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1.1 Scope
The impact of work related stress on well-being and health has been the subject of a
vast amount of research. So far, little attention has been given to the assessment of
ongoing psychological and physiological processes occurring while actually at work.
This is somehow surprising, since substantiating the effects of work stress during
prolonged periods in the work environment is needed to underpin the claimed
mechanisms linking stress to ill health. The present thesis uses recent theorising as
well as developments in instrumentation and methodology to thoroughly test
assumptions concerning the effects of work stress in the daily environment.
Several studies have shown Effort-Reward Imbalance (ERI) at work to account for a
substantial proportion of the incidence and prevalence of cardiovascular disease
(Bosma et al, 1998; Siegrist, 1996a Siegrist 1996b), and other health related problems
(Peter et al., 1998). Although interesting from an epidemiological point of view,
merely identifying populations “at risk” using single assessments (trait-like measures)
of ERI is not enough to fully understand the effects ERI on the individual. More
information about an individual’s state is needed to unravel probable underlying
mechanisms of ERI.
To date, most studies that assess the short-term effects of ERI are cross-sectional,
merely providing a “snap-shot” of an individual’s state. The theory claims that ERI is
associated with “emotional distress” and “sustained activation of the autonomic
system” (Siegrist, 1996b), but it remains unclear what this means. Physiological
measurements in the laboratory (Siegrist 1996a), have shown that ERI is associated
with a decreased task elicited blood pressure reactivity. However, these laboratory
findings are not necessarily true for everyday life, thus it’s ecological validity remains
low. To increase the ecological validity of psychological and physiological data,
ongoing measurements throughout the day have to be performed (Reich et al., 1988;
Schwartz et al., 1996; Sloan et al., 1994; Stone & Shiffman, 1992 & 1994; Delespaul,
1995; van Eck, 1996 & van Eck et al., 1996; Hockey, 1997; Shaprio et al, 1997;
Schwartz & Stone, 1998). The studies described in the current thesis are a further step
in this direction.
To explore the short-term effects of ERI, information about an individual’s
psychological and biological pattern throughout the day, associated with his or her
perceived imbalance is needed. For instance, it is tested whether ERI is associated
with an individual’s affective state (e.g. negative mood), increased actual demands at
work, or physiological state (e.g. lower vagal tone, or disturbed hypothalamopituitary-adrenocortical (HPAC) axis reactivity). This information can be used to
increase the psychological usability of ERI, for example by introducing precautions
(e.g. prevention, intervention and counselling), to reduce the adverse effects of ERI.
Thus, both from a scientific and therapeutic perspective it is useful to unravel what
short-term (i.e. daily or within-day) psychological and physiological factors are
associated with psychosocial risk factors.
In sum, the present thesis documents the daily effects of ERI by performing withinday psychological and physiological measurements at work. First, to set the stage for
this research, the ERI theory supplemented with some psychological and
2
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psychological expansions is briefly presented in the remainder of this introduction.
Second, an outline of the methodological aspects of the rather complicated within-day
measurements is presented. Finally, a summary of the research hypotheses and a thesis
outline are given.

1.2 The Effort-Reward Imbalance theory
The importance of individual and organisational factors (and their interaction) with
respect to health and disease, has been elaborated in social exchange theories.
Basically, this set of theories emphasises the importance of reciprocal relationships
(Maus, 1925; Levi-Straus, 1969), feelings of fairness (Stouffer et al., 1949), social
interdependence (Thibaut & Kelley, 1959) and equity (Adams, 1963) for the
successful functioning and health. Social exchange theories offer an explanation for
the prevalence of a situation (person-environment mismatch) that seems nonbeneficial to the subject. These theories emphasise that it is the perception and
evaluation of social exchange in relationships (i.e. between individual and
organisation) that determine successful functioning and health. Inequitable situations
lead to distress, which motivates individuals to restore equity (Walster et al., 1973).
Individuals will strive to maximise their outcomes and minimise their inputs (Adams,
1965).
A specific social exchange theory, the 'effort-reward imbalance' theory (Siegrist,
1996a), provides promising integrative modelling of relations between psychosocial
characteristics of work and health outcomes. The ERI theory states that a person has a
strong drive to achieve a high social status (i.e. self-regulation). If, for any reason, a
person is not successful in achieving this status, a situation called "social crisis" arises
(Siegrist, 1996a). The theory further states that this (social crisis) will lead to
“emotional distress” and a “sustained activation of the autonomic system”, and
eventually to cardiovascular disease. Imbalance will occur if the effort that is exerted
during work does not correspond with the reward that is obtained. Restoration of the
balance by minimising effort at work, is not an option because the potential risks
(being laid off or facing downward mobility) outweigh the costs of accepting
inadequate benefits. Determining the effects of its key constructs on immediate
psychological and physiological processes throughout the day will test the short-term
implications of ERI. Because testing these short-term implications was never a major
focus of the theory, certain inclarities have to be resolved. For example, the theory
does not clearly state what is meant by autonomic activation. In the present thesis a
specific part of the autonomic nervous system was chosen to reflect autonomic
activation, namely vagal control of the heart. This means that, where necessary, the
theory is expanded, enabling the testing of its short-term effects.
In the effort-reward imbalance theory, three major constructs are distinguished: extrinsic
effort, need for control and reward (see effort-reward imbalance questionnaire in the
appendix). The term ‘extrinsic effort’ (or simply “effort”) refers to perceived working
conditions, like working under a high time pressure, or frequently being interrupted during
work. Reward refers to status control , esteem reward, and monetary gratification
(Matschinger, et al., 1986). ‘Status control’, reflects the opportunity a person has to
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achieve, or have control over, a desired social status (promotion prospects, job security,
status inconsistency). ‘Esteem reward’ reflects experienced respect and support during
work, and ‘monetary gratification’ reflects the job salary relative to co-workers. “Need for
control” refers to need for approval, competitiveness, disproportionate irritability and
inability to withdraw from work. This construct is closely related to aspects of the type A
behaviour pattern, (e.g. hostility and over commitment) which are linked to enhanced
arousal in demanding situations. Subjects with a high ‘need for control’ also tend to
misjudge (i.e. overestimate or underestimate) demanding situations, possibly leading to
excessive efforts even in situations that seem non-beneficial to the subject.

1.3 Expansion of the effort-reward imbalance theory
The effort-reward imbalance theory hypothesises a relation between effort, reward,
need for control on the one hand, and physiological (i.e. “autonomic activation”) and
psychological (“emotional distress”) responses on the other hand. As is argued a.o. by
Hockey (1997), an adequate assessment of the effects of environmental demands on
an individual should include ongoing within-day measurements. To enable the testing
of the above-mentioned hypothesis, some preceding specifications should be made.
Both “autonomic activation” and “emotional distress” have to be defined more
precisely, with special attention to the repeated within-day assessment.
Effort-reward imbalance, distress and psychobiological activation
Ever since first attempted by Cannon (1920) and Selye (1950), much has been learned
about the physiological systems involved in an individual’s response to “stress” or a
chronically demanding environment. In their theories of psychosomatic specificity,
Henry and Meehan (1981), Mason (1968) and Fisher (1993) describe a close
relationship between behavioural and physiological responses in an individual. They
also suggest that the specificity of disease is linked with protracted, differential
patterns of behavioral and physiological responses. In general, two major axes of
psychophysiological and behavioural responses are distinguished: an effort related
sympathetic-adrenomedullary (SAM) axis, and a control related hypothalamopituitary-adrenocortical (HPAC) axis. Other authors have shown or proposed similar
bio-behavioral relations. The SAM axis is mainly associated with effort and coping
(Frankenhaeuser, 1979), whilst the HPAC axis is mainly associated with unsuccessful
coping, and loss of control (Ursin, 1979). On the psychological level it is associated
with helplessness and eventually depressive states. Each activation of the stress
response leads to behavioural and peripheral changes that may be associated with
emotion, cognitive function, behaviour, reproduction, growth and immunity
(Chrousos & Gold, 1992) and sometimes to psychiatric, endocrine and inflammatory
diseases.
At this point it should be emphasised that the definition of effort in the stress literature
differs from the definition used in theories of energetics and human information
processing (Gaillard & Wientjes, 1994). In the ERI-theory, effort reflects enduring
perceptions of the demanding work environment and need for control. In contrast,
theories of energetics and human information processing, (Pribram & McGuiness,
1975; Hockey, 1986), consider effort an emergent result of state-regulation, depletion
of resources, activation or attentional processes. A sharp contrast between the two
4
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definitions is that in the latter, activation associated with increases in effort is not
necessarily maladaptive.
In the present thesis, perceived effort is also measured throughout the day. This is
referred to as demand, and reflects time pressure, physical demands and interruptions
of work throughout the day. Gaillard & Wientjes (1994), refer to enduring work
demands (e.g. effort and reward) as input. The short-term psychological and
physiological responses are referred to as output (see table 1). Examples of short-term
output variables are: vagal cardiac control, cortisol secretion, mood, demand and
satisfaction. As is described above, effort can be defined as an input variable but also
as an output variable. The former definition will be used throughout the remainder of
this thesis. Input and output variables can lead to processes (e.g. autonomic activation
and emotional distress), that may eventually result in long-term illness or disease (see
table 1). Enduring traits (e.g. need for control, negative affect), can moderate the
short-term and long-term effects of work stress.
Table 1. A categorisation of the psychological and physiological variables used in this thesis.

These considerations can be applied to the physiological concomitants of effortreward imbalance. Siegrist (1996b) implies that autonomic activation plays a role in
the pathogenesis of cardiovascular diseases. To date, effort, reward and need for
control have been associated with a decreased laboratory task elicited blood pressure
reactivity (Siegrist, 1996a), but not yet with cardiovascular dynamics throughout an
actual working day. Berntson and co-workers (1991, 1994 & 1997) discuss the
complex mechanisms involved in “autonomic activation” (which they refer to as
“cardiac autonomic control”). From these studies, it has become clear that is incorrect
to refer to the activation of the autonomic nervous system as a generic process. The
two systems involved in cardiac autonomic control: sympathetic and parasympathetic
innervation of the heart can act independently, depending on the type of neural input.
Other studies have shown the balance between these two systems to change as a result
of environmental demands in everyday life (Sloan et al., 1994). A decrease in the
power of the high frequency band of heart rate is an index of parasympathetic
withdrawal (Berntson et al., 1997), and parasympathetic withdrawal has shown to
increase as environmental demands increase (Sloan et al.,1994, Aasman et al., 1987).
Therefore, in the present thesis, it is hypothesised that the perception of demands

5

Chapter 1. General introduction

throughout the day will be associated with parasympathetic withdrawal. Low vagal
control of heart rate has been shown to be related to coronary artery disease (Martin et
al., 1987) cardiac events (Liao et al., 1997), and increased mortality (Kleiger et al.,
1987), increasing its relevance for the study of the relation between stress and health.
Workers (chronically) experiencing a high level of imbalance are vulnerable to
feelings of loss of control, or at least of control being threatened. Understandably, and
as put forward by the effort reward imbalance theory, this goes together with
negatively toned emotions. As has been mentioned, this psychological state has been
associated with activation of the HPAC system, resulting in an increased cortisol
output. Cortisol is an important hormone in the regulation of -a/o- metabolic
demands, immune responses, and modulation of catecholaminergic activation of the
cardiovascular system (Stratakis & Chrousos, 1995) as well as immune system
function (Berk et al., 1997). As such, it is of potential vital importance in connecting
work stress and ill health. Caplan (1979) demonstrated that chronic work stress may
lead to higher cortisol levels (i.e. a slower decrease of cortisol throughout the day).
Effort reward imbalance means chronic work stress, and can therefore also be
expected to affect cortisol levels throughout the day. The same goes for negative and
positive affect (Buchanan et al., 1999). Thus, a high effort-reward imbalance and / or
negative affect is expected to be associated with a slower decrease in cortisol levels
and /or elevated levels throughout the day.

1.4 Within-day measurements using Ecological Momentary
Assessments (EMA) or the Experience Sampling Method (ESM)
To enable the assessment and analysis of ongoing (real life, ecologically valid) withinday psychological and physiological data, a specific method called “Ecological
Momentary Assessment” (EMA) or “Experience Sampling Method” (ESM) was used.
In the remainder of this thesis the term EMA will be used to refer to ongoing withinday measurements.
Recent technological and methodological advances in the fields of occupational
psychology, behavioural medicine and psychobiological research (Stone & Shiffman,
1994; Delespaul, 1995; Berry, 1997) have enabled the adequate assessment and
analysis of ongoing psychological and physiological processes, including the effects
of personal, environmental, and psychosocial factors on these processes.
The EMA and ESM have been advocated by several authors as an ecologically valid
and reliable method for collecting psychological and physiological data throughout the
day (Csikszentmihalyi et al., 1977; Hormuth, 1986; Csikszentmihalyi & Larson, 1987;
Delespaul, 1995; Lousberg et al., 1995; Stone, & Shiffman, 1994; Schwartz & Stone,
1998). In general, the method entails a self-report of a subject’s experiences, thoughts,
feelings, activities or whereabouts throughout the day over several days. The selfreports are filled in after an electronic device (palmtop computer, paging device,
watch etc.), prompts the subject at pre-selected but randomised intervals (timesampling), or after an event (event-sampling). The self-reports can be coupled with
physiological measurements (e.g. cortisol, blood pressure, heart rate etc.) to gain a
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more comprehensive view of an individual’s psychophysiological state (Stone &
Shiffman, 1994; van Eck, 1996).
Together with cross-sectional data, within-day measurements result in a database that
may be characterised as typically multilevel. The variables in the database can be
characterised according to the frequency of their measurements. In psychobiological
research, the most frequently used levels correspond with “time of day”, “days”,
“weeks”, “months” etc., but can also refer to subject, group, cohort etc. In multilevel
data, lower level variables are nested within higher level variables. For example, if
data is collected several times a day over several days, the level “time of day” is
nested within the level “day”. To analyse multilevel data, several analysis techniques
have been developed. The most elaborate of these is the multilevel analysis or
“random coefficient model” (Bryk & Raudenbush, 1987; Hox 1994; Goldstein, 1995;
Woodhouse et al., 1996; Berry, 1997).
As has been hypothesised earlier, variations in psychological and physiological
variables throughout the day are not only influenced by cross-sectional “trait-like”
factors or environmental factors but also by ongoing within-day factors. Effort, reward
and need for control are usually measured as a trait by means of a questionnaire,
implicitly assuming that this psychological characteristic is continuously and evenly
present.
Consequently, the present research will include assessment of actual effort and reward
measured throughout the day, referred to as “demand” and “satisfaction”,
respectively. The “states” of demand and satisfaction are not considered to be
equivalent but are conceptually related, and to some extent represent the “traits” of
effort and reward. Investigating the relation of demand and satisfaction to within day
assessment of negative and positive mood and to actual physiological status is an
important extension of the study of the assumed stress – health relations. It is argued
(chapter 3) that “demand” and “satisfaction” measured throughout the day are
associated with mood changes throughout the day. This is in accordance with a study
performed by Reich (Reich et al., 1988), who showed that not only negative and
positive mood but also demand and satisfaction are associated with demanding
aspects of the environment. Furthermore, subjects have been shown to differ in their
predisposition for negative mood states (Watson & Clark, 1984). However, the
relationship between state variables (e.g. demand, satisfaction, and mood) and trait
variables (e.g. effort, reward, and trait negative affect) are not well understood, neither
are their effects on physiological status throughout the day. This has motivated the
study of the combined effects of negative and positive affect (i.e. positive affect) as
well as positive and negative mood on the dependant variables. In this thesis, it will
also be argued that the constructs from the effort-reward imbalance model are
associated with changes in cortisol levels (chapter 4) and heart rate variability
throughout the day (chapter 5). In addition to this, the effects of well-known, possibly
confounding variables such as sleep (Murawski & Crabbé, 1960; Campbell, 1992))
gender (Kirschbaum et al., 1992), smoking (van Eck, 1996a), food consumption
(Follenius et al., 1982), time of day (Malliani et al., 1991), and workload (workday
versus day-off; Caplan et al., 1979) will be accounted for.
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1.5 Research aims
This thesis aims at thoroughly testing assumptions, based on the effort-reward
imbalance theory (effort, reward and need for control), regarding the actual
psychological and physiological concomitants of the main constructs described by this
theory, rather than the long-term effects of cardiovascular disease. More specifically,
the effects of effort, reward, and need for control on mood, cortisol levels and vagal
control throughout the day are determined. Additionally, the effects of actual demand
and satisfaction on the same dependent variables will be assessed. An ongoing
multiple occasion sampling method (within-days, over several days), referred to as
EMA is used to collect psychological and physiological data throughout the day.
Finally, the implications of combining traditional cross-sectional assessment methods
with more dynamic multiple occasion sampling, EMA, are discussed, leading to
suggestions for future research.
In order to explore the short-term effects of effort-reward imbalance, a series of
studies were performed. First, the ERI questionnaire was translated into Dutch. From
a scientific point-of-view, merely translating the questionnaire is not enough. Its
reliability and validity also should be established. To achieve this, a large
subpopulation (n=775) of workers were asked to fill in the ERI questionnaire. The
data served as input for a series of factor analyses to determine the questionnaires
psychometric qualities. The first study was followed by three other studies, in a
smaller subpopulation using intensive measurements. The goal of these studies was to
determine the short-term effects of ERI. To achieve this, 77 subjects were equipped
with ambulatory instruments (Kölner Vitaport-I system, Hewlett Packard 100 LX
palm-top computers). Each of these studies focused on a different aspect. In the first
one, focused on the relationships between single assessments of ERI and its withinday counterparts (demand and satisfaction). The other two focused on explaining
within-day variations of cortisol and heart rate variability. In summary, to explore the
short-term effects of effort-reward imbalance, the following main questions were
asked: (each question is answered in the discussion).
1) Are the basic constructs of the effort-reward imbalance theory (effort, reward and
need for control), adequately measured by the Dutch version of the effort-reward
imbalance questionnaire?
2) (a) What is the relation between the basic constructs of the effort-reward
imbalance theory and its within-day counterparts (demand and satisfaction)?
(b) Which methodological approach should be used to analyse multiple occasion
data (EMA)?
3) What are the effects of effort, reward, need for control and within-day
measurements of demand, satisfaction and mood on autonomic nervous system
vagal activity throughout the day?
4) What are the effects of effort, reward, need for control and within-day
measurements of demand, satisfaction and mood on hypothalamo-pituitaryadrenocortical (HPAC) axis activity throughout the day?
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1.5 Thesis outline
In the general introduction (chapter 1), support for the choice of the effort-reward
imbalance theory as the starting point of this thesis is given. This is followed by a
description of the modifications that allow a testing of the short-term implications of
this theory. Usually effort-reward imbalance is determined by self-report: the effortreward imbalance questionnaire. For the assessment in a Dutch population, a Dutch
version of this questionnaire was developed, of which the psychometric qualities are
described in chapter 2. In the following chapter (chapter 3) a method for determining
the effects of cross-sectional estimates of effort, reward, and need for control on
within-day measurements of demand, satisfaction, and mood is illustrated. The
chapter justifies the use of within-day psychological measurements in combination
with cross-sectional measurements. The next chapter (chapter 4) reports the effects of
effort, reward and need for control as well as demand, satisfaction, and mood on heart
rate variability throughout the day. This provides an insight in the psychological
variables that may influence parasympathetic functioning throughout the day.
Chapter 5 focuses on the effects of effort, reward, and need for control as well as
demand, satisfaction and mood on within-day measurements of cortisol (reflecting
activity of the hypothalamo-pituitary-adrenocortical axis). The final chapter (chapter
6) discusses the results of the various studies.
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Chapter 2
The validity and reliability of the Dutch Effort-Reward
Imbalance Questionnaire

Abstract
The reliability and validity of the Effort-Reward Imbalance Questionnaire was tested in a
population of 775 blue and white collar workers in the Netherlands. Half of the population
was used for test-construction, whilst the other half was used for test-validation.
Cronbach’s alpha revealed sufficient internal consistency of all subscales except ‘need for
control’. By performing exploratory probabilistic scaling (Mokken) analysis, the
psychometric qualities of ‘need for control’ was improved. Using confirmatory factor
analysis (CFA), the factorial validity of the ‘extrinsic effort’ and ‘reward’ subscales was
confirmed. A model with three separate dimensions for reward (i.e. status control, esteem
reward and monetary gratification) proved adequate, emphasizing the importance of
distinguishing subscales. The congruent validity of the scales was assessed by testing
whether all factors loaded on the same second order factor. Congruent validity was
confirmed, as well as a hypothesized relationship with an external construct: ‘health
functioning’ (MOS SF-20).

Chapter 2. Validity and reliability of the Dutch ERI Questionnaire

Introduction
The impact of the work environment on (mental) health and well-being has been amply
demonstrated (e.g. Hackman & Oldham, 1980; Kahn, 1981; Warr, 1987,1994; Cooper &
Payne, 1991; Sauter, Hurrell & Cooper,1989; Karasek & Theorell, 1990; Parkes, 1994;
Marmot, 1994; Schnall, Landsbergis & Becker, 1994; Kasl, 1996). Contemporary theories
about the adverse effects of the work environment are strongly influenced by three
theoretical approaches: the Social Exchange theory (Homans, 1961; Adams, 1963), the
Person-Environment Fit approach (French & Kahn, 1962; French, Caplan & Harrison,
1982; Caplan & Jones, 1975) and the Demand-Control approach of Karasek (1979). More
recently, the Effort-Reward Imbalance theory (Siegrist, 1996a) has been developed,
concerning the relationship between the work environment and employee health. The
researcher who wants to study the effects of this theory is confronted with the problem of
how to measure effort-reward imbalance. Siegrist (1996b) uses both subjective and more
objective methods to measure imbalance. Subjective methods (i.e. perceptions assessed by
paper and pencil), have been associated with risk of coronary heart disease (Bosma et al.,
1998), but also with health functioning (Stansfeld et al., 1998). Based on these encouraging
reports, and on the fact that perceptual measures have many advantages (e.g. replication of
results in different studies) (see also Zapf et al., 1996) we also chose for this assessment
method. In the present paper, the reliability and validity of a questionnaire to assess
‘extrinsic effort’, ‘reward’ and ‘need for control’ (three central constructs in the EffortReward Imbalance theory) is investigated. These analyses will increase the psychometric
quality of the effort-reward imbalance questionnaire, hence adding to the confidence in this
measure. First, as a background for this study, the theory of Effort-Reward Imbalance is
introduced.
As mentioned, one of the most influential approaches of organisational stress is the
Person-Environment Fit approach (French & Kahn, 1962). This approach assumes
that a discrepancy between environmental demands and an individuals’ capabilities
may lead to mental and physical stress reactions (Lazarus, 1991; Frankenhaeuser,
1979). However, the approach has two main shortcomings: Firstly, it does not specify
exactly which of the several objective and subjective aspects of the environment are
responsible for the mental and physical stress reactions. Secondly, the approach does
not explain why a subject does not adapt to the work environment, when a personenvironment misfit is experienced.
The first shortcoming has been addressed by Karasek (1979; Karasek & Theorell,
1990) in the Demand-Control approach. Karasek states that a comprehensive analysis
of the work environment entails two important elements of work: 1) Job Demands or
workload and 2) Decision Latitude or control over objective task characteristics.
According to the approach, stress reactions (distress, sickness absence, depression
etc.) and associated physiological states (like increased blood pressure etc.) are caused
by an interaction between high job demands and poor decision latitude (Marmot &
Theorell, 1988). Since the introduction of the Demand-Control model, it has been
extensively tested, and has proven to predict cardiovascular disease (Schnall et al.,
1994) in particular. However, the approach has not remained entirely free of critique:
First, it focuses on job demands as being the most relevant stress component,
underestimating the role played by sociological factors. Second, it does not take
individual differences (as buffers or enhancers of the stressor-strain relation) into
account.
10
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Social exchange theories (like the effort-reward imbalance theory) offer an
explanation for the prevalence of a situation (person-environment mismatch) that
seems non-beneficial to the subject. These theories emphasize that it is the perception
and evaluation of social exchange in relationships (i.e. between individual and
organization) that determine successful functioning and health. Inequitable situations
lead to distress, which motivates individuals to restore equity (Walster et al., 1973). It
is assumed that individuals will strive to maximize their outcomes and minimize their
inputs (Adams, 1965). Having a certain personality, (e.g. Type A) may add to this
tendency.
One of the most likely places for Effort-Reward Imbalance to occur is in the work
environment. Perceived imbalance will occur if the extrinsic effort (i.e. time pressure,
increasing demands, responsibility) that is spent during work does not correspond with the
reward that is obtained. As a result, the employee feels that his or her social status is
threatened, leading to emotional distress, changes in physiological (re)activity, and
eventually to cardiovascular disease. The term ‘extrinsic effort’ refers to the perceived
working conditions. For instance, an employee may have the impression that (s)he always
works under a high time pressure because of a high workload, or that he or she is
frequently interrupted during work.
According to the Effort-Reward Imbalance theory, three types of ‘reward’ are
distinguished: 1) status control , 2) esteem reward, and 3) monetary gratification
(Matschinger, Siegrist, Siegrist & Dittman, 1986). ‘Status control’, refers to the
opportunity a person has to achieve, or have control over, a desired social status
(promotion prospects, job security, status inconsistency). In contrast to control in the
demand-control approach, status control reflects the influence of fragmented job careers, of
job instability, redundancy, and forced occupational downward mobility. Under these
conditions, concerns about, or even the benefits of task control may be overridden. ‘Esteem
reward’ refers to experienced respect and support during work, and ‘monetary gratification’
refers to the job salary relative to coworkers.
In addition, a construct was introduced to describe the persistence of a situation (personenvironment mismatch) that seems non-beneficial to the subject: need for control (which
consists of need for approval, competitiveness, disproportionate irritability and inability to
withdraw from work). This construct is closely related to aspects of the type A behavior
pattern, (e.g. hostility) which are linked to enhanced arousal in demanding situations.
Subjects with a high ‘need for control’ also tend to misjudge (i.e. overestimate or
underestimate) demanding situations. Both enhanced arousal and misjudging the situation
are considered instrumental in eliciting excessive efforts (even in situations that seem nonbeneficial to the subject). ‘Need for control’ may therefore be considered as a generalized
coping strategy, instrumental in eliciting excessive efforts that may last for considerable
lengths of time and probably linked with activation of the autonomic nervous system.
Research shows that the significance of the relation between of Effort-Reward Imbalance
and cardiovascular disease is increased (after controlling for traditional risk factor such as
age, body mass index, blood pressure and low density lipoprotein-cholesterol), if
individuals respond to the situation with a high ‘need for control’ (Siegrist & Peter, 1994).
The aim of the present study is to assess and if necessary improve the reliability and
validity of the Effort-Reward Imbalance Questionnaire. This is achieved by examining the
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reliability, factorial validity, congruent validity and content validity of ‘extrinsic effort’,
‘reward’ and ‘need for control’ in a Dutch population. Reliability was determined by
assessing the internal consistency (i.e. by calculating reliability coefficients or Cronbach’s
alpha) for each of the subscales of the questionnaire. Factorial validity was determined by
testing whether the items loaded on the factors described in the theory using a first order
confirmatory factor analysis. Congruent validity is tested by assessing the fit of a model in
which all effort-reward imbalance subscales load on the same second order factor (or latent
variable). Finally, content validity was assessed by determining it’s relationship with an
external reference: “health functioning”.
“Health functioning” was measured using a questionnaire (the MOS SF-20) that covers
three dimensions of health: social, mental and physical (Veit & Ware, 1983). The MOS is
the most widely used self-report measure of functioning (Stansfeld et al., 1998), originally
developed to assess the outcomes of medical care, and has been found to be a reliable and
valid instrument in population studies (Ware, 1990). Basically, it is hypothesized that the
scales measuring ‘extrinsic effort’ and ‘need for control’ as well as the latent variable
‘reward’ could be distinguished from the subscales that measure mere self reported health.
Therefore, a model is tested in which no covariance between these (sub)scales is allowed.
However, in the literature, it has been established that ‘work stress’ was associated with
negative health outcomes (Stansfeld et al., 1998). Therefore, a second model was tested in
which covariance was allowed between the second order factors ‘work stress’ and ‘health
functioning’, but not between the first order factors (extrinsic effort, status control, esteem
reward, and need for control on the one hand, with physical functioning, role functioning,
social functioning, mental health, health perceptions and pain on the other). Before the
MOS SF-20 was used as an external reference, it’s congruent validity was determined.

Method
Subjects
In the present study 775 employees (mean age = 43; sd = 6.62) from four companies
returned questionnaires that addressed work and health related issues. The sample
consisted of both blue and white collar workers from different work settings: software
specialists (60%), national railway personnel (25%), health professionals (9%) and office
clerks (6%). Eighty-two percent of the participants were male and 18% female.
Procedure
Before statistical analyses were carried out, the sample was divided into two equally sized
subsamples: test-construction (n=367) and validation (n=369). These subsamples were
matched according to age, sex, educational background and company. Statistical analyses
were performed in two steps. In the first step, the test-construction subsample was used to
assess construct validation and to eventually develop new (sub)scales using exploratory
statistical techniques. In the second step, the validation subsample was used to confirm the
psychometric properties of the (sub)scales previously constructed.
Measures
The German "Effort-Reward Imbalance Questionnaire" ("Zentrale Fragen für die Erfassung
von Gratifikationskrisen am Arbeidsplatz" by Siegrist and co-workers) was used to
measure the employees "Effort-Reward Imbalance". This 47-item questionnaire was
translated into Dutch and the adequacy of the translation checked by a Dutch-German
bilingual social scientist. Additionally, the questionnaire was translated back into German
12
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by an independent professional translator. Differences that arose after the back-translation
into German were compared to the original version and the questionnaire was adapted
accordingly.
The questionnaire measures three main constructs: extrinsic effort, reward and need for
control. ‘Extrinsic effort’ was measured by six items that refer to demanding aspects of the
work environment (e.g. “I have constant time pressure due to a heavy work load”). If the
subjects answered the question affirmatively they were then asked to rate the severity of
this ranging from not at all distressed (1 point) to very distressed (4 points). A negative
answer to the question (indicating the absence of ‘effort’, or that the question was out of
order) also scored 1 point. ‘Reward’ was measured by twelve items that form two
subscales: ‘esteem reward’ (5 items, e.g. “I receive the respect I deserve from my
colleagues”), and ‘status control’ (6 items, e.g. “My promotion prospects are poor”). The
last item is referred to as ‘monetary gratification’ (1 item: “Considering all my efforts and
achievements, my salary / income is adequate”). The reward items were scored in the same
way as the ‘extrinsic effort’ items, so that a minimum score of 1 point and a maximum
score of 4 points per item could be obtained.
The ‘need for control’ scale consists of 29 dichotomous items (disagree = 0 points, agree =
1 point) that form four subscales: ‘need for approval’ (6 items, e.g. “I only feel successful
when I perform better than I expected”), ‘competitiveness’ (6 items, e.g. “I don’t let others
do my work”), ‘disproportionate irritability’ (8 items, e.g. “Even the slightest interruption
bothers me”) and ‘inability to withdraw from work’ (9 items, e.g. “Work is usually still on
my mind when I go to bed”). The internal consistency of the original (German) version of
the ‘reward’ subscales (‘esteem reward’ and ‘status control’) and ‘need for control’ scale
are considered satisfactory (see Siegrist & Peter, 1994; Matschinger et al., 1986; Dittmann
& Matschinger, 1982). The same goes for the Dutch translation of the effort, reward and
revised need for control (sub)scales (see table 1).
Health functioning was measured by administering the Dutch version (Kempen, 1992a) of
the 20-item Medical Outcomes Survey Short Form or MOS SF-20 questionnaire (Stewart et
al, 1988) in a subsample consisting of railway personnel, health professionals and office
clerks (n = 226). The items of the MOS SF-20 provide information about health functioning
and quality of life, clustered in 6 dimensions: physical functioning (6 items, e.g. “The
following items are about activities you might do during a typical day. Does your health now
limit you in these activities? If so, how much?"), role functioning (2 items, e.g. “During the
past 4 weeks, have you had any of the following problems with your work or other regular
daily activities as a result of any emotional problems (such as feeling depressed or
anxious)?”), social functioning (1 item: During the past 4 weeks, how much of the time has
your physical health or emotional problems interfered with your social activities (like visiting
with friends, relatives, etc.)?”), mental health (5 items, e.g. “Have you felt calm and
peaceful”?) health perceptions (5 items, e.g. “In general would you say your health is…”) and
pain (1 item: “How much bodily pain have you had during the past 4 weeks”?). Scores were
transformed into a 100-point scale, higher scores reflecting better functioning except for the
pain dimension in which a higher score means more perceived pain. The internal consistency
of all subscales of the Dutch MOS SF-20 is satisfactory (Cronbach’s alpha > 0.80 for each
subscale) (Kempen, 1992a and 1992b; Moorer & Suurmeijer, 1993; Kempen, Brilman &
Ormel, 1993). Kempen (Kempen et al., 1993) has shown the subscales of the MOS SF-20 to
be externally valid, by correlating them with external criteria. A high positive correlation (r =
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0.78) was found between the MOS SF-20 subscale ‘mental health’ and ‘positive well-being’
(Well-being Scale; Veit & Ware, 1983), as well as with ‘positive affect’ (r = 0.42, Affect
Balance Scale; Bradburn, 1969). Additionally, he also found a positive correlation (r = 0.71)
between the MOS SF-20 subscale ‘physical functioning’ and ‘movement restriction’
(Kempen et al., 1993).
Data analysis
In the present study, tests of reliability and validity were performed. To enable comparison
of data across scales and subscales, identical methods were used to assess reliability and
validity. Reliability (internal consistency) was determined by calculating Cronbach’s α.
According to criteria proposed by Nunnaly (1978) an α higher than 0.70 indicates
satisfactory internal consistency.
Validity was determined by performing confirmatory factor analyses (CFA) on the
subsamples using EQSi. To indicate the fit of the (sub)scales to the data, a number of the
most common ‘goodness-of-fit’ indices were calculated: the Bentler-Bonnet nonnormed fit
index (NFI; Bentler & Bonnet, 1980; Tucker & Lewis, 1973), the comparative fit index
(CFI; Bentler, 1990), the LISREL AGFI and the root mean squared residual (RMSR). The
Satorra-Bentler scaled chi-square (S-B χ2 Satorra & Bentler, 1988) and the corrected CFI
(CFI*)ii were also calculated because a number of kurtotic items were detected. These latter
two indices correct distributional abnormality. A fit of over 0.90 for CFI and NFI is
considered adequate (Byrne, 1994).
As was described in the procedure, statistical analyses were performed on a testconstruction and a validation subsample. In the test-construction subsample, the fit of the
most plausible model based on theoretical considerations was tested (confirmatory
analysis) and if necessary improved (exploratory analysis). Improvement was achieved by
using the Lagrange Multiplier test, which determines whether the specification of certain
parameters would lead to a better model in a subsequent EQS run. The goodness-of-fit of
the optimal model was then tested in the second population (validation subsample). The
model was accepted if the fit in the second subsample was adequate. The achievement of
fit in the second model minimised the chance that the fit acquired in the first model (after
re-specifications) was due to a capitalisation on chance factors.
For one of the scales (need for control) a revised procedure was used. Because the items of
the ‘need for control’ subscales are dichotomous, the revised scale was constructed
according to principles of the probabilistic test theory. An example of a statistical test
based on the probabilistic test theoryiii is the Mokken analysis (Mokken, 1971; Niemöller,
Schuur & Stokman, 1980), which can be used to evaluate existing scales or to construct
new ones. The psychometric qualities of the scale are determined by calculating a
goodness-of-fit or scalability coefficient (H) and a reliability coefficient (rho). This
coefficient can be used to evaluate a set of items thought to be a scale and/or for
constructing a scale from a given pool of items. Mokken and Lewis (1982) propose the
following criteria for scalability: H < .30 = no scale; 30 = H <40 = weak scale; 40 = H
<.50 = medium scale; H = .50 = strong scale. The scalability of whole scales (H) as well as
separate items (H(i)) can be judged by this criterion and a reliability coefficient (rho) can
be calculated for a set of items. Values over .70 indicate a reliable scale (Niemöller et al.,
1980). The Mokken analysis was carried out using a software program called MSP (Debets
& Brouwer, 1989; Sijtsma, Debets & Molenaar, 1990).
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Results
Reliability and mean values
As can be seen in table 1, all scales had a Cronbach's α of 0.70 or higher, except the
original subscales of ‘need for control’ (see table 1). Therefore, we decided to construct a
revised ‘need for control’ scale, using a Mokken analysis.
Construction of revised need for control
The results of the Mokken analysis are reported in table 2. Three out of the four subscales
had low scalabilities, and only one reliable subscale (inability to withdraw from
obligations) was found. The total scale (sum of all the items) may be considered reliable
(rho = 0.84), but it has a low scalability (H=0.21). These results confirm the findings of the
tests for internal consistency.

Table 1. Descriptive statistics and alpha coefficients for the Effort-Reward Imbalance Questionnaire (original
and revised subscales: n=775) and MOS SF-20 subscales (n=226).
n items
M
S.D.
(Sub)scale
α
6
10.9
3.0
0.71
Extrinsic effort
Reward
Status control
6
19.9
3.6
0.70
Esteem reward
5
17.5
3.1
0.77
Monetary Gratification
1
3.6
0.8
Need for control (Intrinsic effort)
Need for approval
6
3.5
1.4
0.43
Competitiveness
6
1.5
1.5
0.59
Time pressure
8
2.8
1.7
0.54
Inability to withdraw from obligations
9
3.4
2.3
0.68
Total scale (Need for control)
29
10.5
5.4
0.82
Revised need for control
9
2.4
2.5
0.81
Health measures
MOS SF-20
Physical functioning
Role functioning
Social functioning
Mental health
Health perceptions
Pain

6
2
1
5
5
1

73.7
66.7
62.0
70.1
71.6
32.6

27.9
43.2
26.8
20.6
19.3
32.5

0.76
0.81
0.88
0.78
-
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Table 2. Scalability (H) and reliability (rho) of the four original need for control subscales and a total scale
score, as is provided by the Mokken test-procedure (test-construction subsample (n=367)).

subscale

(H)

rho

Need for approval (NFA)
Competitiveness (COM)
Disproportionate irritability (DI)
Inability to withdraw from obligations (IWO)

0.12
0.31
0.22
0.28

0.39
0.66
0.58
0.73

Total scale “need for control”

0.21

0.84

The analysis was continued by conducting an explorative procedure to find subscales
with acceptable scalabilities and reliabilities. The following criteria were applied to
the scales and separate items: H(i) = 0.30; H = 0.40; n items = 3; rho =0.70. This
procedure lead to the construction of only one scale (see table 3) with a scalability (H)
of 0.45 and a reliability (rho) of 0.84. The quality of this scale was then confirmed by
using the validation subsample within which both scalability and reliability were still
above the proposed criteria (H = 0.40 and rho = 0.81). Cronbach's α calculated over
the entire population was 0.81, also indicating a satisfactory internal consistency. For
the revised (9 items) version of the scale, we find a Cronbach's α of .81 which is
slightly lower than the Cronbach's α of the 29 item version (.84). This difference is
quite acceptable, because based on the Spearman-Brown formula, a reduction from 29
to 9 items should decrease the alpha by .22. We only found a .03 reduction. Thus, the
practicality of the scale has been improved at minimal loss of information and
reliability.

Table 3. The item numbers, mean scores and scalability (H(i)) of the separate items of the revised need for
control scale (test-construction subsample (n=367)).

Item

scale Content

Mean(i H(i)

3
14
12
17
29

DI
DI
COM
NFA
IWO

0.13
0.15
0.18
0.26
0.27

0.46
0.38
0.36
0.38
0.39

24
10
15
16

IWO
IWO
IWO
IWO

0.30
0.39
0.40
0.41

0.47
0.43
0.39
0.40

Even the slightest interruption bothers me
I can get furious if someone doesn’t understand me the first time
I don’t let others do my work
I only feel successful when I perform better than I expected
If I put off doing something that needs to get done today,
I’ll have trouble sleeping at night
Work is usually still on my mind when I go to bed
I start thinking about problems as soon as I get up in the morning
When I get home, I can easily relax and forget all about work
People close to me say I sacrifice too much for my job

DI = Disproportionate Irritability, COM = Competitiveness, NFA = Need for Approval, IWO = Inability to
withdraw from obligations.

Factorial validity of extrinsic effort, reward and need for control
The factorial validity was assessed by performing a first order confirmatory factor analysis
on the test-construction subsample using EQSiv. The fit of the following models was tested
(see figure 1 and table 4):
Extrinsic effort: It was tested whether the six items of extrinsic effort all loaded on a single
latent variable. This model (M1) achieved acceptable fit (CFI* = .95), and fitted the data
better than the null model (∆χ2 < 0.001).
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Reward: The fit of three models was tested: A model (M2) in which all items loaded on a
single latent variable, and as hypothesised by Siegrist, a model (M3) with two latent
variables: ‘status control’ and ‘esteem reward’ and a third dimension (single item):
‘monetary gratification’. Covariance was allowed between the three dimensions, and a
model (M3a) in which three error terms were allowed to correlate. The items that were
allowed correlated errors were: item 12: (from the ‘status control’ subscale (“Do you
experience or expect an undesirable change in your job situation?), item 13 (from the
‘status control’ subscale: “Has job redundancy recently affected your work colleagues”)
and item 14 (also from the ‘status control’ subscale: “Is your own job security poor”). M3a
had the best fit (CFI* = .97), and was significantly better than M2 (∆χ2 < 0.001).
Need for control: This model (M4) reflects the nine items of the revisedv scale ‘need for
control’ loading on the same first order latent variable. The model achieved acceptable fit
(CFI* = 0.92) after 2 pairs of error terms (E3,E12 and E14,E17, see table 3 for respective
items) were allowed to correlate (M4a), and was significantly better than the null model
(∆χ2 < 0.001).
Models M1, M3 and M4 were also tested in the test validation subsample. Again, the fit of
models M3 and M4 was improved by allowing correlated errors (M3a and M4a). The
Lagrange Multiplier test revealed that the same correlated errors should be allowed for M3a
(reward) but not for M4a (need for control). The test of model 4a in the test validation
subsample achieved adequate fit after three error terms (E24,E10; E24,E15 and E10,E15,
see table 3) were allowed to correlate. These items refer to the inability to withdraw from
obligations, in contrast to the items of the correlated errors in model 4a.
Summarising, the high values of the ‘goodness-of-fit’ indices, demonstrate adequate
factorial validity for ‘extrinsic effort’, ‘reward’ and ‘need for control’. For ‘reward’ and
‘need for control’, fit was reached after allowing correlated errors indicating common
variance between the items not reflected by the latent factor. The Lagrange Multiplier test
in the validation subsample reveals the same correlated errors for ‘reward’ (M3a) but not
for ‘need for control’ (M4a). The results increase the confidence in the error
intercorrelations for reward (M3a), but not for revised need for control (M4a).
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Table 4. Comparison of factorial models representing extrinsic effort, reward and need for control (see figure
1).
df ∆χ2
NFI CFI AGFI RMSR S-B χ2 CFI*
χ2
Model
Test-construction subsample (n=367)
M0: Null model extrinsic effort
327.85
M1: extrinsic effort (1 latent variable)
26.86

15
9

<0.001 0.91

0.94

0.94

273.34
0.026 21.05

0.95

M0: Null model reward
M2: reward (1 latent variable)
M3: reward (3 separate factors)
M3a: reward with correlated errors

1095.19
440.60
182.11
98.45

66
54
52
49

<0.001
<0.001
<0.001

0.54
0.84
0.94

0.62
0.87
0.95

0.75
0.88
0.93

0.151
0.060
0.034

625.90
281.74
125.37
67.53

0.59
0.87
0.97

M0: Null model need for control
M4: need for control (1 latent variable)
M4a: with correlated errors

909.69
163.58
96.58

36
27
25

<0.001 0.79
<0.001 0.88

0.84
0.92

0.81
0.89

714.70
0.013 133.89
0.012 82.32

0.84
0.92

Validation subsample (n=369)
M0: Null model extrinsic effort
M1: extrinsic effort (1 latent variable)

464.38
23.83

15
9

<0.001 0.95

.97

0.95

343.16
0.022 20.53

0.97

M0: Null model reward
M3: reward (3 separate factors)
M3a: reward with correlated errors

1385.93 66
336.26 52
130.64 49

<0.001 0.87
<0.001 0.92

0.89
0.94

0.88
0.91

775.65
0.088 267.98
0.051 91.32

0.81
0.94

M0: Null model need for control
M4: need for control (1 latent variable)
M4a: with correlated errors

841.41
203.21
76.92

<0.001 0.71
<0.001 0.90

0.78
0.93

0.76
0.92

638.17
0.017 154.45
0.015 61.77

0.79
0.94

36
27
24

M0 is in each case a test of the null model, M1 tests the factorial validity of extrinsic effort. M2 tests the
factorial validity of reward, in which all items load on a single factor. M3 tests the factorial validity of reward
with three separate foctors (covariance is allowed between the factors). M3a is the same as M3 with
correlated errors. M4 tests the factorial validity of need for control. M4a is the same as M4 with correlated
errors.
For all χ2, p < 0.001. The significant change in χ2 of each new model is tested against the preceding model
(sign. ∆χ2).

Congruent validity
Congruent validity was tested progressively by CFA in the test-construction
subsample: First, a model (M1) was tested in which ‘extrinsic effort’, ‘need for
control’, ‘status control’, ‘esteem reward’ and ‘monetary gratification’ formed
independent dimensions. The error correlations were derived from previous analyses
(see table 4). Second, in M2 all first order factors were allowed to load on a single
second order factor that can be conceived as “work stress” (see figure 1). M2a
included three new correlations between error termsvi. Each new model was expected
to have a better fit than the preceding model. For instance, the final model (M2a) was
expected to have the best fit, followed by (M2) etc. The goodness-of-fit estimates are
shown in table 5. As anticipated the chi-square statistic of the null-model (M0) was
very high indicating excessive malfit. The fit of the second model (M1) improved
significantly, as indicated by (∆χ2). However, only the fit of M2a was adequate. The
final model (M2a) also had an adequate fit in the validation subsample, hence
confirming congruent validity (table 5). The Lagrange Multiplier test in the validation
subsample reveals the same correlated errors for ‘reward’ (M2a), increasing the
confidence in the error intercorrelations.
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Table 5. Determining the congruent validity of effort, reward and revised need for control (sub)scales, by
performing a second order CFA using the test-construction and validation subsamples (see figure 2).
df
sign
NFI CFI AGFI RMSR S-B χ2 CFI*
χ2
Model
2
effort, reward &
∆χ
need for control
test-construction
subsample (n=367)
M0: Null model
2700.84 351
2136.3 M1: 5 factor CFA
902.94 319 <0.001 0.73 0.75 0.79 0.09 743.62 0.76
M2: 5 1st order factors and
604.73 315 <0.001 0.86 0.88 0.86 0.03 504.86 0.89
1 2nd order factor
M2a (with 3 correlated errors) 558.83 312 <0.001 0.88 0.90 0.86 0.03 467.92 0.91
validation
subsample (n=369)
M0: Null model
2960.61 351 M2: 5 1st order factors and
619.42 315 <0.001 0.73 0.75 0.79
1 2nd order factor
M2a (with 3 correlated errors) 321.47 312 <0.001 0.89 0.90 0.88

0.09

2314.0 743.62 0.90

0.06

237.46 0.91

M0 is in each case a test of the null model. M1 is a test of the independence of extrinsic effort, status control,
esteem reward, monetary gratification and revised need for control (5 factor model). The 5 factors are not
allowed to load on each other. M2 In this model the factors in M1 load on a second order factor. M2a is the
same as M2, except three error terms were allowed to correlate.
The significant change in χ2 for each new model is tested against the preceding model (sign. ∆χ2). For
all χ2, p < 0.001.

Summarizing, the model with the best fit was the model in which the effort, reward
and need for control subscales were allowed to load on a single second order factor
(work stress), confirming congruence.
In the introduction of this paper it was mentioned that subjectively experienced health
was measured in addition to ‘extrinsic effort’, ‘reward’ and ‘need for control’.
Subjectively experienced health was used as a second order factor in the final analysis
of this paper. Before that final model was tested, an assessment, performed in 3 steps
(table 6), was made to determine the factor structure of subjectively experienced
health. First, the null-model (M0) was tested. Then, convergence of all factors on one
second order factor was assessed (M1). This model obtained an adequate fit after respecification of the errorsvii (M1a). All six subscales load on the same second order
factor ‘health’, indicating congruent validity (table 6).
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Table 6. Determining the congruent validity of the MOS SF-20 subscales by performing a second order CFA
on a sub-population that also filled out this questionnaire (n=226).
Chi2
df
sign
NFI CFI AGFI RMSR S-B χ2 CFI*
Model
2
∆χ
health (MOS SF-20)
M0: Null model
2073.86 190
1806.30 M1: 2nd order CFA
432.86
166 <0.001 0.84 0.86 0.78 0.09
405.13 0.85
M1a
348.91
164 <0.001 0.89 0.90 0.82 0.09
326.21 0.90
M0 is a test of the null model. M1 is a test for one underlying latent variable (second order CFA model).
M1a is the same as M1, but it also allows covariance between a number of error terms.
The significant change in Chi-square of each new model is tested against the preceding model (sign.
∆χ2). For all χ2, p < 0.001.

Ext.
effort

Esteem
reward

Status
control

Work
stress

Mon.
gratificat.

Need for
control

Figure 1. Representation of the model used to test the fit of a model in which extrinsic
effort, esteem reward, status control, monetary gratification, and need for control
load on the second order factor work stress (see M2 in table 5). Error terms are not
shown in the figure. Ext. = extrinitic; Mon. gratificat = monetary gratification.
Content validity
To determine content validity, the (Pearson’s -r) intercorrelations between the subscales of
the Effort-Reward Imbalance Questionnaire was calculated. The results are given in table
7, and show moderate to high intercorrelations for ‘extrinsic effort’, ‘status control’, and
‘esteem reward’, indicating some overlap (in content) between these scales and subscales.
‘Need for control’ had a low correlation with the other subscales, which suggests hardly
any overlap with the other (sub)scales.
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Nearly all subscales of the MOS SF-20 are significantly intercorrelated, except for the
correlation between physical functioning and mental health and between mental health and
pain. Therefore it can be concluded that most of the MOS SF-20 subscales are conceptually
related.
The correlations between the Effort-Reward Imbalance (sub)scales and those of the MOS
SF-20 varied between -0.40 and +0.27, indicating a weak to moderate overlap between a
number of the subscales (table 7). This is in accordance to what may be theoretically
expected. ‘Extrinsic effort’, ‘reward’ and ‘need for control’ and subjectively experienced
health were distinguishable, but not totally independent constructs. More specifically, a
high ‘extrinsic effort’ was associated with a lower well-being and in general a high
‘reward’ was related to higher well-being.
The original ‘need for control’ subscales and the revised scale were both positively
correlated with social functioning and negatively with ‘physical functioning’, ‘mental
health’ and ‘health perceptions’. Both the original and revised ‘need for control’
(sub)scales correlated highly positive with each other (r = 0.90).
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Table 7. Correlation matrix (Pearson’s -r) of the ERI and MOS SF-20 subscales (n=226).
EE
SC
ER MG NfC
R-NfC
PF
RF
SF
MH
EE
SC
-0.36*
ER
-0.39* 0.56*
MG
-0.20* 0.39* 0.39*
NfC
0.10
0.01 -0.12* -0.04
*
-0.01 -0.13* -0.05 0.90*
R-NfC 0.13

HP

P

PF
-0.15* 0.04 0.10 0.10 -0.39* -0.40*
RF
0.07
-0.14* 0.10 0.08 -0.05 0.06
0.51*
*
*
*
*
*
SF
0.16 0.14 -0.03 0.20
0.18
0.38* 0.53*
-0.14
*
*
*
*
*
MH
0.08
-0.20
0.21* 0.44*
0.24 0.27 0.00 -0.14 -0.13
*
*
*
HP
0.27 0.24 0.08 -0.02 -0.06
0.22* 0.31* 0.38*
-0.27
0.34
*
*
P
0.00 -0.11 -0.03 0.04
0.04
0.15
-0.58 -0.45* -0.32* -0.08 -0.35*
EE = Extrinsic Effort, SC = Status Control, ER = Esteem Reward, MG = Monetary Gratification, NfC =
need for control, R-NfC = revised need for control, PF = Physical Functioning, RF = Role Functioning, SF =
Social Functioning, MH = Mental Health, HP = Health Perceptions, P = Pain. 2-tailed significance; * = p
<0.05

The Pearson’s -r correlations show that ‘extrinsic effort’, ‘reward’ and ‘need for
control’ are not totally independent.
Finally, the tests of congruent validity were concluded by assessing the fit of two
models: 1) a model (M1) with two second order factors ‘work stress’ and ‘health
functioning’ and no covariance between the two second order factors, and 2) the same
as M1 but allowing for covariance between the second order factors (table 8).
The first model did not adequately fit the data. The second model (M2, see figure 2) in
which covariance between the second order factors was allowed, shows an
improvement in fit (p = 0.039). However the model does not fit the data (goodness of
fit indices are below 0.90). Due to the absence of sufficient theoretical support (as to
which factors are allowed to cross-load) it did not seem appropriate to re-specify the
second model to obtain a better fit. The fit of a model that allows covariance between
the second order factors but no covariance between the first order factors was not
confirmed, indicating that both instruments were not totally independent.
Table 8. Determining (content) validity by performing a confirmatory factor analysis on effort, reward and
revised need for control as well as health functioning (MOS SF-20) (n=226).
df
sign
NFI CFI AGFI RMSR S-B χ2 CFI*
χ2
Model
2
∆χ
effort-reward and
health
M0: Null model
5361.03 1081 4717.12 M1: 2nd order CFA
1820.81 1019 <0.001 0.80 0.81 0.71 0.08
1646.03 0.83
independent
M2: 2nd order CFA
1816.56 1018 0.039 0.80 0.81 0.71 0.08
1642.81 0.83
dependent
M0 is a test of the null model. M1 is a model with two second order factors (‘work stress’ and ‘health’). No
covariance is allowed between the factors of the Effort-Reward Imbalance Questionnaire (extrinsic effort,
status control, esteem reward, monetary gratification and need for control) and the MOS SF-20 (physical
functioning, role functioning, social functioning, mental health, health perceptions and pain). There is no
covariance between the latent factors. Error correlations are the same as in previous models. M2 is the same
as M1, only covariance is allowed between the second order factors. The factors of the Effort-Reward
Imbalance Questionnaire and the MOS SF-20 are not allowed to cross-load. For all χ2, p < 0.001.
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Figure 2. Representation of the model used to determine content validity. Covariance
is allowed between the second order factors health functioning and work stress (see
M2 in table 8).
On the whole, the effort-reward imbalance questionnaire as well as the MOS SF-20 form
coherent clusters as is indicated by congruence (congruent validity, table 5 and 6). A model
that tested the independence of the effort-reward imbalance as well as the MOS SF-20
factors, although allowing for covariance between the second order factors, did not fit the
data (see table 8). This indicates that more covariance between the factors (other than
between the second order factors) is probable.

23

Chapter 2. Validity and reliability of the Dutch ERI Questionnaire

Discussion
In this paper the reliability, factorial validity, congruent validity and content validity of the
Effort-Reward Imbalance Questionnaire was assessed. In accordance with the theory,
‘extrinsic effort’ as well as ‘reward’ (‘status control’, ‘esteem reward’ and ‘monetary
gratification’) were both factorially valid (table 4). Yet, a slight weakness was found
amongst the items of the ‘status control’ subscale. More specifically, structural equation
modelling revealed three items of this scale to have correlated errors. This means that the
items have a shared communality that is absent in the factor they load on. Remarkably, the
items with shared error variance all refer to job insecurity (e.g. “Do you experience or
expect an undesirable change in your work situation?”), whilst the factor they are supposed
to load on (‘status control’) entails more than just job security. The importance of these
intercorrelations were supported by the test in the validation subsample: The same
intercorrelations between error terms improved the fit of the model, which was otherwise
inadequate. Therefore, in future studies, it might be fruitful to consider job security as a
separate factor of job demands, particularly because future job insecurity has shown to be a
major stressor (Hartley et al., 1991).
The original ‘need for control’ subscales revealed low reliabilities and scalabilities.
Considering the low reliabilities found in the study reported by Matschinger et al., (1986),
these results are not totally surprising. Thus, we concluded that these subscales of ‘need for
control’ should not be used in further analyses. Consequently, a revised ‘need for control’
scale was constructed using a Mokken test-procedure for dichotomous items. A single scale
with an acceptable reliability and scalability was identified. To enable comparisons with
the other scales of the effort reward imbalance scales, a CFA was also performed on the
revised ‘need for control’ scale. An acceptable fit was achieved after some error terms were
allowed to correlated. The validation subsample revealed other correlated errors than the
test-construction subsample. This reduces the confidence in the contribution of these items
to the construct ‘need for control’. Future studies should reassess the factor structure of
revised ‘need for control’ to increase the confidence in this scale.
The content (or external) validity of ‘need for control’ (e.g. using more objective
measures) also has to be determined in future research. Both the 29 item and the
revised (9-item) scale for ‘need for control’ are strongly associated with subjectively
experienced health. To date, only the 29 item scale has been tested in a longitudinal
study to predict future cardiovascular disease. Although we expect the revised scale
also to be associated with cardiovascular disease, this link should also be empirically
verified. To achieve this, a longitudinal design is needed and until then, no definitive
conclusions about external validity can be drawn. In statistical terms it has been
determined that the revised ‘need for control’ scale is a one-dimensional construct.
We may also conclude that the scale measures the same construct as the original scale,
because both have comparable correlations with other variables (table 7) as well as a
high intercorrelation. However, the revised subscale has better psychometric
characteristics, and is therefore to be preferred. It is strongly recommended that future
studies should apply a Mokken analysis to determine the reliability of the
dichotomous items, as presented in this paper. This analysis method is superior to
other more traditional techniques using Cronbach’s alpha (see the “data analysis”
section of the method).
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Our assessment of congruent validity and content validity allow a few conclusions.
The fit of a model in which the effort-reward imbalance subscales load on one
common factor is adequate, indicating congruence (table 6). The results also show that
‘reward’ and ‘extrinsic effort’ are slightly correlated (albeit negatively), suggesting
that ‘extrinsic effort’ and ‘reward’ may have some communality (table 5). A model
(see table 8), in which the effort-reward imbalance and MOS SF-20 subscales were
only allowed second order covariance did not fit the data. Therefore, we concluded
that covariance between the factors should be allowed, if the model were to fit. This
suggests that the (sub)scales of the Effort-Reward Imbalance Questionnaire are
interrelated and a closer look at the formulation of the items may partly explain this
overlap. The subjects were asked to rate ‘how distressing’ certain effortful and
rewarding aspects of their work were, and because in both cases a ‘distress’ rating was
given, it seems plausible that ‘effort’ and ‘reward’ do have something in common. It
could be argued that what is actually measured is the amount of ‘distress’ caused by
‘effort’ and ‘reward’ rather than perceived ‘effort’ and ‘reward’ during work. Future
research should focus on this conceptual overlap and also try to identify exactly which
dimensions of the model are related with health functioning. Efforts should be made
to reformulate the items, avoiding the conceptual overlap with distress. Items should
be constructed so that they are less susceptible to individual variation. In this respect,
Frese and Zapf (1988) propose formulating items using indices of frequency rather
than reflecting subjective feelings. For example, in the present study, subjects had to
reply to the effort item “I have constant time pressure due to heavy workload” on a
severity scale ranging from “not at all distress” to “very distressed”. Instead of rating
their perceived level of distress, they could rate how often they experienced time
pressure (e.g. everyday, once a week, once a month etc.).
A drawback of the present study is that the content validity of the Effort-Reward Imbalance
instrument is best tested by more objective measures like biomedical events (e.g.
myocardial infarct and other vascular incidents), physiological changes (autonomic
activation) and performance data (measurement of work output etc.), and not solely by
psychometric analyses as is the case here. Theoretically, a high ‘extrinsic effort’ and ‘need
for control’ as well as a low ‘reward’ should be associated with negative emotions and with
an activation of the autonomic nervous system. Although this requires intensive
measurement techniques, any future attempts to investigate the construct validity should
include them. Because the construction of the revised ‘need for control’ scale is based
solely on psychometric analyses, determining it’s relation with external criteria (such as
negative emotions and physiological state) might increase the acceptance of the scale.
Moreover, this will increase the validity of the scale both nationally and internationally.
In spite of these remarks we may conclude that ‘effort’ and ‘reward’ are constructs that
measure extrinsic factors in the work environment, such as interruptions and disturbances
during work, viz. ‘reward’ (salary, job prospects etc.). Socio-emotional and motivational
aspects that determine ‘need for control’ are also part of the global effor-reward imbalance
construct, and measure intrinsic factors. These extrinsic and intrinsic aspects of the work
environment have been shown to determine persistence under environmental demands and
may also determine an individual’s perception of health complaints (Watson &
Pennebaker, 1989).
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In sum, the following recommendations can be given to increase the instrument’s practical
use in future studies: a) Job security should be reflected as a separate dimension in future
adaptations of the questionnaire. b) The need for control scale has been shortened. Its
reliability should be assessed by performing a Mokken analysis. Its predictive validity for
cardiovascular disease should be determined in a longitudinal study. c) The items of the
effort and reward subscales should be rephrased, in order to decrease the variability caused
by differences in subjective perceptions between subjects. Rather than asking subjective
rating of work experiences, the items should reflect more quantifiable aspects of the work
environment.
Considering the constitution of the population of the present study, it seems reasonable to
conclude that Effort-Reward Imbalance is not solely restricted to blue-collar workers, but
also to white-collar workers and occupations in the service sector, as has been seen in
several international studies using the effort-reward imbalance questionnaire (Peter &
Siegrist, 1997; Siegrist et al., 1990; Siegrist et al., 1997). The Dutch translation of the
Effort-Reward Imbalance Questionnaire therefore, seems an adequate self-report measure
to assess the level of imbalance due to the work environment. Additionally, it may even
prove to be relevant for an explanation of self reported health and well being. For example,
Stansfeld et al. (1998) have shown aspects of effort and reward at work to be related to
health functioning. However, their method to determine effort and reward was not
standardised, making a replication of their results difficult. We expect an application of the
effort-reward imbalance questionnaire to solve the problems of comparability between
studies, and other methodological issues (Zapf et al., 1996). Finally, given it’s predictive
power for objective health measures, the effort-reward imbalance questionnaire seems a
promising instrument for future use in this field.
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Footnotes
i

EQS is statistical software for structural equation modelling (Bentler, 1989)

Corrected Comparative Fit Index (CFI*) based on Satorra-Bentler χ2 fit for the null
model
= 1- max[(χ20 - df0), 0] max[ (χ2k -dfk) , (χ20 -df0), 0] where df0 = degrees of freedom
for the null model, dfk = degrees of freedom for the hypothesised model, χ20 = chisquare for the null model and χ2k = chi-square for the hypothesised model (Hu &
Bentler, 1995).
ii

iii

This model can be viewed as a probabilistic version of GUTTMAN scales analysis
for dichotomous items or as a nonparametric approach to item response theory.
Another example of an item response model (although parametric) is the Rasch model
(Rasch, 1960), often used for the scaling of questionnaires with dichotomous items.
iv

EQS is statistical software for structural equation modelling (Bentler, 1989)

v

The factor structure of revised need for control was already been tested by means of
Mokken analysis. For reasons of comparability with the other scales, a CFA was also
performed.
vi

The errors that were allowed shared variance belong to items 9 and 10 (from the
‘esteem reward’ subscale), items 4 (from the ‘extrinsic effort’ subscale) and 6 (from
the ‘need for control’ scale), and items 5 and 2 (from the ‘extrinsic effort’ subscale).
vii

The error of items 12 and 10 (mental health) and of items 20 and 13 (social
functioning and mental health) were allowed to correlate.
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VDPSOLQJ RUDIWHUDQHYHQW HYHQWVDPSOLQJ 7KHPRVWFRPPRQTXHVWLRQVDUHDERXWWKH
VXEMHFW¶VORFDWLRQDFWLYLWLHVWKRXJKWVPRRGDQGSHUFHLYHGVWUHVV,QDGGLWLRQWRWKLV
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SV\FKRELRORJLFDOYDULDEOHV HJFRUWLVROEORRGSUHVVXUHDQGKHDUWUDWH PD\DOVREH
PHDVXUHG7RGDWH(60DQG(0$DUHXVHGLQDZLGHUDQJHRIVWXGLHVVHH'HOHVSDXO
 DQG6WRQHDQG6KLIIPDQ  IRUH[WHQVLYHUHYLHZV
$VZDVPHQWLRQHGDERYHXQGHUVWDQGLQJWKHZLWKLQGD\G\QDPLFVRIZRUNVWUHVVDQG
DIIHFWPD\KHOSFODULI\WKHDVVXPHGFRPSOH[UHODWLRQVKLSEHWZHHQVWUHVVDIIHFWDQG
KHDOWK7KH(IIRUW5HZDUG,PEDODQFH (5, WKHRU\ 6LHJULVWD SURYLGHVDPRGHOIRU
HQGXULQJZRUNVWUHVVUHVXOWLQJIURPORZUHZDUGFRQVLGHULQJWKHGHPDQGHGHIIRUWV7KH
ZRUNVWUHVVWKHRU\VWDWHVWKDWFRQGLWLRQVRIKLJKHIIRUWDQGORZUHZDUGLQGXFHDGYHUVH
HPRWLRQDOFRQVHTXHQFHV+RZHYHUSV\FKRORJLFDO DQGSK\VLRORJLFDO VWDWHYDULDEOHVKDYH
QRW\HWEHHQVSHFLILHGE\WKHHIIRUWUHZDUGLPEDODQFHWKHRU\,QWKHSUHVHQWVWXG\ZLWKLQ
GD\DVVHVVPHQWVRIGHPDQGVDWLVIDFWLRQZHUHXVHGWRPHDVXUHHIIRUWDQGUHZDUG
WKURXJKRXWWKHGD\DWZRUNDQGDWKRPH,WFDQEHDUJXHGWKDWSHUFHLYHGGHPDQGDQG
VDWLVIDFWLRQWKURXJKRXWWKHGD\UHSUHVHQWWKHVLWXDWLRQGHSHQGHQWRUVWDWHOLNHFRXQWHUSDUWV
RIHIIRUWDQGUHZDUGUHVSHFWLYHO\8VLQJGHPDQGDQGVDWLVIDFWLRQLQGDLO\OLIHWRUHIOHFW
VWUHVVIXODVSHFWVRIWKHHQYLURQPHQWZDVDOVRSHUIRUPHGE\5HLFKDQGFRZRUNHUV 5HLFK
=DXWUD5HLFKHWDO 7KHVHDXWKRUVUHIHUWRGHPDQGDQGVDWLVIDFWLRQDV
³HQYLURQPHQWLQLWLDWHG´ LHVLWXDWLRQGHSHQGHQW DQGYDU\VWURQJO\WKURXJKRXWWKHGD\
7DXE %HUJHU:DWWVHWDO DQGEHWZHHQGD\V 5RVVL 5RVVL6WRQH
HWDO ,QRWKHUZRUGVWRDFFHSWGHPDQGDQGVDWLVIDFWLRQDVYDOLGVWDWH
UHSUHVHQWDWLRQVRIHIIRUWDQGUHZDUGZHH[SHFWDODUJHZLWKLQGD\DQGGDLO\YDULDQFHDQG
VRPHRYHUODSZLWKUHODWHGYDULDEOHVDWWKHVXEMHFWOHYHO
)XUWKHUPRUHDVWKH(5,WKHRU\VWDWHVWKDWDKLJKLPEDODQFHZLOOFDXVHSV\FKRORJLFDO
GLVWUHVVZHPD\H[SHFWWKDWWKLVZLOOEHUHIOHFWHGLQQHJDWLYHDQGSRVLWLYHPRRGDV
PHDVXUHGGXULQJWKHGD\ VHHDOVR5HLFKHWDO 1HJDWLYHPRRGVKRXOGDOVREH
SUHGLFWHGE\WKHWUDLWQHJDWLYHDIIHFW YDQ(FN ZKLOVWZLWKLQGD\PHDVXUHPHQWVRI
SRVLWLYHPRRGVKRXOGEHUHODWHGWRSRVLWLYHZHOOEHLQJ 5HLFKHWDO 5HLFKHWDO
DUJXHWKDWHPRWLRQDOUHVSRQVHV HJGHVLUHV DUH³VHOILQLWLDWHG´ LHVXEMHFWGHSHQGHQW
DQGYDU\OHVVDFURVVPXOWLSOHPHDVXUHPHQWV)LQDOO\(JORII (JORIIHWDO KDYH
VKRZQQHJDWLYHPRRGWRSHDNGXULQJWKHZHHNDQGSRVLWLYHPRRGWRSHDNGXULQJ
ZHHNHQGV7KLVHIIHFWZDVDWWULEXWHGWRWKHDEVHQFHRIXQZDQWHGHYHQWVDQGVLWXDWLRQV
GXULQJZHHNHQGV7KHVHDXWKRUVGLVWLQJXLVKHGWZRFRPSRQHQWVRISRVLWLYHPRRGDQ
DFWLYDWLRQDQGDSOHDVDQWQHVVFRPSRQHQW7KHDFWLYDWLRQFRPSRQHQWRISRVLWLYHPRRG
SHDNHGLQWKHDIWHUQRRQZKLOVWWKHSOHDVDQWQHVVFRPSRQHQWSHDNHGLQWKHHYHQLQJ
&RQVLGHULQJWKHDERYHLWLVK\SRWKHVLVHGWKDWWKHGD\RIWKHZHHNEXWDOVRWLPHRIGD\
PD\KDYHDVLJQLILFDQWHIIHFWRQWKHVHZLWKLQGD\DQGGDLO\PHDVXUHPHQWVRIPRRG7KH
PRRGYDULDEOHVDUHWKHUHIRUHH[SHFWHGWREHVLWXDWLRQGHSHQGHQW
$VZDVPHQWLRQHGLQWKHEHJLQQLQJRIWKLVLQWURGXFWLRQDQDO\VLQJ(0$GDWDPHDQV
DGGUHVVLQJVRPHVSHFLILFLVVXHV7KHILUVWLVVXHHVWDEOLVKLQJWKHQXPEHURIOHYHOVLQWKH
GDWDLVFRPPRQWRDOOVWXGLHVXVLQJRQJRLQJZLWKLQGD\PHDVXUHPHQWV +HGHNHUHWDO
 ,IGDWDLVFROOHFWHGIURPDQXPEHURIVXEMHFWVWKURXJKRXWWKHGD\RYHUVHYHUDO
GD\VWKUHHµOHYHOV¶RIDQDO\VLVDUHGLVWLQJXLVKHG7KHOHYHOVDUHWKHVXEMHFWOHYHO
UHIHUULQJWRGDWDFROOHFWHGRQO\RQFH TXHVWLRQQDLUHV WKHGD\OHYHOUHIHUULQJWRGDWD
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FROOHFWHGRYHUVHYHUDOGD\VDQGWKHZLWKLQGD\OHYHOUHIHUULQJWRIUHTXHQWPHDVXUHPHQWV
ZLWKLQGD\V7KHUHSHDWHGZLWKLQGD\PHDVXUHPHQWLVWKHGHSHQGHQWYDULDEOH,IWKHUHLV
QRWHQRXJKYDULDQFHLQWKHGHSHQGHQWYDULDEOHDWDVSHFLILFOHYHOLWPDNHVQRVHQVH
GLVWLQJXLVKLQJLWDVDVHSDUDWHOHYHO)RUH[DPSOHOLWWOHRUQRYDULDQFHDWWKHGD\OHYHO
PHDQVWKDWWKHUHDUH YHU\OLWWOHRU QRGLIIHUHQFHVEHWZHHQGD\V2QWKHFRQWUDU\LIWKHUH
LVHQRXJKYDULDQFHDWDSDUWLFXODUOHYHOLWQHHGVWREHGLVWLQJXLVKHGDVDVHSDUDWHOHYHO,I
QRWDVKDVEHHQGRQHLVVRPHVWXGLHV +HGHNHUHWDOYDQ(FNHWDO6P\WK
HWDO FHUWDLQLQIRUPDWLRQPD\UHPDLQFRYHUHG
,QFOXGLQJDOOOHYHOVLQFUHDVHVWKHYDOXHRIWKHUHVXOWVEHFDXVHWKHFKDUDFWHULVWLFVRIWKH
GDWDVHWDUHDGHTXDWHO\DFFRXQWHGIRU)RUH[DPSOHLWLVSUREDEOHWKDWWKHVHOIUHSRUWV
PDGHE\WKHVDPHVXEMHFWDWWZRDGMDFHQWPRPHQWVDUHVLPLODU GHSHQGHQF\ ,QD
PXOWLOHYHODQDO\VLVVXFKGHSHQGHQF\ZLWKLQVXEMHFWV RUGD\V LVDFFRXQWHGIRU7KLV
UHGXFHVWKHULVNRI7\SH,HUURU LHELDVWRZDUGUHMHFWLQJWKHQXOOK\SRWKHVLV  6FKZDUW]
6WRQH 'LVWLQJXLVKLQJDOOK\SRWKHVLVHGOHYHOVHQDEOHVGHWHUPLQLQJDWZKLFKOHYHO
LHVXEMHFWGD\RUZLWKLQGD\V DQHIIHFWRFFXUVZKHQH[SODQDWRU\YDULDEOHVZHUH
LQWURGXFHG2PLWWLQJDVSHFLILFOHYHOPHDQVWKDWLWZLOOUHPDLQXQFHUWDLQZKHUHD
SDUWLFXODUHIIHFWOLHV
$VHFRQGUHODWHGLVVXHLVWRGHWHUPLQHKRZWKHYDULDQFHLVGLVWULEXWHGDFURVVWKHOHYHOV
7KLVLVVXHUHIHUVWRWKHFKDUDFWHULVWLFVRIDGHSHQGHQWYDULDEOH,IPRVWYDULDQFHLVDWWKH
VXEMHFWOHYHOH[SODLQLQJYDULDQFHDWWKLVOHYHOLQGLFDWHVGLIIHUHQFHVEHWZHHQVXEMHFWV
VXJJHVWLQJPRUHVWDEOHFKDUDFWHULVWLFVIRUWKDWYDULDEOH9DULDQFHDWWKHRWKHUWZROHYHOV
LQGLFDWHVGLIIHUHQFHVEHWZHHQGD\VRUZLWKLQGD\VVXJJHVWLQJOHVVVXEMHFWGHSHQGHQWDQG
PRUHVLWXDWLRQGHSHQGHQWFKDUDFWHULVWLFV
$WKLUGLVVXHLVWKHLQWURGXFWLRQRILQGHSHQGHQW H[SODQDWRU\ YDULDEOHV%\LQFOXGLQJ
H[SODQDWRU\YDULDEOHVWRWKHDQDO\VLVYDULDQFHDWHDFKOHYHOFDQEHH[SODLQHG2IVSHFLILF
LQWHUHVWFRXOGEHGHWHUPLQLQJWKHFRPPXQDOLW\EHWZHHQYDULDEOHVWKDWDUHUHODWHGDWD
FRQFHSWXDOOHYHO HJVLQJOH FURVVVHFWLRQDO DVVHVVPHQWVRIZRUNVWUHVVDQGDIIHFWYHUVXV
WKHLUZLWKLQGD\FRXQWHUSDUWV $OWKRXJKWKHKLJKHUOHYHOYDULDEOHVKRXOGH[SODLQYDULDQFH
RIWKHGHSHQGHQWYDULDEOH H[SUHVVLQJFRPPXQDOLW\ YDULDQFHDWWKHORZHVWOHYHOUHPDLQV
XQH[SODLQHG7KLVZRXOGMXVWLI\WKHXVHRIZLWKLQGD\PHDVXUHPHQWVLQDGGLWLRQWRVLQJOH
FURVVVHFWLRQDO PHDVXUHPHQWVRIWKHVDPHFRQVWUXFW
,QFRQFOXVLRQWKHIROORZLQJK\SRWKHVHVZLOOEHDQVZHUHG
  7KHYDULDQFHRIWKHUHSHDWHGO\PHDVXUHGGHSHQGHQWYDULDEOHVGHPDQGVDWLVIDFWLRQ
QHJDWLYHDQGSRVLWLYHPRRGLVGLVWULEXWHGRYHUWKUHHOHYHOVWKHVXEMHFWGD\DQG
ZLWKLQGD\OHYHOVHDFKOHYHODFFRXQWLQJIRUDVLJQLILFDQWSURSRUWLRQRIWKHWRWDO
YDULDQFH
  7KHYDULDEOHVGHPDQGVDWLVIDFWLRQQHJDWLYHPRRGDQGSRVLWLYHPRRGDUHVLWXDWLRQDO
GHSHQGHQW
  7KHYDULDEOHVGHPDQGVDWLVIDFWLRQQHJDWLYHPRRGDQGSRVLWLYHPRRGDUHDIIHFWHGE\
WLPHRIWKHGD\
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  7KHYDULDEOHVGHPDQGVDWLVIDFWLRQQHJDWLYHPRRGDQGSRVLWLYHPRRGDUHDIIHFWHGE\
ZRUNGD\VEHLQJDWZRUNDQGGD\RIWKHZHHN
  (IIRUWUHZDUGQHJDWLYHDIIHFWDQGSRVLWLYHZHOOEHLQJDUHUHODWHGWRGHPDQG
VDWLVIDFWLRQQHJDWLYHPRRGDQGSRVLWLYHPRRGUHVSHFWLYHO\
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0(7+2'
6XEMHFWV
6HYHQW\VHYHQVXEMHFWVDJUHHGWRSDUWLFLSDWHLQWKHSUHVHQWVWXG\7KLUW\VL[RIZKLFK
ZHUHKHDOWKSURIHVVLRQDOV PHDQDJH VG PDOHIHPDOH DQGZHUH
RIILFHFOHUNV PHDQDJH VG PDOHIHPDOH 
,QVWUXPHQWV
'LDU\PHDVXUHPHQWVRIGHPDQGVDWLVIDFWLRQQHJDWLYHPRRGSRVLWLYHPRRGWLPHRIGD\
DQGSUHVHQFHDWZRUN
:LWKLQGD\PHDVXUHPHQWVRIGHPDQGVDWLVIDFWLRQDQGPRRGZHUHFDUULHGRXWDFFRUGLQJ
WRWKH(60RU(0$ &VLNVHQWPLKDO\L /DUVRQ9DQ(FN'HOHVSDXO
6WRQH 6KLIIPDQ6P\WKHWDO XVLQJDGLDU\7KHGLDU\TXHVWLRQVZHUH
SUHVHQWHGWRWKHVXEMHFWVYLDDSDOPWRSFRPSXWHU +3/; WKDWEHHSHGDWVHPL
UDQGRPLQWHUYDOVWKURXJKRXWWKHGD\RYHUVHYHUDOGD\7KHGLDU\FRQWDLQHGWKUHHTXHVWLRQV
DERXWWKHSHUFHLYHGGHPDQGV HJ³6LQFHWKHODVWEHHS,ZDVLQWHUUXSWHGDORW´\HVQR 
$QDIILUPDWLYHDQVZHUVFRUHGSRLQWDQGGHQLDOVFRUHGSRLQWV,IWKH\DQVZHUHGWKH
TXHVWLRQDIILUPDWLYHO\WKHVXEMHFWVZHUHWKHQDVNHGWRUDWHKRZGLVWUHVVLQJWKLVZDVRQD
VFDOHUXQQLQJIURP ³1RWDWDOOGLVWUHVVHG´VFRUHGSRLQWVDQG³YHU\GLVWUHVVHG´
VFRUHGSRLQWV $VFRUHIRUDVLQJOHLWHPZDVREWDLQHGE\DGGLQJWKHVFDOHVFRUH  WR
WKHVFRUHREWDLQHGE\DQVZHULQJWKHILUVWTXHVWLRQ3HUTXHVWLRQDPD[LPXPRISRLQWV
DQGDPLQLPXPRISRLQWVFRXOGEHREWDLQHG7KHVFRUHVIRUWKHWRWDOGHPDQGVFDOHZHUH
REWDLQHGE\VXPPLQJWKHDQVZHUVRIWKHWKUHHLWHPVWRJHWKHUZLWKWKHVFRUHVRQWKH
\HVQRLWHPVOHDGLQJWRDPLQLPXPRISRLQWVDQGDPD[LPXPRI7RHQDEOH
FRPSDULVRQZLWKWKHPRRGVFDOHVWKHGHPDQGVFRUHVZHUHPXOWLSOLHGE\PDNLQJWKH
UDQJHVRIWKHVFDOHVHTXDO UDQJH  
7KH(60GLDU\FRQWDLQHGWZRTXHVWLRQVWKDWUHIHUUHGWRSHUFHLYHGVDWLVIDFWLRQ HJ
³6LQFHWKHODVWEHHSP\DFWLRQVKDYHEHHQUHZDUGLQJ´\HVQR 6FRUHVZHUHREWDLQHG
WKHVDPHZD\DVZDVGRQHIRUWKHGHPDQGVFDOH7KHVFRUHVIRUWKHWRWDOVDWLVIDFWLRQVFDOH
ZHUHREWDLQHGE\DGGLQJWKHDQVZHUVRIWKHWZRLWHPVWRJHWKHUOHDGLQJWRDPLQLPXPRI
SRLQWVDQGDPD[LPXPRI7RHQDEOHFRPSDULVRQZLWKWKHPRRGVFDOHVWKHGHPDQG
VFRUHVZHUHPXOWLSOLHGE\PDNLQJWKHUDQJHVRIWKHVFDOHVHTXDO UDQJH  
1HJDWLYHDQGSRVLWLYHPRRG HJ³,IHHOKDSS\´ ZHUHDOVRREWDLQHGXVLQJDQXPHULFDO
VFDOH UDQJLQJIURP³QRWDWDOO´WR³YHU\PXFK´ 7KHVXEMHFWVZHUHDVNHGWRUDWH
WKHLUPRRGXVLQJHLJKWPRRGDGMHFWLYHV)RXUIRUQHJDWLYHPRRGDQGIRXUIRUSRVLWLYH
PRRG7KXVWKHPLQLPXPVFRUHIRUHDFKPRRGVFDOHZDVDQGWKHPD[LPXPVFRUHZDV
 UDQJH  7KHLWHPVXVHGWRUDWHQHJDWLYHPRRGDUHVDGDQJU\XQKDSS\DQG
ZRUULHG3RVLWLYHPRRGZDVUDWHGXVLQJWKHLWHPVKDSS\SOD\IXOHQHUJHWLFDQGSOHDVHG
1HJDWLYHPRRGSRVLWLYHPRRGGHPDQGDQGVDWLVIDFWLRQDUHUHIHUUHGWRDVYDULDEOHV
PHDVXUHGDWWKHZLWKLQGD\OHYHO$VSHFLILFYDULDEOHDOVRREVHUYHGDWWKHZLWKLQGD\OHYHO
LV³WLPHRIGD\´:KHQHDFKVWDWHYDULDEOHZDVPHDVXUHGWKHWLPHRIGD\ZDVDOVR
UHFRUGHG7KHILUVWDVVHVVPHQWZDVDIWHUDPDQGWKHODVWEHHSZDVQRWODWHUWKDQ
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SP%\LQFOXGLQJDVHSDUDWHTXHVWLRQLQWKHGLDU\LWZDVDOVRGHWHUPLQHGZKHWKHU
VXEMHFWVZHUHDWZRUN FRGH  RUQRWDWZRUN FRGH  
'LDU\PHDVXUHPHQWVRIZRUNGD\DQGW\SHRIGD\
7KHGLDU\PHDVXUHPHQWVFRQWLQXHGRYHUVHYHUDOGD\VSRVVLEO\OHDGLQJWRGLIIHUHQWVFRUHV
HDFKGD\DQGEHWZHHQZRUNGD\VDQGGD\VRII7KHYDULDEOHµGD\¶LVFRQVLGHUHGD
VHSDUDWHOHYHOLQWKHDQDO\VLV:LWKLQWKHGD\OHYHOERWKZRUNGD\V YVGD\RII DQGGD\V
RIWKHZHHNZHUHGLVWLQJXLVKHGDVVHSDUDWHYDULDEOHV7KHVHYDULDEOHVZHUHWUDQVIRUPHG
LQWRGXPP\YDULDEOHV  ZRUNGD\ GD\RIIGD\VRIZHHN 0RQGD\7XHVGD\HWF
 6XQGD\ ,QPRVWFDVHV6DWXUGD\DQG6XQGD\ZHUHGD\VRIIDOWKRXJKDIHZKHDOWK
SURIHVVLRQDOVGLGKDYHWRZRUNRQRQHRIWKHVHGD\V:HHNGD\VZHUHDOVRXVXDOO\ZRUNLQJ
GD\VDOWKRXJKRFFDVLRQDOO\DIHZVXEMHFWVWRRNDGD\RIIGXULQJWKHZHHN
4XHVWLRQQDLUHDVVHVVPHQWVRI(IIRUWDQGUHZDUG
$VXEMHFWV¶SHUFHSWLRQRIHIIRUWDQGUHZDUGZDVPHDVXUHGXVLQJWKHLWHP'XWFK(IIRUW
5HZDUG,PEDODQFH4XHVWLRQQDLUH +DQVRQHWDO (IIRUWZDVPHDVXUHGE\VL[LWHPVWKDW
UHIHUWRGHPDQGLQJDVSHFWVRIWKHZRUNHQYLURQPHQW HJ³,KDYHFRQVWDQWWLPHSUHVVXUHGXHWR
DKHDY\ZRUNORDG´ ,IWKHVXEMHFWVDQVZHUHGWKHTXHVWLRQDIILUPDWLYHO\WKH\ZHUHWKHQDVNHG
WRUDWHWKHVHYHULW\RIWKLVUDQJLQJIURPQRWDWDOOGLVWUHVVHG SRLQW WRYHU\GLVWUHVVHG 
SRLQWV 1RDIILUPLQJWKHTXHVWLRQ LQGLFDWLQJWKHDEVHQFHRIµHIIRUW¶RUWKDWWKHTXHVWLRQZDV
RXWRIRUGHU DOVRVFRUHGSRLQW7KHVFRUHRIWKHHIIRUWVFDOHZDVGHWHUPLQHGE\VXPPLQJWKH
VFRUHVRIWKHVHSDUDWHLWHPV PLQVFRUH PD[VFRUH  5HZDUGZDVPHDVXUHGE\WZHOYH
LWHPVWKDWIRUPWZRVXEVFDOHVµHVWHHPUHZDUG¶ LWHPVHJ³,UHFHLYHWKHUHVSHFW,GHVHUYH
IURPP\FROOHDJXHV´ DQGµVWDWXVFRQWURO¶ LWHPVHJ³0\SURPRWLRQSURVSHFWVDUHSRRU´ 
7KHODVWLWHPLVUHIHUUHGWRDVµPRQHWDU\JUDWLILFDWLRQ¶ LWHP³&RQVLGHULQJDOOP\HIIRUWVDQG
DFKLHYHPHQWVP\VDODU\LQFRPHLVDGHTXDWH´ 7KHUHZDUGLWHPVZHUHVFRUHGLQWKHVDPH
ZD\DVWKHHIIRUWLWHPVVRWKDWDPLQLPXPVFRUHRISRLQWDQGDPD[LPXPVFRUHRISRLQWV
SHULWHPFRXOGEHREWDLQHG7KHVFRUHRIWKHUHZDUGVFDOHZDVGHWHUPLQHGE\VXPPLQJWKH
VFRUHVRIWKHVHSDUDWHLWHPV PLQVFRUH PD[VFRUH  $SV\FKRPHWULFDQDO\VLV
SHUIRUPHGRQWKHVFDOHVUHYHDOHGDJRRGLQWHUQDOFRQVLVWHQF\ &URQEDFK¶VDOSKD!VHH
+DQVRQHWDO 
4XHVWLRQQDLUHDVVHVVPHQWVRIQHJDWLYHDIIHFWDQGSRVLWLYHZHOOEHLQJ
1HJDWLYHDIIHFWZDVPHDVXUHGXVLQJD'XWFKWUDQVODWLRQRIWKH LWHP ZHOOEHLQJ
TXHVWLRQQDLUH %UDGOH\ /HZLV 7KHQHJDWLYHDIIHFWVFDOHFRQVLVWHGRI
VWDWHPHQWV HJ³,KDYHFU\LQJVSHOOVRUIHHOOLNHLW´ 6XEMHFWVLQGLFDWHGWKHH[WHQWWR
ZKLFKWKHVWDWHPHQWVDSSOLHGWRWKHP  QHYHUDSSOLHV DOZD\VDSSOLHV 7KHUDQJHRI
WKHVXEVFDOHZDV$SV\FKRPHWULFDQDO\VLVSHUIRUPHGRQWKHVFDOHUHYHDOHGD
VDWLVIDFWRU\YDOLGLW\DQGUHOLDELOLW\ &URQEDFK¶VDOSKD  IRUWKHQHJDWLYHDIIHFWVFDOH
'RRVMH *RGDHUW 7KHSRVLWLYHZHOOEHLQJVFDOHFRQVLVWHGRIVWDWHPHQWV HJ³,
KDYHWKHNLQGRIOLIH,ZDQWHG´ 6XEMHFWVLQGLFDWHGWKHH[WHQWWRZKLFKWKHVWDWHPHQWV
DSSOLHGWRWKHP  QHYHUDSSOLHV DOZD\VDSSOLHV 7KHUDQJHRIWKHVFDOHZDV
3RVLWLYHZHOOEHLQJDOVRKDGDKLJKDOSKD &URQEDFK¶VDOSKD  LQGLFDWLQJDJRRG
UHOLDELOLW\
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3URFHGXUH
2QWKHGD\EHIRUHWKHPHDVXUHPHQWVVWDUWHGVXEMHFWVZHUHDVNHGWRILOORXWTXHVWLRQQDLUHV
LQRUGHUWRPHDVXUHHIIRUWUHZDUGSRVLWLYHZHOOEHLQJDQGQHJDWLYHDIIHFWLYLW\$IWHUWKLV
WKHXVHRIWKHSRUWDEOHGLDULHV LPSOHPHQWHGLQDSDOPWRSFRPSXWHUVHH6RUELHWDO
 ZDVH[SODLQHG7KHGLDU\ZDVXVHGWRFROOHFWUDWLQJVRISHUFHLYHGGHPDQG
VDWLVIDFWLRQSRVLWLYHDQGQHJDWLYHPRRGWKURXJKRXWWKHGD\
7KHGLDU\RIWKHRIILFHFOHUNVHQDEOHGYDULDEOHUDWLQJVSHUGD\DQGWKHGLDU\RIWKH
KHDOWKSURIHVVLRQDOVHQDEOHGUDWLQJVSHUGD\$IWHUWKHRQHZHHNDVVHVVPHQWSHULRGWKH
GHYLFHVZHUHUHWXUQHGWRWKHLQYHVWLJDWRU,QERWKJURXSVGLDU\PHDVXUHPHQWVVWDUWHGDW
DPDQGFRQWLQXHGWLOOSP VHHZLWKLQGD\PHDVXUHPHQWV $WWKHHQGRIDOO
PHDVXUHPHQWVVXEMHFWVZHUHGHEULHIHGLQRUGHUWRGHWHUPLQHDQ\FRQIRXQGLQJIDFWRUV
GXULQJPHDVXUHPHQW
6RPHSUHFDXWLRQVZHUHWDNHQWRDVVXUHVXEMHFWFRPSOLDQFH
'HYLFHUHDFWLYLW\,QRUGHUWRUHGXFHQRQFRPSOLDQFHPDLQO\FDXVHGE\WKHGHYLFHXVHGWR
FROOHFWGDWD GHYLFHUHDFWLYLW\ DSDOPWRSFRPSXWHUZDVXVHGWRSURPSWWKHVXEMHFWV7KH
(0$TXHVWLRQVZHUHSUHVHQWHGRQWKHVFUHHQRIWKHSDOPWRSFRPSXWHUDQGVXEMHFWV
W\SHGWKHLUUHVSRQVHVLQWRWKHFRPSXWHU3DOPWRSFRPSXWHUVDUHEHFRPLQJTXLWHSRSXODU
DQGWKHVHGHYLFHVDUHVSHFLILFDOO\GHVLJQHGDVSRUWDEOHLQVWUXPHQWV0RVWVXEMHFWVZHUH
IDPLOLDUZLWKWKHGHYLFHDQGZHUHQRWUHOXFWDQW RURYHUFRQFHUQHG WRFDUU\LWDURXQGRU
WRXVHLW7KHPD[LPDOQXPEHURIEHHSVWKDWFRXOGEHJHQHUDWHGLQDVHYHQGD\SHULRGLV
 VXEMHFWV EHHSV GD\V  VXEMHFWV EHHSV GD\V 
6WHUHRW\SLFDOUHVSRQVHV7KHWHQGHQF\WRJLYHVWHUHRW\SLFDOUHVSRQVHVZDVUHGXFHGE\
DOWHUQDWLQJSRVLWLYHO\DQGQHJDWLYHO\IRUPXODWHGTXHVWLRQVDQGE\YDU\LQJWKHIRQWVDQG
VSDFLQJEHWZHHQWKHIRQWV VHH6RUELHWDO'HOHVSDXO+HGJHVHWDO
6WRQHHWDO 7KHFXUVRUDOVRDSSHDUHGDWUDQGRPORFDWLRQVRQWKHVFUHHQZKHQ
VXEMHFWVKDGWRUHVSRQGE\W\SLQJLQDQXPEHURQDQXPHULFDOVFDOH)RUH[DPSOHZKHQ
VXEMHFWVKDGWRUDWHWKHLUPRRGRQDVFDOHIURPWKHFXUVRUGLGQRWDOZD\VDSSHDUDW
WKHOHIWRIWKHVFUHHQ RQQXPEHU ,WZDVUDQGRPO\DOORFDWHGWRRQHRIWKHVFRUHVRQWKH
VFUHHQDIWHUHDFKPRRGLWHPVZDVSUHVHQWHG7KLVVWUDWHJ\IRUFHVVXEMHFWVWRWKLQNDELW
ORQJHUDERXWWKHGHVLUHGDQVZHUEHFDXVHPRYLQJWKHFXUVRUUHTXLUHGFRQVFLRXV
LQIRUPDWLRQSURFHVVLQJ7KLVLVH[SHFWHGWRUHGXFHWKHULVNRIVWHUHRW\SLFDODQVZHUVPRUH
OLNHO\WRRFFXULIVXEMHFWVPHUHO\SUHVVWKHEXWWRQVRQWKHSDOPWRSFRPSXWHU
DXWRPDWLFDOO\LQUHVSRQVHWRWKHTXHVWLRQV6XEMHFWVZHUHDOVRSURPSWHGDWXQH[SHFWHG
UDQGRPLQWHUYDOVLQRUGHUWRSUHYHQWDQWLFLSDWLRQRIWKHLUDQVZHUV
6LWXDWLRQDOVHOHFWLYLW\$µIDLOVDIH¶ZDVEXLOWLQWRWKHSDOPWRSFRPSXWHUWRDYRLG
VXEMHFWVVNLSSLQJTXHVWLRQVDWLQFRQYHQLHQWPRPHQWV)RULQVWDQFHLIWKHVXEMHFWVGLGQRW
UHVSRQGWKHILUVWWLPHWKHSDOPWRSFRPSXWHUSURPSWHGWKHPDJDLQDIWHUPLQXWHV7KLV
ZDVH[SHFWHGWRGHFUHDVHWKHQXPEHURIPLVVLQJYDOXHV6XEMHFWVZHUHDOVRJLYHQD
FHUWDLQDPRXQWRIFRQWURORYHUWKHGHYLFH,IWKH\UHDOO\GLGQRWZDQWWREHSURPSWHGDWD
FHUWDLQPRPHQWWKH\FRXOGPDNHWKHFRPSXWHUVNLSDEHHS VDPSOLQJPRPHQW 7KLV
FRXOGRQO\EHGRQHRQFHDGD\DQGWKHUHDVRQIRUVNLSSLQJEHHSVZDVFKHFNHGGXULQJDQ
LQWHUYLHZ GHEULHILQJ *LYLQJVXEMHFWVWKLVSRVVLELOLW\WKH\FRXOGDYRLGGLVWUHVVDW
XQZDQWHGPRPHQWV7KHUHIRUHE\JLYLQJWKHVXEMHFWVPRUHFRQWUROLWZDVH[SHFWHGWREH
PRUHOLNHO\WKDWWKHVXEMHFWVWRRNWKHGHYLFHZLWKWKHPHYHU\ZKHUHWKH\ZHQWDQGWKXV

34

&KDSWHU7KHVKRUWWHUPHIIHFWVRI(IIRUW5HZDUGDQG$IIHFWRQUHODWHGZLWKLQGD\YDULDEOHV$PXOWLOHYHODQDO\VLVRI
(0$GDWD

DYRLGLQJXQZDQWHGVLWXDWLRQDOVHOHFWLYLW\)LQDOO\DOOLWHPVWKDWZHUHDVNHGZHUHVKRUW
DQGXQDPELJXRXVO\IRUPXODWHGZKLFKLVH[SHFWHGWRUHGXFHWKHWLPHUHTXLUHGWRILOORXW
WKHTXHVWLRQQDLUH7KLVWRRZDVH[SHFWHGWRLPSURYHFRPSOLDQFH 6RUELHWDO 
6WDWLVWLFDODQDO\VLV
'DWDDQDO\VLVZDVSHUIRUPHGDVIROORZV)LUVWDPRGHOZDVWHVWHGLQZKLFKQR
H[SODQDWRU\YDULDEOHVZHUHHQWHUHG2QO\WKHYDULDQFHRIWKHGHSHQGHQWYDULDEOHVZDV
GHWHUPLQHG VHHWDEOH )URPWKLVPRGHOWKHDPRXQWRIYDULDQFH SHUFHQWDJHV DWHDFK
OHYHOFRXOGEHGHWHUPLQHGDVZHOODVWKHGLIIHUHQFHVEHWZHHQWKHGHSHQGHQWYDULDEOHV
6HFRQGWKHHIIHFWRIWLPHRIGD\RQGHPDQGVDWLVIDFWLRQQHJDWLYHPRRGDQGSRVLWLYH
PRRGZDVDVVHVVHG WDEOH ,WZDVDOVRWHVWHGZKHWKHUWKHHIIHFWRIWLPHGLIIHUHG
EHWZHHQGD\VDQGEHWZHHQVXEMHFWV WKLVLVUHIHUUHGWRDVWHVWLQJWKHµUDQGRPHIIHFWV¶RID
FHUWDLQYDULDEOH 7KXVLWZDVWHVWHGLIWKHHIIHFWVRIWLPHRIGD\ ZLWKLQGD\OHYHO
GLIIHUHGEHWZHHQGD\V GD\OHYHO DQGEHWZHHQVXEMHFWV VXEMHFWOHYHO 7KLUGH[SODQDWRU\
YDULDEOHVDWWKHGD\DQGVXEMHFWOHYHOVZHUHLQWURGXFHG WDEOH 1RQVLJQLILFDQWYDULDEOHV
ZHUHGURSSHGIURPWKHPRGHOV)LQDOO\LQWDEOHVRPHGHVFULSWLYHVWDWLVWLFVDUHSURYLGHG
WRDOORZFRPSDULVRQVZLWKPRUHIDPLOLDUGDWD PHDQVWDQGDUGHUURURIPHDQDQG
FRUUHODWLRQV 
$OOHVWLPDWHVRIWKHUHJUHVVLRQFRHIILFLHQWVZHUHREWDLQHGXVLQJWKHSURJUDP0/Q
:RRGKRXVHHWDO 7KHVLJQLILFDQFHRIWKHIL[HGHIIHFWVZDVGHWHUPLQHGE\
GLYLGLQJWKHHVWLPDWHE\LWVVWDQGDUGHUURUDQGWKHVLJQLILFDQFHRIWKHFRYDULDQFHVDQG
YDULDQFHVZHUHGHWHUPLQHGE\WKHOLNHOLKRRGUDWLRWHVW %U\N 5DXGHQEXVFK 
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5(68/76
'LVWULEXWLRQRIYDULDQFHRYHUWKHOHYHOV
7KHGLVWULEXWLRQRIWKHYDULDQFHRIGHPDQGVDWLVIDFWLRQQHJDWLYHPRRGDQGSRVLWLYH
PRRGRYHUWKUHHOHYHOV VXEMHFWGD\DQGEHHSOHYHOV ZDVGHWHUPLQHG VHHWDEOH 7KH
DQDO\VLVMXVWLILHVWKHGLVWLQFWLRQRIWKUHHOHYHOVRIDQDO\VLV
6LWXDWLRQGHSHQGHQF\DQGVXEMHFWGHSHQGHQF\
7KHUHODWLYHSHUFHQWDJHVLQGLFDWHWKHDPRXQWRIYDULDQFHWKDWFDQEHH[SODLQHGDWHDFK
OHYHO)RUGHPDQGDQGVDWLVIDFWLRQPRVWYDULDQFHZDVDWWKHEHHSOHYHO DQG
UHVSHFWLYHO\ LQGLFDWLRQUHODWLYHO\PRUHVLWXDWLRQGHSHQGHQF\)RUQHJDWLYHPRRGPRVW
YDULDQFHZDVDWWKHGD\OHYHO  EXWQHDUO\DVPXFKYDULDQFHZDVDWWKHVXEMHFW
OHYHO  )RUSRVLWLYHPRRGPRVWYDULDQFHZDVDWWKHVXEMHFWOHYHO  
LQGLFDWLQJUHODWLYHO\PRUHVXEMHFWGHSHQGHQF\LQFRPSDULVRQWRGHPDQGDQGVDWLVIDFWLRQ
7DEOH7KHYDULDQFHRIGHPDQGVDWLVIDFWLRQQHJDWLYHDQGSRVLWLYHPRRGDWWKHVXEMHFW
GD\DQGZLWKLQGD\OHYHOV
)L[HG(IIHFWV

'HPDQG
YDU
SHUFHQWDJH

6DWLVIDFWLRQ
YDU
SHUFHQWDJH

1HJDWLYHPRRG
YDU SHUFHQWDJH

3RVLWLYHPRRG
YDU SHUFHQWDJH

6XEMHFWOHYHO

 

 

 

 

'D\OHYHO

 

 

 

 

:LWKLQGD\OHYHO

 

 

 

 

QFDVHV VXEMHFWV9DOXHVZLWKLQSDUHQWKHVLVLQGLFDWHSHUFHQWDJHV  UHODWLYHWRWRWDO
YDULDQFHIRUHDFKGHSHQGHQWYDULDEOH

7LPHRIGD\HIIHFWV
7RGHWHUPLQHWKHHIIHFWVRIWLPHRIGD\RQGHPDQGVDWLVIDFWLRQQHJDWLYHPRRGDQG
SRVLWLYHPRRGIRXUWLPHYDULDEOHVZHUHFDOFXODWHGWLPHWLPHWLPHDQGWLPH7LPH
KDGQRVLJQLILFDQWHIIHFWRQDQ\GHSHQGHQWYDULDEOHDQGQRVLJQLILFDQWUDQGRPHIIHFWV
ZHUHIRXQGIRUDQ\WLPHYDULDEOH1RRWKHUKLJKHURUGHUWLPHYDULDEOHZDVFDOFXODWHG7KH
UHVXOWVVKRZWKDWWLPHRIGD\KDVVLJQLILFDQWHIIHFWVRQGHPDQGDQGVDWLVIDFWLRQEXWQRW
RQQHJDWLYHRUSRVLWLYHPRRG VHHWDEOHDQGILJXUHV  ,QERWKILJXUHVWKHREVHUYHG
YDOXHVIRUGHPDQGDQGVDWLVIDFWLRQVORZO\LQFUHDVHGWLOODERXWLQWKHDIWHUQRRQDQG
WKHQGHFOLQHGDJDLQWRZDUGVWKHHYHQLQJ7KHGHPDQGYDOXHVGHFUHDVHGVKDUSO\LQWKH
HYHQLQJ ZKHQVXEMHFWVZHUHXVXDOO\QRWDWZRUN WRDYDOXHORZHUWKDQLQWKHPRUQLQJ
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7DEOH7KHHIIHFWRIWLPHRIGD\RQGHPDQGVDWLVIDFWLRQQHJDWLYHDQGSRVLWLYHPRRG
)L[HG(IIHFWV
,QWHUFHSW
7LPH
7LPH
7LPH
5DQGRPHIIHFWV
6XEMHFWOHYHO
9DU LQWHUFHSW
'D\OHYHO
9DU LQWHUFHSW
:LWKLQGD\OHYHO
9DU LQWHUFHSW

'HPDQG
YDU VH
 
 

6DWLVIDFWLRQ
YDU VH
 
 
 
  


1HJDWLYHPRRG
YDU VH
 

3RVLWLYHPRRG
YDU VH
 

YDU

YDU

YDU

YDU

























0RGHO7HVWVWKHIL[HGDQGUDQGRPWLPHHIIHFWVRQGHPDQGVDWLVIDFWLRQQHJDWLYHDQGSRVLWLYH
PRRG)RUDOO S QFDVHV VXEMHFWV 1RQVLJQLILFDQWHIIHFWVZHUHUHPRYHG
IURPWKHPRGHOV9DOXHVZLWKLQSDUHQWKHVLVLQGLFDWHVWDQGDUGHUURUV VH 6LJQLILFDQFHLV
UHDFKHGLIYDULDQFHVDUHODUJHUWKDQVHPXOWLSOLHGE\

7KHHIIHFWVRIZRUNGD\VEHLQJDWZRUNDQGZHHNGD\V
7KHUHVXOWVVKRZ WDEOH WKDWQRWEHLQJDWZRUNGHFUHDVHVWKHSHUFHSWLRQRIGHPDQG
VDWLVIDFWLRQQHJDWLYHPRRGDQGSRVLWLYHPRRG2QGD\VRIIZRUNGHPDQGVZHUHKLJKHU
DQGSRVLWLYHPRRGORZHU
7KHUHVXOWVDOVRWKDWLQFRPSDULVRQWR6XQGD\VVXEMHFWVH[SHULHQFHGKLJKHUGHPDQGDQG
VDWLVIDFWLRQWKHUHZHUHQRGLIIHUHQFHVLQQHJDWLYHPRRGDQGSRVLWLYHPRRGZDVORZHU
([SODQDWRU\HIIHFWVRIHIIRUWUHZDUGQHJDWLYHDIIHFWDQGSRVLWLYHZHOOEHLQJDIWHU
FRQWUROOLQJIRUZRUNGD\DQGGD\RIZHHN
7KHUHVXOWVLOOXVWUDWHWKHHIIHFWVRIH[SODQDWRU\YDULDEOHVRQGHPDQGVDWLVIDFWLRQQHJDWLYH
PRRGDQGSRVLWLYHPRRG VHHWDEOH (IIRUWUHZDUGQHJDWLYHDIIHFWDQGSRVLWLYHZHOO
EHLQJDUHSRVLWLYHO\UHODWHGWRGHPDQGVDWLVIDFWLRQQHJDWLYHPRRGDQGSRVLWLYHPRRG
UHVSHFWLYHO\7KHGDWDDOVRVKRZWKDWQHJDWLYHPRRGLVSRVLWLYHO\UHODWHGWRHIIRUWDQG
QHJDWLYHO\WRUHZDUG3RVLWLYHPRRGLVLQYHUVHO\UHODWHGWRQHJDWLYHDIIHFWDQG
VDWLVIDFWLRQLVSRVLWLYHO\DVVRFLDWHGZLWKSRVLWLYHZHOOEHLQJDQGQHJDWLYHDIIHFW7KH
GHFUHDVHLQYDULDQFH LQSHUFHQWDJHVRIWKHYDULDQFHLQWKHILUVWPRGHOVHHWDEOH DIWHU
LQFOXGLQJDOOH[SODQDWRU\YDULDEOHVLVVKRZQDWWKHERWWRPRIWDEOH H[SODLQHG
YDULDQFH 
7KHH[SODQDWRU\YDULDEOHVLQWURGXFHGLQWDEOHODUJHO\GHFUHDVHYDULDQFHDWWKHVXEMHFW
OHYHOIRUGHPDQGDQGVDWLVIDFWLRQ7KHZLWKLQGD\YDULDEOHVXVHGLQWKHSUHVHQWVWXG\
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KDUGO\H[SODLQDQ\YDULDQFHDWWKHZLWKLQGD\OHYHOIRUGHPDQG  DQGVDWLVIDFWLRQ
 0RVWYDULDQFHRIQHJDWLYHPRRGLVH[SODLQHGDWWKHGD\OHYHOZKLOVWPRVWYDULDQFH
RISRVLWLYHPRRGLVH[SODLQHGDWWKHVXEMHFWOHYHO,QWHUHVWLQJO\WKHZLWKLQGD\YDULDEOHV
H[SODLQDFRQVLGHUDEOHDPRXQWRIYDULDQFHIRUQHJDWLYHPRRG  DQGSRVLWLYHPRRG
 7KXVDOWKRXJKWKHILUVWPRGHO WDEOH VKRZHGWKDWWKHPRRGYDULDEOHVPD\EH
FKDUDFWHULVHGDVUDWKHUVWDEOH RUVXEMHFWGHSHQGHQW VRPHYDULDQFHWKURXJKRXWWKHGD\
FRXOGEHH[SODLQHG7KLVGRHVQRWKROGIRUGHPDQGDQGVDWLVIDFWLRQ8VLQJWKHSUHVHQW
H[SODQDWRU\YDULDEOHVUDWKHUOLWWOHYDULDQFHLVH[SODLQHGZLWKLQWKHGD\VIRUWKHVH
YDULDEOHV
'HVFULSWLYHVWDWLVWLFV
7RLQFUHDVHWKHFRPSUHKHQVLELOLW\RIWKHGDWDVRPHGHVFULSWLYHVWDWLVWLFDODQDO\VHVKDYH
EHHQSHUIRUPHGPHDQVWDQGDUGHUURUPHDQ 6(0HDQ DQGFRUUHODWLRQV VHHWDEOH 
7KHUHVXOWVVKRZSRVLWLYHFRUUHODWLRQVIRUHIIRUWUHZDUGQHJDWLYHDIIHFWDQGSRVLWLYH
ZHOOEHLQJZLWKGHPDQGVDWLVIDFWLRQQHJDWLYHDQGSRVLWLYHPRRGUHVSHFWLYHO\7KLV
DQDO\VLVDOVRVXSSRUWVWKHODVWK\SRWKHVLVLQWKHLQWURGXFWLRQ0HDQDQGVWDQGDUGHUURU
PHDQVZHUHFDOFXODWHGIRUHDFKEHHSZLWKLQWKHGD\EXWDJJUHJDWHGRYHULQGLYLGXDOVDQG
GD\V'XHWRWHFKQLFDOSUREOHPVDQGEHFDXVHVRPHVXEMHFWVGLGQRWFRPSOHWHWKHVHYHQ
GD\SURJUDPDWRWDOEHHSVZHUHJHQHUDWHGRIZKLFKZHUHDQVZHUHG
FRPSOLDQFHUDWH  
7KHPHDQVDQGVWDQGDUGHUURUPHDQFDOFXODWHGZLWKLQGD\VIRUGHPDQGVDWLVIDFWLRQ
QHJDWLYHPRRGDQGSRVLWLYHPRRGDUHJLYHQLQILJXUHV$VFRXOGEHH[SHFWHGEDVHGRQ
WKHUHVXOWVRIWKHPXOWLOHYHODQDO\VLVWKHPRRGYDULDEOHVVKRZHGKDUGO\DQ\YDULDWLRQ
WKRXJKWWKHGD\LQFRQWUDVWWRGHPDQGDQGVDWLVIDFWLRQ7KHVHILJXUHVLOOXVWUDWHWKHHIIHFWV
RIWLPHRQGD\
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7DEOH7KHHIIHFWRIH[SODQDWRU\YDULDEOHVRQVDWLVIDFWLRQQHJDWLYHDQGSRVLWLYHPRRG
UHVSHFWLYHO\
)L[HG(IIHFWV
,QWHUFHSW
7LPH
7LPH
7LPH
'HPDQG
6DWLVIDFWLRQ
1HJDWLYHPRRG
3RVLWLYHPRRG
QRW DWZRUN
:RUNGD\
0RQGD\
7XHVGD\
:HGQHVGD\
7KXUVGD\
)ULGD\
6DWXUGD\
(IIRUW
5HZDUG
1HJDWLYHDIIHFW
3RVLWLYHZHOOEHLQJ
5DQGRPHIIHFWV
6XEMHFWOHYHO
9DU LQWHUFHSW
'D\OHYHO
9DU LQWHUFHSW
:LWKLQGD\OHYHO
9DU LQWHUFHSW
([SODLQHGYDULDQFH
6XEMHFWOHYHO
'D\OHYHO
:LWKLQGD\OHYHO

'HPDQG
YDU VH
 
 

6DWLVIDFWLRQ
1HJDWLYHPRRG
YDU VH
YDU VH
 
 
 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3RVLWLYHPRRG
YDU VH
 

 
 
 
 
 
 
 
 
 
 
 
 

9DU

YDU

9DU

YDU

























SHUFHQWDJH




SHUFHQWDJH




SHUFHQWDJH




SHUFHQWDJH




0RGHO7KHWDEOHVKRZVWKHIL[HGHIIHFWVRIH[SODQDWRU\YDULDEOHVRQGHPDQGVDWLVIDFWLRQ
QHJDWLYHDQGSRVLWLYHPRRG7KHYDULDQFHV YDU DWHDFKOHYHODQGH[SODLQHGYDULDQFH DV
SHUFHQWDJHRIYDULDQFHDWHDFKOHYHOLQQXOOPRGHO DUHDOVRJLYHQ)RUDOO S QFDVHV
VXEMHFWV 1RQVLJQLILFDQWHIIHFWVZHUHUHPRYHGIURPWKHPRGHOV
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7DEOH'HVFULSWLYHV PHDQ6(PHDQDQGFRUUHODWLRQV RIGHPDQGVDWLVIDFWLRQ
QHJDWLYHPRRGSRVLWLYHPRRGHIIRUWUHZDUGQHJDWLYHDIIHFWLYLW\DQGSRVLWLYHZHOO
EHLQJDYHUDJHGRYHUDOOPHDVXUHPHQWSRLQWV &RUUHODWLRQLVVLJQLILFDQWDWWKHOHYHO
WDLOHG 

0HDQ

'HPDQG

6DWLVIDFWLRQ

1HJ0RRG

3RV0RRG

FRUUHODWLRQ

FRUUHODWLRQ

FRUUHODWLRQ

FRUUHODWLRQ











6(0HDQ
'HPDQG

 

6DWLVIDFWLRQ

 

1HJ0RRG

 

3RV0RRG

 

(IIRUW

 









5HZDUG

 









1HJDWLYH
DIIHFW
3RVLWLYHZHOO
EHLQJ

 









 











,QVHUWILJDERXWKHUH
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',6&866,21
/HYHOVRIDQDO\VLV
7KHK\SRWKHVLVWKDWDVLJQLILFDQWDPRXQWRIYDULDQFHLQWKHUHSHDWHGO\DVVHVVHGGDWDZDV
IRXQGDWWKUHHOHYHOV LHPHDVXUHPHQWVRIVHYHUDOVXEMHFWVWKURXJKRXWWKHGD\RYHU
VHYHUDOGD\V ZDVFRQILUPHG7KLVPHDQVWKDWYDULDWLRQVLQWKHVHYDULDEOHVDUHGXHWR
GLIIHUHQFHVZLWKLQWKHGD\VEHWZHHQWKHGD\VDQGEHWZHHQWKHVXEMHFWV%\GLVWLQJXLVKLQJ
WKUHHOHYHOVRIDQDO\VLVZHDOVRDFNQRZOHGJHWKDWGHSHQGHQF\PD\H[LVWEHWZHHQFHUWDLQ
YDULDEOHVZLWKLQDVXEMHFWRUZLWKLQDGD\7KLVPHDQVWKDWVFRUHVRQDYDULDEOH HJ
PRRG ZLWKLQDVXEMHFW RUGD\IRUDSDUWLFXODUVXEMHFW DUHOLNHO\WREHVLPLODU LHQRW
LQGHSHQGHQW ,JQRULQJWKLVPHDQVWKDWWKHUHVXOWVZLOOEHELDVHGWRZDUGVUHMHFWLQJWKHQXOO
K\SRWKHVLV *LEERQVHWDO6FKZDUW] 6WRQH 7KXVE\GLVWLQJXLVKLQJDOO
OHYHOVRIDQDO\VLVSUHVHQWLQWKHGDWDWKHFKDQFHVRIELDVDUHUHGXFHG
6WDELOLW\YHUVXVVLWXDWLRQGHSHQGHQF\
7KHDPRXQWRIYDULDQFHDWHDFKOHYHO GHULYHGIURPWKHQXOOPRGHO FDQDOVREHXVHGWR
SURYLGHLQVLJKWLQWKHFKDUDFWHULVWLFVRIWKHGHSHQGHQWYDULDEOHV,QWKHSUHVHQWVWXG\WKH
GLVWULEXWLRQRIWKHYDULDQFHRYHUWKHOHYHOVZDVFRPSDUHGIRUGHPDQGVDWLVIDFWLRQ
QHJDWLYHPRRGDQGSRVLWLYHPRRG,WZDVK\SRWKHVLVHGWKDWWKHYDULDEOHVGHPDQGDQG
VDWLVIDFWLRQDUHPRUHVLWXDWLRQDOGHSHQGHQWZKLOVWWKHPRRGYDULDEOHVDUHPRUHVWDEOHRU
VXEMHFWGHSHQGHQW
7KHUHVXOWVVKRZHGWKDWYDULDEOHVUHIOHFWLQJDQLQGLYLGXDO¶VDIIHFWLYHVWDWH QHJDWLYHPRRG
DQGSRVLWLYHPRRG KDGPRVWYDULDQFHDWWKHVXEMHFWOHYHODWWULEXWLQJPRUHVWDEOH
FKDUDFWHULVWLFVWRWKHVHYDULDEOHV7KHRSSRVLWHZDVIRXQGIRUWKHYDULDEOHVUHIOHFWLQJ
SHUFHSWLRQVRIWKHZRUNHQYLURQPHQW GHPDQGDQGVDWLVIDFWLRQ 7KHVHYDULDEOHVKDYH
PRUHZLWKLQGD\YDULDWLRQVDQGPD\EHFRQVLGHUHGPRUHVLWXDWLRQGHSHQGHQW
,QWKHOLWHUDWXUHRISHUVRQDOLW\SV\FKRORJ\WKHUHLVDQRQJRLQJGLVFXVVLRQDERXWWKHHIIHFW
RISHUVRQDOLW\WUDLWVRQVWDWHOLNHYDULDEOHV7KLVLVUHIHUUHGWRDVWKH³LQYDULDQFHRI
SHUVRQDOLW\VWUXFWXUH´,QVKRUWWKHFRQVWUXFWRISHUVRQDOLW\UHVWVRQWKHDVVXPSWLRQWKDW
LQGLYLGXDOVDUHFKDUDFWHULVHGE\GLVWLQFWLYHTXDOLWLHVWKDWDUHUHODWLYHO\LQYDULDQWDFURVV
VLWXDWLRQVRYHUWLPH 0LVFKHO 6KRGD 7KHDVVXPSWLRQRILQYDULDQFHKRZHYHU
KDVEHHQTXHVWLRQHGEHFDXVHRIWKHODFNRIVXIILFLHQWHPSLULFDOHYLGHQFH8QGHUVSHFLILF
FLUFXPVWDQFHVSHRSOHPD\DFWLQFRQWUDVWWRZKDWPD\EHSUHGLFWHGRQWKHEDVLVRIWKHLU
SHUVRQDOLW\:LWKRXWDGHTXDWHPHDVXUHPHQWDQGDQDO\VLVWHFKQLTXHVLWPD\EHGLIILFXOWWR
JDWKHUWKHQHFHVVDU\HPSLULFDOHYLGHQFH:LWKWKHDQDO\VLVPHWKRGGHVFULEHGDERYHLWLV
SRVVLEOHWRGHWHUPLQHVLWXDWLRQRUVXEMHFWGHSHQGHQF\RIWKHGHSHQGHQWYDULDEOHV(0$
DQGPXOWLOHYHODQDO\VLVRIRQJRLQJZLWKLQGD\PHDVXUHPHQWVGDWDDVLVLOOXVWUDWHGLQWKH
SUHVHQWVWXG\PD\KHOSJDWKHUWKHHPSLULFDOHYLGHQFHQHHGHGLQWKHVHDUFKIRUVXSSRUWIRU
WKHWKHRU\RISHUVRQDOLW\LQYDULDQFH
7LPHRIGD\HIIHFWV
7RIXUWKHUGHVFULEHWKHGDWDWKHHIIHFWVRIWLPHRIGD\ZHUHGHWHUPLQHG,WZDVHVWDEOLVKHG
WKDWWLPHRIGD\KDGDVLJQLILFDQWHIIHFWRQSHUFHSWLRQVRIWKHZRUNHQYLURQPHQW GHPDQG
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DQGVDWLVIDFWLRQ EXWQRWRQDIIHFWLYHYDULDEOHV QHJDWLYHDQGSRVLWLYHPRRG 7KHODWWHU
ILQGLQJLVLQFRQWUDVWWR7DXE %HUJHU  DQG:DWWVHWDO  0RUHUHVHDUFKLV
QHHGHGIRUFRQFOXVLYHUHVXOWV7KHSUHVHQWUHVXOWVKRZHYHUVXSSRUWWKHK\SRWKHVLVWKDW
DIIHFWLYHYDULDEOHVKDYHPRUHVWDEOHFKDUDFWHULVWLFVWKDQVHOILQLWLDWHGYDULDEOHVOLNH
GHPDQGDQGVDWLVIDFWLRQ 5HLFKHWDO 
,QFHUWDLQVWXGLHV YDQ(FNHWDO WLPHLVH[SOLFLWO\LQFOXGHGWRWKHDQDO\VHVDVDQ
H[SODQDWRU\YDULDEOH7KHHIIHFWRIWLPHRIGD\RQVSHFLILFSV\FKRELRORJLFDOYDULDEOHV
OLNHFRUWLVRODQGDGUHQDOLQHKDVEHHQZHOOHVWDEOLVKHG,QOLQHZLWKWKHVWXGLHVSHUIRUPHG
E\6P\WKHWDO  DQGYDQ(FNHWDO  WKHSUHVHQWVWXG\LOOXVWUDWHVDQ
DGHTXDWHPHWKRGWKDWFDQEHXVHGWRDFFRXQWIRUWLPHRIGD\HIIHFWVLQ(0$GDWD
:RUNDQGZHHNGD\HIIHFWV
$VVXPLQJWKDWWKHZRUNHQYLURQPHQWLVDSRWHQWLDOVRXUFHRIVWUHVVLWPD\EHH[SHFWHG
WKDWEHLQJDWZRUNDQGZRUNGD\VZLOOEHDVVRFLDWHGZLWKKLJKHUGHPDQGVDQGQHJDWLYH
PRRGDVZHOODVORZHUVDWLVIDFWLRQDQGSRVLWLYHPRRG &VLNV]HQWPLKDO\LDQG*UDHI
5HLFK =DXWUD ,QFRQWUDVWEHLQJDWZRUNZDVDVVRFLDWHGZLWKKLJKHU
VDWLVIDFWLRQDQGSRVLWLYHPRRG7KLVLVFRQFHLYDEOHIURPWKHSHUVSHFWLYHRIDQ
XQHPSOR\HGSHUVRQLQZKLFKEHLQJDWKRPHGRHVQRWDOZD\VOHDGWRVDWLVIDFWLRQDQG
SOHDVXUH SRVLWLYHPRRG  2FNHQIHOVHWDO 5HLFKHWDO  DOVRUHSRUWHGVLPLODU
ILQGLQJV7KH\IRXQGWKDWVXEMHFWVIHOWPRUHSRVLWLYHO\DVWKH\UHVSRQGHGWRPRUH
GHPDQGV,WPXVWKRZHYHUEHQRWHGWKDWWKHUHVXOWVUHIOHFWWKHFKDUDFWHULVWLFVRIWKH
SRSXODWLRQDWKDQG,WVJHQHUDOLVDELOLW\VWLOOKDVWREHGHWHUPLQHG)XWXUHVWXGLHVVKRXOG
IRFXVRQWKLVLVVXHIRULQVWDQFHE\VWXG\LQJWKHXQHPSOR\HGLQUHODWLRQWRHPSOR\PHQW
LQYROYLQJDVVHVVPHQWVRIGHPDQGDQGVDWLVIDFWLRQ
:LWKLQGD\DVVHVVPHQWVRIZRUNVWUHVVDQGDIIHFW
,WZDVK\SRWKHVLVHGWKDWHIIRUWZLOOEHSRVLWLYHO\UHODWHGWRGHPDQGUHZDUGWRVDWLVIDFWLRQ
QHJDWLYHDIIHFWWRQHJDWLYHPRRGDQGSRVLWLYHZHOOEHLQJWRSRVLWLYHPRRG7KHDQDO\VHV
FRQILUPHGWKHVHILQGLQJVMXVWLI\LQJWKHXVHRIGHPDQGDQGVDWLVIDFWLRQDVZLWKLQGD\
LQGLFHVRIZRUNVWUHVV7KHVDPHJRHVIRUQHJDWLYHDQGSRVLWLYHPRRGZKLFKPD\EH
FRQVLGHUHGZLWKLQGD\LQGLFHVRISRVLWLYHZHOOEHLQJDQGQHJDWLYHDIIHFW7KHUHVXOWVDOVR
VKRZDSRVLWLYHUHODWLRQEHWZHHQHIIRUWDQGQHJDWLYHPRRGDQGDQHJDWLYHUHODWLRQ
EHWZHHQUHZDUGDQGQHJDWLYHPRRG7KLVLVLQOLQHZLWKWKHLGHDVRI:DWVRQ
3HQQHEDNHU  ZKRK\SRWKHVLVHDODUJHFRPPXQDOLW\EHWZHHQVWUHVVDQGDIIHFW
$OWKRXJKQRWFRQFOXVLYHWKHUHVXOWVRIWKHSUHVHQWVWXG\VXSSRUWWKHK\SRWKHVLV
%XFKDQDQHWDO WKDWHQYLURQPHQWDOGHPDQGVDQGDIIHFW DOWKRXJKSDUWO\UHODWHG
DUHGLVWLQJXLVKDEOHFRQVWUXFWVWKDWSOD\DQLPSRUWDQWUROHLQWKHVWUHVVKHDOWKFRQWLQXXP
)XWXUHVWXGLHVVKRXOGIXUWKHUGHWHUPLQHWKHUROHRIWKHVHYDULDEOHVLQ(0$VWXGLHV
7KHDQDO\VHVDOVRVKRZHGWKDWLQFRPSDULVRQWRGHPDQGDQGVDWLVIDFWLRQDODUJHU
SURSRUWLRQRIZLWKLQGD\YDULDQFHRIQHJDWLYHPRRGDQGSRVLWLYHPRRGZDVH[SODLQHG
$OWKRXJKQHJDWLYHPRRGDQGSRVLWLYHPRRGZHUHDWWULEXWHGPRUHVWDEOH WUDLWOLNHRU
VXEMHFWGHSHQGHQW FKDUDFWHULVWLFVHQRXJKXQH[SODLQHGYDULDQFHUHPDLQHGWREHH[SODLQHG
DWWKHZLWKLQGD\OHYHO6WXGLHVLQFOXGLQJSV\FKRELRORJLFDOYDULDEOHV HJFRUWLVRO KDYH
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H[SODLQHGVRPHRIWKLVZLWKLQGD\YDULDQFH YDQ(FNHWDO VWLOORQO\DVPDOO
SRUWLRQRIWKHYDULDQFHZDVH[SODLQHG$JDLQWKHFKDUDFWHULVWLFVRIWKHSRSXODWLRQDWKDQG
PD\EHUHVSRQVLEOHIRUWKHVHVPDOOHIIHFWV,QWKHVHVWXGLHVKHDOWK\ZRUNLQJSRSXODWLRQV
ZHUHDVVHVVHG+XPDQEHLQJVKDYHWKHFDSDELOLW\DQGIOH[LELOLW\ GHIHQVHDQGFRSLQJ
PHFKDQLVPVHWF WRDGDSWWRWKHFKDQJLQJDQGLQFUHDVLQJGHPDQGVRIWKHHQYLURQPHQW
:LWKLQGD\YDULDWLRQVLQSV\FKRORJLFDODQGSK\VLRORJLFDOYDULDEOHVPD\PHUHO\EHSDUWRI
WKHDGDSWLYHIXQFWLRQLQJRIDQLQGLYLGXDOQRWRIDPDODGDSWLYHIXQFWLRQLQJ6WXG\LQJ
VWUHVVDIIHFWKHDOWKUHODWLRQVLQDFOLQLFDOSRSXODWLRQPD\SURYLGHODUJHUHIIHFWV
)XWXUHVWXGLHV
7RHQDEOHFRPSDULVRQZLWKWUDGLWLRQDODQDO\VHVVRPHGHVFULSWLYHVWDWLVWLFVZHUH
SHUIRUPHG PHDQVVWDQGDUGHUURUVRIWKHPHDQDQG3HDUVRQVUFRUUHODWLRQV 7RFDOFXODWH
SHUVRQVUFRUUHODWLRQVWKHVFRUHVRQWKHGHSHQGHQWYDULDEOHZHUHDJJUHJDWHG,WLV
LPSRUWDQWWRQRWHWKDWDQDO\VLQJDJJUHJDWHGGDWDLJQRUHVZLWKLQGD\DQGGDLO\GLIIHUHQFHV
OHDGLQJWRXQUHOLDEOHRXWFRPHV7KLVLVLOOXVWUDWHGE\WKHFRUUHODWLRQEHWZHHQVDWLVIDFWLRQ
DQGQHJDWLYHDIIHFW7KHDJJUHJDWHGGDWDVKRZDQHJDWLYHFRUUHODWLRQEHWZHHQWKHVHWZR
YDULDEOHVVXJJHVWLQJWKDWVXEMHFWVZLWKKLJKHUQHJDWLYHDIIHFWZLOOKDYHORZHUVDWLVIDFWLRQ
VFRUHV7KLVLVQRWQHFHVVDULO\WKHFDVH7KHPXOWLOHYHODQDO\VLVVKRZVDSRVLWLYHUHODWLRQ
IXUWKHUPRUHWKHHIIHFWVRIQHJDWLYHDIIHFWRQVDWLVIDFWLRQPD\EHUDQGRP LHWKHHIIHFW
PD\GLIIHUEHWZHHQGD\VRUEHWZHHQVXEMHFWV 7KLVH[DPSOHLOOXVWUDWHVWKHGDQJHUVWKDW
FDQEHFDXVHGE\WKHDQDO\VLVDQGLQWHUSUHWDWLRQRIDJJUHJDWHGGDWD,ISRVVLEOHDQDO\VLVRI
DJJUHJDWHGGDWDVKRXOGEHDYRLGHGLQWKHIXWXUH7HVWLQJUDQGRPHIIHFWVIDOOEH\RQGWKH
VFRSHRIWKHSUHVHQWSDSHUKRZHYHULIK\SRWKHVLVHGPXOWLOHYHODQDO\VLVVKRXOGLQFOXGHGD
WHVWIRUUDQGRPHIIHFWV
,QWKHSUHVHQWVWXG\DSDOPWRSFRPSXWHUZDVXVHGIRUGDWDFROOHFWLRQ7RGD\DQ
LQFUHDVHGXVHRIPRELOHGHYLFHV *60RUJDQLVHUVEHHSHUVHWF PDNHVWKHLQWHJUDWLRQRI
(0$ XVLQJSDOPWRSFRPSXWHUV LQWRHYHU\GD\OLIHTXLWHHDV\7KHXVHRISDOPWRS
FRPSXWHUVZDVFRQVLGHUHGTXLWHQRUPDOVXEMHFWVEHFDPHTXLWHIDPLOLDUDQGLQYROYHGZLWK
WKHGHYLFHV:HVXJJHVWLWLVPDLQO\WKLVHQWKXVLDVPWKDWOHGWRWKHUDWKHUJRRG
FRPSOLDQFHUDWH  FRPSDUDEOHWRWKHFRPSOLDQFHUDWHYDQ(FNHWDO  DQG
6P\WKHWDO  ZKRXVHGDOVRSHUIRUPHG(0$DVVHVVPHQWV$OWKRXJKWKHXVHRI
FRPSXWHULVHGGHYLFHVIRU(0$LVDJUHDWDGYDQWDJHSHUIRUPLQJDQ(0$VWXG\FDQEH
UDWKHUWLPHFRQVXPLQJIRUERWKWKHVXEMHFWDQGWKHUHVHDUFKHU%\XVLQJWKHZURQJ
VWDWLVWLFDODQDO\VHVDOOEHQHILWVRI(0$PD\GLVDSSHDU -DFFDUGDQG:DQ 7KH
SUHVHQWSDSHULOOXVWUDWHVKRZVXFKPXOWLSOHRFFDVLRQGDWDPD\EHFROOHFWHGDQGDQDO\VHG
DQGWKHUHIRUHFRQWULEXWHVWRWKHOLWHUDWXUHLQWKLVJURZLQJILHOGRIEHKDYLRUDOPHGLFLQH
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Chapter 4
Vagal cardiac control throughout the day: The relative
importance of effort-reward imbalance and within-day measurements
of mood, demand and satisfaction

Abstract
The effects of variables derived from a work stress theory (the effort-reward imbalance
theory) on the power in the high frequency (HF_HRV) band of heart rate (0.14 - 0.40 Hz)
throughout a work day, were determined using multilevel analysis. Explanatory variables
were analysed at two levels: At the lowest level (within-day level), the effects of positive
mood, negative mood, demand, satisfaction, demand-satisfaction ratio, and time of day
were assessed. At the highest level (the subject level), the effects of sleep quality, effort,
reward, effort-reward imbalance, need for control, type of work (profession), negative
affectivity, gender and smoking on HF_HRV were assessed.
Need for control has a negative effect on HF_HRV after controlling for time of day
effects, i.e. subjects with a high need for control have a lower vagal control of the heart.
In the long run, these subjects may be considered to be at increased health risk, because
they have less of the health protective effects of vagal tone. The interaction between
effort-reward imbalance and time of day has a positive effect on HF_HRV, i.e. the cardiac
vagal control of subjects with a high effort-reward imbalance increases as the day
progresses. It is discussed that this probably reflects reduced effort allocation, ensuing
from disengagement from the work demands.
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Introduction
The relation of psychosocial factors in work, either objectively assessed or measured by
subjective judgements, with cardiovascular reactions and complaints has been amply
demonstrated (Karasek, 1979; Hackman & Oldham, 1980; Cooper & Payne, 1991;
Marmot, 1994; Siegrist, 1996a). However, less is known about the physiological
mechanisms allegedly responsible for this relationship. A theory that may explain certain
aspects of these mechanisms has been proposed by Siegrist (1996b). This theory, known
as the effort-reward imbalance theory, suggests that a high effort, a low reward and a high
need for control first lead to changes in physiological and psychological responses and
eventually to the development of cardiovascular disease. However, sufficient evidence,
especially for the relation with physiology, is still needed. The present paper will focus on
this issue, by assessing the effects of effort-reward imbalance (ERI) -both as a trait and as
a state-, as well as need for control on vagal autonomic control (as is indicated by high
frequency heart rate variability (HF_HRV)). Furthermore, the effects of within-day
measurements of negative mood, positive mood, time of day and other potential
determinants (sleep quality, negative affectivity, smoking, gender and profession) on
HF_HRV are assessed.
The effort-reward imbalance theory is based on the principle that an imbalance between
effort and reward leads to psychophysiological changes referred to as “emotional distress”
and an “activation of the autonomic nervous system”. Furthermore, the consequences of
effort-reward imbalance are amplified by a high need for control (i.e. a strong tendency to
engage in work activities). Thus, three major constructs are distinguished in the effortreward imbalance theory that may codetermine psychological and physiological
responses: the invested effort, reward received and an individual’s need for control.
Siegrist and Peter (1994) argue that the risk for cardiovascular disease increases (after
controlling for traditional risk factors) if individuals respond to effort-reward imbalance
with a high need for control, mainly due to a chronic activation of the autonomic nervous
system.
To date, effort, reward and need for control have been associated with a decreased
laboratory task elicited blood pressure reactivity (Siegrist, 1996a) but not yet with
cardiovascular dynamics throughout an actual working day. Hypotheses about the relation
between effort, reward, need for control and cardiovascular changes have to be based on
an extension of the theoretical framework. Increased mental effort induces a decrease in
vagal tone (Aasman et al., 1987). Low vagal control of heart rate has been shown to be
related to coronary artery disease (Martin et al., 1987) and increased mortality (Kleiger et
al., 1987). In a recent consensus paper it is confirmed that HF_HRV clearly represents
vagal influence: a low HF_HRV is associated with a low vagal cardiac control (Berntson
et al., 1997). The meaning of the low frequency (LF) heart rate variability ( < .14 Hz) is
more debated, most probably reflecting a mix of sympathetic and parasympathetic
influences. According to Sloan et al., (1994) a high LF/HF_HRV ratio is also associated
with the relative dominance of sympathetic nervous system activity.
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Putting these elements together, we expect subjects high on effort or on need for control
(involving expenditure of mental effort) to have a lower vagal tone. The status of reward
relative to autonomic drive is unclear; its effects will be tested as well. Imbalance of
effort and reward may lead to either decrease or increase in vagal tone. The former
response is expected in individuals, that perceive the environmental demands as a
challenge, and still engage in work related activities. The latter response is expected in
individuals that cope with the demands by disengagement from work related activities
and/or switch to less effort demanding strategies. These responses are in line with the
hypothesis that the motivational drive of individuals interacts with environmental
demands, and co-determines the psychological and physiological responses (Hockey,
1997). In the effort-reward imbalance theory, need for control reflects the motivational
aspects of an individual. Consequently, an individual with a high need for control and a
high effort-reward imbalance is expected to have a lower parasympathetic drive than an
individual with a high need for control, an interaction that is tested in the present paper.
According to the effort-reward imbalance theory, effort, reward and need for control are
stable trait-like constructs, implicitly assuming that these psychological characteristics are
continuously and evenly present over longer periods of time. Expanding on the theoretical
framework, it may also be argued that ongoing within-day assessments of these variables
(referred to as “demand”, and “satisfaction”) also should affect heart rate variability
throughout the work day. In line with the effort-reward imbalance theory, in which an
imbalance ratio was expected to have a stronger predictive value, the ratio between
demand and satisfaction (“the actual demand-satisfaction ratio”) was also determined,
anticipating an effect on heart rate variability. By testing all three variables (demand,
satisfaction and the demand-satisfaction ratio) simultaneously, it was aimed to determine
which of the effects was the strongest.
Other factors than the ones derived from the ERI theory have been shown to affect
physiological functioning: the psychological trait of negative affectivity (Parkes, 1994),
but also sleep quality, smoking, profession, gender (Egloff et al., 1995; Shapiro et al.,
1997; Grossman & Kollai, 1993; Meijman, 1997), and negative and positive mood
(Shapiro et al., 1997, Gellman et al., 1990; Schwartz et al., 1994) have been shown to
have an effect on physiological changes throughout the day. The relative contribution of
these factors to HF_HRV will be estimated as well.
Finally, some studies have also shown that time of day may interact with aspects of work
(e.g. night shifts, long working hours) (Akerstedt, 1988, 1991), thereby influencing
performance but also physiological state (Campbell, 1992). Another study has shown time
of day to affect heart rate variability (Malliani et al., 1991). Therefore, it is hypothesised
that time of day will interact with the constructs for the effort-reward imbalance theory,
and have an effect on heart rate variability. Specifically, it was explored whether subjects
differing in ERI show another HF_HRV pattern over the day, and whether this is affected
by need for control
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Method
Subjects
From an initial sample of 104 subjects, 77 agreed to participate in the study. Four subjects
were removed from the analysis of heart rate data, because they used anti-hypertensive
medication, and another three were removed due to equipment failure. The final sample
consisted of 70 workers from two different professions: health professionals (mean age =
40.0, s.d. = 4.6; 18 male, 15 female) and office clerks (mean age = 33.1, s.d. = 9.3; 21
male 16 female). The age and proportion of male subjects did not differ significantly
between the professions. The work tasks of both professions were usually performed in a
seated position. A large part of the day was spent answering telephone calls,
communicating with clients or typing data into a computer. Based on the similarities
between the groups it may be concluded that the entire sample is homogeneous. However,
to ensure this, the variable “profession” was added to the analysis.
Procedure
Two days before the ambulatory measurement of heart rate, subjects were asked to fill out
questionnaires in order to measure effort, reward, need for control and negative
affectivity. Subjects were also questioned on their medical history (hypertension etc.),
smoking habits and profession. These variables were measured once in contrast to the
variables demand, satisfaction, positive and negative mood that were measured several
times a day using a diary implemented in a palm top computer. The diaries were filled in
for seven consecutive days. For the present purpose, only the diary ratings on the day of
ambulatory measurements were used for analysis. Sleep quality was measured at the
beginning of the day, using a special “morning diary” generated by the palm top
computer. After the questionnaires were filled in, the use of the portable diaries was
explained.
On the day of the ambulatory heart rate measurements, subjects were equipped with the
ambulatory apparatus during the first hour of work (8.00 - 9.00 a.m.). Subjects then
engaged in normal work activities during the day. At the end of the work day (4.30 p.m.)
the ambulatory physiological measurements of the health professionals were concluded.
Although the measurements of some health professionals started later than 8.00 and
ended later than 4.30 p.m., no physiological measurements were performed at home. This
was in contrast to the office clerks who had to continue ambulatory physiological
measurements at home till 9.30 p.m. This means that the data obtained after 4.30 p.m. is
mainly based on the measurements obtained from the office clerks. They were instructed
how to disconnect the measuring device at home. The devices were returned to the
investigator the next day. In both groups, diary measurements started at 8.00 a.m. and
continued till 10.30 p.m. (see within-day diary measurements).
At the end of all measurements subjects were debriefed in order to determine any
confounding factors during measurement.
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Measures
Effort, reward and need for control
The revised Dutch Effort-Reward Imbalance Questionnaire (Hanson et al., 2000b) was
used to determine effort, reward and need for control. Effort referred to demanding
aspects of the work environment, and was determined by six items (e.g. “I have constant
time pressure due to a heavy work load”). Reward was measured by items referring to the
esteem by colleagues and superiors (esteem reward, 6 items), monetary gratification (1
item), and status control (5 items). Need for control referred to work related behaviour
and commitment (e.g. “I don’t let others do my work”) and was measured by 9 items. The
reliability (Chronbach’s alpha) of effort, reward and need for control in this study was
respectively .67, .78 and .92.
Negative affectivity
A Dutch translation of the well-being questionnaire (Bradley & Lewis, 1990) was used to
measure negative affectivity. A Chronbach’s alpha of .82 was determined, indicating a
good reliability of the scale.
Within-day diary measurements
Demand, satisfaction, positive and negative mood
Items of the demand, satisfaction and mood scales were programmed in a portable
Hewlett Packard 100 LX computer. The palmtop computer was implemented with
software to conduct measurements according to the Experience Sampling Method (ESM)
(Csikszentmihalyi & Larson, 1987; Delespaul, 1995). ESM is a method used to assess
fluctuating psychological states such as mood, location, activities, thoughts and perceived
stress in a subjects natural environment, contingent on an auditive signal (beep). The
occurrence of the beep is programmed by the investigator. In the present study, the palm
top computer was programmed to beep several times a day at semi-random intervals
throughout the day. This method of data collection has several advantages of which the
reduction of retrospective bias and the detection of small fluctuations of a subjects state
are the most important (see Delespaul, 1995; Hanson et al., 2000a for an extensive
review).
The diaries of the subjects from each profession had slightly different beep intervals and
number of beeps. The diaries of the health professionals beeped six times a day and the
diaries of the office clerks beeped ten times a day. For both professions the first beep
could be expected after 8.00 a.m. and the last beep before 10.30 p.m.
The subjects were instructed to complete the diary immediately after each beep by
pressing an event maker button on the EGC-recorder. If the diary was not filled in directly
after the beep, the subjects were prompted again after 15 minutes. Subjects were also
given the possibility to skip 1 beep per day at their own convenience (sometimes beeps
are inconvenient, e.g. during an important meeting). This option was expected to enhance
compliance. Theoretically, a maximum of 568 beeps ((6 beeps * 33 subjects) + (10 beeps
* 37 subjects)) could have been generated, however less beeps were generated, due to
mechanical failures (software and hardware) and the exclusion of beeps that occurred
during equipment installation and recovery. Eventually, a total of 472 beeps were
generated, of which 428 were answered (8 diaries were skipped by the user, 27 were
forgotten, and 9 were invalid), leading to a compliance rate of 90.7 %.
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The ESM diary contained three questions about the perceived demands: 1) “Since the last
beep I have been under time pressure” (yes = 1 / no = 0 points); 2) “Since the last beep I
was interrupted a lot” (yes = 1 / no = 0 points); and 3) “Since the last beep I have been
physically active” (yes = 1 / no = 0 point); and two questions that referred to perceived
satisfaction: 1) “Since the last beep my actions have been rewarding” (yes = 0 / no = 1
points); 2) “Since the last beep my contributions have been acknowledged” (yes = 0 / no
= 1 point);. These questions were followed by a scale enabling the rating of the demands
or absence of rewards, on a distress scale running from 1-7. The score per item was
calculated by combining the score on this distress scale with the score on the preceeding
(“yes/no”) questions, hence a maximum score of 8 and a minimum score of 0 could be
obtained per item.
Negative mood was determined using a numerical scale (ranging from 1 “not at all” to 7
“very much”). The items used to rate negative mood were: sad, angry, unhappy and
worried. The internal consistency for negative mood is 0.78. Positive mood was also
determined by a numeric scale (1-7). The items were: happy, playful, energetic and
pleased (internal consistency = 0.87).
Continuous ambulatory measurements
Ambulatory data consisting of ECG R-top interval times (or “inter-beat-intervals” (IBIs))
and an index of the subjects body movement, was collected using two recording devices.
The VITAPORT-I system was used to collect data from the health professionals, and the
VU-AMD was used to collect data from the office clerks.
VITAPORT-I
The VITAPORT-I is a portable event data recorder (8*13*3.2 cm and 300 g) capable of
registering several external analogue signals at varying sampling frequencies (see Jain
(1995) for an extensive description). For the present purpose only ECG R-top intervals
(IBIs), vertical acceleration (movement) and an external marker signal were registered.
Each signal is read through a separate channel, pre-processed and stored on a 1 Mb RAM
card. Data pre-processing enables efficient storage of data.
IBIs were determined using a built-in R-top detection algorithm based on a principle
described by Vary (1980). First the raw ECG was scanned at a frequency of 400 Hz, then
after R-top detection, the inter-beat-interval times were stored at a frequency of 4 Hz. To
measure ECG, three Ag/AgCl electrodes (AMI type 1650-005 Medtronic) were placed as
follows: one electrode was placed 4 cm above the jugular notch of the sternum, the other
was placed at the apex of the heart over the ninth rib, and the ground electrode placed
above the right iliac crest.
Body movement was derived from a IC-3031 uni-axial 3g Piezo-resistive accelerometer
placed on the subjects leg (outer thigh). Vertical accelerations caused by a subject’s
walking were registered and identified as body movement. Null-acceleration (0g, caused
by a quiet leg in horizontal position) was identified as a subject sitting down. Vertical
accelerations were scanned at 50 Hz and stored at a frequency of 2 Hz.
A subject was instructed to press an event marker button after palm top diary beeps.
Events were scanned at 4 Hz and stored at 2 Hz.
VU-AMD
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The VU-AMD (Free University - Ambulatory Monitoring Device) is a device
(3.2*6.5*12 cm and 225 g) specifically designed to measure ECG, respiration, impedance
cardiograms (ICG) and vertical acceleration allowing for R-top detection, derivation of
pre-ejection periods and body movement (de Geus & van Doornen, 1996 ). In the present
study the device was used to determine IBIs, body movement and occurrences of external
events (palm top beeps).
To obtain R-top interval times, the bipolar ECG signal (see VITAPORT-I for electrode
placement) was relayed into a differential amplifier with 1 Mohm impedance and through
a band pass filter of 17 Hz. R-tops were detected using a level detector with automatic
adjustment (Thakor et al., 1983). To store R-top interval times, the device was switched
to “beat-to-beat” registration mode by pressing the event marker button. The temporal
distance between all successive R-peaks (in miliseconds) are then stored as IBIs in the
internal RAM memory.
Body movement was derived from a built-in vertical accelerometer. The output of the
accelerometer is amplified, rectified sampled and reset each 5 seconds. Motility values
are determined by averaging these samples over periods of 30 seconds.
Data processing
Selection of beep periods
At each palm top beep, subjects had to fill in a diary from which positive mood, negative
mood, demand and satisfaction was determined. The time of the beep (time of day) was
automatically registered by the palm-top computer. Beeps are introduced as an event,
around which a period was selected for the calculation of high frequency (HF_HRV)
power of the spectral analysis of IBIs. The periods were determined based on the
following criteria: 1) A minimum period length of 3.5 minutes was selected (to enable
fast Fourier transform (spectral analysis), and decrease the risks of non-stationary signals,
2) these periods were maximally 15 minutes before or after the diary beep (at longer
intervals, the relation of demand, satisfaction, mood and the cardiovascular variables, are
expected to weaken, possibly leading to a bias), 3) Subjects should be seated during the
selected period. Pilot testing had shown that subjects sitting quietly in a chair had a
vertical acceleration lower than 30 gsec (according to the VU-AMS) or between -0.05 g
and +0.05 g (according to VITAPORT-I). Short bursts of 30-50 gsec were allowed, since
testing showed that slight shocks of an arm against the VU-AMD could cause a sudden
short increase in motility values.
Finally, the selected periods were double checked with diary information (“Since the last
beep I didn’t walk and was seated (1)10, (2) 20, (3) 30, (4) 40, or (5) 50 minutes before
diary entry”) to ensure that subjects were sitting down.
A total of 294 out of 428 periods (= 68.7 %) met the above mentioned criteria. Most
missing data was due to body movement or because they fell outside the 15 minute
interval before and after the beep.
Artefact correction
Incorrect R-top detection due to supraventricular extra systoles or extra triggers, may lead
to too long or too short interval times. Using a software program, (CARSPAN, Mulder et
al., 1993) these artefacts were detected and corrected. Artefact detection was carried out
using a 50 sec time window that was moved stepwise through the time series of IBI’s.
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The detection algorithm was set to classify an IBI as a long or short interval if the IBI fell
outside a range of mean IBI (over 50 sec) ± 4 sd. The detected artefacts were then visually
inspected, and artefact type was confirmed. Where possible, long artefacts were
automatically corrected by linear interpolation. Short artefacts were automatically
corrected by adding them to the next IBI. Artefacts not corrected by the software program
were manually corrected. Long intervals that fell within the range of mean IBI (over 50
sec) ± 150 msec were not corrected because deviations this size may be considered local
trend effects and as such will have no appreciable effect on the frequency spectrum
(Mulder, 1988).
Calculation of HF_HRV
After artefact detection and correction, the R-top interval times were fed into the spectral
analysis module of the CARSPAN software. This program uses a sparse discrete Fourier
transformation (Rompelman, 1985) that can calculate a power frequency spectrum from
0.01 to 0.50 Hz. This method may be seen as a direct Fourier transform of heart rate data
in the frequency domain, based on the so called Integral Pulse Frequency Modulator
Model (IPFM; Hyndman & Mohn, 1975). According to this model, fluctuations in heart
rate are caused by the continuous modulation of the sinus arrhythmic node. In this
concept the modulation signal can be seen as a pulse frequency generator, rather than an
interval generator. Thus, HF_HRV is seen as a frequency modulated signal rather than an
interval modulated signal. The spectral values calculated by CARSPAN are normalised at
the mean and expressed in dimensionless “squared modulation index”-units (van Dellen
et al., 1985). Because of this transformation, the dependency between the spectral values
and mean IBI is resolved (Mulder, 1988). For further analysis, the integrated power
density spectra in the high frequency band (HF_HRV, 0.14 - 0.40 Hz) of each selected
period was calculated. The resulting data is considered an index of variability as well as
vagal autonomic control of the heart (Berntson et al., 1997).
Statistical analysis: random coefficient model
As has been described earlier, the variables effort, reward, need for control, and negative
affectivity were measured only once, whilst the variables demand, satisfaction, positive
and negative mood as well as the selected IBI periods were measured several times a day.
The variables that were measured several times a day are said to be nested within the
units (subjects) at a higher level, and are referred to as the lowest level of measurement
(beep level). The variables at the highest level (subject level) are sleep quality, effort,
reward, effort-reward imbalance, need for control and negative affectivity (see table 1).
The data is also related to the time of day, and the moment of data collection differs
between individuals (e.g in one subject the first beep may be at 8.30 a.m. whilst the first
beep in an other subject may be at 9.10 a.m., leading to varying time points). To
adequately assess the effect of higher level variables on lower level variables, and varying
time points, a statistical method based on a random coefficient model (Bryk &
Raudenbush, 1992; Goldstein, 1995) was employed, rather than a traditional method
(such as analysis of variance or regression analysis). Furthermore, due to the
characteristics of the measured variables, missing values are not uncommon. Again,
traditional analysis techniques need complete data sets. Missing values usually result in
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the omission of an entire subject. Using a random coefficient model these two problems
(varying time points in time and missing cases) are adequately addressed.

Table 1. Measurement levels and variables.
variable
time
negative mood
positive mood
demand-satisfaction ratio (ADSR)
demand
satisfaction
high frequency heart rate variability
(HF_HRV)
sleep quality
smoking
gender
profession
negative affectivity
effort
reward
effort-reward imbalance (ERI)
need for control

beep level
(within-days)
*
*
*
*
*
*
*

subject level
(between subjects)

*
*
*
*
*
*
*
*
*

In the present study, we set out to assess the variance at the beep and subject level, the
random and fixed effects of beep level variables and the fixed effects of subject level
variables on HF_HRV. To achieve this, a number of models were created, each testing a
specific effect.
To assess the amount of variance at each level, an empty model was tested (intercept
only: model 1). Then, the effect of time of day on HF_HRV was assessed (time of day:
model 2). After this, the effects of explanatory variables at the lowest level (respectively
negative mood, positive mood, actual demand-satisfaction ratio, demand, and
satisfaction), and the subject level (respectively sleep quality, gender, smoking,
profession, effort, reward, effort-reward imbalance, need for control and negative
affectivity) on HF_HRV were tested (model 3). It was also tested whether the effect of
each beep level variable differed between individuals (i.e. had a random effect). Finally,
possible interaction effects were tested (model 4). The following interactions were of
interest: ERI * need for control, effort * time1, reward * time, and ERI * time. For reasons
of simplicity, only the significant effects are shown in the table (table 2)
All estimates of the regression coefficients were obtained using the program MLn
(Woodhouse et al., 1996). The significance of the fixed effects was determined by
dividing the estimate by its standard error, and the significance of the covariances and
variances were determined by the likelihood ratio test (Bryk & Raudenbusch, 1992).
1

The interactions with time2 and time3 were also determined (see results).
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RESULTS
Fixed and random effects on HF_HRV
Before the analyses, a logarithmic transformation was performed on HF_HRV (Ln
HF_HRV) data to correct for skewness. This transformation resulted in a normally
distributed HF_HRV curve throughout the day (skewness = -0.37, min. = 9.50 max. =
15.99). Then, the amount of variance at each level (the beep level and subject level) was
assessed, by constructing an intercept only model (model 1). The intra-level-2 correlation
(Goldstein, 1995) shows that 60% (0.876 / (0.583 + 0.876)) of the variance is at the
subject level and 40% (0.583 / (0.583 + 0.876) at the beep level. This means that
differences between subjects are larger than the differences within the day (60 : 40 %).
However, the variance within-days is still quite large.

Table 2. Fixed and random effects on Ln HF_HRV.
Fixed Effects
Intercept
Time
Time2
Time3
Need for control
ERI
ERI * Time
Random effects
Subject level
Var (intercept)
Beep level
Var (intercept)
∆ deviance

Estimate + (s.e.)
Model 1
Model 2
Model 3
Model 4
12.780 (0.158) *
12.360 (0.367) *
12.860 (0.380) *
13.750 (0.617) *
0.383 (0.189) *
0.419 (0.188) *
0.257 (0.192) .
-0.074 (0.030) *
-0.079 (0.030) *
-0.071 (0.030) *
0.004 (0.001) *
0.004 (0.001) *
0.004 (0.001) *
-0.163 (0.045) *
-0.161 (0.045) *
-1.615 (0.948) .
0.227 (0.080) *
variance
0.876

0.937

0.696

0.695

0.583

0.543

0.539

0.512

-

-8.28

-11.69

- 8.01

For all models: n beeps = 294, 70 subjects; * = p<0.05. The deviance of each model with respect to the previous model was calculated
(∆ deviance).
Model 1: An intercept only model, for estimating variance at the subject and beep levels.
Model 2: The fixed and random effects of time of day (“time”, “time2” , “time3” ) on HF_HRV were assessed. Only the fixed effects
were significant.
Model 3: The fixed and random effects of all variables on HF_HRV were tested. Only the fixed effects of “time”, “time2” , “time3”
(in hours after 8.00 a.m.) and “need for control” were significant. When tested separately, the effect of “profession” was also
significant, this effect disappeared when all variables were tested simultaneously.
Model 4: The fixed effects of two interaction variables on HF_HRV were tested separately: “effort-reward imbalance * need for
control”, and “effort-reward imbalance * time” . Only the latter interaction effect was significant.

Second, the effect of the time of day on HF_HRV was assessed (model 2). To adequately
control for the effect of the time of day on HF_HRV, a HF_HRV curve was first
estimated and plotted against time of day. As is shown in table 2 (model 2), the HF_HRV
curve can be described by a third degree polynomial. The time variables in this model
were model “time” “time2” and “time3”, all of which had a significant effect on HF_HRV.
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The fit of a higher degree polynomials (fourth etc.) was not significantly better than the fit
of the third degree polynomial, therefore it was concluded that the HF_HRV curve is best
described by a third degree polynomial. Both the observed and the estimated curve are
plotted in figure 1. The estimated values closely follow the observed values, although the
“after lunch dip” (at ± 1.18 p.m.) in the observed values was not reflected by the
estimated values. The decrease in variance (∆ 0.040) shows that the time of day effect
explains 7 % of the variance at the beep level (0.040 / 0.583).

14.5

Ln HF_HRV

14
13.5

observed
Ln HF_HRV

13

estimated
Ln HF_HRV

12.5
12
20.25

17.35

14.45

11.55

9.05

11.5

Figure 1. Estimated and observed Ln HF_HRV throughout the day.

A random term for each time variable (time, time2 and time3) was introduced into the
model, allowing for individual differences in HF_HRV levels at different times of the
day. None of the effects of the random terms were significant, indicating no differences
between subjects regarding the effect of time of day.
After assessing time of day effects, the effects of the remaining beep level variables were
tested. The fixed and random effects of the following beep level variables on HF_HRV
were tested: negative mood, positive mood, the actual demand-satisfaction ratio, demand
and satisfaction. Non of these effects were significant.
Next, explanatory subject level variables were introduced: sleep quality, smoking, gender,
profession, negative affectivity, effort, reward, need for control, and ERI. When tested
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separately, both profession and need for control had a significant negative effect on
HF_HRV (respectively: estimate = -0.966, s.e. = 0.329; estimate = -0.163, s.e. = 0.045).
More specifically, the HF_HRV of the health professionals was 0.966 lower than the
HF_HRV of office clerks. An increase in need for control by 1 unit (minimal score = 1
maximal score = 9) is associated with a decrease in HF_HRV of 0.163. When tested
simultaneously, only the effect of need for control remained significant (see table 2,
model 3).
Finally, the following interaction effects on HF_HRV were tested: 1) between ERI and
need for control, 2) between effort and time, 3) between reward and time, and 4) between
ERI and time. The interaction between effort and time1 was significant, indicating that a 1
unit increase in “ERI * time” is associated with a 0.227 HF_HRV increase. Adding the
interaction effect to the model, the total model explains 21 % variance at the subject level
((0.876- 0.695) / 0.876) (see table 2 model 4).

Discussion
Most importantly, we found that a higher need for control is associated with lower
HF_HRV. According to the effort-reward imbalance theory, a high effort-reward
imbalance is associated with vigorous striving and an increased “autonomic activation”,
an effect supposedly enhanced by need for control. In the present study, we found support
for one aspect of this hypothesis: high need for control is associated with vagal
withdrawal. As lower heart rate variability (indicating a higher vagal tone) is associated
with cardiac events (Liao et al., 1997) and other negative health outcomes (Stansfeld et
al., 1998), subjects high in need of control in the long run might be more at risk. The
present data indeed show that in these subjects low vagal control is constantly present, at
least during waking hours. Extending this type of recordings through the night and more
elaborated assessment of cardiac functioning or subclinical cardiac events such as
transient ischemia, will further illuminate in how far this pervasive effort spending coping
style compromises cardiovascular status.
In contrast to the expectations, effort, reward, ERI, demand, and satisfaction, did not
have significant fixed or random effects on HF_HRV. This suggests that the ‘simple’
effects of perception of the work environment nor the actual experience of demand or
satisfaction affect HF_HRV. Neither did the effort reward imbalance, which is a central
assumption in the theory of Siegrist. Still, HF_HRV, at specific times of the day, is
affected by effort-reward imbalance: subjects high in effort-reward imbalance have a
higher vagal tone later in the day. Because a higher vagal tone is associated with lower
mental effort, we interpret that later in the day, these subjects spend less mental effort to
perform their duties. In the introduction this was referred to as disengagement or change
to less effort demanding strategies. In other terms: subjectively experienced effort-reward
imbalance seems to be accompanied by less investments in terms of mental effort as the
day progresses. Analysing cardiovascular concomitants may clarify (the costs of) the
dynamic interaction of motivational drives and environmental demands. Future research
should expand on this, introducing more detailed assessment of mental effort, related
subjective motivational states and performance measures.
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As previously discussed, the imbalance between effort and reward was only reflected in
the diurnal curve of HF_HRV, suggesting a disengagement from the work demands later
in the day. No main effect of ERI could be shown. The present populations are not
excessively stressed. It is conceivable that with progressing age or stress, the mental
effort disengagement will not suffice to prevent deleterious effects of perceived
disharmony between give and get. Although the interaction “effort-reward imbalance *
need for control” was not significant in this study, the combination with a high need of
control in the long run may make people especially vulnerable to the negative health
effects of a low vagal tone. It is intriguing to link these observations and speculations to
the risk factors and the development of burnout: highly striving individuals finally not
fulfilling their aspirations (Schaufeli & Buunk, 1996). The similarity of ‘exhaustion’, the
primary component of burnout to ‘vital exhaustion’ as related to myocardial infarction
(Goodkin & Appels, 1997) may turn out to be less than superficial.
To date, relatively little is known about the relationship between autonomic cardiac
control and mood. Sloan et al (Sloan et al., 1994) combined a number of items reflecting
negative mood (unhappy, irritable, tense and pressured), and assessed it’s relation with
cardiac control. This variable (which they referred to as “stress”) was related to a higher
LF/HF_HRV ratio (an index of increased sympathetic predominance in cardiac
sympathovagal balance). In contrast to these results, the present study shows that neither
negative nor positive mood are related to HF_HRV. A possible explanation for this
finding is that in natural settings, HF_HRV may be subject to control by other factors
(such as physical activities) that override the influence of mood, although HF_HRV was
only determined when the subject was seated for at least five minutes, to minimise the
effects of physical activity. However, the influence of previous intensive physical activity
(e.g. especially if the effects last longer than five minutes) can not be totally ruled out.
Another possible explanation for the absence of a relationship between mood and
autonomic activity may be provided by the actual items used to reflect mood. The mood
variable used by Sloan et al., did not solely consist of mood items, but also contained
items reflecting time pressure and tension. This suggests that the interaction between
pressure, tension and negative mood items may affect autonomic activity rather than
mood per se. Future studies should continue these efforts to identify the exact items
related to autonomic cardiac function. This can be achieved by assessing the effects of a
wider range of variables. For example, a study performed by Schwartz et al., (1994) has
shown that anger increases ambulatory blood pressure and that feelings of being rushed
increases ambulatory heart rate. It should be tested if these variables also affect HF_HRV.
This study has focused on effects of effort and reward on the HF_HRV band, for reasons
explained in the introduction. Findings with other work related variables and a different
choice of dependent measures should be attended to as well. For instance Meijman (1997)
has shown that the power in the middle frequency range of heart rate (0.07 - 0.14 Hz) is
associated with mental effort as well as fatigue. Future studies, could very well include
these variables and, for instance, identify how time of day and fatigue may affect heart
rate variability.
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The primary aim of this study was the effect of work related factors on HF_HRV.
However, interesting spin-off for the general field of psychobiology should be mentioned
as well. Confirming and expanding on the findings of Malliani et al., 1991), the
ambulatory measurements of HF_HRV in the present study are affected by the time of the
day. The graphical representation of HF_HRV (see figure 1) shows that HF_HRV is low
in the morning (( 9.00 a.m.), and in the afternoon (( 1.00 p.m. - 4.00 p.m.) and increases
towards the end of the evening (( 9.30 p.m.). As HF_HRV reflects parasympathetic
cardiac control, we see two peaks in vagal withdrawal throughout the day: in the morning
(at the beginning of the workday), and after lunch. The increase in vagal activity towards
the end of the evening, may reflect decreasing demands and/or the occurrence of recovery
processes. Factors such as gender and smoking did not have a significant effect on
ambulatory HF_HRV.

Conclusions
The importance of ongoing psychophysiological measurements is now gaining
recognition (Hockey, 1997). The relationships between patterns of work strain and their
consequences for the individual are essentially dynamic, requiring dynamic assessments
and analyses to reflect these processes. In the present study, the variance in ambulatory
HF_HRV could partly be explained by variables at the beep (time of day) and the subject
level (need for control) as well as by interaction of time of the day and subjects’
characteristics (ERI * time). This strongly points to the necessity to add ambulatory
assessments to the more traditional trait like approaches in order to understand the
dynamic psychobiological adaptation or maladaptation (vagal cardiac regulation) to the
work environment while actually at work. The present study also proved the feasibility of
this approach, without noticeable disturbance of the ongoing work assignments or of the
work environment.
The amount of explained variance may not be overwhelming (model 4 explains 21 % at
beep level i.e. some 12 % of total variance). However, in contrast to other, momentary
effects under artificial conditions (e.g. laboratory) reported in the literature, the effects in
this study are present during prolonged periods of time and in a natural setting, enhancing
potential clinical relevance.
The negative impact of ‘need for control’ -considered as a generalised coping strategyinvites to envisage the usefulness of interventions. Intervention programs for burnout (see
Schaufeli and Enzman, 1998) include an evaluation of, and adaptive changes in the way
people cope with job demands. The intended accompanying positive changes in
autonomic drive directly affect ‘the heart of the matter’.
Finally, the results of this study point to the challenging issue of
“chronopsychobiological” effects: changes in biological regulation over the day are
influenced by individual psychological differences, in the present case by a perceived
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imbalance between give and get in the work situation. Taken together, we consider that
the present results add to the understanding of mechanisms by which work related factors
may contribute to long term cardiovascular health or disease.
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Chapter 5
Cortisol secretion throughout the day, perceptions of
the work environment and negative affect
Abstract
The effects of explanatory variables derived from a work stress model (the effort-reward
imbalance model), on salivary cortisol were assessed. A multilevel analysis was used to
distinguish the effects of single occasion and multiple occasion measurements of work
stress and affect on cortisol. The single (or cross-sectional) factors include effort-reward
imbalance, need for control, negative affect, and other enduring factors (type of
occupation, gender and smokers). The multiple occasion measurements, include negative
mood, actual demand-satisfaction ratio, sleep quality, workload (workday versus day-off)
and lunch. The effect of time of day on cortisol was controlled for before the analyses
were performed.
Negative mood rather than negative affectivity was positively associated with ambulatory
measured cortisol dynamics. The variables from the work stress model, effort, reward,
need for control did not, neither did its state like derivatives demand and satisfaction.
Additionally, the results show that the time course of cortisol differs between individuals
and that the effect of sleep quality on cortisol can vary from person to person. This points
to the necessity of continued efforts to single out sources of individual variability.
The finding that variables derived from the effort-reward imbalance model are not related
with cortisol restricts the generalizability of this model to explain psychobiological
relations in work related stress. More in general, the present results invite to further
qualify the widely claimed association between chronic stress and HPA activity, at least,
as far as can be deducted from cortisol measurements.
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INTRODUCTION
It has been established that a chronic increase in hypothalamic-pituitary-adrenal (HPA)axis activity and the subsequent increase in cortisol is associated with negative health
outcomes (McEwen et al., 1993). HPA-axis activity and increases in cortisol have been
associated with life stress (Selye, 1980; Mason, 1968; Anisman et al., 1982; Endresen et
al., 1992)work stress (Ockenfels et al., 1995; Pollard et al., 1996), negative affect
(Buchanan et al., 1999; Smyth et al., 1998; Eck et al., 1996), and loss of sleep (Murawski
et al., 1960; Henning et al., 1998; Leproult et al., 1997). A number of authors argue that
affect is the major cause of cortisol increases (Buchanan et al., 1999), but the evidence for
this, in particularly in daily life remains small (Buchanan et al., 1999; Eck et al., 1996).
The present study focuses on this issue, and assesses the relative contribution of each of
these factors on cortisol throughout the day.
The Effort-Reward Imbalance (ERI) theory (Siegrist, 1996) provides a model for
enduring work stress, resulting from low reward considering the demanded efforts. The
work stress theory also states that conditions of high effort and low reward induce adverse
emotional consequences, and possibly affect the physiological functioning of an
individual (Siegrist et al., 1990). Employees with a high ERI have been shown to have a
higher risk in developing cardiovascular disease (Siegrist et al., 1997). To date the shortterm underlying mechanisms of this process still remain unclear. It has been demonstrated
that high chronic work stress has is associated with a slower decrease of cortisol during
the day (Caplan et al., 1979). This is of potentially great importance, since the shape of
the cortisol curve (lower than normal values in the morning, and higher than normal in
the evening) has been related to lower well-being and health (Smyth et al., 1997). The
same is hypothesised for ERI. Furthermore, the ERI theory states that individuals with a
high need for control are less likely to disengage from stressful experiences caused by
high ERI (Siegrist et al., 1994). Therefore, the effect of ERI on cortisol is expected to be
moderated by need for control (i.e. an interaction is expected between ERI and need for
control).
As was mentioned above, repeated measurements of ongoing situations have also revealed that
daily stressors are associated with increased cortisol (Smyth et al., 1998; Eck et al., 1996). In
the present study, the ratio of high demand and low satisfaction is considered a momentary
assessment of stress throughout the day at work and at home. Thus, a high ADS-R is expected
to be associated with a higher cortisol. Evaluations of events throughout the day can be
performed using an Ecological Momentary Assessment (EMA) technique (Stone et al., 1994).
To our knowledge, this is the first study that measured demand and satisfaction using EMA.
Reich and co-workers (Reich et al., 1988; Reich et al., 1983) also measured demand and
satisfaction, but the ratings were given at the end of the day. In their studies, subjects had to
rate the demand frequency of 30 daily events, and whether he/she had actually responded to the
event. The outcome of the activity was then rated on a 5-point dissatisfaction/satisfaction
scale. An average demand/satisfaction ratio was obtained by dividing the number of activities
reported by the total of all satisfaction ratings. Another difference with the present study, was
that an estimate of occurrence frequency was used to reflect demands rather than an appraisal
of the distress caused by the demands.
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The effect of daily workload on cortisol dynamics has yield equivocal results. Lundberg
et al. (1989; 1980) found a higher cortisol on days with a higher workload in comparison
to days with a low (or no) workload, but Pollard (1996) did not find cortisol differences
between a day of and working days. A possible explanation is the mediating effect of
negative affect (Buchanan et al., 1999).
According to the literature increases in cortisol are the result of negative affect involving
fear, anxiety, helplessness and loss of control (Levine et al., 1989; Al'Absi et al., 1993;
Frankenhaeuser, 1989; Arnetz et al., 1986). Negative affect is the tendency to experience
a wide range of negative emotions like trait anxiety, depression and negative mood
(McCrae, 1990; Watson et al., 1984). It is described as “…a general dimension of
subjective distress and unpleasurable engagement…” (Watson et al., 1988). Popular
instruments used to indicate negative affect are the Positive Affectivity/Negative
Affectivity Schedule, PANAS (Watson et al., 1988) or the State-Trait Anxiety Inventory,
STAI (Watson et al., 1984). In the present study trait negative affect was measured by
seven items reflecting anxiety and depression (Bradley et al., 1990). Negative affect can
also be measured as negative mood throughout the day (Doosje et al., 1994; Smyth et al.,
1998). In the literature, negative affect is considered to cause inflated correlations
between stressors and self reported health symptoms (Costa et al., 1987; Watson et al.,
1989). Negative affect rather than stress is expected to be associated with increases in
cortisol (Buchanan et al., 1999).
Cortisol is said to increase if the amount of sleep in the preceding night was small
(Murawski et al., 1960). Subjects with lower durations of and less recovery in sleep
showed a reversal in their circadian function (Henning et al., 1998), and a delay in the
recovery of the hypothalamo-pituitary-adrenal axis from early morning circadian cortisol
stimulation (Leproult et al., 1997). This is interesting, as sleep is important in restoration
of biological functioning (Friess et al., 1995), and a delay in recovery may involve an
alteration in negative glucocorticoid feedback regulation (Leproult et al., 1997). In this
respect, sleep loss can be assigned a role in the stress – health relation.
Other factors like smoking (McCrae, 1990), gender (Kirschbaum et al., 1992) and food
consumption during lunch (Follenius et al., 1982; Malozowski et al., 1990; Quigley et al.,
1979) also influence cortisol dynamics. These effects are found after the well-known time
of day effect (Krieger et al., 1971; McCrae, 1990) has been controlled for and will be
taken into account in this study.
Summarising, cortisol patterning throughout the day is expected to vary as a function of
negative affect, work stress and sleep quality, superimposed on the effect of time of day.
The following hypotheses are tested, after controlling for the well-known effects of lunch
consumption, gender, occupation and smoking:
1) Negative affect (i.e. trait negative affect and negative mood measured throughout the
day) is positively associated with cortisol.
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2) Subjects with a high work stress (i.e. high ERI, a high need for control (and their
interaction), a high ADS-R, and workdays) have higher cortisol.
3) Cortisol is elevated on workdays, and in subjects that had some difficulty sleeping.

METHOD
Subjects
A total of 104 subjects in two companies were invited to participate in the study. After a
meeting in which the objectives of the study were explained, seventy-seven subjects
agreed to participate in the present study. Thirty-six of the participants were health
professionals (mean age = 39.8, s.d = 4.7; 20 male, 16 female) and 41 (mean age = 32.9,
s.d. = 9.8; 23 male, 18 female) were office clerks. There was no significant difference in
age and proportion of male participants between the occupations.
Materials
Effort, reward and need for control.
Effort, reward and need for control were measured using the revised Dutch Effort-Reward
Imbalance Questionnaire (Hanson et al., 1999). The questionnaire measures three main
subscales: effort, reward and need for control. Effort is measured by six items that refer to
demanding aspects of the work environment (e.g. “I have constant time pressure due to a heavy
work load”). If the statement is affirmed, the subjects are then asked to rate its severity from
“not at all distressed” (1 point) to “very distressed” (4 points). A negative answer to the
statement scores 1 point. Reward is measured by twelve items that refer to the three following
topics: ‘esteem reward’ (6 items), ‘monetary gratification’ (1 item) and ‘status control’ (5
items) (e.g. “My promotion prospects are poor”). These items are scored in the same way as
the effort items, so that a minimum score of 1 point and a maximum score of 4 points per item
can be obtained. In this study (n=77) an internal consistency (Cronbach’s alpha) of .67 and .78
was found for respectively extrinsic effort and reward. A score for effort-reward imbalance
was calculated by dividing the score on effort by the weighted score on reward: effort / (reward
* (0.5)). The reward scale has twice as many items than the effort scale. Multiplying reward by
0.5 corrects for this. The need for control scale consists of 9 dichotomous items (e.g. I don’t
let others do my work. Agree / disagree). Affirmative answers to the question scored 1 and
disagreement 0. The internal consistency of the need for control scale in this study (n = 77) is
0.92.
Trait negative affect
Negative affect was measured using a Dutch translation (Doosje et al., 1994) of the Wellbeing questionnaire (Bradley et al., 1990). The questionnaire consisted of four subscales:
anxiety, depression, energy and positive well being. A factor analysis performed on the
anxiety and depression subscales resulted in a new subscale (7 items) called negative
affect. The items used to measure negative affect refer to feelings of depression (e.g. I
have crying spells or feel like it) and anxiety (e.g. I feel nervous and anxious). Both
depression and anxiety are associated with negative affect (McCrae, 1990; Watson et al.,
1984). Each item was rated on a 4-point numeric scale (with the labels “never” and
“always” on the extremes). The range of the scores was 21. A psychometric analysis
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performed on the scale revealed a satisfactory internal consistency (Cronbach’s alpha =
.86) (Doosje et al., 1994). In the present study an alpha of .82 (n=77) was obtained.
Sleep Quality
The Groningen sleep quality scale (14 items) was used to measure subjective sleep quality
of the preceding night (Mulder-Hajonides van der Meulen et al., 1990; Meijman et al.,
1990). The scale covers various complaints about sleep such as: sleep quality in the
previous night, insufficient sleep, difficulty falling asleep etc. Higher scores on the scale
indicate a lower sleep quality. A score between 2-4 is considered normal in a healthy
population. The internal consistency (Cronbach’s alpha) was .85 on the first day and .87
on the second.
Smoking, lunch and occupation
In a briefing session before the experiment, subjects were asked whether they smoked, at
what time they went for lunch, and their occupation (i.e. office clerk or health
professional). Their answers were reconfirmed in a debriefing session after the
experiment, and added as separate variables to the data.
Demands, satisfaction and negative mood
An EMA diary was used to measure demand, satisfaction and negative mood. The diary
contained three questions about the perceived demands: (1) “Since the last beep I was
interrupted a lot”: yes / no), (2) “Since the last beep I was under time pressure”: yes / no),
and (3) “Since the last beep I experienced physical demands”: yes / no). Two questions
referred to perceived satisfaction: (1) “Since the last beep my actions were worth the trouble”:
yes / no), and (2) “Since the last beep my input was acknowledged”: yes / no). An appraisal
was obtained reflecting the level of distress caused by each item. Distress was rated on a scale
running from 1 (“Not at all distressed”) to 4 (“very distressed”). The total scores of each
scale was obtained by summing the scores of the items and their appraisals. Finally, a score for
the actual demand-satisfaction ratio was obtained by dividing the scores on demand by the
scores on satisfaction: ((2/3)*demand)/satisfaction. The demand scale has three items, and the
satisfaction scale has two. Multiplying demand by 2/3 corrects for this difference in number of
items.
The subjects were asked to rate their negative mood using four mood adjectives. The
scores on negative mood (e.g.“ I feel sad”) were obtained using a numerical scale
(ranging from 1 “not at all” to 7 “very much”). The items used to rate negative mood
were a selection of 4 out of 5 variables used by Smyth et al. (1998): sad, angry, unhappy
and worried. The fifth item (depressed/blue) was excluded because no satisfactory
translation could be made into Dutch. In this study we found an internal consistency
(Cronbach’s alpha) of .80, .76 and .85 for respectively negative mood, demand and
satisfaction.
Cortisol
Cortisol was determined from saliva samples. Salivary cortisol is considered a reliable
index of free plasma cortisol (Vining et al., 1983). The secretion of cortisol is episodic
and pulsatile (Gallagher, 1973), and the amount of cortisol in saliva increases within
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minutes after the occurrence of a stressful experience. The amount of cortisol found in
saliva reaches it’s peak approximately 20 minutes after the stressor (Kirschbaum et al.,
1992).
Cortisol samples were obtained as follows. Subjects were asked to chew on a cotton swab
until it was saturated in saliva. This swab was then placed in a plastic tube (called
“Salivette” manufactured by Sarstedt), capped and placed in a refrigerator at the subjects
home or work place. After the experiment, the salivettes were stored at -20 0C. In the
present study, cortisol collection rate was 85% (956 cortisol samples were collected). Five
samples were discarded due to extreme values (>50 nM). Salivary cortisol values were
determined by employing a time-resolved immunoassay with fluormetric end point
detection (see (Egloff et al., 1995)), and by radio-immunoassay employing a polyclonal
anticortisol-antibody (K7348). [1,2-3H(N)]- Hydrocortisone (NET 185,NEN-DUPONT,
Dreiech, Germany) was used as a tracer following chromatografic verification of its
purity. Mean and average values obtained from both detection methods did not differ
significantly as was determined by a t-test. The lower detection limit of both assay is less
than 0.43 nM.
Procedure
The data in this study were collected by means of: questionnaires, salivettes (test tubes for
saliva collection) and diaries. Two days before the diary data collection started, the
subjects were asked to fill in questionnaires about effort, reward, need for control and
negative affect. They were also questioned about their medical history (hypertension etc.),
work environment (type of occupation, years of experience etc.) and personal
characteristics (sex, age etc.).
The diaries were used to obtain within-day measurements of demands, satisfaction and
mood. These measurements were carried out according to the Experience Sampling
Method (ESM) (Ockenfels et al., 1995; Eck et al., 1996; Csikszentmihalyi et al., 1987;
Delespaul, 1995). Subjects were asked to fill out a diary several times a day. The diary
questions were presented to the subjects via a palm-top computer (HP-100 LX) that
beeped at semi-random intervals throughout the day. In total 1123 beeps were generated
(for all subjects), 1014 of which were answered (compliance rate = 90%). The first beep
was after 8.00 a.m. and the last beep was not later than 10.30 p.m. In the subsample of
health professionals, beeps were generated 6 times a day, at semi-random intervals of
approximately 140 minutes. Beeps were clustered 20 minutes before and 20 minutes after
these 140 minute intervals. In the subsample of office clerks, beeps were generated 10
times a day at semi-random intervals of approximately 90 minutes. In this subsample
beeps were clustered 20 minutes before and 20 minutes after the 90 minute intervals.
Saliva was collected on two days, a work day, and a day off (see measurement of
cortisol). Subjects were instructed to collect saliva at the moment of the beeps, label and
preserve the salivettes.
Statistical analysis
In the present study, cross-sectional data from questionnaires as well as within-day and
daily diary data were collected (see table 1). The questionnaires were used to measure
effort, reward need for control and negative affect. The diaries were used to collect
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information about negative mood, work stress and sleep quality on two days (a workday
and a day-off). To determine the relation between the independent variables and cortisol,
a series of regression analyses could have been performed. However, this would have lead
to a number of problems: omission of entire subjects due to missing values or
measurement points, aggregation bias, capitalisation of chance due to multiple testing,
unequal timing of assessment, and correlated assessments (Jaccard et al., 1993; Schwartz
et al., 1998). As can be understood from the previous sections, a subject was randomly
prompted (by a beep) throughout the day. This leads to measurements that vary in time
throughout the day (within-day level) as well as between subjects (subject level). A twolevel linear model (or random coefficient model) (Bryk et al., 1987; Goldstein, 1995) was
used to analyse the data.
At the moment of the beep the subjects had to answer a number of questions and collect
saliva samples. Not always did a subject succeed in doing this on time, leading to missing
data. Measurements close in time are also somewhat correlated. In conventional statistical
analyses, these data characteristics may result in a large amount of missing subjects,
(because a whole subject is omitted), and to biased results. Performing a multilevel
analysis resolves these problems (Buchanan et al., 1999). In this paper, several models
were explored to test the relationships between cortisol and explanatory variables at each
level. Model 1 was tested to determine the number of levels in the data, and the
distribution of variance over these levels. The effects of time of day were determined in
model 2, and the effects of the remaining variables were tested in model 3. All nonsignificant effects were removed from the model.
Table 1. Measurement levels and variables.
Variable
time
cortisol
negative mood
actual demand-satisfaction ratio (ADS-R)
sleep quality
lunch
work day
effort-reward imbalance (ERI)
need for control
negative affectivity
occupation
gender
smoking
ERI*time
ERI*need for control

within-day level
*
*
*
*
*
*
*

subject level

*
*
*
*
*
*
*

*
*

All estimates were obtained using the program MLn (Goldstein, 1995). The significance
of the fixed effects was determined by comparing it to its standard error. To achieve
significance, the fixed effect should be at least twice the standard error. The significance
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of the random effects were determined by the likelihood ratio test (Bryk et al., 1987).
Only significant fixed effects are presented in the tables. Where necessary, explained
variance and random effects are reported in the text.

RESULTS
Descriptive statistics
To increase the comprehensibility of the data some descriptive statistical analyses have been
performed: mean, Standard Error of Mean (S.E. Mean) and their quartile scores (see table 1).
Mean and SE Mean for within-day variables derived by aggregating the scores at each beep over
subjects and days. The mean effort-reward Imbalance (ERI) ratio (0.49) shows that the

present sample was not highly stressed. According to a definition of the theory, only
subjects with an ERI ratio lager than 1 are at risk of developing cardiovascular disease.
The average sleep quality is 3.73, which is normal for a healthy working population. The
means and SE Mean calculated within-days for the highest and lowest quartile of negative mood
are given in figure 1.

Time of day effects on cortisol
Before testing whether the explanatory variables had a significant effect on cortisol, the
amount of variance at each level (the within-day level and subject level) was assessed.
The amount of variance at each level was derived from an empty model (model 1, figure
2). A simple calculation shows that 16% of the variance is at the subject level and 84% at
the beep level (see table 2).
To adequately control for the effect of the time of day on cortisol, a cortisol curve was
first estimated and plotted against time of day. Before this curve was estimated, a fifth
root transformation was performed on cortisol (cortisol0.2) data to correct for skewness. In
accordance with (Ockenfels et al., 1995), this transformation resulted in a normally
distributed cortisol curve throughout the day (skewness = -0.19, min. = 0.63 max. = 1.91).
As is shown in table 2 (model 2), the cortisol curve can be described by a third degree
polynomial. The time variables in this model were model ‘time’ ‘time2’ and ‘time3’.
‘Time’ and ‘time3’ have a negative effect on cortisol, whilst ‘time2’ has a positive effect on
cortisol. The fit of higher degree polynomials (fourth etc.) was not significantly better
than the fit of the third degree polynomial. Therefore it was concluded that the cortisol
curve is best described by a third degree polynomial. Both the observed and the estimated
curve are plotted in a figure 1. The estimated values closely follow the observed values,
showing an adequate fit.
A random term for ‘time’ was introduced into the model, and its effects were tested. A
random term allows for individual differences in cortisol at different times of the day. The
effect of this term was significant. This means that the effect of ‘time’ differs between
subjects. The other time variables (‘time2’ and ‘time3’) had no significant random effect.
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Table 2. Mean, and Standard Error of mean (SE Mean) for the actual demandSatisfaction ratio (ADS-R), Effort-Reward Imbalance (ERI), need for control, trait
negative affect, negative mood, and sleep quality.
ADS-R
N
Mean
Std. Error of Mean
Percentiles

25
50
75

850
2.03
.05
.83
1.50
2.50

ERI
850
.49
.01
.38
.46
.58

Need for
Control
850
3.70
.11
1.00
3.00
7.00

Negative
affect
850
2.95
.10
1.00
2.00
4.00

Negative
mood
850
6.45
.13
4.00
4.00
8.00

Sleep
quality
850
3.73
.10
1.00
3.00
5.00

1.7

1.6

1.5

Mean SE Cortisol^^5

1.4

1.3

1.2

SE Mean
Estimated Cortisol

1.1
SE Mean
1.0

Cortisol
8
.4
21
3
.2
20
8
.5
18
3
.3
17
8
.0
16
4
.3
14
8
.1
13
3
.5
11
8
.2
10

03
9.

time of day

Figure 1. Estimated and observed cortisol throughout the day
Other explanatory variables cortisol
After controlling for time of day, the effects of all other variables on cortisol were tested
(table 3, model 3). The results show a significant fixed effect for negative mood, lunch
and smoking, and a random effect for ‘sleep quality. This means that the effect of ‘sleep
quality’ differs between subjects. All other effects were not significant.
Table 3. The effect of explanatory variables at the beep level on cortisol.
Fixed Effects
Intercept
Time
Time2

Estimate + (s.e.)
Model 1
1.365 (0.0118) *

Model 2
1.555 (0.0269) *
-0.0354 (0.0144) *
0.0034 (0.0023) *

Model 3
1.509 (0.0342) *
-0.0522 (0.0146) *
0.0059 (0.0023) *
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Lunch
Negative mood
Sleep quality
Smoking
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-0.0002 (0.0001) *

-0.0003 (0.0001) *
0.0504 (0.0168) *
0.0050 (0.0017) *
-0.0052 (0.0031)
0.0324 (0.0105)*

0.0068 (16%)

0.0070

0.0038
5.8-5
8.7-5

Random effects
Subject level
Var (intercept)
Var (time)
Var (sleep)
Within-day level
Var (intercept)

variance

0.0348 (84%)

0.0212

0.0189

∆ deviance

-

395.74

435.71

For all models: n cases = 850, 77 subjects; * = p<0.05. The deviance of each model with
respect to the null model was calculated (∆ deviance).
Model 1: An intercept only model (empty model), for estimating variance at the subject
and within-day levels. The percentage of the total variance is given within parenthesis().
Model 2: The variables ‘time’, ‘time2’ and ‘time3’ (in hours after 8.00 a.m.) were
introduced. The random effect of the ‘time’ variable were significant (deviance change
Var (time) = 14.70 df = 1, p<0.001).
Model 3: Final model including all significant effects. The fixed effects of negative mood
and the random effects of sleep quality (deviance change Var (sleep) = 8.39 df = 1,
p<0.001) are significant.
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Figure 2. Cortisol throughout the day for the first and fourth quartiles of negative mood.
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DISCUSSION
Negative affect
Negative affect was measured at two levels: trait negative affect (measured crosssectionally) and negative mood (measured throughout the day). The results show that
negative mood but not trait negative affect had a significant positive effect on cortisol,
after controlling for time of day, food consumption, and smoker effects (see figure 2). The
results suggest that the fluctuations in negative mood may be accompanied by changes in
cortisol, and that these effects are not the result of a personality trait (i.e. the tendency of
subjects to perceive events as negative). These results are in contrast to the results of van
Eck et al. (1996).
One explanation for this difference may be the average levels of trait negative affect.
Possibly, cortisol is only affected if levels of trait negative affect are high. As can be seen
in table 1, the mean average of trait negative affect is 2.95 which is rather low (min. score
= 0, max score = 18). Another explanation may be the differences in questionnaires used
to measure negative affect. Van Eck used a trait anxiety measure to indicate negative
affect. The scale used in the present study also has items referring to both anxiety and
depression. Thus, it may be anxiety rather than depression that is related to cortisol.
The average increase in cortisol due to negative mood is 0.085 nmol/L (i.e. 9% increase
above mean cortisol levels). The average increase found by Van Eck et al., (1998) and
Smyth et al. (1998) are 11% and 12% respectively. These slight differences may again be
a result of differences between the studies, concerning the items (adjectives) used to
reflect negative mood measured throughout the day. The adjectives used in the present
study (sad, angry, unhappy and worried) differ slightly from the items used by Smyth et al
(blue, angry, unhappy, worried and frustrated), and by van Eck et al. (depressed, anxious,
worried, lonely, tired and miserable). Van Eck et al., also found a relation between
agitation (restless, irritated, hurried and nervous) and cortisol (Eck et al., 1996). Given
these differences, it remains unclear exactly which items are responsible for the negative
mood effect on cortisol. Future studies should address this issue. In conclusion, the effect
of negative mood states -as measured in an ecological valid environment- on cortisol
proves to be a robust one, found in at least three studies.
The relation between negative affect and cortisol is important, because of hypothesised
relations with health (McEwen et al., 1993). In the present study we have seen that even
small increases in negative mood throughout the day are related to cortisol increases. This
relation is present even though trait negative affect is low, and because of this probably
does not lead to cortisol increases. Unfortunately, measures of negative health were not
included in the present study. Without such measures, the true importance of within-day
cortisol increases on health cannot be determined. We therefore suggest that future
studies of cortisol throughout the day should also include indices of somatic symptoms of
negative health outcomes.
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Work stress
The finding that neither trait ERI nor its within-day counterparts (demand and
satisfaction) had a significant effect on cortisol is of particular importance for the ERI
theory. In the introduction it was argued that high trait ERI would be associated with
higher cortisol characterised by and a slow cortisol decrease towards the end of the day.
This relationship with cortisol was suggested because a high ERI is conceptually related
to perceived chronic stress, which by some authors has been associated with higher
cortisol (Ockenfels et al., 1995). Furthermore, the effects of ERI were expected to be
moderated by need for control. This was tested by the interactions given in table 1. None
of the hypothesised effects were found. As mentioned in the introduction, the studies
relating chronic stress with cortisol have yielded unequivocal results. Pollard et al (1996)
found evidence for catecholaminergic effects of high demands in the work situation, but
no effects on neither demand nor control on cortisol. In line with this, van Eck (1996)
showed that chronically perceived stress did not affect cortisol. This is in contrast with
Ockenfels et al. (1995), who did find an effect of perceived stress on cortisol.
Summarising, at closer look the evidence for an association of chronic stress with cortisol
is not uniform. As outlined by Hellhammer and Kirschbaum (1988) in order to evoke or
sustain HPA activation, it is necessary to have extremely stressful situations and / or
situations characterised by novelty, taxing social interactions or limited predictability.
The present population is selected from normal working population, not extremely
stressed. By its very nature, the work situation –even for subjects high in effort reward
imbalance- is not novel nor to be considered unpredictable.
It was also hypothesised that the ADS-R measured throughout the day (an index derived
from ERI (Siegrist, 1996)), would have a significant effect on cortisol. This was not the
case and seems to be in contradiction with (Smyth et al., 1998) and (Eck et al., 1996),
both showing an effect of momentary stressors on cortisol. Again it may be argued that
the absence of an effect may be due to the characteristics of the perceived situation.
Dissatisfying work situations are usually not novel or unpredictable and as such may be
different from the kind of stressors assessed in the other studies. Additionally, there is
increasing evidence (Buchanan et al., 1999; Eck et al., 1996; Smyth et al., 1997; Al'Absi
et al., 1997) that negative mood mediates the effects of stressful events, i.e. only those
events that evoke adverse affective changes result in cortisol enhancement. By their very
nature, ongoing daily work related stressors probably do not evoke strong enough
emotional reactions to affect cortisol.
Alternatively, simultaneous psychological assessments and cortisol measurement, is
questionable, because peak cortisol secretion do not occur till 20 minutes after a stressful
event. On the other hand, accounting for this by collecting saliva (for cortisol analysis) 20
minutes after being beeped (e.g. (Smyth et al., 1998)) is also debatable. Stressful events
do not always occur at the moment of the diary beeps, but may have occurred several
minutes before. Collecting saliva 20 minutes after the beep therefore does not guarantee
that the time lag between event and saliva collecting is 20 minutes, leaving some
uncertainty. This time-lag uncertainty will remain as long as the exact time stressful
events occur are unknown. Moreover, in the present study appraisals of mood and saliva
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were collected simultaneously, indicating that the present set up (i.e. not accounting for
the time lag in peak cortisol response) clearly allowed to detect the effects of mood states
on cortisol.
Finally, the hypothesis that cortisol values on a work day are higher than on a day off
could not be confirmed. While being at variance with (Lundberg et al., 1980), it confirms
the results of (Sluiter et al., 1998). A regular working day presumably -and fortunately- is
not an extreme stressor, nor is it novel or unpredictable. Future studies should concentrate
on assessing these situational characteristics in order to determine their effects on cortisol.
Sleep quality
The relationship between sleep quality and cortisol shows some consistency with the
results of (Murawski et al., 1960; Henning et al., 1998; Leproult et al., 1997; Friess et al.,
1995) who showed that sleep deprivation resulted in elevated cortisol. Interestingly, our
study shows the relationship between sleep quality and cortisol to vary from subject to
subject (random effect). Differences between subjects regarding the circadian cortisol
rhythm was also demonstrated by Hennig et al (1998). Atypical rhythms were associated
with neuroticism. In future research, identification of these subjects will further improve
our understanding of cortisol dynamics. From a similar point of view, it is worthwhile
mentioning that the cortisol decrease throughout the day, does not hold for all subjects.
The effect of time of day on cortisol is also random. Slow unwinding is claimed to
contribute to accumulating fatigue, and to health problems (Kuiper et al., 1998). In the
present study we could not identify the individual differences accounting for these
random effects, although we have determined that effort-reward imbalance, did not help
explain them. We expect that clarifying the individual characteristics determining both
the decrease during the day and the relationship between sleep quality and cortisol will
contribute towards an understanding of the psychobiological concomitants of fatigue or
burnout.
Future studies
In conclusion, the present study has provided in insight into cortisol dynamics throughout
a working day and a day-off. Data obtained from within-day measurements can be used in
addition to other assessment methods, such as repeated exposure and aggregation
(Pruessner et al., 1997). The results from the present study can be used to design future
experiments in the field. More specifically, if most cortisol variance is explained at the
subject level, the effects will be ascribed to differences between subjects on the
explanatory variable. In this example, the effects vary with subjects, and are therefore
refereed to as “subject-dependent”. If most of the variance is explained at the within-day
level, the effects are probably due to differences within a day. Thus, the effects vary from
situation to situation, and are referred to as “situation-dependent”. Table 3 shows that
84% of the variance in cortisol is at the within-day level, and 16% at the subjects. This
means that even if all the variance is explained, only 16% is due to differences between
subjects. The remaining 84% is situation dependent. This variance can only be explained
by other within-day variables, which has implications for future research. The largest
portion of cortisol variance is at the within-day level. To explain this variance explanatory
within-day variables, rather than subject-level variables should be tested.
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The present study shows ample leads to future studies that focus on ambulatory
measurement of cortisol variations. The impact of a psychological state, negative mood,
on cortisol could be confirmed and seems to be a robust one by now. This study confirms
the hypothesis that affect rather than work related stress (e.g. ERI or ADS-R) is related to
cortisol in a healthy population. On the other hand, it is comforting to realise that
experiencing minor stressors in normal daily life does not lead to increased cortisol that
on the long run may be connected with negative health outcomes. Furthermore, the
Effort-Reward Imbalance model explicitly states that although distress and negative
emotions are important, a direct pathway (not via negative affect) to negative health also
exists (Siegrist et al., 1997). The present study could not test this hypothesis, but could
determine the relative importance between work stress and affect on cortisol throughout
the day in a working population. The results show that at least for the present healthy
population, affect (negative mood) is related to cortisol responses, not ERI or the
demand/satisfaction ratio.
It is interesting to seek whether increases in negative affect may be responsible for other
behavioural changes such as sleep deprivation, and if relations with health can be
established through such alternative routes. Individual differences in both daily variations
and the effect of sleep quality on cortisol offer promising links to understand
psychobiological mechanisms for fatigue, burnout or even other health problems.

Chapter 6
General discussion

Chapter 6. General discussion

This thesis set out to test the short-term effects of work stress in the daily environment,
using the Effort-Reward Imbalance (ERI) theory as a conceptual framework. Work stress
was primarily defined as imbalance between perceived effort and reward in the work
environment. According to the ERI theory, the effects should be both in the
psychological (“emotional distress”) and the physiological (“autonomic activation”)
domain. Intensive and secure ambulatory measurements were performed to assure
reliable and valid measurement of these effects. Advanced multilevel statistical analysis
was used to ascertain that information was correctly obtained from these data. This
discussion will primarily focus on the research questions as formulated in the
introduction, and conclude with a general evaluation.
Question nr. 1
Are the basic constructs of the effort-reward imbalance theory (effort, reward and
need for control), adequately measured by the Dutch version of the effort-reward
imbalance questionnaire
A first step was to ensure that the Dutch version of the ERI questionnaire was a reliable
and valid instrument to assess the intended form of work stress. Adequate reliability and
validity was found for the ‘effort’ and ‘reward’ subscales. The same goes for the ‘need
for control’ subscale after revision (i.e. some items were dropped). The results also show
some overlap between the effort and reward subscales. A closer look at the formulation
of the items may partly explain this overlap. The subjects were asked to rate ‘how
distressing’ certain effortful and rewarding aspects of their work were. Because in both
cases a ‘distress’ rating was given, it is plausible that ‘effort’ and ‘reward’ indeed have
some overlap. It could be argued that what is actually measured is the perceived ‘distress’
associated with ‘effort’ and ‘reward’ rather than the ‘effortful’ and ‘rewarding’ aspects of
the work environment itself. This suggests that the effort and reward subscales are
contaminated. Future efforts should be made to reformulate the items, avoiding the
shared conceptual overlap with distress.
In sum, it was established that the basic constructs of the ERI theory (effort, reward and
need for control), are adequately measured using the Dutch ERI questionnaire. The need
for control scale was revised to increase its reliability. Future studies in this domain
should make use of this revised questionnaire (see appendix 1: VIB version 2.0). Despite
some critical remarks, the Dutch ERI questionnaire is a valid and reliable instrument to
assess work stress in the main research endeavours of this thesis.
Additional conclusions about ERI and its measurement can be drawn from the studies
with the ERI questionnaire. First, in the ERI literature, the terms extrinsic and intrinsic
are often used to reflect contrasting aspects of effort (Siegrist, 1996a). Intrinsic effort is
strongly linked with an individual’s personality or motivational drive. Extrinsic effort is
supposed to reflect factors in the environment leading to effort, and it somewhat
resembles the construct “job demand” as described by Karasek and Theorell (1990). As
argued above, what the ERI questionnaire actually measures is an individual’s (intrinsic)
perceived “distress” associated with demanding aspects of the work environment. This
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perception of distress reflects intrinsic qualities of effort rather than extrinsic qualities.
Thus both the extrinsic effort and need for control scales may reflect an individual’s
perception of the work environment, rendering the intrinsic-extrinsic distinction
superfluous. To avoid this confusion, the term need for control1 should be preferred
instead of intrinsic effort.
A second consideration concerns the possibility that subjects rate or interpret ERI items
differently, leading to unwanted variation. An ambiguous numeric scale used to reflect
the severity of “distress” causes this bias. For example, subjects had to reply to the effort
item “I have constant time pressure due to heavy workload” on a severity scale ranging
from “not at all distressed” to “very distressed”. Individuals differ in what they consider
“very distressing”. Instead of this, a better approach would be to quantify how often a
specific event occurred (e.g. everyday, once a week, once a month etc.). This is a more
robust form of self-rating, since severity is rated by using indices of frequency rather or
fixed anchors than rating subjective feelings (Frese and Zapf, 1988; Zapf et al., 1996). In
the future the ERI questionnaire should be made less susceptible to the above-mentioned
unwanted variation by introducing more robust forms of self-rating.
A third aspect that has to be considered in future research, is the choice of norm values
for ERI. To date, several different methods have been used to determine if an individual
or group suffers from ERI. For example Peter et al. (1998) calculated ERI by dividing the
effort scores by the reward scores, after correcting for the number of items. Individuals
with ratios higher than 1 were considered to be “at risk” for cardiovascular disease. It
should be noted that ERI ratios above 1 are rather uncommon in healthy populations.
From the population studied in chapter 2 (n=775) 4.9% (i.e. 38 subjects) had an ERI
above 1. Of the subpopulation studied in chapter 3, 4 and 5 none had an ERI above 1.
This suggests that the subpopulation was not at risk according to this criterion. The
criterion however does not take scores on need for control into account, and therefore
may be considered incomplete.
Another method to identify subpopulations “at risk” does involve need for control
(Siegrist et al., 1992; 1997). In this method, tertile scores were determined for each
variable (i.e. effort, reward or need for control). Subjects that had upper tertile scores for
at least two variables were considered at risk. Yet another study (Siegrist et al., 1990)
suggested that two indicators of high effort (work pressure and immersion (i.e. need for
control)) and two indicators of low reward (status inconsistency, job insecurity) can be
used to predict new coronary events. Given the above, it may be concluded that it is still
not clear what may be understood by being at risk. In this thesis, need for control was
considered a separate distinguishable factor, with possible effects on vagal control of the
heart. Therefore some importance was given to the interaction between ERI and need for
control. Futures studies should test this assumption, and determine a reliable index of
being “at risk” that includes need for control.

1

Recent ideas communicated by Siegrist suggest using another term: “over commitment”.
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Question nr.2a
What is the relation between the basic constructs of the effort-reward imbalance
theory and its within-day counterparts (demand and satisfaction)?
The main goal of the study reported in chapter 3, was to determine the relation between
the basic constructs of the ERI theory and its within-day counterparts demand and
satisfaction. Hypothesised relations with within-day measurements of negative mood
were also tested. The results show that effort and reward are positively associated with
their within-day counterparts demand and satisfaction, respectively. This means that these
within-day constructs do reflect the subject level variables (single occasion questionnaire
assessments) effort and reward, and can be used for testing the short-term affects of work
stress in the remainder of this thesis. Effort is associated with a higher negative mood,
and reward is associated with a lower negative mood. Thus, the hypothesised link with
affect (an index of emotional distress) is confirmed. Still, there is also substantial
variance left at the beep level to be explained by other variables. It is also concluded that
using a multilevel analysis, the short-term effects of ERI and need for control on withinday psychological and psychobiological variables (like cortisol and heart rate variability)
can be determined.
Question nr.2b
Which methodological approach should be used to analyse multiple occasion data
(EMA)?
Determining the appropriate approach to analyse the multiple occasion data (i.e. EMA or
ESM data) drew strongly from the work of Bryk and Raudenbush (1987, 1992), Jaccard
and Wan (1993), Hox (1994), Goldstein (1987, 1995), Woodhouse et al. (1996), Berry
(1997), and Schwartz and Stone (1998). These authors propagate a multilevel analysis or
“random coefficient model” as the most adequate method to analyse multiple occasion
data. Using multilevel analysis, it can be determined if and at which level a within-day,
daily, or subject level independent (or explanatory) variables may have an effect on the
dependent variable. This was done for variables used to reflect the short-term effects of
ERI and affect, confirming multilevel analysis as a suitable method to analyse multiple
occasion data. The results showed that the variance of demand, satisfaction, negative
mood and positive mood is divided over three levels (subject level, daily level or withinday level). It is concluded that with this method the short-term effects of ERI (measured
at the subject level) on within-day psychological and psychobiological variables (such as
cortisol and heart rate variability) can be determined. Moreover, well know biases
(Jaccard & Wan, 1993) resulting from aggregating or disaggregating data, listwise
deleting subjects are prevented.
From the analyses performed in chapter 3, other information has been gained as well.
First, the study illustrates that the distribution of variance across the levels in the data can
be used to determine at which level effects are most likely to be found. If most variance is
at the subject level, the variable is presumed to be more “subject-dependent” (or stable).
Effects at this level are due to differences between subjects on an explanatory variable. If
most variance is at the within-day level, the variable is presumed to be more “situation-
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dependent”. Effects at this level are due to differences between measurement points. In
the study reported in chapter 3 it was found that the variables demand and satisfaction are
predominantly “situation-dependent”, and positive mood is more “subject-dependent”.
Negative mood is in between these two and may be considered predominantly “daydependent”.
Second, determining the amount of variance of a particular variable at different levels
may have implications for the future design of EMA or ESM experiments. Finding a lot
of variance at the lowest (e.g. within-day) levels legitimates the use of time consuming
and costly EMA assessments. This also means that the chances of explaining effects at
this level are large. Thus, large variance at the lowest level means that the effort put into
performing the within-day measurements was not in vein. Little (or no) variance at the
within-day level suggests that effects should be sought at a higher level. If this is the case,
performing more stable (e.g. daily or single/cross-sectional) measurements may suffice.
However, such conclusions should be drawn with some caution. Little variance at the
within-day level does not mean that no effects will be found at this level. On the other
hand a large variance at the within-day level does not guarantee that independent
variables measured within the days will always have a significant effect at that level. It
may be concluded that the amount of variance at a particular level indicates, but does not
guarantee where (i.e. at which level) potential independent (or explanatory) variables
may have an effect. Large variance at the within-day level warrants EMA assessment, in
contrast to little variance. Such information is useful for the design of future EMA
studies.
In conclusion, it was established that EMA data can best be analysed by multilevel
analysis. With this method the potential richness of the data (e.g. time of day variations,
or differences between days) can be explored without introducing biases sometimes
associated with other forms of analysis (e.g. aggregating or disaggregating data).
Question nr.3
What are the effects of effort, reward, need for control and within-day
measurements of demand, satisfaction and mood on autonomic nervous system
vagal activity throughout the day?
A high need for control, but not high effort or low reward was associated with low vagal
control. According to the effort-reward imbalance theory, a high effort-reward imbalance
is associated with vigorous striving and an increased “autonomic activation”. In the
present study, we specified and found no support for this hypothesis when the
associations with vagal activation throughout the day were studied. Instead, a third
construct from the ERI theory, need for control, was positively associated with vagal
withdrawal.
The calculation of an interaction of vagal tone with time of the day shows that vagal tone,
at specific times of the day, is affected by effort-reward imbalance: subjects high in
effort-reward imbalance have a higher vagal tone later in the day. Because a higher vagal
tone has been linked with lower mental effort, this could mean that later in the day, these
subjects spend less mental effort to perform their duties. In chapter 4 this was referred to
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as disengagement. In other terms: subjectively experienced effort-reward imbalance
seems to be accompanied by fewer investments in terms of mental effort, towards the end
of the day.
It is challenging to interpret these results in the light of risk factors for the development
of burnout and vital exhaustion (Appels et al., 1982; Appels & Mulder 1988; Appels
1990): highly striving individuals whose aspirations are not fulfilled may finally give up.
Thus, in line with (Nelissen-de Vos, 1994) a relation is suggested between need for
control, vital exhaustion and myocardial infarction. In addition to this, it is hypothesised
that lower vagal control has a mediating role in this relationship. This hypothesis is
supported by Liao et al., (1997) who showed that a lower vagal control is associated with
cardiac events. The primary component of burnout (Schaufeli & Buunk, 1996) is strongly
related to vital exhaustion. Future studies have to determine whether this concept is also
mediated by need for control and eventually to negative health outcomes such as
cardiovascular disease.
Question nr.4
What are the effects of effort, reward, need for control and within-day
measurements of demand, satisfaction and mood on hypothalamo-pituitaryadrenocortical (HPAC) axis activity throughout the day?
The study in chapter 5 shows that ERI or within-day measurements of these constructs
(ADSR) do not have an effect on cortisol levels throughout the day. Only within-day
measurements of negative mood were related to cortisol. According to Kirschbaum and
Hellhammer (1989, 1994), cortisol levels are elevated as a result of novelty, social
pressure or loss of control. Van Eck et al., (1996) and Smyth et al., (1998) have linked
cortisol levels throughout the day to the appraisal of within-day stresssors. Importantly
they found the effects to be mediated by negative affect. Buchanan et al. (1999),
Frankenhaeuser et al. (1980), and Lundberg & Frankenhaeuser (1980) also reported the
hypothesised mediating effects of negative affect. Others have suggested that not
negative affect but emotional arousal is responsible for the increase in cortisol (Pollard et
al., 1996; Pollard, 1995). The results of chapter 5 emphasise the importance of negative
affect. More specifically, within-day measurements of negative mood may affect cortisol
whilst trait negative affect does not. This emphasises the importance of within-day
assessments and the benefits it may have in clarifying the stress-cortisol relationship.
The finding that the actual demand-satisfaction ratio was not related to cortisol is
somewhat in contradiction to the results obtained by Frankenhaeuser et al. (1980).
Interestingly, Smyth et al. (1998) and van Eck et al. (1996) found that the relation
between daily stresssors and cortisol disappeared if negative affect was controlled for.
These authors also argue that the frequency and duration of stressful events is related to
the increase in cortisol. Thus cortisol increases might not be found if the stressful event
occurred a long time before cortisol was measured (i.e. 1-2 hours), or if it did not last
long. Future studies of stressful events and cortisol should take this timing effect into
account.
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Final evaluation: Implications for future research
Although the population involved in this study was selected because high work stress was
anticipated (reorganisation, complaints about the work environment, etc.). The perceived
levels of stress as indicated by the effort-reward imbalance ratio (ERI), showed few
relations with physiological variables. Possibly, before effects become visible, some
threshold should be exceeded, after which changes in physiological activity throughout
the day become visible. As was discussed earlier, of the subpopulation of 77 subjects
studied in chapters 3-5, none had an ERI higher that 1. This suggests that the subjects
may not be “at risk” according to the ERI theory. However, the focus of the present thesis
was not to identify subjects at risk. From a psychological point of view (i.e. intervention
or prevention) it makes more sense to identify psychological and physiological changes at
an earlier stage. This means involving all subjects in the analysis, even though they may
not be at risk according to the definition of ERI of Siegrist (1996b).
Recent theorising, modern equipment for ambulatory measurements and advanced
statistical methods were applied to thoroughly test assumptions concerning the short-term
effects of work stress in the daily environment. Intensive measurements were performed
throughout the day enabling the construction of within-day measurements of effort and
reward: demand and satisfaction (also referred to as the Actual Demand-Satisfaction
Ratio ADSR). It was hypothesised that relatively high levels of ERI and ADSR would be
associated with changes in cortisol secretion and heart rate variability throughout the day.
Subjects showed the expected relations with time of day, smoking and food consumption,
but not with ERI or ADSR. Even with this close scrutiny, no support could be found for
the short-term explanatory value of ERI and ADSR on the chosen physiological
variables.
A review of the literature shows that a large portion of contemporary psychological
research is based on the assumption that individual differences in psychological make-up
are robust. This means that individuals may be categorised according to cross-sectional
(single occasion) assessments of their perceived work stress. Extremes in these
measurements (i.e. exceeding norm values) are considered abnormal, and are sometimes
associated with negative health outcomes. Such relationships are supported by empirical
evidence in the form of cross-sectional studies and longitudinal studies that use only one
(single occasion) assessment of work stress (Kasl, 1991). This view of stable
environmental influences has been challenged, emphasising the role played by the
objective environment.
In the present thesis, evidence has been sought to support the above-mentioned
assumption (allowing categorisation based on psychological make-up) by assessing the
short-term effects of ERI. Although quite interesting with respect to new developments in
the field (i.e. EMA provides information not accessible with traditional single occasion
assessments), the study reveals only one new relation with physiological variables
measured throughout the day. Only need for control was positively related to vagal
withdrawal, and negative mood was related to an increase in cortisol secretion throughout
the day, confirming other findings (van Eck et al., 1996; Smyth et al., 1998). Based on
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face validity, need for control and negative mood are related to the type A construct and
negative affect, respectively, constructs that hardly reflect work stress alone. Thus, based
on the evidence from the present thesis, it may be concluded that the widely held
assumption - that work stress is associated with physiological changes in an individual,
does not hold for a normal working population, - at least for the physiology as measured
in the present study. This doubt has also been expressed by House et al., (1986), and Kasl
(1991), and will probably remain till a different approach is used. For instance, more
attempts should be made to assess objective environmental demands, or using
physiological changes in subjects to identify subjects “at risk” instead of trait-like
perceptions of an individual.
This means that it may be worthwhile reversing the assumed causality in traditional
research. Instead of identifying subpopulations “at risk” based on psychological trait or
psychosocial perceptions of the work environment, these subpopulations can be identified
based on physiological characteristics known to affect health. Then, it can be determined
whether physiology is related to psychological or psychosocial concomitants such as ERI,
ADSR and affect. In addition to this, the prospective character of the psychological
constructs should be emphasised. For example, rather than measuring ERI at a single
point in time, multiple prospective assessments should be performed. This will ensure
that the assessment of ERI reflects a prevailing condition rather than a temporary state of
high work stress captured by chance. An attempt to achieve this has been initiated by
repeating the EMA measurements on a cross-section of the population at hand. The
results are yet to be analysed and will be reported as part of the Netherlands Organisation
for Scientific Research (NWO) ‘Fatigue at Work’ programme.
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5HVHDUFKUHSRUWWRWKH*HUPDQ5HVHDUFK)RXQGDWLRQ0DUEXUJ XQSXE
'RKUHQZHQG%6 'RKUHQZHQG%3  6WUHVVIXOOLIHHYHQWV7KHLUQDWXUHDQGHIIHFWV
1HZ<RUN:LOH\
'RRVMH6 *RGDHUW*/5  'HRQWZLNNHOLQJYDQGHZHOEHYLQGHQYUDJHQOLMVW,Q
*RGDHUW*/5'RRVMH63HQQLQJV(OGHUHQYDQGHU/HWDO3V\FKRORJLVFKHHQELRORJLVFKHVWUHVV
LQGLDEHWHV5HJXODWLHFRPSOLFDWLHVDQNZDOLWHLWYDQOHYHO8WUHFKW8QLYHUVLWHLW8WUHFKW
(FN00Y  6WUHVVPRRGDQGFRUWLVROG\QDPLFVLQGDLO\OLIH0DDVWULFKW,36(5
(FN00Y%HUNKRI+1LFROVRQ1 6XORQ-  7KHHIIHFWVRISHUFHLYHGVWUHVV
WUDLWVPRRGVWDWHVDQGVWUHVVIXOHYHQWVRQVDOLYDU\FRUWLVRO3V\FKRVRPDWLF0HGLFLQH

(JORII%7DXVFK$.RKOPDQQ&: .URKQH+:  5HODWLRQVKLSVEHWZHHQWLPH
RIGD\GD\RIWKHZHHNDQGSRVLWLYHPRRG([SORULQJWKHUROHRIWKHPRRGPHDVXUH0RWLYDWLRQ
DQG(PRWLRQ
(QGUHVHQ,05HOOLQJ*%7|QGHU20\NLQJ2:DOWKHU%7 8UVLQ+  %ULHI
XQFRQWUROODEOHVWUHVVDQGSV\FKRORJLFDOSDUDPHWHUVLQIOXHQFHKXPDQSODVPDFRQFHQWUDWLRQVRI
,J0DQGFRPSOHPHQWFRPSRQHQW&%HKDYLRUDO0HGLFLQH

)LVKHU6  /LIHVWUHVVFRQWUROVWUDWHJLHVDQGWKHULVNRIGLVHDVH$SV\FKRELRORJLFDO
PRGHO,Q)LVKHU6DQG5HDVRQ-+DQGERRNRIOLIHVWUHVV
)ROOHQLXV0%UDQGHQEHUJHU*+HLWWHU%6LPHRQL0 5HLQKDUGW%  'LXUQDO
FRUWLVROSHDNVDQGWKHLUUHODWLRQVKLSWRPHDOV-RXUQDORI&OLQLFDO(QGRFULQRORJ\DQG0HWDEROLVP

)UDQNHQKDHXVHU0  4XDOLW\RIOLIH&ULWHULDIRUEHKDYLRUDODGMXVWPHQW,QWHUQDWLRQDO
-RXUQDORI3V\FKRORJ\
)UDQNHQKDHXVHU0  $ELRSV\FKRVRFLDODSSURDFKWRZRUNOLIHLVVXHV,QWHUQDWLRQDO
-RXUQDORI+HDOWK6HUYLFHV
)UDQNHQKDHXVHU0/XQGEHUJ8 )RUVPDQ/  'LVVRFLDWLRQEHWZHHQV\PSDWKHWLF
DGUHQDODQGSLWXLWDU\DGUHQDOUHVSRQVHVWRDQDFKLHYHPHQWVLWXDWLRQFKDUDFWHUL]HGE\KLJK
FRQWUROODELOLW\FRPSDULVRQEHWZHHQW\SH$DQGW\SH%PDOHVDQGIHPDOHV%LRORJLFDO3V\FKRORJ\

)UHQFK-53&DSODQ5' +DUULVRQ5Y  7KHPHFKDQLVPVRIMREVWUHVVDQG
VWUDLQ1HZ<RUN:LOH\
)UHQFK-53 .DKQ5/  $SURJUDPPDWLFDSSURDFKWRVWXG\LQJWKHLQGXVWULDO
HQYLURQPHQWDQGPHQWDOKHDOWK-RXUQDORI6RFLDO,VVXHV
)UHVH0 =DSI'  0HWKRGRORJLFDOLVVXHVLQWKHVWXG\RIZRUNVWUHVVREMHFWLYHYV
VXEMHFWLYHPHDVXUHPHQWRIZRUNVWUHVVDQGWKHTXHVWLRQRIORQJLWLGLRQDOVWXGLHV,Q&RRSHU&/
DQG3D\QH5&DXVHVFRSLQJDQGFRQVHTXHQFHVRIVWUHVVDWZRUN SS &KFKHVWHU
-RKQ:LOH\
)ULHVV(:LHGHPDQQ.6WHLJHU$ +ROVERHU)  7KHK\SRWKDODPLFSLWXLWDU\
DGUHQRFRUWLFDOV\VWHPDQGVOHHSLQPDQ$GYDQFHVLQ1HXURLPPXQRORJ\
*DOODJKHU7)  $&7+DQGFRUWLVROVHFUHWRU\SDWWHUQLQPDQ-RXUQDORI&OLQLFDO
(QGRFULQRORJ\DQG0HWDEROLVP
*HOOPDQ06SLW]HU6,URQVRQ*/ODEUH06DDE3:LHGOHU'- 6FKHLQGHUPDQ1
 3RVWXUHSODFHDQGPRRGHIIHFWVRQDPEXODWRU\EORRGSUHVVXUH3V\FKRSK\VLRORJ\

*HXV(-&G 'RRUQHQ/-3Y  $PEXODWRU\DVVHVVPHQWRI
SDUDV\PSDWKHWLFV\PSDWKHWLFEDODQFHE\LPSHGDQFHFDUGLRJUDSK\,Q)DKUHQEHUJ-DQG0\UWHN
0$PEXODWRU\DVVHVVPHQW SS 6HDWWOH+RJUHIH +XEHU3XEOLVKHUV
*LEERQV5'+HGHNHU'(ONLQ,:DWHUQDX[&.UDHPHU+&*UHHQKRXVH-%
6KHD07,PEHU676RWVN\60 :DWNLQV-7  6RPHFRQFHSWXDODQGVWDWLVWLFDO
LVVXHVLQDQDO\VLVRIORQJLWXGLQDOSV\FKLDWULFGDWD$UFKLYHVRI*HQHUDO3V\FKLDWU\
*ODVV'&  %HKDYLRUSDWWHUQVVWUHVVDQGFRURQDU\GLVHDVH+LOOVGDOH1HZ-HUVH\
/DZUHQFH(UEDXP$VVRFLDWHV
*ROGVWHLQ+  0XOWLOHYHOPRGHOVLQHGXFDWLRQDODQGVRFLDOUHVHDUFK1HZ<RUN2[IRUG
8QLYHUVLW\3UHVV
*ROGVWHLQ+  0XOWLOHYHOVWDWLVWLFDOPRGHOV QGHG 1HZ<RUN-RKQ:LOH\ 6RQV

*RRGNLQ. $SSHOV$  %HKDYLRUDOQHXURHQGRFULQHLPPXQRORJLFLQWHUDFWLRQVLQ
P\RFDUGLDOLQIDUFWLRQ0HGLFDO+\SRWKHVHV
*URVVPDQ3 .ROODL0  5HVSLUDWRU\VLQXVDUUK\WKPLDFDUGLDFYDJDOWRQHDQG
UHVSLUDWLRQ:LWKLQDQGEHWZHHQVXEMHFWVUHODWLRQV3V\FKRSK\VLRORJ\
+DFNPDQ-5 2OGKDP*5  :RUN5HGHVLJQ5HDGLQJ 0DVVDFKXVHWWV $GGLVRQ
:HVOH\
+DQVRQ(.6*RGDHUW*/5 0DDV&-0 D 7KHVKRUWWHUPHIIHFWVRI(IIRUW
5HZDUGDQG$IIHFWRQUHODWHGZLWKLQGD\YDULDEOHV$PXOWLOHYHODQDO\VLVRI(0$GDWD VXEPLWWHG 
+DQVRQ(.66FKDXIHOL:%9ULMNRWWH73ORPS1 *RGDHUW*/5 E 7KH
YDOLGLW\DQGUHOLDELOLW\RIWKH'XWFKHIIRUWUHZDUGLPEDODQFHTXHVWLRQQDLUH-RXUQDORI2FFXSDWLRQDO
+HDOWK3V\FKRORJ\
+DUWOH\--DFREVRQ'.ODQGHUPDQV% 9XUHQ7Y  -RELQVHFXULW\&RSLQJZLWK
MREVDWULVN/RQGRQ6DJH
+HGHNHU')OD\%5 3HWUDLWLV-  (VWLPDWLQJLQGLYLGXDOLQIOXHQFHVRIEHKDYLRUDO
LQWHQWLRQV$QDSSOLFDWLRQRIUDQGRPHIIHFWVPRGHOLQJWRWKHWKHRU\RIUHDVRQHGDFWLRQ-RXUQDORI
&RQVXOWLQJDQG&OLQLFDO3V\FKRORJ\
+HGHNHU'*LEERQV5' )OD\%5  5DQGRPHIIHFWVUHJUHVVLRQPRGHOVIRU
FOXVWHUHGGDWDZLWKDQH[DPSOHIURPVPRNLQJSUHYHQWLRQUHVHDUFK-RXUQDORI&RQVXOWLQJDQG
&OLQLFDO3V\FKRORJ\
+HGJHV60.UDQW]'6&RQWUDGD5- 5R]DQVNL$5  'HYHORSPHQWRID
GLDU\IRUXVHZLWKDPEXODWRU\PRQLWRULQJRIPRRGDFWLYLWLHVDQGSK\VLRORJLFDOIXQFWLRQ6SHFLDO
,VVXH'60,9DQGWKHSV\FKRORJ\OLWHUDWXUH-RXUQDORI3V\FKRSDWKRORJ\DQG%HKDYLRUDO
$VVHVVPHQW
+HOOKDPPHU'+.LUVFKEDXP& %HONLHQ/  0HDVXUHPHQWRIVDOLYDU\FRUWLVRO
XQGHUSV\FKRORJLFDOVWLPXODWLRQ,Q+LQJWJHQ-+HOOKDPPHU'DQG+XSSPDQQ*$GYDQFHG
PHWKRGVLQSV\FKRELRORJ\ SS 7RURQWR+RJUHIH,QF
+HQQLQJ-.LHIHUGRUI30RULW]&+XZH6 1HWWHU3  &KDQJHVLQFRUWLVRO
VHFUHWLRQGXULQJVKLIWZRUNLPSOLFDWLRQVIRUWROHUDQFHWRVKLIWZRUN"(UJRQRPLFV
+HQU\-3 0HHKDQ-3  3V\FKRVRFLDOVWLPXOLSK\VLRORJLFDOVSHFLILFLW\DQG
FDUGLRYDVFXODUGLVHDVH$QQXDO5HYLHZRI3XEOLF+HDOWK
+HQU\-3 6WHSKHQV30  6WUHVVKHDOWKDQGWKHVRFLDOHQYLURQPHQW$
VRFLRELRORJLFDSSURDFKWRPHGLGFLQH1HZ<RUN6SULQJHU9HUODJ
+RFNH\*5-  &RPSHQVDWRU\FRQWUROLQWKHUHJXODWLRQRIKXPDQSHUIRUPDQFHXQGHU
VWUHVVDQGKLJKZRUNORDG$FRJQLWLYHHQHUJHWLFDOIUDPHZRUN%LRORJLFDO3V\FKRORJ\
+ROPHV7+ 5DKH5+  7KHVRFLDOUHDGMXVWPHQWUDWLQJVFDOH-RXUQDORI
3V\FKRVRPDWLF5HVHDUFK
+RPDQV*  6RFLDOEHKDYLRU,WVHOHPHQWDU\IRUPV1HZ<RUN+DUFRXUW%UDFH:RUOG
+RUPXWK6(  7KHVDPSOLQJRIH[SHULHQFHV-RXUQDORI3HUVRQDOLW\
+R[--  $SSOLHGPXOWLOHYHODQDO\VLV$PVWHUGDP773XEOLNDWLHV

+X/ %HQWOHU30  (YDOXDWLQJPRGHOILW,Q+R\OH5+6WUXFWXUDOHTXDWLRQ
PRGHOOLQJ SS 7KRXVDQG2DNV6DJH3XEOLFDWLRQV
+\QGPDQ%: 0RKQ5.  $PRGHORIWKHFDUGLDFSDFHPDNHUDQGLW VXVHLQ
GHFRGLQJWKHLQIRUPDWLRQFRQWHQWRIFDUGLDFLQWHUYDOV$XWRPHGLFD
-DFFDUG- :DQ&.  6WDWLVWLFDODQDO\VLVRIWHPSRUDOGDWDZLWKPDQ\REVHUYDWLRQV
LVVXHVIRUEHKDYLRUDOPHGLFLQHGDWD$QQDOVRI%HKYLRUDO0HGLFLQH
-DLQ$  .DUGLRYDVNXOlUH5HDNWLYLWlWLP/DERUXQGLP)HOG0QVWHU:D[PDQQ
.DKQ5$  :RUNDQG+HDOWK1HZ<RUN:LOH\
.DQQHU$'&R\QH-&6FKDHIHU& /D]DUXV56  &RPSDULVRQRIWZRPRGHV
RIVWUHVVPHDVXUHPHQW'DLO\KDVVOHVDQGXSOLIWVYHUVXVPDMRUOLIHHYHQWV-RXUQDORI%HKDYLRUDO
0HGLFLQH
.DUDVHN5 7KHRUHOO7  +HDOWK\ZRUN6WUHVVSURGXFWLYLW\DQGWKHUHFRQVWUXFWLRQRI
ZRUNLQJOLIH1HZ<RUN%DVLFERRNVLQFSXEOLVKHUV
.DUDVHN5$  -REGHPDQGVMREGHFLVLRQODWLWXGHDQGPHQWDOVWUDLQ,PSOLFDWLRQVIRU
MREUHGHVLJQ$GPLQLVWUDWLYH6FLHQFH4XDWHUO\
.DVO69  $VVHVVLQJKHDOWKULVNVLQWKHZRUNVHWWLQJ,Q6FKURHGHU+( SS 
1HZ<RUN+HPLVSKHUH3XEOLVKLQJ
.DVO69  7KHLQIOXHQFHRIWKHZRUNHQYLURQPHQWRQFDUGLRYDVFXODUKHDOWK$
KLVWRULFDOFRQFHSWXDODQGPHWKRGRORJLFDOSHUVSHFWLYH-RXUQDORI2FFXSDWLRQDO3V\FKRORJ\

.HPSHQ*,-0  7KH026VKRUWIRUP*HQHUDO+HDOWK6XUYH\VLQJOHLWHPYV
PXOWLSOHPHDVXUHVRIKHDOWKUHODWHGTXDOLW\RIOLIHVRPHQXDQFHV3V\FKORJLFDO5HSRUWV

.HPSHQ*,-0  +HWPHWHQYDQHHQ1HGHUODQGVHYHUVLHYDQGH026VFKDDO
7LMGVFKULIWYRRU*HURQWRORJLHHQ*HULDWULH
%ORP00.XLQ<DQG+HQGULNV+)-.HPSHQ*,-0%ULOPDQ(, 2UPHO-  
2XGHUZRUGHQ 8WUHFKW,QVWLWXXWYRRU=RUJHQ:HO]LMQ
.LUVFKEDXP& +HOOKDPPHU'+  6DOLYDU\FRUWLVROLQSV\FKRELRORJLFDOUHVHDUFKDQ
RYHUYLHZ1HXURSV\FKRELRORJ\
.LUVFKEDXP& +HOOKDPPHU'+  0HWKRGRORJLFDODVSHFWVRIVDOLYDU\FRUWLVRO
PHDVXUHPHQW,Q.LUVFKEDXP&5HDG*)DQG+HOOKDPPHU'$VVHVVPHQWRIKRUPRQHVDQG
GUXJVLQVDOLYDLQELREHKDYLRUDOUHVHDUFK SS 6HDWWOH+RJUHIHDQG+XEHU
.LUVFKEDXP& +HOOKDPPHU'+  6DOLYDU\FRUWLVROLQSV\FKRQHXURHQGRFULQH
UHVHDUFKUHFHQWGHYHORSPHQWVDQGDSSOLFDWLRQV3V\FKRQHXURHQGRFULQRORJ\
.LUVFKEDXP&:XVW6 +HOOKDPPHU'+  &RQVLVWHQWVH[GLIIHUHQFHVLQFRUWLVRO
UHVSRQVHVWRSV\FKRORJLFDOVWUHVV3V\FKRVRPDWLF0HGLFLQH

.OHLJHU5(0LOOHU-3 %LJJHU-7  'HFUHDVHGKHDUWUDWHYDULDELOLW\DQGLWV
DVVRFLDWLRQZLWKLQFUHDVHGPRUWDOLW\DIWHUDFXWHP\RFDUGLDOLQIDUFWLRQ$PHULFDQ-RXUQDORI
&DUGLRORJ\
.ULHJHU'7$OOHQ:5L]]R) .ULHJHU+3  &KDUDFWHUL]DWLRQRIWKHQRUPDO
WHPSRUDOSDWWHUQRISODVPDFRUWLFRVWHURLGOHYHOV&OLQLFDO(QGRFULQRORJ\DQG0HWDEROLVP

.XLSHU-,9DQGHU%HHN$- 0HLMPDQ7)  3V\FKRVRPDWLFFRPSODLQWVDQG
XQZLQGLQJRIV\PSDWKRDGUHQDODFWLYDWLRQDIWHUZRUN6WUHVV0HGLFLQH
/D]DUXV56  3URJUHVVRQDFRJQLWLYHPRWLYDWLRQDOUHODWLRQDOWKHRU\RIHPRWLRQ
$PHULFDQ3V\FKRORJLVW
/HSURXOW5&RSLQVFKL*%X[WRQ2 9DQ&DXWHU(  6OHHSORVVUHVXOWVLQDQ
HOHYDWLRQRIFRUWLVROOHYHOVWKHQH[WHYHQLQJ6OHHS
/HYL6WUDXVV&  7KHHOHPHQWDU\VWUXFWXUHVRINLQVKLS%RVWRQ%HDFRQ3UHVV
/HYLQH6 :HLQHU6*  &RSLQJZLWKXQFHUWDLQW\DSDUDGR[,Q3DOHUPR'6&RSLQJ
ZLWKXQFHUWDLQW\ SS +LOOVGDOH/DZUHQFH(UOEDXP
/LDR'&DL-5RVDPRQG:'%DUQHV5:+XWFKLQVRQ5*:KLWVHO($
5DXWDKDUMX3 +HLVV*  &DUGLDFDXWRQRPLFIXQFWLRQDQGLQFLGHQWFRURQDU\KHDUW
GLVHDVH$SRSXODWLRQEDVHGFDVHFRKRUWVWXG\$PHULFDQ-RXUQDORI(SLGHPLRORJ\
/RXVEHUJ56FKPLGW$-0*URHQPDQ1+9HQGULJ/ 'LMNPDQ&DHV&  
9DOLGDWLQJWKH03,'/9ZLWKH[SHULHQFHVDPSOLQJGDWD,Q/RXVEHUJ+%5&KURQLFSDLQ0XOWLD[LDO
DVVHVVPHQWDQGEHKDYLRUDOPHFKDQLVPV0DDVWULFKW8QLYHUVLW\3UHV
/RXVEHUJ56FKPLGW$-0*URHQPDQ1+9HQGULJ/ 'LMNPDQ&DHV&  
9DOLGDWLQJWKH03,'/9ZLWKH[SHULHQFHVDPSOLQJGDWD,Q/RXVEHUJ+%5&KURQLFSDLQ0XOWLD[LDO
DVVHVVPHQWDQGEHKDYLRUDOPHFKDQLVPV0DDVWULFKW8QLYHUVLW\3UHV
/XQGEHUJ8 )UDQNHQKDHXVHU0  3LWXLWDU\DGUHQDODQGV\PSDWKHWLFDGUHQDO
FRUUHODWHVRIGLVWUHVVDQGHIIRUW-RXUQDORI3V\FKRVRPDWLF5HVHDUFK
/XQGEHUJ8*UDQTYLVW0+DQVVRQ70DJQXVVRQ0 :DOOLQ/  3V\FKRORJLFDO
DQGSK\VLRORJLFDOVWUHVVUHVSRQVHVGXULQJUHSHWLWLYHZRUNDWDQDVVHPEO\OLQH:RUN 6WUHVV

0DOOLDQL$3DJDQL0/RPEDUGL) &HUXWWL6  &DUGLRYDVFXODUQHXUDOUHJXODWLRQ
H[SORUHGLQWKHIUHTXHQF\GRPDLQ&LUFXODWLRQ
0DOR]RZVNL60X]]R6%XUURZV5/HLYD//RULDX['/&KURXVRV-:LQWHUHU-
&DVVRULD)  7KHK\SRWKDODPLFSLWXLWDU\DGUHQDOD[LVLQLQIDQWLOHPDOQXWULWLRQ&OLQLFDO
(QGRFULQRORJ\
0DUPRW0 7KHRUHOO7  6RFLDOFODVVDQGFDUGLRYDVFXODUGLVHDVH7KHFRQWULEXWLRQRI
ZRUN,QWHUQDWLRQDO-RXUQDORI+HDOWK6HUYLFHV
0DUPRW0*  :RUNDQGRWKHUIDFWRUVLQIOXHQFLQJFRURQDU\KHDOWKDQGVLFNQHVVDEVHQH
:RUNDQGVWUHVV

0DUWLQ*-0DJLG10 0\HUV*  +HDUWUDWHYDULDELOLW\DQGVXGGHQGHDWK
VHFRQGDU\WRFRURQDU\DUWHU\GLVHDVHGXULQJDPEXODWRU\HOHFWURFDUGLRJUDSKLFPRQLWRULQJ
$PHULFDQ-RXUQDORI&DUGLRORJ\
0DVRQ-:  $UHYLHZRISV\FKRHQGRFULQHUHVHDUFKRQWKHSLWXLWDU\FRUWLFDO\V\WHP
3V\FKRVRPDWLF0HGLFLQH
0DWVFKLQJHU+6LHJULVW-6LHJULVW. 'LWWPDQQ.+  7\SH$DVDFRSLQJFDUHHU
7RZDUGDFRQFHSWXDODQGPHWKRGRORJLFDOUHGHILQLWLRQ,Q6FKPLGW7+'HPEURVNL70DQG
%OXPFKHQ*%LRORJLFDODQGSV\FKRORJLFDOIDFWRUVLQFDUGLRYDVFXODUGLVHDVH%HUOLQ6SULQJHU
9HUODJ
0DXV0  7KHJLIW/RQGRQ&RKHQ :HVW
0F&UDH55  &RQWUROOLQJQHXURWLFLVPLQWKHPHDVXUHPHQWRIVWUHVV6WUHVV0HGLFLQH

0F(ZHQ%6 6WHOODU(  6WUHVVDQGWKHLQGLYLGXDO0HFKDQLVPVOHDGLQJWRGLVHDVH
$UFKLYHVRI,QWHUQDO0HGLFLQH
0HLMPDQ7)  0HQWDOIDWLJXHDQGWKHHIILFLHQF\RILQIRUPDWLRQSURFHVVLQJLQUHODWLRQWR
ZRUNWLPHV,QWHUQDWLRQDO-RXUQDORI,QGXVWULDO(UJRQRPLFV
0HLMPDQ7)7KXQQLVVHQ0- 9ULHV*ULHYHU$*+G  7KHDIWHUHIIHFWVRID
SURORQJHGSHULRGRIGD\VOHHSRQVXEMHFWLYHVOHHSTXDOLW\:RUN 6WUHVV
0LVFKHO: 6KRGD<  $FRJQLWLYHDIIHFWLYHV\VWHPWKHRU\RISHUVRQDOLW\
5HFRQFHSWXDOL]LQJVLWXDWLRQVGLVSRVLWLRQVG\QDPLFVDQGLQYDULDQFHLQSHUVRQDOLW\VWUXFWXUH
3V\FKRORJLFDO5HYLHZ
0RNNHQ5-  $WKHRU\DQGSURFHGXUHRIVFDOHDQDO\VLV7KH+DJXH0RXWRQ
0RNNHQ5- /HZLV&  $QRQSDUDPHWULFDSSURDFKWRWKHDQDO\VLVRIGLFKRWRPRXV
LWHPUHVSRQVHV$SSOLHG3K\VLRORJLFDO0HDVXUHPHQW
0RRUHU3 6XXUPHLMHU73%0  $VWXG\RIWKHXQLGLPHQVLRQDOLW\DQG
FXPXODWLYHQHVVRIWKH026VKRUWIRUPJHQHUDOKHDOWKVXUYH\3V\FKORJLFDO5HSRUWV

0XOGHU/-0  $VVHVVPHQWRIFDUGLRYDVFXODUUHDFWLYLW\E\PHDQVRIVSHFWUDODQDO\VLV
7KHVLV*URQLQJHQ8QLYHUVLW\RI*URQLQJHQ
0XOGHU/-06FKZHL]HU' 5RRQ$0Y  $QHQYLURQPHQWIRUGDWDUHGXFWLRQ
FRUUHFWLRQDQGDQDO\VLVRIFDUGLRYDFXODUVLJQDOV,Q0DDUVH)-$NNHUPDQ$(%UDQG$10XOGHU
/-0DQG6WHOW0-&RPSXWHUVLQSV\FKRORJ\7RROVIRUH[SHULPHQWDODQGDSSOLHGSV\FKRORJ\
SS /LVVH6ZHWV =HLWOLQJHU
0XOGHU+DMRQLGHVYDQGHU0HXOHQ5(+ +RRIGDNNHUYDQGHQ5+  7KH
*URQLQJHQVOHHSTXDOLW\VFDOH6FDQGLQDYLDQ-RXUQDORI3V\FKLDWU\
0XUDZVNL%- &UDEEH-  (IIHFWRIVOHHSGHSULYDWLRQRQSODVPD
K\GUR[\FRUWLFRVWHURLGV-RXUQDORI$SSOLHG3K\VLRORJ\  
1HOLVVHQGH9RV<&0  6ODDSNODFKWHQLQGHSHULRGHYRRUDIJDDQGHDDQKHW
KDUWLQIDUFW0DDVWULFKW8308QLYHUVLWDLUH3HUV0DDVWULFKW

1LHPROOHU%6FKXXU:+Y 6WRNPDQ)1  6WRFKDVWLFFXPXODWLYHVFDOLQJ0RNNHQ
VFDOH0RNNHQWHVW 67$3XVHU VPDQXDO $PVWHUGDP8QLYHUVLW\RI$PVWHUGDPSUHVV
1XQQDO\1&  3V\FKRPHWULFWKHRU\1HZ<RUN0F*UDZ+LOO
2FNHQIHOV0&3RUWHU/6P\WK-.LUVFKEDXP&+HOOKDPPHU'+ 6WRQH$$
 (IIHFWRIFKURQLFVWUHVVDVVRFLDWHGZLWKXQHPSOR\PHQWRQVDOLYDU\FRUWLVRO2YHUDOOFRUWLVRO
OHYHOVGLXUQDOUK\WKPDQGDFXWHVWUHVVUHDFWLYLW\3V\FKRVRPDWLF0HGLFLQH
3DUNHV.5  3HUVRQDOLW\DQGFRSLQJDVPRGHUDWRUVRIZRUNVWUHVVSURFHVVHV0RGHOV
PHWKRGVDQGPHDVXUHV6SHFLDO,VVXH$KHDOWKLHUZRUNHQYLURQPHQW:RUNDQG6WUHVV

3HWHU5*HLVVOHU+ 6LHJULVW-  $VVRFLDWLRQVRIHIIRUWUHZDUGLPEDODQFHDWZRUN
DQGUHSRUWHGV\PSWRPVLQGLIIHUHQWJURXSVRIPDOHDQGIHPDOHSXEOLFWUDQVSRUWZRUNHUV6WUHVV
0HGLFLQH
3ROODUG70  8VHRIFRUWLVRODVDVWUHVVPDUNHU3UDFWLFDODQGWKHRUHWLFDOSUREOHPV
$PHULFDQ-RXUQDORI+XPDQ%LRORJ\
3ROODUG708QJSDNRUQ*+DUULVRQ*$ 3DUNHV.  (SLQHSKULQHDQGFRUWLVRO
UHVSRQVHVWRZRUN$WHVWRIWKHPRGHOVRI)UDQNHQKDHXVHUDQG.DUDVHN$QQDOVRI%HKDYLRUDO
0HGLFLQH
3UXHVVQHU-&*DDE-+HOOKDPPHU'+/LQW]'6FKRPPHU1 .LUVFKEDXP&
 ,QFUHDVLQJFRUUHODWLRQVEHWZHHQSHUVRQDOLW\WUDLWVDQGFRUWLVROVWUHVVUHVSRQVHVREWDLQHG
E\GDWDDJJUHJDWLRQ3V\FKRQHXURHQGRFULQRORJ\
4XLJOH\0( <HQ66&  $PLGGD\VXUJHLQFRUWLVROOHYHOV-RXUQDORI&OLQLFDO
(QGRFULQRORJ\DQG0HWDEROLVP
5DVFK*  3UREDELOLVWLFPRGHOVIRUVRPHLQWHOOLJHQFHDQGDWWDLQPHQWWHVWV.RSHQKDJHQ
7KH'DQLVK,QVWLWXWHIRU(GXFDWLRQDO5HVHDUFK
5HLFK-:0F&DOO0$*URVVPDQ50=DXWUD$- *XDUQDFFLD&$  
'HPDQGVGHVLUHVDQGZHOOEHLQJ$QDVVHVVPHQWRIHYHQWVUHVSRQVHVDQGRXWFRPHV-RXUQDO
RI&RPPXQLW\3V\FKRORJ\
5HLFK-: =DXWUD$-  'HPDQGVDQGGHVLUHVLQGDLO\OLIH6RPHLQIOXHQFHVRQ
ZHOOEHLQJ$PHULFDQ-RXUQDORI&RPPXQLW\3V\FKRORJ\
5RPSHOPDQ2  6SHFWUDODQDO\VLVRIKHDUWUDWHYDULDELOLW\,Q2UOHEHNH-)0XOGHU*
DQG'RRUQHQ/-3Y7KHS\FKRSK\VLRORJ\RIFDUGLRYDVFXODUFRQWURO SS 1HZ<RUN
3OHQXP3UHVV
5RVVL$6 5RVVL3(  %RG\WLPHDQGVRFLDOWLPH0RRGSDWWHUQVE\PHQVWUXDO
F\FOHSKDVHDQGGD\RIWKHZHHN6RFLDO6FLHQFH5HVHDUFK
6DWRUUD$ %HQWOHU30  6FDOLQJFRUUHFWLRQVIRUFKLVTXDUHVWDWLVWLFVLQFRYDULDQFH
VWUXFWXUHDQDO\VLV$PHULFDQ6WDWLVWLFDO$VVRFLDWLRQSURFHHGLQJVRIWKHEXLVQHVVDQV
HFRQRPLFVHFWLRQV$OH[DQGULD9$$PHULFDQ6WDWLVWLFDO$VVRFLDWLRQ
6DXWHU6&+XUUHOO-- &RRSHU&/  -RE&RQWURODQG:RUNHU+HDOWK&KLFKHVWHU
:LOH\

6FKDXIHOL:% %XXQFN%3  3URIHVVLRQDOEXUQRXW,Q6FKDEUDFT0-:LQQXEVW
-$DQG&RRSHU&/+DQGERRNRIZRUNDQGKHDOWKSV\FKRORJ\&KLFKHVWHU:LOH\
6FKDXIHOL:% (Q]PDQ'  7KHEUXQRXWFRPSDQLRQWRVWXG\DQGSUDFWLFH$FULWLFDO
DQDO\VLV/RQGRQ7D\ORU )UDQFLV
6FKQDOO3//DQGVEHUJLV3$ %HFNHU'  -REVWUDLQDQGFDUGLRYDVFXODUGLVHDVH
$QQXDO5HYLHZRI3XEOLF+HDOWK
6FKZDUW]-(3LFNHULQJ7* /DQGHVEHUJLV3$  :RUNUHODWHGVWUHVVDQGEORRG
SUHVVXUH&XUUHQWWKHRUHWLFDOPRGHOVDQGFRQVLGHUDWLRQVIURPDEHKDYLRUDOPHGLFLQHSHUVSHFWLYH
-RXUQDORI2FFXSDWLRQDO+HDOWK3V\FKRORJ\
6FKZDUW]-( 6WRQH$$  6WUDWHJLHVIRUDQDO\]LQJHFRORJLFDOPRPHQWDU\
DVVHVVPHQWGDWD+HDOWK3V\FKRORJ\
6FKZDUW]-(:DUUHQ. 3LFNHULQJ7*  0RRGORFDWLRQDQGSK\VLFDOSRVLWLRQDV
SUHGLFWRUVRIDPEXODWRU\EORRGSUHVVXUHDQGKHDUWUDWH$SSOLFDWLRQRIDPXOWLOHYHOUDQGRPHIIHFWV
PRGHO$QQDOVRI%HKYLRUDO0HGLFLQH
6HO\H+  7KHSK\VLRORJ\DQGSDWKRORJ\RIH[SRVXUHWRVWUHVVDWUHDWLVHEDVHGRQWKH
FRQFHSWVRIWKHJHQHUDODGDSWLRQV\QGURPHDQGWKHGLVHDVHVRIDGDSWLRQ VWHG 0RQWUHDO
$FWD,QF
6HO\H+  6HO\H V*XLGHWR6WUHVV5HDVHDUFK1HZ<RUN9DQ1RVWUDQG5HLQKROG
6KDSLUR'-DPQHU/' *ROGVWHLQ,%  'DLO\PRRGVWDWHVDQGDPEXODWRU\EORRG
SUHVVXUH3V\FKRSK\VLRORJ\
6LHJULVW-  6R]LDOH.ULVHQXQG*HVXQGKHLW 6RFLDO&ULVHVDQG+HDOWK *RWWLQJHQ
+RJUHIH
6LHJULVW-  $GYHUVHKHDOWKHIIHFWVRIKLJKHIIRUWORZUHZDUGFRQGLWLRQV-RXUQDORI
2FFXSDWLRQDO+HDOWK3V\FKRORJ\
6LHJULVW-%HUQKDUGW5 )HQJ=  6RFLRHFRQRPLFGLIIHUHQFHVLQFDUGLRYDVFXODUULVN
IDFWRUVLQ&KLQD,QWHUQDWLRQDO-RXUQDORI(SLGHPLRORJ\
6LHJULVW-NOHLQ' 9RLJW.+  /LQNLQJVRFLRORJLFDOZLWKSK\VLRORJLFDOGDWDWKH
PRGHORIHIIRUWUHZDUGLPEDODQFHDWZRUN$FWD3K\VLRORJLFDO6FDQGLQDYLD6XSSOHPHQW

6LHJULVW- 3HWHU5  -REVWUHVVRUVDQGFRSLQJFKDUDFWHULVWLFVLQZRUNUHODWHG
GLVHDVHLVVXHVRIYDOLGLW\:RUNDQG6WUHVV
6LHJULVW-3HWHU5-XQJH$&UHPHU3 6HLGHO'  /RZVWDWXVFRQWUROKLJKHIIRUW
DWZRUNDQGLVFKHPLFKHDUWGLVHDVHSURVSHFWLYHHYLGHQFHIURPEOXHFROODUPHQ6RFLDO6FLHQFH
DQG0HGLFLQH
6LHJULVW-3HWHU50RW]: 6WUDXHU%(  7KHUROHRIK\SHUWHQVLRQOHIW
YHQWULFXODUK\SHUWURSK\DQGSV\FKRVRFLDOULVNVLQFDUGLRYDVFXODUGLVHDVH3URVSHFWLYHHYLGHQFH
IURPEOXHFROODUPHQ(XURSHDQ+HDUW-RXUQDO
6LMWVPD.'HEHWV3 0ROHQDDU,:  0RNNHQVFDOHDQDO\VLVIRUSRO\FKRWRPRXV
LWHPVWKHRU\DFRPSXWHUSURJUDPDQGDQHPSLULFDODSSOLFDWLRQ4XDOLW\DQG4XDQWLW\


6ORDQ536KDSLUR3$%DJLHOOD(%RQL603DLN0%LJJHU-76WHLQPDQ5&
*RUPDQ-0  (IIHFWRIPHQWDOVWUHVVWKURXJKRXWWKHGD\RQFDUGLDFDXWRQRPLFFRQWURO
%LRORJLFDO3V\FKRORJ\
6OXLWHU-.9DQGHU%HHN$- )ULQJV'UHVHQ0+  :RUNVWUHVVDQGUHFRYHU\
PHDVXUHGE\XULQDU\FDWHFKRODPLQHVDQGFRUWVLROH[FUHWLRQLQORQJGLVWDQFHFRDFKUXQQHUV
2FFXSDWLRQDODQG(QYLURQPHQWDO0HGLFLQH
6P\WK-2FNHQIHOV0&*RULQ$$&DWOH\'3RUWHU/6.LUVFKEDXP&
+HOOKDPPHU'+ 6WRQH$$  ,QGLYLGXDOGLIIHUHQFHVLQWKHGLXUQDOF\FOHRIFRUWLVRO
3V\FKRQHXURHQGRFULQRORJ\
6P\WK-2FNHQIHOV0&3RUWHU/.LUVFKEDXP&+HOOKDPPHU'+ 6WRQH$$
 6WUHVVRUVDQGPRRGPHDVXUHPHQWRQDPRPHQWDU\EDVLVDUHDVVRFLDWHGZLWKVDOLYDU\
FRUWLVROVHFUHWLRQ3V\FKRQHXURHQGRFULQRORJ\
6RUEL0-+RQNRRS3& *RGDHUW*/5  $VLJQDOFRQWLQJHQWFRPSXWHUGLDU\
IRUWKHDVVHVVPHQWRISV\FKRORJLFDOSUHFHGHQWVRIWKHPLJUDLQHDWWDN,Q)DKUHQEHUJ-DQG0\UWHN
0$PEXODWRU\DVVHVVPHQW SS 6HDWWOH+RJUHIH +XEHU3XEOLVKHUV
6WDQVIHOG6$%RVPD++HPLQJZD\+ 0DUPRW0*  3V\FKRVRFLDOZRUN
FKDUDFWHULVWLFVDQGVRFLDOVXSSRUWDVSUHGLFWRUVRI6)KHDOWKIXQFWLRQLQJ7KHZKLWHKDOO,,VWXG\
3V\FKRVRPDWLF0HGLFLQH
6WRQH$+HGJHV601HDOH-0 6DWLQ06  3URVSHFWLYHDQGFURVVVHFWLRQDO
PRRGUHSRUWVRIIHUQRHYLGHQFHRID%OXH0RQGD\SKHQRPHQRQ-RXUQDORI3HUVRQDOLW\DQG
6RFLDO3V\FKRORJ\
6WRQH$$.HVVOHU5& +D\WKRUQWKZDLWH-$  0HDVXULQJGDLO\HYHQWVDQG
H[SHULHQFHV'HFLVLRQVIRUWKHUHVHDUFKHU-RXUQDORI3HUVRQDOLW\
6WRQH$$ 1HDOH-0  'HYHORSPHQWRIDPHWKRGRORJ\IRUDVVHVVLQJGDLO\
H[SHULHQFHV,Q%DXP$DQG6LQJHU-($GYDQFHVLQHQYLURQPHQWDOSV\FKRORJ\ SS 1HZ
-HUVH\+LOOVGDOH
6WRQH$$ 6KLIIPDQ6  5HIOHFWLRQVRQWKHLQWHQVLYHPHDVXUHPHQWRIVWUHVV
FRSLQJDQGPRRGZLWKDQHPSKDVLVRQGDLO\PHDVXUHV3V\FKRORJ\DQG+HDOWK
6WRQH$$ 6KLIIPDQ6  (FRORJLFDOPRPHQWDU\DVVHVVPHQW (0$ LQEHKDYLRUDO
PHGLFLQH$QQDOVRI%HKDYLRUDO0HGLFLQH
6WRXIIHU6$6XFKPDQ($'H9LQQH\/&6WDU6$ :LOOLDPV50  7KH
$PHULFDQVROGLHU$GMXVWPHQWGXULQJDUP\OLIH3ULQFHWRQ3ULQFHWRQ8QLYHUVLW\3UHVV
6WUDWDNLV&$ &KURXVRV*3  1HXURHQGRFULQRORJ\DQGSDWKRSK\VLRORJ\RIWKH
VWUHVVV\VWHP$QQDOV1HZ<RUN$FDGHP\RI6FLHQFHV
7DXE-0 %HUJHU5-  'LXUQDOYDULDWLRQVLQPRRGDVVHUWHGE\VHOIUHSRUWDQG
YHUEDOFRQWHQWDQDO\VLV-RXUQDORI3V\FKRPHWULF5HVHDUFK
7KDNRU19:HEVWHU-* 7KRPSNLQV:-  2SWLPDO456GHWHFWRU0HGLFDO
%LRORJLFDO(QJLQHHULQJ &RPSXWLQJ
7KHRUHOO7 .DUDVHN5$  &XUUHQWLVVXHVUHODWLQJWRSV\FKRVRFLDOMREVWUDLQDQG
FDUGLRYDVFXODUGLVHDVHUHVHDUFK-RXUQDORI2FFXSDWLRQDO+HDOWK3V\FKRORJ\

7KLEDXW- .HOOH\+  7KHVRFLDOSV\FKRORJ\RIJURXSV1HZ<RUN:LOH\
7XFNHU/5 /HZLV&  $UHOLDELOLW\FRHIILFLHQWIRUPD[LPXPOLNHOLKRRGIDFWRU
DQDO\VLV3V\FKRPHWULND
8UVLQ+%DDGH(DQG/HYLQH68UVLQ+%DDGH( /HYLQH6  3V\FKRELRORJ\RI
VWUHVV$VWXG\RIFRSLQJPHQ1HZ<RUN$FDGHPLF3UHVV
YDQ(FN00  6WUHVVPRRGDQGFRUWLVROG\QDPLFVLQGDLO\OLIH0DDVWULFKW,36(5
YDQ(FN00%HUNKRI+1LFROVRQ1 6XORQ-  7KHHIIHFWVRISHUFHLYHGVWUHVV
WUDLWVPRRGVWDWHVDQGVWUHVVIXOHYHQWVRQVDOLYDU\FRUWLVRO3V\FKRVRPDWLF0HGLFLQH

YDQ(FN001LFROVRQ1$ %HUNKRI-  (IIHFWVRIVWUHVVIXOGDLO\HYHQWVRQPRRG
VWDWHV5HODWLRQVKLSWRJOREDOSHUFHLYHGVWUHVV-RXUQDORI3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\

9DU\3  'LJLWDOH(.*7ULJJHUXQJRKQH0XOWLSOLNDWLRQ(OHNWURQLN
9HLW&7 :DUH-(  7KHVWUXFWXUHRISV\FKRORJLFDOGLVWUHVVDEGZHOOEHLQJLQ
JHQHUDOSRSXODWLRQV-RXUQDORI&RQVXOWLQJDQG&OLQLFDO3V\FKRORJ\
9LQLQJ5)0F*LQOH\5$ 6\PRQV5*  +RUPRQHVLQVDLOYD0RGHRIHQWU\DQG
FRQVHTXHQWLPSOLFDWLRQVIRUFOLQLFDOLQWHUSUWDWLRQ&OLQLFDO&KHPLVWU\
:DJQHU%0  0DMRUGDLO\VWUHVVDQGSV\FKRSDWKRORJ\2QWKHDGHTXDF\RIWKH
GHILQLWLRQVDQGPHWKRGV6WUHVV0HGLFLQH
:DOVWHU(%HUVFKHLG( :DOVWHU*:  1HZGLUHFWLRQVLQHTXLW\UHVHDUFK-RXUQDO
RI3HUVRQDOLW\DQG6RLFDO3V\FKRORJ\
:DUH-(  0HDVXULQJSDWLHQWIXQFWLRQDQGZHOOEHLQJ6RPHOHVVRQVIURPWKH0HGLFDO
2XWFRPHV6WXG\,Q+HLWKRII.$DQG/RKU.1(IIHFWLYHQHVVDQGRXWFRPHVLQKHDOWKFDUH
:DVKLQJWRQ'&1DWLRQDO$FDGHP\3UHVV
:DUU3%  :RUN8QHPSOR\PHQWDQG0HQWDO+HDOWK2[IRUG2[IRUG8QLYHUVLW\3UHVV
:DUU3%  $FRQFHSWXDOIUDPHZRUNIRUWKHVWXG\RIZRUNDQGPHQWDOKHDOWK:RUNDQG
VWUHVV
:DWVRQ' &ODUN/$  1HJDWLYHDIIHFWLYLW\7KHGLVSRVLWLRQWRH[SHULHQFHDYHUVLYH
HPRWLRQDOVWDWHV3V\FKRORJLFDO%XOOHWLQ
:DWVRQ'&ODUN/$ 7HOOHJHQ%  GHYHORSPHQWDQGYDOLGDWLRQRIEULHIPHDVXUHV
RISRVLWLYHDQGQHJDWLYHDIIHFW7KH3$1$6VFDOHV-RXUQDORI3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\

:DWVRQ' 3HQQHEDNHU-:  +HDOWKFRPSODLQWVVWUHVVDQGGLVWUHVV([SORULQJ
WKHFHQWUDOUROHRIQHJDWLYHDIIHFWLYLW\3V\FKRORJLFDO5HYLHZ
:DWWV&&R[7 5REVRQ-  0RUQLQJQHVVHYHQLQJQHVVDQGGLXUQDOYDULDWLRQVLQ
VHOIUHSRUWHGPRRG-RXUQDORI3V\FKRORJ\

:RRGKRXVH*:RRGKRXVH*5DVEDVK+*ROGVWHLQ+<DQJ0 3OHZLV,  
0XOWLOHYHOPRGHOOLQJDSSOLFDWLRQV$JXLGHIRUXVHUVRI0/Q/RQGRQ,QVWLWXWHRI(GXFDWLRQ
8QLYHUVLW\RI/RQGRQ
=DSI''RUPDQQ& )UHVH0  /RQJLWXGLRQDOVWXGLHVLQRUJDQL]DWLRQDOVWUHVV
UHVHDUFKDUHYLHZRIWKHOLWHUDWXUHZLWKUHIHUHQFHWRPHWKRGRORJLFDOLVVXHV-RXUQDORI
2FFXSDWLRQDO+HDOWK
=DXWUD$-*XDUQDFFLD&$5HLFK-: 'RKUHQZHQG%3  7KHFRQWULEXWLRQRI
VPDOOHYHQWVWRVWUHVVDQGGLVWUHVV,Q&RKHQ/+/LIHHYHQWVDQGSV\FKRORJLFDOIXQFWLRQLQJ
7KHRUHWLFDODQGPHWKRGRORJLFDOLVVXHV SS 1HZEXU\3DUN&DOLIRUQLD6DJH
3XEOLFDWLRQ

6XPPDU\
,QWKLVWKHVLVDUHODWLYHO\QHZDSSURDFKLVSUHVHQWHGWKDWLVXVHGWRVWXG\FKDQJHVLQ
SV\FKRORJLFDODQGSK\VLRORJLFDOYDULDEOHVUHVXOWLQJIURPDGHPDQGLQJZRUNHQYLURQPHQW
5DWKHUWKDQVROHO\IRFXVLQJRQWKHWUDGLWLRQDOFURVVVHFWLRQDOPHDVXUHPHQWVXVHGWR
LQGLFDWHSV\FKRVRFLDOLQGLFHVRIZRUNVWUHVVGDLO\DQGZLWKLQGD\PHDVXUHPHQWVDUHDOVR
SHUIRUPHG:LWKWKLVDSSURDFKVRPHUHOHYDQWLVVXHVDUHLGHQWLILHGDQGPHWKRGRORJLFDO
VROXWLRQVSURYLGHGWRZKDWLVFRQVLGHUHGRQHRIWKHPRVWSURPLVLQJDUHDVLQEHKDYLRUDO
PHGLFLQH³RQJRLQJSV\FKRSK\VLRORJLFDOPHDVXUHPHQWV´RU³HFRORJLFDOPRPHQWDU\
DVVHVVPHQWV´ (0$ 
7KHDLPRIWKHWKHVLVLVWRGHWHUPLQHWKHVKRUWWHUPHIIHFWVRIZRUNVWUHVVRQWKH
SV\FKRORJ\DQGSK\VLRORJ\RILQGLYLGXDOV7KLVHQWDLOVVWXG\LQJSV\FKRORJLFDODQG
SK\VLRORJLFDOFKDQJHVWKURXJKRXWWKHGD\DVVRFLDWHGDVZHOODVDVLQJOHDVVHVVPHQWRI
ZRUNVWUHVV LHDFURVVVHFWLRQDODVVHVVPHQWXVLQJDTXHVWLRQQDLUH 7RDFKLHYHWKLVIRXU
VWXGLHVDUHSHUIRUPHGHDFKRIZKLFKDUHVKRUWO\GHVFULEHGEHORZ$QLQWURGXFWLRQRIWKH
ZRUNVWUHVVWKHRU\DQGDIRUPXODWLRQRIWKHPDLQTXHVWLRQVSUHFHGHWKHGHVFULSWLRQRIWKH
VHSDUDWHVWXGLHV7KHWKHVLVHQGVZLWKDJHQHUDOHYDOXDWLRQRIWKHUHVXOWV
7KHRSHUDWLRQDOLVDWLRQRIZRUNVWUHVVLVEDVHGRQDWKHRU\FDOOHGWKH(IIRUW5HZDUG
,PEDODQFH (5, WKHRU\LQWURGXFHGLQWKHILUVWFKDSWHU7KHWKHRU\HPSKDVLVHVWKDWLWLV
WKHSHUFHSWLRQDQGHYDOXDWLRQRIVRFLDOH[FKDQJHLQUHODWLRQVKLSVWKDWGHWHUPLQH
VXFFHVVIXOIXQFWLRQLQJDQGKHDOWK7KH(5,WKHRU\VWDWHVWKDW³LPEDODQFH´RFFXUVLIWKH
HIIRUWWKDWLVH[HUWHGGXULQJZRUNGRHVQRWFRUUHVSRQGZLWKWKHUHZDUGWKDWLVREWDLQHG
7KLVVLWXDWLRQLVDVVRFLDWHGZLWK³HPRWLRQDOGLVWUHVV´DQGD³VXVWDLQHGDFWLYDWLRQRIWKH
DXWRQRPLFV\VWHP´DQGHYHQWXDOO\ZLWKWKHLQFLGHQFHRIFDUGLRYDVFXODUGLVHDVH7KH
WKHRU\DOVRVWDWHVWKDWWKHULVNIRUFDUGLRYDVFXODUGLVHDVHLVLQFUHDVHGLILQGLYLGXDOVKDYHD
KLJKQHHGIRUFRQWURO
7RHQDEOHDQDVVHVVPHQWRIWKHVKRUWWHUPHIIHFWVRI(5,WKHWHUPV³DXWRQRPLF
DFWLYDWLRQ´DQG³HPRWLRQDOGLVWUHVV´DUHGHILQHGPRUHSUHFLVHO\DQGPHDVXUHG
WKURXJKRXWWKHGD\7RGHWHUPLQHVKRUWWHUPSK\VLRORJLFDOHIIHFWVRI(5,LQGLFHVRIWZR
LPSRUWDQWSURFHVVHVDUHPHDVXUHGYDJDOFDUGLDFFRQWURODQGK\SRWKDODPRSLWXLWDU\
DGUHQRFRUWLFDO +3$& D[LVDFWLYDWLRQ$FFRUGLQJWRWKHOLWHUDWXUHYDJDOFRQWURO
GHFUHDVHVDVHQYLURQPHQWDOGHPDQGVLQFUHDVH9DJDOZLWKGUDZDOLVDVVRFLDWHGZLWKWKH
GHYHORSPHQWRIFDUGLRYDVFXODUGLVHDVHZKLFKLVRIUHOHYDQFHWRWKH(5,WKHRU\%HFDXVH
RIWKLVKHDUWUDWHYDULDELOLW\DQLQGH[RIYDJDOFDUGLDFFRQWUROLVXVHGLQWKHSUHVHQW
WKHVLV7KHRWKHUPDMRUSV\FKRSK\VLRORJLFDOSURFHVV+3$&D[LVDFWLYLW\LVLQGLFDWHGE\
FRUWLVROVHFUHWLRQ&RUWLVROLQFUHDVHVKDYHDOVREHHQDVVRFLDWHGZLWKLQFUHDVHVLQZRUN
VWUHVVDQGLVWKHUHIRUHDOVRPHDVXUHG
7RGHWHUPLQHWKHVKRUWWHUPSV\FKRORJLFDOHIIHFWVRIZRUNVWUHVVZLWKLQGD\
PHDVXUHPHQWVRIGHPDQGVDWLVIDFWLRQDQGPRRGDUHSHUIRUPHG7KHYDULDEOHVGHPDQG
DQGVDWLVIDFWLRQDUHFRQVLGHUHGWKHZLWKLQGD\FRXQWHUSDUWVRIHIIRUWDQGUHZDUG&DUU\LQJ
RXWZLWKLQGD\PHDVXUHPHQWVQHFHVVLWDWHVWKHXVHRIDVSHFLILFGDWDFROOHFWLRQPHWKRG
(FRORJLFDO0RPHQWDU\$VVHVVPHQW (0$ 7KHPHWKRGHQWDLOVDVHOIUHSRUWRID

VXEMHFW¶VH[SHULHQFHVWKRXJKWVIHHOLQJVDFWLYLWLHVRUZKHUHDERXWVWKURXJKRXWWKHGD\
RYHUVHYHUDOGD\V7KHVHOIUHSRUWVDUHILOOHGLQDIWHUDSDOPWRSFRPSXWHUSURPSWVWKH
VXEMHFWVDWUDQGRPPRPHQWVWKURXJKRXWWKHGD\7KHVHOIUHSRUWVDUHFRXSOHGZLWKWKH
FRUWLVRODQGKHDUWUDWHYDULDELOLW\PHDVXUHPHQWV
7KHPDLQTXHVWLRQVDVNHGLQWKLVWKHVLVDUH
$UHWKHEDVLFFRQVWUXFWVRIWKHHIIRUWUHZDUGLPEDODQFHWKHRU\ HIIRUWUHZDUGDQGQHHG
IRUFRQWURO DGHTXDWHO\PHDVXUHGE\WKH'XWFKYHUVLRQRIWKHHIIRUWUHZDUGLPEDODQFH
TXHVWLRQQDLUH"
 D :KDWLVWKHUHODWLRQEHWZHHQWKHEDVLFFRQVWUXFWVRIWKHHIIRUWUHZDUGLPEDODQFH
WKHRU\DQGLWVZLWKLQGD\FRXQWHUSDUWV GHPDQGDQGVDWLVIDFWLRQ "
 E :KLFKPHWKRGRORJLFDODSSURDFKVKRXOGEHXVHGWRDQDO\VHPXOWLSOHRFFDVLRQGDWD
(0$ "
:KDWDUHWKHHIIHFWVRIHIIRUWUHZDUGQHHGIRUFRQWURODQGZLWKLQGD\PHDVXUHPHQWVRI
GHPDQGVDWLVIDFWLRQDQGPRRGRQDXWRQRPLFQHUYRXVV\VWHPYDJDODFWLYLW\WKURXJKRXW
WKHGD\"
:KDWDUHWKHHIIHFWVRIHIIRUWUHZDUGQHHGIRUFRQWURODQGZLWKLQGD\PHDVXUHPHQWVRI
GHPDQGVDWLVIDFWLRQDQGPRRGRQK\SRWKDODPRSLWXLWDU\DGUHQRFRUWLFDO +3$& D[LV
DFWLYLW\WKURXJKRXWWKHGD\"
7KHILUVWPDLQTXHVWLRQLVDGGUHVVHGLQFKDSWHU7KHUHOLDELOLW\DQGYDOLGLW\RIWKH
(IIRUW5HZDUG,PEDODQFH4XHVWLRQQDLUHLVWHVWHGLQDSRSXODWLRQRIEOXHDQGZKLWH
FROODUZRUNHUVLQWKH1HWKHUODQGV7KHVWXG\OHDGVWRWKHIROORZLQJFRQFOXVLRQV7KH
EDVLFFRQVWUXFWVRIWKH(5,WKHRU\ HIIRUWUHZDUGDQGQHHGIRUFRQWURO DUHDGHTXDWHO\
PHDVXUHGXVLQJWKH'XWFK(5,TXHVWLRQQDLUH6RPHLWHPVZHUHGURSSHGIURPWKHQHHG
IRUFRQWUROVFDOHWRLQFUHDVHLWVUHOLDELOLW\)XWXUHVWXGLHVLQWKLVGRPDLQVKRXOGPDNHXVH
RIWKLVUHYLVHGTXHVWLRQQDLUH'HVSLWHVRPHFULWLFDOUHPDUNVWKH'XWFK(5,TXHVWLRQQDLUH
LVDYDOLGDQGUHOLDEOHLQVWUXPHQWWRDVVHVVZRUNVWUHVVLQWKHPDLQUHVHDUFKHQGHDYRXUVRI
WKLVWKHVLV
7KHVHFRQGPDLQTXHVWLRQLVDGGUHVVHGLQFKDSWHU7KHPDLQJRDOLVWRGHWHUPLQHWKH
UHODWLRQEHWZHHQWKHEDVLFFRQVWUXFWVRIWKH(5,WKHRU\DQGLWVZLWKLQGD\FRXQWHUSDUWV
GHPDQGDQGVDWLVIDFWLRQ+\SRWKHVLVHGUHODWLRQVZLWKZLWKLQGD\PHDVXUHPHQWVRIPRRG
DUHDOVRWHVWHG,QDGGLWLRQWRWKLVDPHWKRGLVGHVFULEHGIRUDQDO\VLQJPXOWLSOHRFFDVLRQ
GDWD³UDQGRPFRHIILFLHQWPRGHORUPXOWLOHYHODQDO\VLV´7KLVVWXG\ZDVSHUIRUPHGLQD
VXESRSXODWLRQRIPDOHDQGIHPDOHZRUNHUVXVLQJDQHOHFWURQLFGLDU\WKDWZDVNHSWIRU
DZHHN7KHUHVXOWVVKRZWKDWHIIRUWDQGUHZDUGDUHSRVLWLYHO\DVVRFLDWHGZLWKWKHLU
ZLWKLQGD\FRXQWHUSDUWVGHPDQGDQGVDWLVIDFWLRQUHVSHFWLYHO\7KLVPHDQVWKDWWKHVH
ZLWKLQGD\FRQVWUXFWVGRUHIOHFWWKHVXEMHFWOHYHOYDULDEOHV VLQJOHRFFDVLRQTXHVWLRQQDLUH
DVVHVVPHQWV HIIRUWDQGUHZDUGDQGFDQEHXVHGIRUWHVWLQJWKHVKRUWWHUPHIIHFWVRIZRUN
VWUHVVLQWKHUHPDLQGHURIWKLVWKHVLV$KLJKHIIRUWLVDVVRFLDWHGZLWKDKLJKQHJDWLYH
PRRGDQGDKLJKUHZDUGLVDVVRFLDWHGZLWKDORZHUQHJDWLYHPRRG7KXVWKH
K\SRWKHVLVHGOLQNEHWZHHQZRUNVWUHVVDQGDIIHFW RUHPRWLRQDOGLVWUHVV LVFRQILUPHG
6WLOOWKHUHLVDOVRVXEVWDQWLDOYDULDQFHOHIWDWEHHSOHYHOWREHH[SODLQHGE\RWKHUEHHS
OHYHOYDULDEOHV,WLVDOVRFRQFOXGHGWKDWXVLQJDPXOWLOHYHODQDO\VLVWKHVKRUWWHUPHIIHFWV

RI(5,DQGQHHGIRUFRQWURORQZLWKLQGD\SV\FKRORJLFDODQGSV\FKRELRORJLFDOYDULDEOHV
OLNHFRUWLVRODQGKHDUWUDWHYDULDELOLW\ FDQEHGHWHUPLQHG
7KHWKLUGPDLQTXHVWLRQLVDGGUHVVHGLQFKDSWHU,QWKLVVWXG\WKHVKRUWWHUPHIIHFWVRI
HIIRUWUHZDUGDQGQHHGIRUFRQWURORQYDJDOFDUGLDFFRQWURODUHGHWHUPLQHG9DJDOFDUGLDF
FRQWUROLVLQGLFDWHGE\WKHSRZHULQWKHKLJKIUHTXHQF\ +] EDQGRIWKHLQWHU
EHDWLQWHUYDORI(&*5WRSV +)B+59 $PXOWLOHYHODQDO\VLVLVXVHGWRGLVWLQJXLVKWKH
HIIHFWVRIVLQJOHRFFDVLRQDQGPXOWLSOHRFFDVLRQPHDVXUHPHQWVRIZRUNVWUHVVDQGDIIHFW
RQ+)B+59WKURXJKRXWWKHGD\7KHVLQJOH RUFURVVVHFWLRQDO RFFDVLRQDVVHVVPHQWV
LQFOXGHHIIRUWUHZDUGLPEDODQFHQHHGIRUFRQWUROQHJDWLYHDIIHFWDQGRWKHUHQGXULQJ
IDFWRUV W\SHRIRFFXSDWLRQJHQGHUDQGVPRNHUV 7KHPXOWLSOHRFFDVLRQPHDVXUHPHQWV
LQFOXGHQHJDWLYHPRRGDFWXDOGHPDQGVDWLVIDFWLRQUDWLR $'65 VOHHSTXDOLW\ZRUNORDG
ZRUNGD\YHUVXVGD\RII DQGOXQFK7KHHIIHFWRIWLPHRIGD\RQ+)B+59ZDV
FRQWUROOHGIRUEHIRUHWKHUHPDLQLQJUHODWLRQVKLSVZHUHGHWHUPLQHG$KLJKQHHGIRU
FRQWUROEXWQRWKLJKHIIRUWRUORZUHZDUGLVDVVRFLDWHGZLWKORZYDJDOFRQWURO7KXVQR
VXSSRUWLVIRXQGIRUWKHK\SRWKHVLVWKDWDKLJK(5,LVDVVRFLDWHGZLWKYLJRURXVVWULYLQJ
DQGDQLQFUHDVHG³DXWRQRPLFDFWLYDWLRQ´,QVWHDGDWKLUGFRQVWUXFWIURPWKH(5,WKHRU\
QHHGIRUFRQWUROLVSRVLWLYHO\DVVRFLDWHGZLWKYDJDOZLWKGUDZDO$QLQWHUHVWLQJ
LQWHUDFWLRQZDVIRXQGEHWZHHQ(5,DQGWLPHRIGD\$VWKHGD\SURJUHVVHGYDJDOFDUGLDF
FRQWUROLQFUHDVHG$KLJKHUYDJDOWRQHKDVEHHQOLQNHGZLWKORZHUPHQWDOHIIRUWDVWKHGD\
SURJUHVVHV7KLVVXJJHVWVWKDWODWHULQWKHGD\WKHVHVXEMHFWVVSHQGOHVVPHQWDOHIIRUWWR
SHUIRUPWKHLUGXWLHV
7KHIRXUWKPDLQTXHVWLRQLVDGGUHVVHGLQFKDSWHU,QWKLVFKDSWHUWKHHIIHFWVRI
YDULDEOHVIURPWKH(5,PRGHORQVDOLYDU\FRUWLVROVHFUHWLRQWKURXJKRXWWKHGD\DUH
DVVHVVHG7KHDQDO\VHVZHUHSHUIRUPHGXVLQJWKHVDPHPHWKRGDVGHVFULEHGLQFKDSWHU
7KHUHVXOWVVKRZWKDW(5,RUZLWKLQGD\PHDVXUHPHQWVRIWKHVHFRQVWUXFWV $'65 GR
QRWKDYHDQHIIHFWRQFRUWLVROVHFUHWLRQWKURXJKRXWWKHGD\2QO\ZLWKLQGD\
PHDVXUHPHQWVRIQHJDWLYHPRRGDUHSRVLWLYHO\UHODWHGWRFRUWLVRO
,QFRQFOXVLRQLQWKHSUHVHQWWKHVLVWKHVKRUWWHUPHIIHFWVRI(5,DUHVWXGLHGE\
PHDVXULQJLQGLFHVRIYDJDOFRQWURO+3$&DFWLYLW\DQGDIIHFW7KHVWXGLHVSURYLGHDQ
LOOXVWUDWLRQRIUHFHQWGHYHORSPHQWVLQWKHILHOG3ULPDULO\(0$SURYLGHVLQIRUPDWLRQRQ
SV\FKRORJLFDOPHDVXUHPHQWVWKURXJKRXWWKHGD\DQGUHYHDOVLQIRUPDWLRQQRWDFFHVVLEOH
XVLQJWUDGLWLRQDOVLQJOHRFFDVLRQDVVHVVPHQWVRISHUFHLYHGZRUNUHODWHGVWUHVV,QWKH
SUHVHQWWKHVLVERWKWUDGLWLRQDODQG(0$PHDVXUHPHQWVZHUHSHUIRUPHG,VVSLWHRIWKH
H[WHQVLYHQDWXUHRIWKHVWXGLHVRQO\OLPLWHGDQGLQGLUHFWHPSLULFDOVXSSRUWZDVIRXQGIRU
WKHK\SRWKHVLVHGUHODWLRQEHWZHHQZRUNVWUHVVDQGSK\VLRORJ\PHDVXUHGWKURXJKRXWWKH
GD\2QO\QHHGIRUFRQWUROLVSRVLWLYHO\UHODWHGWRYDJDOZLWKGUDZDODQGQHJDWLYHPRRGLV
UHODWHGWRDQLQFUHDVHLQFRUWLVROVHFUHWLRQWKURXJKRXWWKHGD\7KHVHUHVXOWVDUHRILQWHUHVW
WRSV\FKRELRORJ\LQJHQHUDOEXWDUHQRWRIGLUHFWLPSRUWDQFHWRWKHZRUNVWUHVVUHODWLRQ
%DVHGRQIDFHYDOLGLW\LWLVDUJXHGWKDWQHHGIRUFRQWURODQGQHJDWLYHPRRGDUHUHODWHGWR
WKHW\SH$FRQVWUXFWDQGWUDLWQHJDWLYHDIIHFWUHVSHFWLYHO\FRQVWUXFWVWKDWKDUGO\UHIOHFW
ZRUNVWUHVVDORQH7KHSUHVHQWWKHVLVXVHVVRSKLVWLFDWHGVWDWHRIWKHDUWDVVHVVPHQW
PHWKRGVDQGDQDO\VLVWHFKQLTXHVWRGHWHUPLQHWKHVKRUWWHUPSK\VLRORJLFDOHIIHFWVRI(5,
%DVHGRQWKHHYLGHQFHIURPWKHSUHVHQWWKHVLVLWPD\EHFRQFOXGHGWKDWWKHZLGHO\KHOG

DVVXPSWLRQWKDWZRUNVWUHVVLVDVVRFLDWHGZLWKSK\VLRORJLFDOFKDQJHVLQDQLQGLYLGXDO
GRHVQRWKROGDWOHDVWIRUWKHQRUPDOZRUNLQJSRSXODWLRQVWXGLHGKHUH7KLVTXHVWLRQVWKH
SXUVXLWRIVKRUWWHUPSK\VLRORJLFDOHIIHFWVRIZRUNVWUHVVLQDQRUPDOZRUNLQJSRSXODWLRQ
3UREDEO\VXFKDWWHPSWVZLOOUHPDLQIUXLWOHVVWLOODGLIIHUHQWDSSURDFKLVXVHG0RUH
DWWHPSWVVKRXOGEHPDGHWRDVVHVVREMHFWLYHHQYLURQPHQWDOGHPDQGVRUWRXVH
SK\VLRORJLFDOFKDQJHVWRLGHQWLI\LQGLYLGXDOV³DWULVN´LQVWHDGRIWUDLWOLNHLQGLYLGXDO
SHUFHSWLRQV

6DPHQYDWWLQJ
,QGLWSURHIVFKULIWZRUGWHHQUHODWLHIQLHXZHEHQDGHULQJJHSUHVHQWHHUGRPYHUDQGHULQJHQLQ
SV\FKRORJLVFKHHQI\VLRORJLVFKHYDULDEHOHQWHEHVWXGHUHQGLHKHWJHYROJ]LMQYDQHHQEHODVWHQGH
ZHUNRPJHYLQJ$OVDDQYXOOLQJRSGHWUDGLWLRQHOHPHWKRGHQGLHSV\FKRVRFLDOHZHUNVWUHVVVOHFKWV
ppQNHHUPHWHQZRUGHQGDJHOLMNVHHQPHHUYRXGLJHPHWLQJHQELQQHQppQGDJYHUULFKW0HWGH]H
EHQDGHULQJLVHHQDDQWDOEHODQJULMNHXLWNRPVWHQYHUNUHJHQHQPHWKRGHQRQWZLNNHOGWHQEHKRHYH
YDQppQYDQGHPHHVWYHHOEHORYHQGHWRHSDVVLQJVJHELHGHQYDQJHGUDJVZHWHQVFKDSSHQHQ
JHQHHVNXQGH³KHUKDDOGHSV\FKRI\VLRORJLVFKHPHWLQJHQ´RI³WLMGVWLSJHERQGHQHFRORJLVFKH
PHWLQJHQ´
+HWGRHOYDQGLWSURHIVFKULIWLVKHWEHSDOHQYDQGHNRUWHWHUPLMQHIIHFWHQYDQZHUNVWUHVVRSGH
SV\FKRORJLHHQI\VLRORJLHYDQPHQVHQ'LWRPYDWKHWEHVWXGHUHQYDQSV\FKRORJLVFKHHQ
I\VLRORJLVFKHYHUDQGHULQJHQJHGXUHQGHGHGDJHQppQHQNHOHPHWLQJYDQZHUNVWUHVV+LHUYRRU
ZHUGHQYLHURQGHU]RHNHQXLWJHYRHUG(HQLQWURGXFWLHYDQGHZHUNVWUHVVWKHRULHHQHHQ
EHVFKULMYLQJYDQGHKRRIGYUDJHQJDDQYRRUDIDDQHHQEHVFKULMYLQJYDQGHYHUVFKLOOHQGH
RQGHU]RHNHQ+HWSURHIVFKULIWHLQGLJWPHWHHQDOJHPHQHHYDOXDWLHYDQGHUHVXOWDWHQ
'HRSHUDWLRQDOLVDWLHYDQZHUNVWUHVVLVJHVWRHOGRSGH]RJHQDDPGH(IIRUW5HZDUG,PEDODQFH
WKHRULH (5, GLHLQKHWHHUVWHKRRIGVWXNZRUGWEHKDQGHOG'H]HWKHRULHEHQDGUXNWKHWEHODQJ
YDQHHQHYHQZLFKWWXVVHQLQVSDQQLQJHQEHORQLQJHQVWHOWGDWKHWZDDUQHPHQRIHYDOXHUHQYDQ
VRFLDOHXLWZLVVHOLQJYDQLQYORHGLVRSDGHTXDDWIXQFWLRQHUHQHQJH]RQGKHLG=LMJDDWHUYDQXLWGDW
KHWHYHQZLFKWYHUORUHQJDDWDOVGHLQVSDQQLQJHQWLMGHQVKHWZHUNQLHWLQYHUKRXGLQJVWDDQWRWGH
RQWYDQJHQEHORQLQJHQ(HQGHUJHOLMNHRQHYHQZLFKWLJHVLWXDWLHZRUGWLQYHUEDQGJHEUDFKWPHWHHQ
HPRWLRQHOHZDQWRHVWDQGGH]RJHQDDPGHHPRWLRQDOGLVWUHVVHQHHQYRRUWGXUHQGHDFWLYLWHLWYDQ
KHWDXWRQRPH]HQXZVWHOVHOGH]RJHQDDPGHDXWRQRPLFDFWLYDWLRQ2SGHQGXXUNDQGH]H
RQHYHQZLFKWLJHVLWXDWLHOHLGHQWRWKHWRQWVWDDQYDQKDUWHQYDDW]LHNWHQ9ROJHQVGHWKHRULH
KHEEHQSHUVRQHQPHWHHQYHUKRRJGHEHKRHIWHDDQUHJHOPRJHOLMNKHGHQHHQKRJHUHNDQVRSKDUW
HQYDDW]LHNWHQ
2PGHNRUWHWHUPLMQHIIHFWHQYDQ(5,WHNXQQHQEHSDOHQ]LMQGHEHJULSSHQDXWRQRPLFDFWLYDWLRQ
HQHPRWLRQDOGLVWUHVVQDGHUJHVSHFLILFHHUGHQJHPHWHQRSPHHUGHUHWLMGVWLSSHQJHGXUHQGHGHGDJ
2PGHI\VLRORJLVFKHNRUWHWHUPLMQHIIHFWHQWHEHSDOHQ]LMQGHYDJDOHLQYORHGHQRSKHWKDUWHQGH
DFWLYLWHLWYDQKHWK\SRWKDODPXVELMQLHUVFKRUVV\VWHHP +3$&DV JHPHWHQ9ROJHQVGH
OLWHUDWXXUQHPHQGHYDJDOHLQYORHGHQRSKHWKDUWDIDOVGHRPJHYLQJVHLVHQWRHQHPHQ(HQDIQDPH
YDQYDJDOHDFWLYLWHLWZRUGWLQYHUEDQGJHEUDFKWPHWGHRQWZLNNHOLQJYDQKDUWHQYDDW]LHNWHQ
KHWJHHQYDQEHODQJLVYRRUGH(5,WKHRULH+LHUYRRUZRUGWGHKDUWVODJYDULDELOLWHLWEHSDDOGGLH
HHQLQGLUHFWHPDDWLVYDQYDJDOHLQYORHGHQRSKHWKDUW+HWWZHHGHEHODQJULMNHI\VLRORJLVFKH
SURFHVGH+3$&DVDFWLYLWHLWZRUGWZHHUJHJHYHQGRRUFRUWLVRODIVFKHLGLQJ(HQWRHQDPHLQ
FRUWLVROZRUGWLQYHUEDQGJHEUDFKWPHWHHQWRHQDPHLQZHUNVWUHVV2PGHNRUWHWHUPLMQ
SV\FKRORJLVFKHHIIHFWHQYDQZHUNVWUHVVWHEHSDOHQZRUGHQPHWLQJHQJHGDDQYDQYHUHLVWHQ
WHYUHGHQKHLGHQVWHPPLQJRSPHHUGHUHWLMGVWLSSHQYDQGHGDJ'HYDULDEHOHQYHUHLVWHQHQ
WHYUHGHQKHLG]LMQDIJHOHLGYDQGHDDQHHQPDOLJHPHWLQJYDQZHUNVWUHVVJHUHODWHHUGHEHJULSSHQ
LQVSDQQLQJHQEHORQLQJ+HWXLWYRHUHQYDQPHHUGHUHPHWLQJHQRSppQGDJYHUHLVWKHWJHEUXLNYDQ
QDXZJH]HWWHPHWKRGHQRPGDWDWHYHU]DPHOHQGH]RJHQDDPGHWLMGVWLSJHERQGHQHFRORJLVFKH
PHWLQJHQ (0$ 'H]HPHWKRGHEHKHOVWHHQ]HOIUDSSRUWDJHYDQHUYDULQJHQJHYRHOHQV
JHGDFKWHQDFWLYLWHLWHQHQORFDWLHJHGXUHQGHGHGDJRYHUPHHUGHUHGDJHQ'H]HOIUDSSRUWDJHV
ZRUGHQPHWHHQ2UJDQL]HUELMJHKRXGHQHQ]LMQJHNRSSHOGDDQGHKDUWVODJYDULDELOLWHLWHQFRUWLVRO
PHWLQJHQ'HWLMGVWLSSHQZDDURSGH]HOIUDSSRUWDJHVZRUGHQLQJHYXOG]LMQZLOOHNHXULJHQZRUGHQ
DDQJHJHYHQGRRUGH2UJDQL]HU
'HKRRIGYUDJHQYDQGLWSURHIVFKULIW]LMQDOVYROJW

 :RUGHQGHNHUQEHJULSSHQYDQGH(5,WKHRULHLQVSDQQLQJEHORQLQJHQEHKRHIWHDDQ
UHJHOPRJHOLMNKHGHQRSYHUDQWZRRUGHZLM]HJHPHWHQGRRUGH1HGHUODQGVH9UDJHQOLMVW,QVSDQQLQJ
HQ%HORQLQJ 9,% RSKHWZHUN"
D :DWLVKHWYHUEDQGWXVVHQGHNHUQEHJULSSHQYDQGH(5,WKHRULHHQYHUZDQWHEHJULSSHQGLHRS
PHHUGHUHWLMGVWLSSHQJHGXUHQGHGHGDJZRUGHQJHPHWHQ"
E :HONHPHWKRGHLVKHWPHHVWHJHVFKLNWRPGDWDDINRPVWLJXLWKHUKDDOGHSV\FKRI\VLRORJLVFKH
PHWLQJHQWHDQDO\VHUHQ"
 :DWLVKHWHIIHFWYDQLQVSDQQLQJEHORQLQJEHKRHIWHDDQUHJHOPRJHOLMNKHGHQHQGH
ELQQHQGDDJVJHPHWHQYDULDEHOHQYHUHLVWHQWHYUHGHQKHLGHQVWHPPLQJRSYDJDOHDFWLYLWHLW
JHGXUHQGHGHGDJ"
 :DWLVKHWHIIHFWYDQLQVSDQQLQJEHORQLQJEHKRHIWHDDQUHJHOPRJHOLMNKHGHQHQGH
ELQQHQGDDJVJHPHWHQYDULDEHOHQYHUHLVWHQWHYUHGHQKHLGHQVWHPPLQJRSFRUWLVROJHGXUHQGHGH
GDJ"
'HHHUVWHKRRIGYUDDJZRUGWEHDQWZRRUGLQKRRIGVWXN'HEHWURXZEDDUKHLGHQYDOLGLWHLWYDQGH
9,%LVJHWHVWRSZHUNQHPHUVLQ1HGHUODQG'HNHUQEHJULSSHQYDQGH(5,WKHRULH
LQVSDQQLQJEHORQLQJHQEHKRHIWHDDQUHJHOPRJHOLMNKHGHQZRUGHQRSYHUDQWZRRUGHZLM]H
JHPHWHQGRRUGH9,%2PGHEHWURXZEDDUKHLGWHYHUKRJHQ]LMQHHQDDQWDOYUDJHQYHUZLMGHUGXLW
GHVFKDDORYHUEHKRHIWHDDQUHJHOPRJHOLMNKHGHQ7RHNRPVWLJRQGHU]RHNRSGLWWHUUHLQ]DOEDDW
KHEEHQELMKHWJHEUXLNYDQGHKHU]LHQHYUDJHQOLMVW ]LHDSSHQGL[ 2QGDQNVHHQDDQWDONULWLVFKH
RSPHUNLQJHQNDQJHVWHOGZRUGHQGDWGH9,%HHQYDOLGHHQEHWURXZEDDULQVWUXPHQWLVRP
ZHUNVWUHVVWHPHWHQLQGHYRRUGLWSURHIVFKULIWEHRRJGHRQGHU]RHNVJHELHGHQ
'HWZHHGHKRRIGYUDDJZRUGWEHDQWZRRUGLQKRRIGVWXN+HWGRHOLVKHWEHSDOHQYDQKHWYHUEDQG
WXVVHQGHNHUQEHJULSSHQYDQGH(5,WKHRULHHQGHYHUZDQWHEHJULSSHQYHUHLVWHQHQWHYUHGHQKHLG
GLHRSPHHUGHUHWLMGVWLSSHQJHGXUHQGHGHGDJZRUGHQJHPHWHQ+HWYHURQGHUVWHOGHYHUEDQGPHW
ELQQHQGDDJVHPHWLQJHQYDQVWHPPLQJZRUGWRRNJHWRHWVW%RYHQGLHQZRUGWHHQPHWKRGH
XLWHHQJH]HWZDDUPHH(0$GDWDNDQZRUGHQJHDQDO\VHHUGKHW]RJHQDDPGHUDQGRPFRHIILFLHQW
PRGHORRNZHOPXOWLOHYHODQDO\VHJHQRHPG'LWRQGHU]RHNZHUGXLWJHYRHUGELMZHUNHQGH
PDQQHQHQYURXZHQGLHHHQ2UJDQL]HUJHGXUHQGHHHQZHHNKHEEHQELMJHKRXGHQ'HUHVXOWDWHQ
ODWHQ]LHQGDWLQVSDQQLQJHQEHORQLQJHHQSRVLWLHIYHUEDQGKHEEHQPHWGHJHUHODWHHUGHEHJULSSHQ
YHUHLVWHQHQWHYUHGHQKHLG'LWEHWHNHQWGDWGHELQQHQGDDJVHYDULDEHOHQGDDGZHUNHOLMNGH
SHUVRRQVJHERQGHQYDULDEHOHQLQVSDQQLQJHQEHORQLQJZHHUJHYHQHQGDWGH]HYDULDEHOHQWHYHQV
NRUWHWHUPLMQHIIHFWHQYDQZHUNVWUHVVUHIOHFWHUHQ(HQKRJHLQVSDQQLQJLVJHUHODWHHUGDDQHHQ
KRJHQHJDWLHYHVWHPPLQJHQKRJHEHORQLQJLVJHUHODWHHUGDDQHHQODJHQHJDWLHYHVWHPPLQJ
+LHUPHHZRUGWKHWYHURQGHUVWHOGHYHUEDQGWXVVHQZHUNVWUHVVHQGHQHLJLQJGHZHUHOGQHJDWLHIWH
DDQVFKRXZHQKHW]RJHQDDPGHWUDLWQHJDWLYHDIIHFWZRUGWEHYHVWLJG7RFKEOLMIWYROGRHQGH
ELQQHQGDDJVHYDULDQWLHRYHUGLHYHUNODDUGNDQZRUGHQGRRUDQGHUHELQQHQGDDJVHYDULDEHOHQ
'H]HLQ]LFKWHQOHLGHQWRWGHFRQFOXVLHGDWPHWEHKXOSYDQPXOWLOHYHODQDO\VHVGHNRUWHWHUPLMQ
HIIHFWHQYDQLQVSDQQLQJEHORQLQJHQGHEHKRHIWHDDQUHJHOPRJHOLMNKHGHQRSELQQHQGDDJVH
PHWLQJHQYDQI\VLRORJLVFKHYDULDEHOHQNXQQHQZRUGHQEHSDDOG
'HGHUGHKRRIGYUDDJZRUGWLQKRRIGVWXNEHDQWZRRUG,QGDWRQGHU]RHNZRUGHQGHNRUWHWHUPLMQ
HIIHFWHQYDQLQVSDQQLQJEHORQLQJHQGHEHKRHIWHDDQUHJHOPRJHOLMNKHGHQRSYDJDOHDFWLYLWHLW
EHSDDOG'HYDJDOHDFWLYLWHLWLVDIJHOHLGXLWGHHQHUJLHLQKHWKRJHIUHTXHQWLHVSHFWUXP ±
+] YDQKHWKDUWVODJLQWHUYDO +)B+59 'HHIIHFWHQYDQppQPDOLJHPHWLQJHQYDQZHUNVWUHVVHQ
HPRWLHVRS+)B+59JHGXUHQGHGHGDJ]LMQPHWEHKXOSYDQHHQPXOWLOHYHODQDO\VHLQNDDUW
JHEUDFKW'HppQPDOLJJHPHWHQYDULDEHOHQ]LMQLQVSDQQLQJEHORQLQJEHKRHIWHDDQ
UHJHOPRJHOLMNKHGHQEHURHSJHVODFKWHQURNHQ'HPHHUYRXGLJHPHWLQJHQRPYDWWHQYHUHLVWHQ
WHYUHGHQKHLGQHJDWLHYHVWHPPLQJVODDSNZDOLWHLWZHUNODVWHQKHWPLGGDJHWHQ+HWHIIHFWYDQ
GH]HYDULDEHOHQRS+)B+59LVEHSDDOGQDGDWKHWHIIHFWYDQGHWLMGVWLSYDQGHGDJLV

JHFRQWUROHHUG(HQKRJHEHKRHIWHDDQUHJHOPRJHOLMNKHGHQPDDUQLHWHHQKRJHLQVSDQQLQJRIHHQ
ODJHEHORQLQJZRUGHQLQYHUEDQGJHEUDFKWPHWYHUPLQGHUGHYDJDOHLQYORHGHQRSKHWKDUW'H
YHURQGHUVWHOOLQJGDWHHQKRJHLQVSDQQLQJHQHHQODJHEHORQLQJOHLGWWRWHHQWRHJHQRPHQ
³DXWRQRPHDFWLYLWHLW´ZRUGWGXVQLHWRQGHUVWHXQG:HOZRUGWHHQGHUGHEHJULSGDWRQGHUGHHOLV
YDQKHW(5,WKHRULHQDPHOLMNGHEHKRHIWHDDQUHJHOPRJHOLMNKHGHQLQYHUEDQGJHEUDFKWPHW
YDJDOHDFWLYLWHLW0HQVHQGLHHHQKRJHEHKRHIWHKHEEHQDDQUHJHOPRJHOLMNKHGHQEOLMNHQHHQ
YHUODDJGHYDJDOHLQYORHGWHYHUWRQHQRSKHWKDUW'HUHVXOWDWHQODWHQRRNHHQLQWHUHVVDQWYHUEDQG
]LHQWXVVHQ(5,HQWLMGVWLSYDQGHGDJ'HYDJDOHLQYORHGHQRSKHWKDUWQHPHQWRHQDDUPDWHGH
GDJYRUGHUW2PGDWHHQKRJHYDJDOHLQYORHGLQYHUEDQGLVJHEUDFKWPHWHHQODJHPHQWDOH
EHODVWLQJNDQJHFRQFOXGHHUGZRUGHQGDWGHRQGHU]RFKWHQ]LFKPHQWDDOPLQGHULQVSDQQHQODWHURS
GHGDJ
'HYLHUGHKRRIGYUDDJZRUGWEHDQWZRRUGLQKRRIGVWXNZDDULQGHHIIHFWHQYDQNHUQEHJULSSHQXLW
GH(5,WKHRULHRSFRUWLVRODIVFKHLGLQJJHGXUHQGHGHGDJZRUGHQEHKDQGHOG,QGLWKRRIGVWXN
ZRUGHQGH]HOIGHDQDO\VHPHWKRGHQJHEUXLNWDOVLQKRRIGVWXN'HUHVXOWDWHQODWHQ]LHQGDWKHW
HYHQZLFKWWXVVHQLQVSDQQLQJHQEHORQLQJHQGHELQQHQGDDJVHPHWLQJHQYDQGH]HEHJULSSHQ GH
YHUHLVWHQWHYUHGHQKHLGUDWLR JHHQHIIHFWKHEEHQRSGHFRUWLVRODIVFKHLGLQJJHGXUHQGHGHGDJ
6OHFKWVHHQWRHQDPHLQQHJDWLHYHVWHPPLQJEOLMNWJHUHODWHHUGWH]LMQDDQHHQWRHQDPHLQFRUWLVRO
DIVFKHLGLQJ
&RQFOXGHUHQGLQGLWSURHIVFKULIW]LMQGHNRUWHWHUPLMQHIIHFWHQYDQ(5,EHSDDOGGRRUYDJDOH
FRQWUROH+3$&DVDFWLYLWHLWHQVWHPPLQJWHPHWHQ'LWSURHIVFKULIWVOXLWDDQELMUHFHQWH
RQWZLNNHOLQJHQRSKHWJHELHGYDQDPEXODQWHSV\FKRI\LVRORJLVFKHPHWLQJHQHQODDW]LHQKRH
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