PO Box 9, Deventer 7400 AA, the Netherlands.
E-mail addresses: n.paarlberg@gddiergezondheid.nl (C.E. Paarlberg), a.veldhuis@gddiergezondheid.nl (A. Veldhuis), gustavo.monti@wur.nl (G.E. Monti), l.

heres@gddiergezondheid.nl (L. Heres), t.dijkstra@gddiergezondheid.nl (T. Dijkstra), I.santman@gddiergezondheid.nl (I.M.G.A. Santman-Berends).

Contents lists available at ScienceDirect

Preventive Veterinary Medicine

journal homepage: www.elsevier.com/locate/prevetmed

https://doi.org/10.1016/j.prevetmed.2024.106312
Received 18 January 2024; Received in revised form 8 July 2024; Accepted 8 August 2024

mailto:n.paarlberg@gddiergezondheid.nl
mailto:a.veldhuis@gddiergezondheid.nl
mailto:gustavo.monti@wur.nl
mailto:l.heres@gddiergezondheid.nl
mailto:l.heres@gddiergezondheid.nl
mailto:t.dijkstra@gddiergezondheid.nl
mailto:I.santman@gddiergezondheid.nl
www.sciencedirect.com/science/journal/01675877
https://www.elsevier.com/locate/prevetmed
https://doi.org/10.1016/j.prevetmed.2024.106312
https://doi.org/10.1016/j.prevetmed.2024.106312
https://doi.org/10.1016/j.prevetmed.2024.106312
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Preventive Veterinary Medicine 232 (2024) 106312

2

(Mee et al., 2008; Torsein et al., 2011; Klein-Jöbstl et al., 2014) with a
potential effect on herd’s genetic improvement. Between 2009 and
2017, a slight but steady increase in calf mortality was observed in
Dutch dairy farms (Santman-Berends et al., 2014, 2019). Previous
research showed that many Dutch dairy farmers with suboptimal young
stock rearing and high mortality were not aware of the fact that calf
mortality was high at their farm (Santman-Berends et al., 2014). Also,
many did not know how to decrease calf mortality or were not prepared
to adjust their management. Based on these results several actions were
initiated in the Netherlands and, amongst others, multiple data-driven
tools were developed; (i) the voluntary information tool “KalfOK”
(Santman-Berends et al., 2018), (ii) national surveillance of calf mor-
tality at herd level (Santman-Berends et al., 2019) and (iii) the imple-
mentation of a calf tracking system for veal calves. The aim of these tools
was to benchmark calf rearing by several key indicators for performance
of young stock, to stimulate dairy farmers to improve young stock
husbandry and to consequently reduce calf mortality.

KalfOK is a voluntary data-driven information tool, supported by the
dairy industry, in which more than 90% of Dutch dairy farmers are
enrolled to date. It focusses on the improvement of young stock rearing
at Dutch dairy farms, with the purpose to optimize animal health and
welfare, and to decrease calf mortality (Santman-Berends et al., 2018). It
provides farmers with insights in points of improvement for young stock
rearing. During the development of the tool, it was demonstrated that a
high KalfOK score is associated with a high quality of young stock
rearing according to an on-farm veterinary assessment
(Santman-Berends et al., 2018).

Since the implementation of KalfOK and other initiatives in 2018, a
decline in perinatal calf mortality, postnatal mortality up to 14 days,
mortality in dairy calves between 15 and 56 days old and mortality in
dairy calves between 56 days and two years old has been seen
(Santman-Berends et al., 2021). However, the decline has become less
prominent since 2022 and seems to move towards stabilisation. To
continue the reduction in calf mortality, it is important to evaluate the
current monitoring system and assess characteristics of its users. The
objectives of this study were (A) to assess which farm characteristics are
related to obtaining a continuously high or a continuously low KalfOK
score, and (B) to assess which farmer characteristics are associated with
the usage of KalfOK.

2. Material & methods

2.1. Study population

According to the national Identification and Registration system
(I&R), the total cattle population in the Netherlands in 2022 comprised
of approximately 14,500 dairy herds (Rijksdienst voor Ondernemend
Nederland (RVO), Assen, the Netherlands).

2.2. Available data

2.2.1. Part A: herds with a continuously high KalfOK score (Dataset A)
The study population of dataset A consisted of over 90 percent of the

Dutch dairy farms (n=13,343) that participate in KalfOK, for which
consent for using anonymous data was obtained. KalfOK is in use since
2018. In the first year the number of participants increased quickly.
Since 2019, the percentage of KalfOK participants has been stable.
Therefore, it was decided to include data from the first quarter of 2019
to the third quarter of 2022 in this study.

For all participating herds, data was available from KalfOK. The
KalfOK scoring system and underlying key indicators are described by
Santman-Berends et al. (2018). In short; in KalfOK, farmers digitally
receive a quarterly report with their herd specific value for 15 key in-
dicators related to calf health (Appendix I) and a benchmark. For twelve
out of fifteen key indicators farmers can earn points which together can
sum op to a maximum score of 100 points. The sum of these points

results is their overall KalfOK score for each quarter of the year. For this
study, for each farmer participating in KalfOK, the scores and values for
underlying parameters of KalfOK were used (Dataset A) (Fig. 1).

In addition to the KalfOK data, for part A of the study animal
movement data was used from the identification and registration system
(I&R), which provided information on unique herd identification
numbers (UHI’s), birth, mortality and animal movement records. Vari-
ables that might link data back to the farm were anonymized by an
external enterprise specialised in data encryption (IDTS, Deventer, the
Netherlands). The same encryption code was used for all data sets to
enable combining them.

2.2.2. Part B: survey on the use of KalfOK (Dataset B)
The study population of dataset B consisted of the total dairy pop-

ulation of 14,500 dairy herds. From these, a random selection of 300
Dutch dairy farmers, both participants and non-participants, were tar-
geted. Assuming a response percentage of 25 %, 1200 randomly selected
farmers (out of the total dairy farm population) were contacted (Fig. 1)
(Dataset B). A questionnaire was developed to assess which farmer
characteristics are associated with the usage of KalfOK. Farmers were
approached via phone and email in the period February-March 2023.
For analysis, data from the following sources were included:

– Survey: Years of working experience, to what extent the farmer is
responsible for care of the calves, whether there are people employed
at the farm, who is responsible for the youngstock, whether the
farmer has given their veterinarian permission to access their KalfOK
report and whether KalfOK is discussed with their veterinarian
(never/sometimes/regularly).

– KalfOK data: KalfOK score of a farm if the respondent was a KalfOK
participant (moving average KalfOK score for 2022).

– Location where a farm is situated (province), milk factory (anony-
mized), number of calves born in 2022 (as a proxy for farm size),
milking system (milking robot present yes/no), all derived from the
Cattle Health Surveillance System as described by Santman-Berends
et al., (2016).

2.3. Analyses

All data validation and analyses were performed using STATA/SE
version 16.1. A first analysis was conducted on dataset A to assess which
farm characteristics were associated with having a high or low KalfOK
score. Additionally, a second analysis was conducted on the survey data,
dataset B, to assess which farmer characteristics are associated with his
usage of KalfOK.

2.3.1. Part A: herds with a continuously high KalfOK score (Dataset A)
The aim of the first analysis was to assess which farm characteristics

were associated with the probability of belonging to farms with a
continuously high or a continuously low KalfOK score, using a matched
case-control design. To classify herds as either a herd with a continu-
ously high or low score, first the “annual moving average score”, being
the average KalfOK score a farm has obtained over the past four quar-
ters, was calculated for four time points (2019, 2020, 2021 and 2022).
These annual scores were used instead of the quarterly KalfOK scores to
account for seasonality. A case farm was defined as a farm with a
continuously high KalfOK score, with “continuously high” being defined
as an annual moving average KalfOK score equal to or above the 75th
percentile of the study population in at least three out of four selected
time points (2019, 2020, 2021 and 2022). This yielded a total of 2247
case farms (Fig. 1). A control farm was defined as a farm with a
continuously low KalfOK score, with “continuously low” being an
annual moving average KalfOK score equal to or below the 25th
percentile of the study population in at least three out of four selected
time points (2019, 2020, 2021 and 2022). A total of 2099 control farms
were selected (Fig. 1).

C.E. Paarlberg et al.
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Subsequently, farms in case and control groups were matched ac-
cording to their herd size, since it is known that herd size is associated
with the KalfOK score and this factor was not of interest. Farms were
divided into one of four herd size categories. Within each category more
cases were present than controls. Thus, a case to control ratio of 1:1 was
used in which case farms were matched to a control farm in the same
herd size category (Table 1). One case was randomly sampled per con-
trol within each herd size category resulting in 1234 case farms and

1234 control farms. (Fig. 1).
Farm characteristics obtained via dataset A were used as indepen-

dent variables for analysis (Appendix II). For the variables “stimulant”
(whether they can receive a monetary reward from their dairy company
if they have a sufficiently high yearly KalfOK score), “multiple loca-
tions”, “import”, “farming system” and “calving pattern”, data of the
fourth quarter of 2019, 2020, 2021 and 2022 was used to determine a
status per herd for each of these variables. To qualify for a specific status,
a variable had to fall within a particular category, such as "closed" or
“open” for farming system, for at least three out of the four selected
years. If a value did not qualify for these specific categories, meaning
that for example it only fell within a certain category for two out of the
four selected years, the variable was labelled as “changing over time”.
For the continuous variables “replacement rate”, “growth percentage”,
“average age of the cows” and “average age of the total number of
cattle”, the average of the whole study period was calculated. Based on
the result, herds were classified in one of four categories based on
quartile values of the study population.

The associations between farm characteristics and KalfOK score
status were then analysed using a population averaged conditional
multivariable logistic regression model (clogit). The model is described

Fig. 1. Overview of the study population, data collection and selection of case and control herds for the multivariable analysis of dataset A and B.

Table 1
Frequency of case and control farms per farm size category after being matched
according to herd size, based on the farm size in 2019.

Category Farm size Frequency case
farms

Frequency
control farms

1 (<25th percentile) <63 cows 115 115
2 (>=25th percentile &
<50th percentile)

>=63 cows &
<96 cows

463 463

3 (>= 50th percentile &
< 75th percentile)

>=96 cows &
<136 cows

423 423

4 (>= 75th percentile) >=136 cows 233 233
Total 1234 1234

C.E. Paarlberg et al.
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as:

logit[P( Zj = 1)] = μj + μ1Provj + μ2Stimulantj + μ3MultLocj
+ μ4ReplaceRatej + μ5GrowthRatej
+ μ6Importj + μ6Agecowsj + μ7Agecattlej
+ μ8CalvPatj + μ9Farm systemj + εj

where Zj is the dichotomous dependent variable indicating whether
farm j is a case or control farm; µj the intercept for farm j; Provj the
province where farm j is located; Stimulantj whether farm j receives a
financial incentive for participation in KalfOK (yes/no); MultLocj
whether farm j outsources (yes/no); ReplaceRatej the replacement rate
(<25th percentile/ 25th-50th percentile/ 50th-75th percentile / >75th
percentile) of farm j; GrowthRatej the growth rate (<25th percentile/
25th-50th percentile/ 50th-75th percentile />75th percentile) of farm j;
Importj whether farm j imports cattle (yes/no); Agecowsj the average age
category of cows (<25th percentile/ 25th-50th percentile/ 50th-75th
percentile / >75th percentile) at farm j; Agecattlej the average age
category of all cattle (<25th percentile/ 25th-50th percentile/ 50th-
75th percentile / >75th percentile) at farm j; CalvPatj the calving
pattern (seasonal/not seasonal) of cows at farm j; Farm systemj the
farming system (open/closed/variable over time) of farm j; and Ɛj the
random error for farm j. In the regression analysis, the sample mean was
established as reference category for all continuous variables that were
categorized, as well as for the variable “province”.

All independent variables were subjected to univariable pre-
screening of having potential to be included in the subsequent multi-
variable analysis. Variables with a p-value ≤0.20 in the univariable
screening were selected for inclusion in the multivariable model. The
final multivariable model was obtained using a forward stepwise se-
lection procedure, adding each variable with a univariable p-value
smaller than 0.05. Confounding of variables was monitored during this
procedure by the change in coefficient values. If the change exceeded at
least 25 %, or > 0.1 when the value of the coefficient was between − 0.4
and 0.4, the added value was considered a potential confounder and re-
entered in the model. For all model parameters, a check for collinearity
was performed using a correlation matrix. If two variables were highly
correlated (>0.50), they were re-entered in the model separately. The
variable resulting in the best model fit was included in the final model.
In the final model, biologically relevant two-way interactions were
tested, and a likelihood ratio test (lrtest) was used to assess whether the
interaction term improved the model significantly (p-value <0,05).

The goodness-of-fit of the final multivariable model was determined
by calculation of the accuracy of the model since conventional Pearson
or Hosmer-Lemeshow goodness-of-fit tests (estat gof) are not available in
STATA for conditional logistic regression with a 1:1 matched case-
control design. Predicted values for being classified as case or controls
were obtained using STATA’s predict function using a cut-off value of
0.5. The predicted numbers of cases and controls were compared with
the observed numbers using a 2×2 matrix.

2.3.2. Part B: survey on the use of KalfOK (Dataset B)
For the second analysis, survey data was used to assess whether

usage of a farm’s KalfOK report was associated with the KalfOK score.
Usage was defined as whether and how often a farmer looks into their
KalfOK overview, divided into frequent usage (regularly/sometimes)
and non-frequent usage (never). Survey responses were linked to the
KalfOK scores of the respondents, if they participated in KalfOK, and
then anonymized. First, answers were analysed descriptively, followed
by a logistic regression with “frequent usage of the KalfOK report: yes or
no” as the dependent variable. The model is described as:

logit[P( Zj = 1)] = μj + μ1Provj + μ2Dairy companyj
+ μ3Nr calvesj + μ4Robotj + μ5KalfOKj

+ μ6Veterinarianj + μ6KalfOKdiscj
+ μ7Experiencej + μ8Independentj
+ μ9Calvesj + εj

where Zj is the dichotomous dependent variable indicating whether
farmer j is a frequent user of their KalfOK overview or not; Provj the
province where farm j is located; Dairy companyj the dairy company
(anonymized) farmer j delivers milk to; Nr calvesj the amount of calves
born on farm j in 2022; Robotj whether a robot milking system is present
at farm j (Conventional/Robot/Unknown); KalfOKj the moving averaged
KalfOK score of farm j in 2022; Veterinarianj whether the farmer j has
provided their veterinarian with permission to access their KalfOK
report (Yes/No); KalfOKdiscj whether the farmer j discusses the KalfOK
report with their veterinarian (Never/Sometimes/Regularly); Experi-
encej the work experience of farmer j in years; Independentj whether
someone else is also taking care of the cows and calves on farm j next to
the farmer; Calvesj whether farmer j takes care of the preweaned calves
by themselves or not; and Ɛj the random error for farm j.

The model validity was checked using a Pearson or Hosmer-
Lemeshow goodness-of-fit test (estat gof) (Hosmer and Lemeshow,
2013), assuming proper goodness-of-fit at p ≥ 0,05.

3. Results

3.1. Part A: Herds with a continuously high KalfOK score (Dataset A)

3.1.1. Descriptive results
The study population consisted of 13,343 Dutch dairy herds in 2022.

The average size of all dairy herds that were included in this study was
108 (median 95) cows ( ≥2 years old) and 25 (median 21) cattle (1–2
years old) in 2022. More descriptive results of these herds can be found
in Table 2.

The median KalfOK score of the study population showed a seasonal
trend, with the highest scores in spring and the lowest scores in winter
months. This seasonal trend is most noticeable in farms with lower
KalfOK scores and appears to be less prominent in the higher scoring
farms (Fig. 2). An overview of the results of the underlying KalfOK in-
dicators related to successful births and rearing, is provided in Fig. 3.
Over time, some of the indicators show an improvement which was also
concluded by Santman-Berends et al., (2021).

3.1.2. Multivariable results
Detailed results of univariable farm characteristics that showed po-

tential to be associated (P<0.2) are presented in Appendix II. In short,
variables that were excluded from further analysis based on the uni-
variable results include “farm size”, “multiple locations” and “calving
pattern”. The remaining eight variables entered the multivariable
model, of which five were significant in the final model: “stimulant”,
“farm growth percentage”, “replacement rate”, “farming system” and
“province” (Fig. 4). None of the biologically logical interaction terms
were significant and were therefore not included in the final model.

Table 2
Description of herd characteristics of the study population of 13,343 Dutch dairy
herds in 2022.

Herd characteristic Mean (median) 10th and 90th percentile

Herd size
Cows ≥ 2 years old
Youngstock (1–2 years old)
Ear tagged calves < 1 year old

108 (95)
25 (21)
36 (30)

46 – 184
4 – 47
11 – 64

Replacement percentage* 23.6 % (22.6 %) 15.2 % - 32.5 %

* Percentage of adult cows that have been replaced compared to one year ago

C.E. Paarlberg et al.
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“Replacement rate”, “farming system” and “province” were considered
as potential confounders and forced in the model. The classification
table to evaluate the distribution of observed and predicted values by
the model reached a prediction accuracy rate of 79,7 % indicating an
accurate prediction (Table 3) From this we can conclude that the model
quality is sufficient and the results thus valid.

Farms not provided with a stimulant to participate/or reach a certain
score in KalfOK were 1.7 times less likely to have a continuously high
KalfOK score compared to farms that were provided with a stimulant.
Farms with a closed farming system had a 2.45 higher odds for
belonging to the herds with a continuously high KalfOK score compared
to farms with an open farming system. Participating farms with a
replacement rate <19.4 % and farms with a replacement rate between

19.4 and 22.4 percent had a higher odds to have a continuously high
KalfOK score (OR=2.9 OR=1.3) than farms with a replacement rate
between 22.4 and 26.0 percent and farms with a replacement rate>26.0
percent (OR=0.71; OR=0.37). Farms with a growth percentage
>3.55 % were less likely to have a continuously high KalfOK score
(OR=0.80), while farms with a limited growth in herd size (-0.80 % up
to 1.25 %) were more likely to have a continuously high KalfOK score
(OR=1.34). Furthermore, the results showed statistically significant
regional differences (Fig. 4).

Fig. 2. Median KalfOK score per quarter for the highest scoring 25 %, lowest scoring 25 % and average 50 % of participating herds. The 25th and 75th percentile,
determining in which group herds are categorized, are also displayed. Herds can alternate between groups over time.

Fig. 3. Average percentage of live births and successful rearing (bull calves <14d, heifer calves <14d, bull & heifer calves 15–56d, heifer calves 56d – 2 y) per
quarter (solid line) for all herds participating in KalfOK. The average percentage of live births and successful rearing in all Dutch dairy farms are also displayed as a
reference (dashed line).

C.E. Paarlberg et al.
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3.2. Part B: Farm survey on the use of KalfOK (Dataset B)

3.2.1. Descriptive results
In total, 324 out of the 1200 farmers that were contacted replied

(response rate of 27 %) and were included in this part of the study. Of
the respondents, 200 were contacted through email, and 124 were
contacted via phone. The distribution of the participating herds across
the country was representative for all Dutch dairy herds, with a majority
being located in the Northern and eastern part of the Netherlands. The
majority of the farmers had been farming >20 years. Of the farmers,
63 % used a conventional milking system and 37 % used a milking
robot. On average, there were 107 (median: 95) calves born per farm in
2022. This was comparable to the average of 112 (median: 97) births per
farm in 2022 for all Dutch dairy farmers. Of the farmers, 92 % reared
their own youngstock in comparison to 5 % who outsourced the young
stock rearing and 3 % who did not keep any youngstock. The KalfOK
scores of the respondents had an annual moving average score of 83
(median: 84, min-max: 37–100) points in the fourth quarter of 2022.
This was comparable to the moving average year score of 82 (median:
84, min-max: 28–100) of all KalfOK participants.

Nineteen respondents indicated that they are not enrolled in KalfOK.
Of the participating respondents (n=305), 53 percent indicated to
frequently use their KalfOK report. Of those frequent users, 57 % used
KalfOK to obtain more insight in calf mortality on their farm and 46 %
used the report for comparative purposes (to see how their calves were
doing compared to calves on other farms). For farmers who indicate
frequent use of KalfOK, the majority affirms that their KalfOK score is a
good representation of the health of youngstock and calves on their
farm. The farmers who indicated that they do not frequently use KalfOK
while they did receive the quarterly report and were officially enrolled
in the system (44 %), were asked which modification could be made to

the system, so that they would start using the reports in their day-to-day
management. Part of these farmers (38 %) did not have an answer to this
question, or did not see added value in using KalfOK, while 14 % stated
that they did not have any problems with their calves and youngstock
and where therefore not interested in detailed figures. Four percent of
the farmers stated that the availability of the results is not timely enough
and 7 % stated only to have a look at the data because it is required by
their dairy company.

The majority of the farmers participating in the system discuss their
KalfOK report sometimes (48 %) or regularly (16 %) with their veteri-
narian. There is no significant interaction between the height of a farms’
KalfOK score and frequency of usage of the KalfOK overview. Addi-
tionally, 71 % of the participating farmers have authorized their veter-
inarian to access KalfOK, while 23 % does not know whether their
veterinarian has access to their report or not (while they are the ones
that need to give access to the veterinarians). Farmers who have
authorized their veterinarian, discussed their report more regularly with
a veterinarian (19 %) compared to farmers who did not know whether
their veterinarian is authorized (9 %) (proportion test, p<0.05). Ac-
cording to 82 % of the respondents, the health of their calves/young-
stock did not improve, since they started participating in KalfOK, while
18 % of farmers indicated that they did see improving health. Of the
participating farmers, 34 % indicated to have adjusted their youngstock
rearing management since the start of participation, such as improve-
ments in feeding (e.g. colostrum), housing (e.g. ventilation) and/ or
vaccinations (of cows and/or youngstock).

3.2.2. Multivariable results
Model results were based on 254/324 complete cases. The Pearson or

Hosmer-Lemeshow goodness-of-fit test (estat gof) was sufficient with a
goodness-of-fit with p≥ 0,05, indicating that the model results are valid.
Fig. 5 outlines the results of the regression analysis for the association
between farmer characteristics and frequency of usage of the KalfOK
reports (Appendix IV). Farmers utilizing a milk robot engage with Kal-
fOK 1.95 times more frequently than those employing conventional
milking systems. Farmers who occasionally or regularly discuss KalfOK
with their veterinarian exhibit a heightened frequency of KalfOK utili-
zation (OR=3.6 and 2.6, respectively) compared to counterparts who
never discuss KalfOK with their veterinarian. A discernible pattern was
observed wherein farms with high KalfOK scores, particularly surpassing
80 and 90 points, demonstrate more frequent utilization of KalfOK in

Fig. 4. Significant odds ratios of farm characteristics associated with the probability of having a continuously high KalfOK score. Significant odds ratios are indicated
by an asterisk. For the farm characteristic “region” only the significant regions are displayed.

Table 3
- Classification table to evaluate the distribution of observed and predicted
values.

Predicted values Observed values

Control Case Total

Control 983 249 1232
Case 251 985 1236
Total 1234 1234 2468

C.E. Paarlberg et al.
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comparison to farms with lower KalfOK scores (below 70 points) (p-
value<0.10). There is no association between the frequency of use of
KalfOK and the following farm characteristics: years of experience,
whether employees are working at the farm, calf care responsibilities,
the number of births at a farm, whether a veterinarian is authorized to
see a farmer’s KalfOK report, and farm location (province).

4. Discussion

In this study, the data-driven calf rearing monitoring system “Kal-
fOK” was evaluated by assessing its use since 2019 and characteristics of
its users. In part A of this study, farms with a continuously high and a
continuously low KalfOK score, were compared to assess associated farm
characteristics. The results showed multiple factors associated with
having a low or high KalfOK score. First, a statistically significant dif-
ference in KalfOK score between farms with a low and high replacement
rate was found. This finding was in concordance with previous studies
that have reported an association between healthy calves, maximized
cow health and long-term productivity (Hultgren and Svensson, 2009;
De Vries et al., 2011; Soberon et al., 2012), all potentially leading to a
lower replacement rate. Herds with a lower replacement rate generally
have a closed farming system more often, given there is less need to
introduce additional cattle. In our study a closed farming system was
also associated with a higher odds of belonging to the group of herds
with a continuously high KalfOK score. A closed farming system pre-
vents introductions of infectious diseases such as BVD and IBR (Van
Schaik et al., 2001), which would typically lead to more antimicrobial
use and higher mortality rates lowering the KalfOK scores. Furthermore,
the results showed statistically significant regional differences. Possible
explanations for these regional differences could be regional differences
in sociological factors, the influence of the dairy processor or an influ-
ence of veterinarians. Veterinarians are often perceived as a primary
source of information on animal health and welfare by farmers (Gunn
et al., 2008; Heffernan et al., 2008; Ellis-Iversen et al., 2010; Vande
Velde et al., 2015; Biesheuvel et al., 2021). It may be that there is an
association where more active use of KalfOK with follow-up discussion
between veterinarians and farmers leads to actions and improved rear-
ing quality. However, this study only evaluated associations and cannot
prove causality. Previous engagements with farmers about usage of
KalfOK and interactions about it with their veterinarian revealed that
there are multiple reasons to not discuss the report with the veteri-
narian, which range from distrust of the system to no need because the
calf rearing is going well and there is no reason to add focus on this part

of the management. Therefore, the interaction between veterinarians
and farmers, and how to work together and use the KalfOK report to
improve calf management warrants more study. Also sociological factors
might partly explain the difference between high and low scoring farms.
Santman-Berends et al. (2014), showed that the mindset of farmers was
associated with calf mortality and thus rearing practices. Additionally,
in recent years increasing evidence became available on the influence of
factors such as farmers ’perceived risk, perceived knowledge, perceived
control, incentivization, emotions and normative beliefs on farmers
decision making (Valeeva et al., 2007; Jansen et al., 2009; Shortall et al.,
2016; O’Kane et al., 2017; Doidge et al., 2021), while it was previously
assumed that farmers’ decision making processes were primarily driven
by aspects related to financial costs and benefits (Biesheuvel et al.,
2021). The regression analysis in part A of this study did not focus on
inclusion of the sociological aspects as it evaluated routinely collected
data. It is recommended to evaluate the effect of social aspects on calf
rearing in future research such as awareness for calf health and welfare.

For part B of this study we assessed which characteristics were
associated with KalfOK usage. For this, a random sample of Dutch dairy
farms was selected instead of a sample of KalfOK users. This was done
because the Dutch interpretation of the GDPR does not allow preselec-
tion of herds and because we were interested in the answers of both
users and non-users. The included study herds were approached either
via an online survey or by phone. It cannot be ruled out that the farmers
who replied to the online survey (n=124) are more “data minded”,
meaning that they get along better and work more with computer sys-
tems, than the group approached via phone (n=200). It may be that
there are sociological differences between farmers who are more “data-
minded” in general compared to farmers who hold back from using data.
Furthermore, other farmer characteristics could also potentially influ-
ence their KalfOK usage, such as their values, ambitions and intrinsic
motivation (Kristensen and Enevoldsen, 2008; Santman-Berends et al.,
2014; Biesheuvel et al., 2021). Given the range of constructs existing to
impact behavior change, it would be desirable to see if certain in-
terventions (e.g. persuasion, incentivization, changes to environ-
ment/social contexts, marketing and communication (Michie et al.,
2014)) could persuade farmers to use KalfOK more frequently.

For farmers who indicate active use of KalfOK, the majority affirm
that their KalfOK score is a good representation of the health of
youngstock and calves on their farm. Furthermore, part B of this study
showed that the KalfOK score of farmers who regularly use their KalfOK
report, tends to be higher than the KalfOK score of farmers who some-
times or never use KalfOK. It is unknown whether regular use of KalfOK

Fig. 5. Odds ratios of farmer characteristics associated with the frequency of usage of a farm’s KalfOK report. Only variables with a p-value <0.1 are displayed.
Significant odds ratios are indicated by an asterisk.
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leads to improvements and higher scores or whether farmers with high
rearing quality are more motivated to look at KalfOK to check their
benchmarking as it reflects their good performance with high scores.
Farmers with a low KalfOK score could on the other hand be less
motivated to regularly review their report. From part B of this study it
cannot be concluded whether a KalfOK score improves due to regular
use of the KalfOK report (and awareness of calf rearing quality), or
whether a higher score leads to a more frequent use of the report. Thirty
four percent of the surveyed farmers made adjustments to their young-
stock rearing management since the start of participation. This could
indicate an increased awareness of calf rearing quality/welfare amongst
these farmers. Approximately half of the surveyed farmers indicated that
they do not actively use their KalfOK overview in their calf rearing
management. It is important to consider what is needed to convince this
group of farmers to actively start using their KalfOK report. This could be
achieved by bringing the program under the attention of farmers again,
and emphasizing the added value of KalfOK to their rearing manage-
ment. Veterinarians can also have a contribution in this. Future research
incorporating sociological aspects can provide a more comprehensive
understanding of how farm characteristics are associated with KalfOK
scores and of other dynamics influencing calf rearing and provide
valuable insights for enhancing the usage and effectiveness of programs
like KalfOK in promoting calf health and welfare.

To conclude, part A this study shows differences in farm character-
istics between herds with a continuously high and continuously low
KalfOK score. Part B showed several farmer characteristics which were
associated with a farmer’s level of KalfOK usage. The study’s insights
into patterns in KalfOK utilization and associations with farm charac-
teristics provide valuable information for ongoing efforts to enhance calf
rearing practices via the use of KalfOK. Future research incorporating
sociological aspects can provide a more comprehensive understanding
of other dynamics influencing calf rearing and contribute valuable in-
sights for enhancing the effectiveness of programs like KalfOK in pro-
moting calf health and welfare.
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