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A B S T R A C T

Innovation and implementation of new technology in farming is considered important to meet challenges for
agriculture to increase sustainability and improve efficiency in production. Less emphasise has been on how the
farmers experience the new technology. This paper responds to this gap and explores how Automatic Milking
Systems (AMS) influence farmers’ job satisfaction. The research questions are: Are there differences in the ex-
perienced level of job satisfaction between AMS farmers and farmers applying Conventional Milking Systems
(CMS)? Which factors determine the level of job satisfaction in dairy farming? Do these factors vary on AMS
farms compared to CMS farms? The empirical data is based on a survey to a sample of dairy farmers with AMS
and CMS. The results show that the most important factors which influence job satisfaction positively are
common for AMS and CMS; Increased income, new cowshed, there is a successor present, farmer wants to
continue farming. Contrary, higher education and being a male reduces job satisfaction. Further, the results
show that AMS farmers are more satisfied with their working day, their occupational safety and their working
environment. Other factors which influence job satisfaction for dairy farmers are; Less paper work, working
together, considering technological competence less important, being appreciated, considering economic com-
petence less important, increasing milk quota, loneliness and health worries. However, these factors can to a
varying degree be explained from an AMS/CMS perspective, even though they differ between the two tech-
nologies.

1. Introduction

To be a farmer is to combine a profession and a way of life. It is a
complex existence that includes skills involving business management,
agronomy, production etc, and a way of life related to issues like
identity, personality, life style, gender, family household and part time
work outside the farm (Stock and Forney, 2014; Milone and Ventura,
2018; Bjørkhaug and Blekesaune, 2008). An important factor which
integrates this complexity is job satisfaction, at least as important for
farmers as for other professions. Whereas several studies have explored
the relationship between farming and aspects of quality of life and well-
being (Besser and Mann, 2015; Haugen and Blekesaune, 2005; Peel
et al., 2016; Brew et al., 2016), less is done on job satisfaction, parti-
cularly in relation to specific technologies and production methods.
Automatic Milking Systems (AMS) are gaining popularity on medium-
sized or family-based dairy farms, where they are replacing Conven-
tional Milking Systems (CMS). The implementation of technology in
agriculture has a strong influence on the working conditions for

farmers. However, how do the farmers experience the effect of new
technology in their working day?

A main motivation for farmers to invest in AMS is to achieve a more
flexible working day (Hansen, 2015; Stræte et al., 2017; Hårstad, 2019;
Rodenburg, 2017). Less research is done on how AMS influences the job
satisfaction when compared to farmers with other milking systems. This
study attempts to fill this research gap. In this paper the aim is to ex-
plore and elucidate which factors determine farmers’ job satisfaction
and whether these factors differ between farmers with AMS and
without AMS. The remainder of the paper is organized as follows: First
we present the Norwegian context and a theoretical approach to job
satisfaction, and this is followed by a description of materials and
methods, results, discussion and conclusions.

1.1. Norwegian agriculture

Norwegian agriculture has undergone major changes in recent
years, and the number of farmers has decreased. Compared with the
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early 1960s, agriculture is now much more specialized and mechanized,
and it is characterized by increased production, efficiency and work-
load (Almås, 2002). Most farms continue to be family owned and op-
erated businesses, though some joint farming operations also exist. The
average farm unit runs around 22 ha, and the average herd size is ap-
proximately 25 cows. Since 1983 Norwegian dairy farms have had milk
quotas, and milk quotas can be traded among farmers. From their in-
troduction in the early 2000s up to 2018, the installation of AMS has
increased to involve 50 per cent of the milk production in Norway. The
AMS technology has changed the working day and style of life for many
farmers in several ways (Hansen, 2015; Hårstad, 2019; Vik et al., 2019).
Norwegian AMS farms have significantly larger acreage and a higher
share of joint farming operations compared to CMS farms, and the
farms need 35–40 cows for AMS to be more profitable than CMS, i. e. a
significant larger herd than the average. Adoption rates in Norway can
i.e. be explained by human and social capital, socio-cultural factors, the
agricultural knowledge system, a strong belief in technology and dif-
ficulties of getting skilled labor (Hansen, 2015). In this perspective,
CMS is defined as the milking system a traditional and average dairy
farm applies in a Norwegian context, i.e. pipeline milking or milking
parlour.

1.2. Theory on job satisfaction

Job satisfaction refers to the positive attitudes or emotional dis-
positions people may gain from work or through aspects of work. Thus,
Price (2001) defines job satisfaction as the affective orientation that an
employee has towards his or her work. It can be considered as a global
feeling about the job or as a related constellation of attitudes about
various aspects or facets of the job. Job characteristics approach re-
search has revealed that the nature of an individual’s job or the char-
acteristics of the organization predominantly determines job satisfac-
tion (Jex, 2002). A common premise in research of the effects of job
circumstances on job satisfaction is that individuals assess job sa-
tisfaction by comparing the current receivables from the job with what
they believe they should receive (Jex, 2002). Thus, Locke’s theory
(Locke, 1976) suggests that low job-satisfaction is caused by the dif-
ference between what one wants and values, and the experiences one
receives from work. If the results of the workers’ efforts, e.g. economic
compensation, are in line with their wished goals and values, workers
will be satisfied. How important and valuable a wish or a value is for
the worker also plays a role in determining the degree of satisfaction. In
line with this, [Steinhardt et al., 2003:1] define job satisfaction as “a
pleasurable or positive emotional state resulting from appraisal of one’s
job experiences as fulfilling important job values”. Based on a literature
review of the most popular job satisfaction instruments, Spector (1997)
summarized the following facets of job satisfaction: appreciation,
communication, co-workers, fringe benefits, job conditions, nature of
the work itself, the nature of the organization itself, an organization’s
policies and procedures, pay, personal growth, promotion opportu-
nities, recognition, security and supervision.

Individual worker characteristics have also received attention in
explaining job satisfaction (Jex, 2002). For example, some people are
inclined to be satisfied or dissatisfied with their work irrespective of the
nature of the job or the organizational environment (Jex, 2002). More
simply put, some people are genetically positive in disposition, whereas
others are innately negative in disposition. Further, individuals with a
high degree of achievement motivation may become frustrated if the
workplace offers little room for challenges and possibilities to unfold
oneself. Finally, social information processing may also affect job sa-
tisfaction (Jex, 2002). According to this view employees look to co-
workers to make sense of and develop attitudes about their work en-
vironment. In other words, if employees find their co-workers positive
and satisfied then they will most likely be satisfied; however, if their co-
workers are negative and dissatisfied then the employee will most likely
become dissatisfied. In a similar vein Salancik and Pfeffer (1978) claim

that people tend to compare themselves with others in comparable jobs
and judge how satisfied they are compared to their own degree of sa-
tisfaction. According to Kaufmann and Kaufmann (2009) this view has
been backed by several studies. Taken together, job satisfaction is a
multifaceted phenomenon consisting of interaction between the in-
dividual need, values and expectations, on one side, and what the job or
working situation offers the individual on the other side. Thus, the
working environment plays an important role in determining job-sa-
tisfaction. Following this perspective there is a need to have a holistic
perspective to understand and consider job satisfaction at an individual
level. Nevertheless, there is a need to emphasise elements and specific
variables to increase knowledge on what factors influence job sa-
tisfaction or not at an aggregated level, and to find the hierarchy of the
factors, to see how they contribute to job satisfaction as a whole.

1.3. Previous studies

Previous studies of job satisfaction have shown that self-employed
women are more satisfied than employees, particularly the share of
women who report high job-satisfaction (SSB, 2009). The higher degree
of freedom and self-determination at work as compared to employees
may be one reason (SSB, 2009). Low-educated workers thrive better at
work than highly educated, particularly the share who report high job-
satisfaction is larger (SSB, 2009). Thus, highly educated workers, both
men and women, more often report a medium score on job-satisfaction
(SSB, 2009). Accordingly, this finding most likely has little to do with
the actual working conditions but relates to different demands and
expectations. The more highly educated ones have higher demands and
expectations of the working place (SSB, 2009), an explanation in line
with the process theories of job-satisfaction.

Satisfaction with various job characteristics is also related to the
overall quality of life (Evans et al., 1993). Phillips (2006) defines it in
this way: “Quality of life requires that people’s basic and social needs
are met and that they have the autonomy to choose to enjoy life, to
flourish and to participate as citizens in a society with high levels of
civic integration, social connectivity, trust and other integrative norms
including at least fairness and equity, all within a physically and so-
cially sustainable global environment” [Phillips, 2006: 242]. Based on
this and other definitions, a commission suggested a list of the basic
components of quality of life consisting of 11 points. Among these are
economic security, work and education, social community and care
(Norwegian Health Authority, 2016). We think these components are
also relevant for farmers. The level of job satisfaction has also been
related to quality of life and job stress; job dissatisfaction and mental
distress may contribute to illness (Evans et al., 1993; Momose et al.,
2008).

It has been noted that “Farmers are almost unique as a group whose
work is so intimately tied with every aspect of their lives and the lives of
their families, often across several generations” [- Gregoire, 2002: 472].
Farmers and their family members should be regarded as an occupa-
tional group at risk of mental distress (Zejda et al., 1993), and health
promotion programs on job satisfaction are therefore important (Evans
et al., 1993). Farmers may work long hours, have physically demanding
work, are often isolated socially and geographically from services, are
less likely to take vacations and less likely to retire than people in other
occupations (Thelin and Holmberg, 2010; Fragar et al., 2008). In ad-
dition, farming has undergone major changes over recent decades with
regards to globalization, economic rationalization (Fjellhammer, 2013)
diminishing rural populations and climate change. Therefore, farmers
could be considered a vulnerable population and the association be-
tween work and health is particularly pertinent for their livelihood and
well-being (Brew et al., 2016).

In an automatic milking system (AMS), cows are enticed by con-
centrate feed to enter the milking stall, where the milking robot cleans
the teats, attaches the teat cups, milks the udder on a quarter-basis and
detaches the teat cups. Thus, conversion to an AMS radically changes
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the work routines of farmers as compared to conventional milking
systems (de Koning, 2010; Butler et al., 2012). Therefore, AMS have the
potential to influence on dairy farmers’ job satisfaction. Thus, demon-
strated benefits of AMS include reduced labor and more hours of sleep
(Hansen, 2015; Bijl et al., 2007), a better social life and a more flexible
lifestyle for dairy farmers and their families (de Koning, 2010; Hansen,
2015). Other benefits include more interesting or less routine activities
for the farmers (Jacobs and Siegford, 2012; Woodford et al., 2015; Tse
et al., 2017). However, an AMS has higher capital costs (Wade et al.,
2004), and requires farmers to be on-call 24/7 (Hansen, 2015). AMS
also makes management more data-based (Butler et al., 2012), poten-
tially involving risk of technostress (Fuglseth and Sörebö, 2014). Fur-
ther, a change to AMS involves a major restructuring of farm operations
and a huge managerial challenge (Hansen and Jervell, 2014), with the
potential to induce stress. Whereas some knowledge exists regarding
job satisfaction in dairy farming, we know less about whether and how
job satisfaction varies between AMS farmers and CMS farmers.

Our research questions are:

1) Are there differences in the experienced level of job satisfaction
between AMS farmers and CMS farmers?

2) Which factors determine the level of job satisfaction in dairy
farming?

3) Do these factors vary on AMS farms compared to CMS farms?

2. Materials and methods

2.1. Factor analysis

In this paper we apply factor analysis to examine the covariation
among the set of observed variables to gather information on their
underlying latent constructs or factors. We also use matching to make
CMS farms more comparable with AMS farms. The basic idea of factor
analysis is the following: For a given set of observed response variables
x1,…., xp one wants to find a set of underlying factors 1,…, k, being
much fewer in number than the observed variables. These factors are
supposed to account for the correlations of the response variables in the
following way (Thurstone, 1947):

xi = +µi i1 1 +…….+ ik k + i, =i 1, 2,…, p, where i, the
measurement error for xi, is uncorrelated with 1,…., kand with j for
j i (Jöreskog et al., 2016). Further, Var ( i) = i

2 and E ( i) = 0.
Given the factor, the observed variables are independent of one an-
other, cov(xi, x |j ) = 0. This means that the x ’ s are only related to each
other through their common relationship with . Thus, the correlation
between xi and xj, corr (xi, =x )j for a standardized xi, corr ( , xi) = i.

The objective of factor analysis is to estimate the number of factors
k and the associated factor loadings i1,…, ik. Factor loadings are
equivalent to the correlation between factors and variables when only a
single common factor is involved. If xi is N (0,1), then i is equivalent to
the correlation between xi and i. Thus, to understand the structure and
meaning of an unobserved or latent variable in the context of its’
manifest variables is the main goal of factor analysis.

A confirmatory factor analysis (CFA) begins by defining the latent
variable one wants to measure (Jöreskog et al., 2016), based on both
theory and previous knowledge. Thus, we constructed a set of ob-
servable variables or items to measure the latent variable job satisfac-
tion. The CFA was statistically estimated and tested. Then we used a set
of explanatory variables to explain the variation in the factor in a
structural equation model (SEM) (Jöreskog et al., 2016). An SEM is an
extension of the classical factor analysis where the goal is to use the
factors themselves as predictors or outcome variables in further ana-
lyses. Thus, a SEM specifically expresses the effect of latent variables on
each other and the effect of latent variables on observed variables. To
analyse the data, we applied the Lavaan package in the statistical
software R (CRAN, 2018). Following the recommendations of (CRAN,
2018), we applied polychoric correlations and diagonally weighted

least squares (DWLS) for ordinal variables. Compared to maximum
likelihood, DWLS often provides a model fit that is more robust to
variable type and non-normality (Mîndrilă, 2010).

To compare our items across the two groups we use a linear-by-
linear association test for ordered contingency tables (Agresti, 2007)
implemented in the ‘coin’ package in R.

2.2. Matching

To make CMS farms more comparable with AMS farms we chose the
variable Construction year as the matching variable. This variable sig-
nals a group of CMS farmers who are willing to invest for the future, an
assumption which also holds for most AMS farm. To match we use the
‘MatchIt’ package in R. We apply propensity score matching (see e.g.
Randolph et al., 2014), as this technique matches a treated unit (a CMS
farm) with the control units (AMS farms) that are closest in terms of a
distance measure, such as a logit. The matching process helps
strengthen causal arguments in quasi-experimental studies like this by
reducing selection bias (see e.g. Cook and Campbell, 1979). After
testing different methods, we chose nearest-neighbour matching and
three neighbours, because it resulted in the lowest mean differences
between the two groups.

2.3. The empirical study

Participants in this study responded to a web-administered ques-
tionnaire to 3400 dairy farmers carried out in late autumn 2017. Data
were collected for a larger study about AMS. The aim of the study was
to explore how farmers perceive their quality of life, their working si-
tuation and mental health, the future of their farm, work division be-
tween family members, income etc. To compare farmers with and
without AMS, the questionnaire was distributed to all 1700 farmers in
Norway registered with an AMS autumn 2017, and to 1700 randomly
selected dairy farmers with conventional milking systems. After two
follow-up emails the overall response rate of the AMS-survey was 38 %,
43.5 % among AMS farmers and 32.2 % among CMS farmers. The re-
latively low response-rate among CMS farmers may be related to the
fact that some sections of the questionnaire were related directly to the
use of AMS, and this may have reduced CMS farmers’ interest in the
survey.

In total, 1091 of the 1288 responding farmers are men and 197 are
women. Their age ranged from 22 to 78 years, with a mean of 47.1 for
AMS farmers and 48.7 for CMS farmers. In total, 1112 farmers had a
wife or live-in partner, while 176 were single. Altogether 248 farms
were run as joint operations, which means that two or more farmers
merge their milk quotas, herds and farmland, and deliver all milk from
one farm only. Altogether 739 farmers had an AMS, and the average
cowshed was refurbished for the last time in 1998. On AMS farms the
average year of construction was 2008, and for CMS farms 1984.
However, about half of the CMS farmers have renewed their cowshed in
their period as farmers, and for those the average construction year was
2008. Of the CMS farms, 80.1 % have pipeline milking, and 19.9 %
have a milking parlour. The main difference between the two systems is
that with pipeline milking cows are stalled in stanchion barns, while
with milking parlour the cows are in loose housing. While management
practices in stanchion barns and loose housing are somewhat different,
in both systems milking involves manual work to cleans the teats, at-
tach the teat cups, milk the udder and detach the teat cups. However,
both systems differ significantly from an AMS, where cows enter the
milking system themselves and the system performs the whole milking
operation. AMS also involves a complete management system which
delivers much more detailed data on each cow and each milking as
compared to pipeline milking or milking parlour. Therefore, introduc-
tion of an AMS represents a huge managerial change, in terms of re-
moving routine contact between humans and animals, and of unsettling
the usual ways in which farmers know and understand their cows. As
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such, conversion to a milking robot radically changes the work of the
stockperson (Butler et al., 2012), and requires a transformation of the
whole management process.

In our SEM-model, three items describe farmers’ job-satisfaction;
I’m satisfied with my working day (Item 1), I’m satisfied with the oc-
cupational safety at the farm (Item 2) and I’m satisfied with the work
environment at the farm (Item 3). From theory we know that the
working environment is important in determining job-satisfaction. We
think these three items together express positive attitudes or emotional
dispositions farmers gain from their work. The items cover different
facets of the job. The first and third item aim to reveal farmers attitudes
towards their job at an overall level. While item one covers farmers’
feelings about the nature of the work itself, item three covers both
physical and psycho-social aspects of the working environment. The
second item covers job security, a more specific yet important facet of
the job. We argue that a high score on all three items signals that
farmers assess the receivables from the job in line with what they think
they should receive. There is a balance between the individual needs
and expectations, on one side, and what the job or working situation
offers the individual on the other side.

Respondents were asked to mark on a Likert scale ranging from 1 to
11 whether they strongly disagreed or agreed with the three claims
raised. The median value of Item 1 is 9 for AMS farmers and 8 for CMS
farmers, for Item 2 and Item 3 the median values are 9 for both groups.
Thus, in general the farmers are quite satisfied with their job, yet AMS
farmers are somewhat more satisfied. In the Appendix we show box-
plots of the three items. From the plots we can see that although the
median values are similar for the two groups, the answers from CMS
farmers vary more compared to the answers from the AMS farmers. We
also use the following two variables as dependent variables in linear by
linear association tests: “I have a flexible working day “, and “I have

enough time for friends and leisure activities”. A similar Likert scale was
used. For details we refer to the Appendix.

To explain the variation in factor job-satisfaction, we use the fol-
lowing independent or observed variables: Automatic milking system
(AMS), size of milk quota (Quota), how likely it is that the farmers will
continue farming the next five to ten years, ranging from very likely to
very unlikely (Continue), how likely it is that family members will take
over the farm, ranging from very likely to very unlikely (Successor), by
how many percent they have increased their milk production the last
ten years (Prod-increase), their total farm income (Income), whether
they work most of the time alone or together with others during the
working day (Work together), how much of their time was spent on farm
economy and accounting (Paper work), their highest completed educa-
tion level (Education), the last year when the cowshed was renewed or
built (Cowshed year), how important they consider technical compe-
tence (Techn-comp.) or economic competence (Econ-comp.) during their
workday, and finally whether they have been worried about their own
health in relation to continuing farming (Health worries). For the vari-
ables Education, Income, Successor, Prod-increase, Work together,
Continue, Techn-comp., Eco-comp., Health worries and the respondents
were asked to mark their answer on a scale with a number of pre-spe-
cified alternatives. For Health worries a Likert scale ranging from 1 to 11
was used.

Most farmers, 842 or 65 % have high school as their highest edu-
cation level, 228 have university or university college education of up
to four years, and 106 beyond four years. In total 450, farmers or 35 %
have no agricultural education. The median milk quota was 253.696 L,
and the average 276.743 L, which is well beyond the national average
in 2017 of 186.788 L (Norwegian Agriculture Agency, 2019). AMS
farmers had a quota more than twice the size of CMS farmers, 373 388 L
versus 146 652 L. While most farmers (38 %) have increased production

Table 1
Spearman rank correlations among the items and variables in the study.

Item 1 Item 2 Item 3 Quota Gender Education Cowshed year Appreciated Income Loneliness Successor Continue

Item 1
Item 2 .42**
Item 3 .61** .60**
Quota .09** .04 .11**
Gender .02 .03 .07* −.03
High education −.03 −.09** −.07* .01 .19**
Cowshed year .16** .10** .21** .54** −.01 .03
Appreciated .20** .20** .21** .11 .02 .13** .13*
Income .11** .06* .09** .27** −.13* −.02 .07* .16**
Loneliness .42** .42** .34** .19** −.07 .12* .13** .33** .09
Successor −.20** −.15** −.18** −.16** −.01 .07* −.18** −.18** −.13* −.02
Continue −.26** −.12* −.17** −.28** .00 −.09** −.31** −.27** −.08* −.07 .12*
Work together .07* .06* .08* .24** .20** .11** .11** .15** .07* .02 −.08** −.08**

Health worries Paper work Techn-comp. Eco-comp.

Item 1 .34** .04 .03 .00
Item 2 .49** .03 .03 −.06*
Item 3 .31** .02 .04 −.05
Quota .03 .07 .09** −.01
Gender −.08* .09** .02 .01
Education .08** .11** .05 .03
Cowshed year .07* .03 .07* .03
Appreciated .14** .05 .05 .03
Income .10** .00 .04 −.05
Loneliness .32** .10 .06 −.04
Successor −.03 −.02 −.01 .03
Continue

Work together
−.22**
.18**

−.07*
−.04

−.01.05 −.02.00

Health worries .06 −.03 −.01
Paper work .06 .17**
Techn.-comp. −.03 .03
Eco.-comp. −.01 −0.06 −.44**

* P< 0.05.
** P<0.01.
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by less than 30 % over the last ten years, 373 or 29 % have increased
production by more than 100 %. In total, 982 farmers or 76 % answered
that they most likely will continue farming five to ten years ahead, 144
or 11 % felt sure they would quit dairy farming during the same period,
while the rest were uncertain. Similarly, 611 farmers or 47 % answered
that it was most likely that someone within the family will take over
their farm, 149 considered it unlikely, while 528 or 41 % were un-
certain. Here one should keep in mind that the alternative “uncertain”
also includes farms where the children are currently so small that the
question is of little relevance. In total 52 % of the farmers had an in-
come between 200.000 and 499.000 NOK, while 17 % had an income
below 199.999 NOK, and 30 % beyond 500.000 NOK. AMS and CMS
farmers differ when it comes to total hours of work and how much of
the time they work together with others. While 60 % of the AMS
farmers worked more than 2500 h per year and 43.6 % of the hours
alone, the corresponding figures for CMS farmers are 45 % and 58.8 %.

3. Results

A test of the items for skewness and kurtosis showed that all values
are well within +/- 2, which is considered acceptable to prove normal
univariate distribution (Gravetter and Wallnau, 2014). Similarly, tests
of multivariate skewness and kurtosis (Mardia, 1970) revealed no signs
of significant deviations from normality. The correlations are shown in
Table 1.

In Table 1 we can see that Loneliness and Health worries are most
strongly correlated with the three items. Further, Appreciate, Continue
and Successor also show clear relationships with the items. We also
notice the significant negative correlation between Eco-comp. and
Techn-comp.

A linear-by linear test of the three items across the two groups show
that AMS farmers score significantly higher on items 1,2 and 3 with Z=
-5.999 (P< 0.001), Z= -2.178 (P< 0.005) and Z= -5.967
(P< 0.001), respectively. This shows that AMS farmers experience a
higher job satisfaction compared to CMS farmers.

In Fig. 1 we present our model of job satisfaction for all 1288 dairy
farms. In Figs. 1, 2 and 3 the variables Continue and Successor are re-
verse- coded, so that negative values mean a high probability of con-
tinuing or having a successor.

All factor loadings are significant and greater than 0.5. The theo-
retical model provides a good fit to the observed data with a Chi- square
value of 26.696 (P = 0.093). Other indices (0.000<RMSEA =
0.019< 0.034, SRMR = 0.018, TLI = 0.984, CFI = 0.991) also point
to a good model fit. The reliability composite measure is 0.749, and
Chronbach’s alpha 0.769. Both measures indicate that the items in-
cluded in the model are reliable measures of the construct.

In Fig. 1 the level of job satisfaction increases with increasing in-
come and construction year of the cowshed. Working together with
others, having a successor, an intention to continue farming and con-
sidering technical competence as less important also contribute posi-
tively to job satisfaction. Job satisfaction reduces with increasing level
of highest education, quota and being a male.

In Fig. 2 we present the model for the 739 AMS farms.
All factor loadings are significant and greater than 0.5. The theo-

retical model provides a good fit to the observed data with a Chi- square
value of 14.941 (p = 0.666). Other indices (0.000<RMSEA =
0.000< 0.027), SRMR = 0.018, TLI = 1.010, CFI = 1.000) also point
to a good model fit. The reliability composite measure is 0.751, and
Chronbach’s alpha 0.783. Both measures indicate that the items in-
cluded in the model are reliable measures of the construct.

In Fig. 2 the level of job satisfaction for AMS farmers increases with
increasing income, spending less time on paper work, working together
with others, considering technical competence less important, a feeling
of being appreciated as a farmer, having a successor and an intention to
continue farming. Job satisfaction reduces with increasing quota and
level of education. A linear-by-linear association test shows that AMS

farmers work significantly more hours compared to CMS farmers, Z= -
4.930 (P< 0.001) and more often work together with others during
their working day, Z= -5.357 (P< 0.001). However, despite the more
hours worked, AMS farmers think they have a more flexible working
day, Z= -6.461 (P< 0.001), more time for their family, Z= -2.420
(P< 0.05), and more time for friends and leisure activities, Z= -5.967
(P< 0.001) compared to CMS farmers.

The job-satisfaction model for the CMS farmers is in Fig. 3.
In Fig. 3 we can see that all factor loadings are significant and

greater than 0.5. The theoretical model provides a good fit to the ob-
served data with a Chi- square value of 22.483 (P = 0.128). Other
indices (0.000<RMSEA = 0.027<0.051), SRMR = 0.028, TLI =
0.975, CFI = 0.985) also point to a good model fit. The reliability
composite measure is 0.724, and Chronbach’s alpha 0.745. Both mea-
sures indicate that the items included in the model are reliable mea-
sures of the construct. In Fig. 3 the level of job satisfaction for CMS
farmers increases with income, considering economic competence less
important, having a successor and an intention to continue farming. Job
satisfaction reduces with an increasing level of education, a feeling of
loneliness, health worries and being a male.

The results from the matching procedure used to make AMS farms
and CMS farms comparable with respect to cowshed year are in Table 2.
We matched all CMS farms with all AMS farms to obtain similar values
of the variable Cowshed year.

In Table 2 we can see that without matching the CMS farms on
average have cowsheds that are 24 years older compared to the AMS
farms. However, after matching the cowsheds are on average equally
old. This shows that matching worked well for this data, although we
lost more than half of the CMS farms.

Linear-by-linear association tests comparing the AMS and the CMS
farms after matching showed that AMS farmers score significantly
higher on all three items with Z= - 4.691 (P<0.001), Z= - 2.301
(P< 0.05) and Z= - 4.204 (P<0.001), respectively. This shows that
AMS has a positive effect on satisfaction with the working day, occu-
pational safety and the working environment compared to CMS, in
addition to the general positive effect of a new cowshed for all farms.

In Table 3 we summarize our findings.

4. Discussion

Our results suggest that AMS farmers experience a higher satisfac-
tion with the working day, the occupational safety and the working
environment compared to CMS farmers. However, as shown in Fig. 1,
construction year and not AMS enters the model for the whole group of
farmers. The reason is that AMS are only available on 57 % of the farms
in the whole sample, while construction year data is available on all
farms. This means that a new cowshed increases job satisfaction for all
dairy farmers, and there is an AMS-effect in addition. In the following
we discuss what increases and decreases job satisfaction on AMS and
CMS farms.

4.1. What increases job satisfaction?

In general, for the dairy farmers the level of job satisfaction in-
creases with increasing income, and there is no difference in this be-
tween AMS farmers and CMS farmers. This finding is as expected, so
even though several factors influence job satisfaction, income matters
(Besser and Mann, 2015).

For both types of farming, the more recent the construction year of
the cowshed, the higher the level of job satisfaction. This is as expected,
a new cowshed means new and better working conditions; being easier,
safer and more comfortable. It is also related to having an optimistic
and long-term perspective for the future. Finally, the symbolic value of
a new cowshed may also give a satisfaction. A new and up-to-date
cowshed supports the image of being a good and dynamic farmer,
showing for the neighbours that the farmer is doing well. However, this
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variable does not differ between AMS and CMS farmers.
Further, the results suggest that having a successor and an intention

to continue farming increases job satisfaction for both AMS farmers and
CMS farmers. This finding is as expected, since succession is an im-
portant factor to remain farming (DeFrancesco et al., 2018), and an
intention to exit farming is associated with a poorer sense of well-being
(Hansen and Greve, 2015; Peel et al., 2016). It is more likely that there
is a successor when there is farm size increase, income increase, and
when children take part in work at the farm (Zahl-Thanem et al., 2018).
We also recognize that there are differences between AMS and CMS
farmers concerning which variables increase the level of job satisfac-
tion. For AMS farmers job satisfaction increases with:

- Spending less time on paper work related to management of farm
economy and accounting: This may suggest two alternative ex-
planations. Firstly, AMS farmers may prefer to be more hands-on in
the cowshed and spend less time on paper work. Secondly, AMS
farmers are more competent and/or more efficient at paper work
than CMS farmers. Other research indicates that the latter alter-
native is the most likely one, as AMS farmers often involve advisors
and supporters in their network to solve an increasing number of
tasks (Stræte et al., 2017).

- Working together with others, which is also positive for all dairy
farmers: From this we can infer that AMS farmers are more satisfied
when or as they work together with others. We don’t know if they

are more social than CMS farmers. However, we know that they are
more likely to work together with others regularly, which con-
tributes to their need to be social.

- Considering technical competence less important (this is also true
for all dairy farmers). That AMS farmers who consider technical
competence less important experience higher job satisfaction seems
to be a rather paradoxical finding at first glance, as AMS is more
technical than CMS. However, this may not be so surprising con-
sidering that AMS and related technology is so high tech that most
farmers get used to needing experts to solve problems. Hence, they
are familiar with calling the experts when in trouble, and do not
need to be an expert themselves. A supplementary explanation is
that AMS farmers are more interested and skilled in working with
technology. If so, they take their competence for granted and not
something that needs to be emphasized.

- For AMS farmers, a feeling of being appreciated as a farmer by
others in society increases the satisfaction of being a farmer.
Recognition is a motivational factor that increases satisfaction. A
reflection why CMS farmers are not in the same category here can be
that the milking robot and AMS is a hot issue receiving the most
recognition among those who discuss and care about dairy farming.
CMS farmers may be the ignored majority – there being an attitude
that CMS and tie-stalls belong to the past. Thus, CMS farmers do not
experience the same appreciation as AMS farmers.

- The findings that AMS farmers feel they have more time for friends

Fig. 1. Path diagram for the SEM for all 1288 farms, with standardized factor loadings and measurement errors, and the regression coefficients between the
explanatory variables and job satisfaction.
*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001
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and leisure activities can explain why they are more satisfied with
their job in general.

The only variable where the level of job satisfaction increases only
for CMS farmers, is considering economic competence less important. A
reasonable explanation of this finding is that among CMS farmers we
find a kind of farmers that are in a stable production with few changes
and relatively low risk, i.e. being in a predictable economy that does not
cause major worries.

4.2. What reduces job satisfaction?

The results suggest that education, quota, gender, feeling of lone-
liness, and health worries all have a negative influence on job sa-
tisfaction. However, the influence differs somewhat between AMS and
CMS farmers. A high level of education reduces the level of job sa-
tisfaction both for AMS and CMS farmers. An explanation may be that a
greater proportion of farmers with a higher level of education, not just
agricultural education, are part time farmers. Particularly for dairy
farmers, this may create a situation where they experience shortcoming
in both farming and their other job. Further, more years of higher
education involves being away from the farm for longer periods and
experiencing other ways of living. Most likely the relationship can be
explained by the process-theories on job-satisfaction, namely as a dis-
crepancy between job expectations and demand on side, and actual

experiences on the other. Our finding supports the findings reported by
(SSB, 2009).

Increasing milk quota is an indicator of the volume of production
influencing farmers’ job satisfaction negatively. It reduces the sa-
tisfaction for AMS farmers, but not for CMS farmers. An explanation is
that AMS farmers have, when investing in milking robot most often
together with building a new cowshed, expanded their production
significantly by buying a larger quota. Our study shows that AMS
farmers increase their production by an average of 70 per cent by in-
stalling the AMS. The main driver of this expansion is the capacity of
one milking robot (60–70 dairy cows), and the need to meet an in-
creased financial burden. However, following this expansion there is
also a need for fodder for the increased herd. Traditionally the main
forage grass is produced on their own farms or rented land in the
neighbourhood. Increasing forage production adds a considerable
workload compared to the pre-AMS situation. In some regions there is
also strong competition for farmland. All in all, this may result in a
higher level of stress, i.e. a larger milk quota involves more stress for
AMS farmers compared to CMS farmers.

From a gender perspective, we find that male farmers, both AMS
farmers and CMS farmers, are less satisfied than females. This is in line
with the findings among self-employed women in (SSB, 2009). The
gender issue in dairy farming is complex and relates to identity, roles,
practice, off-farm work etc (Haugen and Blekesaune, 2005; Cush and
Macken-Walsh, 2018). Without further elaboration here, we recognize

Fig. 2. Path diagram for the SEM for the 739 AMS farms, with standardized factor loadings and measurement errors, and the regression coefficients between the
explanatory variables and job satisfaction.
*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001
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that the gender issue is more about dairy farming than about AMS or
not. This may suggest that the introduction of AMS and degree of sa-
tisfaction may have fewer gender related aspects than other studies
have indicated (Stræte et al., 2017).

For CMS farmers there are two variables which differ from AMS
farmers; feelings of loneliness and health worries both reduces the job
satisfaction. This is not surprising, but the difference from AMS needs
explanation. We propose that the feeling of loneliness is related to the
type of farmer, and not the AMS technology as such. Farmers with AMS
are more frequently in contact with advisors and other farmers, while
CMS farmers to some degree can run their dairy farm on their own.
Several off-farm activities are offered to AMS farmers, both from robot
suppliers and the advisory services. Among these are Lely-clubs and
DeLaval-clubs, seminars, study visits, courses and so on. Further,
milking robots still have a high profile in the media, the local press or
TV. Thus, AMS farmers simply get more attention than CMS farmers.
However, this issue also relates to household and personality, which is

not elaborated on here.
The negative influence of health worries is most likely directly re-

lated to the technology. CMS requires a heavier physical load on arms,
back and knees, and health problems may be more of an issue with CMS
than with AMS, as indicated in a study based on interviews (Stræte
et al., 2017).

Fig. 3. Path diagram for the SEM for the 549 CMS farms, with standardized factor loadings and measurement errors, and the regression coefficients between the
explanatory variables and job satisfaction.
*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001

Table 2
Results from matching AMS farms and CMS farms on the variable Cowshed year.

AMS farms before
and after matching

CMS farms
before matching

CMS farms after
matching

Number of farms 739 549 247
Mean Cowshed year 2008.13 1984.44 2008.51

Table 3
Summary of how different factors affecting job satisfaction relate to milking
system.

Factor AMS CMS

Increases satisfaction Increasing income Yes Yes
New cowshed Yes Yes
Successor Yes Yes
Continue farming Yes Yes
Less paper work Yes
Working together Yes
Less techn. competence Yes
Being appreciated Yes
Less econ. competence Yes

Reduces satisfaction Higher education Yes Yes
Increasing quota Yes
Male Yes Yes
Loneliness Yes
Health worries Yes
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4.3. Variables work together for job satisfaction

Taken together, based on the discussion we identified four different
groups of variables and explanations on whether and how job sa-
tisfaction is influenced by milking system (Table 4).

The variables increasing income, new cowshed, having a successor,
and a clear intention to continue farming all increase job satisfaction.
Further, there are no differences between AMS and CMS. These vari-
ables are all important to induce an optimistic and positive perspective
on the future of being a dairy farmer. The second group includes
variables that affect AMS farmers more than CMS farmers. There are
various explanations as discussed above. The third group is related to
the result that AMS farmers increase their production (increasing
quota) when investing in AMS, and this increase has a negative effect
on satisfaction. The fourth group of variables is related to a negative
effect on satisfaction for CMS farmers. These various influences on sa-
tisfaction show that there is a need to be nuanced when considering
how new technology influences job satisfaction. The facet-theory on job
satisfaction is relevant for the complex situation for dairy farmers.

Our results show there are differences between AMS farmers’ and
CMS farmers’ self-appraisal of their job satisfaction. However, the dif-
ferences are not related to the technology and milking system alone.
Moving from facet-theory towards a holistic and aggregated perspective
and taking the context of the dairy farmer into account, we argue that a
new cowshed, with AMS or CMS, is very important also for the other
variables that may increase job satisfaction. A new cowshed involves
better working conditions and opens for new technological solutions
that all together stimulate job satisfaction. For older farmers a new
cowshed may be related to if they have successors or not. If a son or
daughter are ready to become the next farmer in near future, this may
motivate for investment in a new cowshed, but not necessarily with
AMS technology. We argue that the variables in group 1 are of higher
importance for job satisfaction than AMS technology itself, as these
variables are probably more basic than which milking technology is
chosen.

With a new cowshed follow other changes that play out differently
for AMS- and CMS-farmers, like increased production and reduced sa-
tisfaction for AMS-farmers (group 3). Our explanation for this is that the
AMS technology has a higher capacity than CMS, approximately 70
cows per milking robot. To utilize the capacity, farmers have an in-
centive to increase the production by increasing the number of cows,
which requires more land to produce feed and spread manure (Vik
et al., 2019). According to our results, in the next step this increased
production tends to reduce job satisfaction. Other studies also show that

some AMS farmers experience too long hours after farm expansion
(Hansen, 2015; Vik et al., 2019).

4.4. Implications and further research

A weakness of this study is that we focus only on job satisfaction
related to the working day, occupational safety and working environ-
ment. The farmers’ relation to the animals also affects job satisfaction
and represents an element in what is considered being a good farmer.
As Burton et al. (2020) put it: “the good cow embodies the good
farmer’s identity and secures it over time”. From this follows aspects
like sense of achievement and acknowledgment. Future studies could
explore other aspects of satisfaction with being a farmer, such as e.g.
relation to the animals, life outside farming activities, including family
and household issues, and how AMS relates to these factors. Another
weakness is that variables which affects adoption rates of AMS not in-
cluded in this study might also play a role. Finally, relationships to
advisors and colleagues, degree of farm specialization and location of
the farm might also have an impact on the degree of job satisfaction.

Despite these potential shortcomings of this study, we point to the
need for mixed methods when a complex topic like job satisfaction is
studied. The topic is multifaceted. Quantitative studies are needed to
find what factors or elements are important for whom at an aggregated
level. However, qualitative studies are needed to explore how the ele-
ments relate to each other and how they cause a certain development.
As indicated in the abovementioned weaknesses, we propose both
quantitative studies to include more elements and qualitive to improve
the explanations on why some variables influence job satisfaction more
than others.

5. Conclusion

In this paper we have examined whether and how new technology
like AMS influences job satisfaction for farmers. Our research questions
are answered as follows: Firstly, are there differences in experienced
level of job satisfaction between AMS farmers and CMS farmers? Our
answer is yes, AMS farmers are more satisfied with their working day,
their occupational safety, and their working environment. Secondly,
which factors determine the level of job satisfaction in dairy farming?
We have identified the following factors that increase job satisfaction:
Increased income, new cowshed, successor, continue farming. The fol-
lowing factors reduce job satisfaction: higher education, being a male.
Thirdly, do these factors vary on AMS farms compared to CMS farms?
Our results show that the following factors differ: Less paper work,
working together, less tech competence, being appreciated, less eco-
nomic competence, increasing quota, loneliness and health worries.
However, they can to a various degree be explained from an AMS/CMS
perspective. According to our findings, the most important factors
which influence job satisfaction for dairy farmers are common for AMS
and CMS; increased income, new cowshed, successor and continue
farming. These factors also contribute positively to job satisfaction. Our
explanation is that renewing the cowshed opens opportunities to invest,
e.g. in AMS or CMS, and subsequently these choices may imply that
other variables get more important for the farmers consideration of
their job satisfaction.
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Table 4
Factors which increase or decrease job satisfaction for AMS farmers and CMS
farmers.

Factor AMS CMS

Increases satisfaction Increasing income Yes Yes
New cowshed Yes Yes
Successor Yes Yes
Continue farming Yes Yes
Less paper work Yes
Working together Yes
Less techn. competence Yes
Being appreciated Yes
Less econ. competence Yes

Reduces satisfaction Higher education Yes Yes
Increasing quota Yes
Male Yes Yes
Loneliness Yes
Health worries Yes
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Appendix A. Differences between AMS and CMS farmers

Fig. A1 Fig. A2 Fig. A3 Fig. A4 Fig. A5 Fig. A6 Fig. A7 Fig. A8 Fig. A9

Fig. A1. Box- plot of AMS farmers’ (1) and CMS farmers’ (2) scores on Item 1: “I’m satisfied with my working day”.

Fig. A2. Box- plot of AMS farmers’ (1) and CMS farmers’ (2) scores on Item 2: “I’m satisfied with the occupational safety at the farm”.

Fig. A3. Box- plot of AMS farmers’ (1) and CMS farmers’ (2) scores on Item 3: “I’m satisfied with the work environment at the farm”.
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Fig. A4. Box- plot of AMS farmers’ (1) and CMS farmers’ (2) scores on the claim: “I have a flexible working day”.

Fig. A5. Box- plot of AMS farmers’ (1) and CMS farmers’ (2) scores on the claim: “I have enough time for my family”.

Fig. A6. Box- plot of AMS farmers’ (1) and CMS farmers’ (2) scores on the claim: “I have enough time for friends and leisure activities”.
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Fig. A7. Box- plot of how many hours per year AMS farmers (1) and CMS farmers (2) work; 1 = 1-200, 2 = 200-850, 3 = 850-1700, 4 = 1700-2550, 5=>2500.

Fig. A8. Box- plot of whether AMS farmers (1) and CMS farmers (2) work alone or together with others; 1= Most often alone, 2= Most often together with others,
3= Approximately half the time alone and half the time together with others.

Fig. A9. Box- plot of AMS farmers’ (1) and CMS farmers’ (2) farm income in NOK; 1=<= 0, 2 = 1-99 999, 3 = 100 000-199 999, 4 = 200 000-299 999, 5 = 300
000-399 999, 6 = 400 000-499 999, 7 = 500 000-599 999, 8 = 600 000-799 999, 9=>800 000.
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