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Abstract: Assessment studies of occupational exposures are retrospectively evaluated based on their achieved statistical
efficiency and/or their imposed costs. However, any decision on the performance of such studies strongly requires an economic
evaluation in advance. The economic evaluation of proposed work environmental studies needs, in turn, access to information
on the socio-economic impacts of occupational exposures. The present article aims to help policy makers in their decisions on
proposed work environmental studies by introducing a cost-value approach to the information to be produced during the
studies. The cost-value approach is not exposed to subjective judgements, as in the approach of “willingness to pay”, nor to
consideration of invaluable statistical efficiency as “output”, as in exposure assessment studies. The work environmental study
investigated in this article contained three different groups of occupational exposures that caused sickness absences and
impairments at work in a Swedish company, Sandvik Materials Technology. The results show that the suggested study would
be acceptable to the policy makers in the company, as its estimated value was strictly greater than its estimated costs.
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1. Introduction

1.1. Social Costs of Work-Related Disorders and the
Progress of Exposure Assessment Studies

Work-related disorders are known as a reason for high
social costs in many countries, due to the increased sickness
absences and disabilities that they produce [1-4]. The social
costs are not only limited to the direct medical care
expenditures; there are also indirect costs, which are
estimated to be higher when increased work-related
disorders result in decreased labour productivity and
decreased quality of the goods and services produced [1, 3].
Thus, many studies of occupational exposures have been
designed in different countries in order to improve
occupational health and avoid the huge social cost [5-8]. At
the same time, the cost of these studies has also been a
challenge due to the limited resources available to
researchers in the field. In many cases, the sizes of studies
have been cut back in terms of time and numbers of
participants and exposures, in order to circumvent the
economic problem. However, the economic decision of
whether to perform a study, at management level, must

consider the costs of work-related disorders, which can be
much greater than the costs of the study. Further, constant
technical developments in hardware and software
continuously reduce the cost of exposure assessment
studies, and make it possible to expand such studies and
meet the demand for more information about occupational
exposures. Thus, a holistic approach might be the dominant
one in work environmental studies, when the causes of
deficiencies in the body of workers include ergonomic
workloads, psychosocial risk factors, chemical substances,
noise, vibration, lighting, and temperature [9]. Despite
technical possibilities and scientific findings, work
environmental studies have generally focused on specific
exposures while ignoring socio-economic impacts such as
the effects on sickness absences and impairments at work,
and thus on potential income loss. Hence, these studies
have been concerned with the collection of data on single
exposures with the least statistical error, and have therefore
been evaluated in terms of their statistical efficiency [10-
15]. Given the scarce resources, the statistical efficiency
then began to be balanced against the cost of assessing the
exposure of interest, in so-called cost-efficiency studies [16,
17]. However, statistical efficiency is only one factor in
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evaluating the output of occupational exposure studies [18].
A purely efficient assessment of an exposure cannot be the
basis for evaluation of the output if, for instance, the critical
occupational exposures in the work environment (i. e. the
exposures to disorders that are behind the social costs) are
omitted in the study. By considering statistical efficiency as
the actual output and not as a criterion for evaluation,
resources have been allocated optimally between different
stages of statistical production to approach the true average
value of a single exposure variable [19-24]. Moreover,
taking as an output the statistical efficiency in terms of
precision and accuracy has led to obscurity in the cost-
output relationship and unclear economic evaluations, as
the output was not related to the social cost of work-related
disorders caused by the exposure, and was also measured
with different measurement units than the costs [18]. An
incessant question in cost-efficiency studies is whether the
higher statistical efficiency given by a more expensive
design would justify the incremental cost [ibid]. Economic
decision theory suggests that the cost of achieving a higher
level of statistical efficiency should be compared to the
opportunity cost (the expected social costs) of using the
inferior study design, or with the expected social benefits of
using the superior study design [ibid]. Thus, rational
decision-making on investment in an exposure assessment
study requires estimation of the economic outcomes with
and without the use of the expensive but superior study
design. In addition to this deficiency, in principle, the
analysis of cost-efficiency associated with different
measurement designs involves a retrospective economic
evaluation; that is, an evaluation based on historical costs
and known error components associated with alternative
measurement designs [25-27]. However, rational decisions
on the performance and expansion of exposure studies
require economic evaluations in advance. Thus, the social
costs of work-related disorders caused by occupational
exposures cannot be ignored in economic evaluations of
work environmental studies. The value of the studies’ real
outputs should be compared with the studies’ costs and
related to the social cost.

1.2. Comprehensive View of the Work Environment

There are multiple causes for work-related disorders which
lead to sickness absences and/or impairments at work, and
several risk factors in the work environment may interact and
work together to create such disorders. Risk factors can be
classified into three groups of exposures, concerning the
psychosocial work environment, ergonomic work conditions
(static and dynamic workloads), and the physical
environment of the workplace. The psychosocial work
environment contains risk factors such as conflicts,
discrimination, stress, and low authority in execution of
duties; ergonomic work conditions contain health hazards
such as postural and mechanical workloads; and the physical
environment contains problems with temperature, noise,
lighting, air quality, and so on. Studies of occupational
exposures should thus have a comprehensive view of the

work environment, especially when it comes to the socio-
economic impacts of work-related disorders. Whether a
decision about changes in the work environment is efficient,
and its expected net benefits are great, depends on whether
the information from relevant studies is complete. However,
most studies in occupational health sciences are focused
partially on the psychosocial work environment [5, 28, 29],
the ergonomic work conditions [6, 30, 31], and the physical
characteristics of the workplace [7, 8, 32], while the socio-
economic impacts of the work environment have not been
given enough attention. One-dimensional studies of the work
environment impair not only the improvement of
occupational health and labour productivity, but also the
estimation of the economic results and thus the valuation of
such studies. Economic-oriented studies of occupational
health, ranging from data collection up to intervention,
cannot, at least, ignore the need for a holistic approach to the
work environment and health hazards, nor can they ignore
information about the effects of occupational exposures on
workers’ sickness absences and impairments. The economics
of occupational health are based on the economic impacts of
work-related disorders, which are often impossible to
disentangle between the different risk factors (exposures)
existing in the workplace.

1.3. Data, Information, and Decision-Making

Data on work-related exposures is the intermediate product
to produce information about the psychological, ergonomic,
and physical dimensions of the work environment. The
output is produced by correcting, processing, and analysing
the data and then inferring the statistical results. The partial
information about each dimension of the work environment
is, in turn, the input to the final output of a work
environmental study that is produced by combining and
transforming the informational inputs to the information used
for decision-making about changing the work environment
and improving occupational health. The information output,
including a proposal to change the work environment, is then
the input to the decision. The input-output relationships in the
work environmental study can be summarized as follows:

Data on exposures = Dimensional (partial) information on
the work environment - Comprehensive information on the
work environment including proposals to change it =
Decision.

Without further refinement and transformation to
information that will be useful to the decision maker, data on
occupational exposures has no value or meaning. The related
data, as a set of objective facts about work-related events, is
usable if it is transformed into information. Researchers
transform data into useful information for decision makers in
three steps: 1) correcting, processing, and analysing the data;
2) interpreting and inferring the statistical results in relation
to the purpose of the work environmental study; and 3)
summarizing the outcome in a concise form and developing a
proposal. The information output is valued only when it is
used in order to change the work environment.
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1.4. Economics of the Information

The first necessary step in improving occupational health
is to produce useful and complete information about the work
environment, and supply it to the management for a decision.
When it comes to the work environment, the problem is not
usually to produce information totally from scratch, but
rather to produce more complete and more useful
information. As the production of this information uses
resources, it should initially be agreed by the management.
The first economic decision is thus about producing the
information. However, in making this economic decision, the
cost and value of the information should be estimated and
compared to each other. An economic decision is made to
perform a proposed work environmental study if the expected
value of the information to be produced during the study
exceeds its estimated total cost. Although valuation of
information improves the efficiency of this decision, it has
been completely ignored in research. The term “value of
information” (VOI) means that a decision which has
economic consequences is made on the basis of the
information provided, and so this information has an
economic value [33]. Accordingly, the information output
from an entire work environmental study will be used to
decide whether the enclosed intervention program should be
carried out in the workplace. As the total social costs caused
by work-related disorders will likely be reduced by
implementing the program, the information output can be
valued in monetary terms both for the company and for the
whole of society. The likely reduction of sickness absences
and impairments at work is dependent on the content of the
information, which includes a proposal to change the work
environment. The expected benefits of using the information
are thus a factor in determining its economic value.

The cost and wvalue of information on the work
environment can be estimated at both the micro and the
macro level. The micro-economics of the information refers
to the cost of producing it and the benefits of using it for
individual economic units. For a rational decision on
producing information at the micro level, its micro-economic
value should be greater than its corresponding partial costs.
The macro-economics of the information refers to its effects
on the health and productivity of the national economy’s
labour force, gross domestic product, balance of payments,
and national economic policies. The costs of production and
the benefits in use of the information are estimated for the
whole of the economy. The more productive the labour force,
and the greater its capacity to deal with environmental
problems in the workplaces, the greater the value of the
information behind the relevant decisions.

Information about the work environment, as an intellectual
product, is thus considered as an economic asset. However, it
differs from physical assets in several ways:

1) It can be produced with minimal use of physical capital.
The most useful economic resource is skilled labour
(investigators and researchers).

2) Its transport costs are near to zero.

3) There is a complex relationship between its time of
production and its value. Last year’s information on the
work environment may be worthless next year, because
of changes in the underlying reality.

4) Its returns/utilities are over the long term, while all
costs are paid immediately. This property may be a
reason to reject applications for resource-using work
environmental studies.

5) It lies somewhere between pure private goods and pure
public goods, and may alternate between these poles at
different stages of production and distribution. As the
expected social benefits (in terms of usage and
productive scheduled working hours) increase as use of
the relevant information increases, there is a strong
incentive to share the information across workplaces;
this implies that the information counts as a public good
rather than a private one. However, as the production of
the information is costly for individual economic units,
and the benefits fall first to them, they have an incentive
to keep the information for their own use in a
competitive market — “knowledge is power” [34] —
which gives an alternate view of it as a private good.

6) It is not consumed by being used or transmitted to other
workplaces. Information on the work environment can
be transmitted to all stakeholders, even during
production, with no diminution of its contents.

7) As its value is not apportioned across users, it can be
shared infinitely between researchers in the field and
managers at relevant authorities and workplaces
without losing its value. The more users for the
information, the more economic benefits can be drawn
from it by society when occupational health and labour
productivity begin to improve. In economic terms,
information on work environmental risk factors exhibits
increasing returns to use.

8) The basic assumption in consumption theory that “more
is better than less” is not fully met. More informative
studies are valued more highly, because they lead to
better decisions about the work environment. However,
as decision makers have a limited capacity to process
information [35], the value of information continues to
increase with “more information” only up to the point at
which information overload occurs.

9) Despite the cost of producing the information, it entails
no real economic value without being put to use.
Information about the work environment, including
proposals to improve occupational health, can only
carry economic value if it leads to a changed reality and
results in economic benefits.

Consequently, the value of information output from work
environmental studies is determined by the three following
factors:

a) The maximum benefit of using the information, which
is equal to the amount of disease-related costs caused
by deficiencies in the work environment.

b) The probability that the associated proposal to change
the work environment will be accepted by management.
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This acceptance substantially depends on the manager’s
budget, valuations, and preferences, as well as the price
of implementing the proposal.

¢) The effectiveness of the associated proposal to improve
occupational health. This effectiveness is assessed via
the changeability of the work environment and the
content and technical characteristics of the information,
which affect both the cost and the value of the
information. These characteristics refer, in turn, to
criteria such as relevancel, completenessz, availability3 R
timeliness®, comparability’, and statistical efficiency®
associated with a work environmental study.

1.5. Purpose and Properties

The aim of the present article is to provide guidelines for
economic decisions about proposed work environmental
studies. A predictive cost-value approach to information is
introduced, modelled, and then put into practice for a work
environmental study intended to be proposed to the
management of Sandvik Materials Technology (SMT). As
the work environment is a multidimensional reality, the
suggested study has a multidimensional character and is
aimed at assessing exposures in the psychosocial, ergonomic,
and physical work environment. Properties of the economic
evaluation methodology include a productivity orientation
and a societal perspective: the assessment of illness-related
costs is based on sickness absenteeism and presenteeism
(impairments at work) as well as low work capacity at home.
In addition, all tangible illness-related costs paid by different
stakeholders are defined and assessed.

2. Methodology
2.1. The Suggested Work Environmental Study

The data needed for a cost-value analysis of producing
information was collected from a primary survey at SMT
during May 2015, in which information about work-related
sickness absenteeism and presenteeism was collected from
the company’s safety unit, workers, and health service. This
information was then used to estimate the social costs of

1 A signal from the work environment is called information if it is relevant for
decision-making; its receipt should affect the decision. Thus, even costless
relevant signals are information with positive value, while costly irrelevant
signals are not.

2 Completeness refers to whether the information output comprises partial
information about the psychosocial, ergonomic, and physical work environment.

3 Availability refers to whether the information is available to its consumers, such
as decision makers and safety units, at any time.

4 Timeliness is related to the time at which each exposure develops and the time
at which the signal is received. The difference between these times (report delay)
increases the uncertainty about present and future events, and thereby the
expected benefits of using the information.

5 Comparability refers to comparison and connection of the outcomes with
previous outcomes.

6 Statistical efficiency is concerned with the removal and reduction of statistical
error. Error-exposed data lead to misinformation and then inefficient decision-
making. The value of information increases with its statistical efficiency, though
at a diminishing rate.

work-related disorders [36]. In October 2015, a work
environmental study involving 100 workers was suggested to
SMT. This study would cover three different groups of
occupational exposures (i. e. health hazards related to the
psychosocial work environment, ergonomic work conditions,
and the physical environment at the workplace) that cause
sickness absences and impairments at work and thus create
social costs. Specifically, 22 occupational health hazards
would be considered: 14 psychosocial’, 3 ergonomic®, and 5
physical’.

2.2. Basic Assumptions and the Economic Model

As the suggested work environmental study would be
performed over three months, the effect of technical progress
on producing the information was assumed to be constant
during the study. The average variable input costs, the
patterns of exposures and their impacts, the manager’s
behaviour, the study design, and the skills of investigators
and researchers that would affect the value of the information
output were assumed to be constant during the cost-value
analysis. The measurement instruments and other equipment,
statistical methods, and structures to display information
were also assumed to be unchanged during the study.

The economic evaluation was based on the three measures
described below.

a) The value of information

As the information output from the suggested work
environmental study would include a proposal to prevent
disorders and improve occupational health, its value would
be affected by the expected social benefits of implementing
the proposal. The benefits, in turn, were based on the costs of
work-related disorders consisting of direct and indirect costs
at the societal level. The direct costs covered the medical
costs paid by different stakeholders, while the indirect costs
were concerned with potential income loss.

The total social cost of disorders at SMT in 2014 (TSC)
was estimated as:

ISC=TMC+TPL+SIC+TRL, (1)

where TMC is the total medical cost, which primarily
consists of medical care expenditures such as medicines,
hospitalizations, visits to doctors and other practitioners,
transportation, and rehabilitation paid for by workers,
employers, and the public sector; 7PL is the total
productivity loss at both workplace and home, expressed as
the number of lost working hours multiplied by the hourly
median wage at national level, which is a basis to assess the
marginal revenue product of labour; SIC is the cost to the
Swedish Social Insurance Agency, which pays the ill workers
80% of their wage from their fifteenth sick day, to
compensate for wages lost; and TRL is the tax revenue loss in

7 Conflicts, insults, harassment, bullying, alienation, discrimination, low status,
low salary, stress over high requirements, stress over unclear expectations,
ingratitude, and problems with or lack of authority, job security, and stability.

8 Handling heavy objects, repetitiveness, and awkward body postures.

9 Problems with air quality, temperature, noise, lighting, and vibration.
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terms of the income taxes not received from the sick absent
workers who get compensation less than their usual wages.
Hence, in assessing total productivity loss, labour market
failures (unemployment and monopsony power) and team
production property (interdependence in work functions)
were considered in addition to national median wages
according to the human capital approach adjusted for market
failure and team production (HCA-AMFTP).

Under the assumption that the increase rate in salaries for
the next year would be equal to the real interest rate, the
maximum social benefit expected for 2015 from using the
information (MSB) was estimated as:

MSB =k [TSC, 2

where k is the degree of disorders among workers caused by
deficiencies in the work environment. The maximum social
benefit would be achieved if the suggested work

environmental study could supply “perfect information” and
eliminate the deficiencies in practice. Thus, the value of
information produced from the study (VOI) was discounted
by two coefficients:

VOI = gl [MSB | 3)

where @ is the probability that the information output would
be used to change the work environment, estimated by asking
management, safety units, and workers; and e is the
effectiveness rate of the associated proposal to reduce work-
related disorders and increase occupational health, assessed
via the changeability of the work environment with respect to
the content and characteristics of the suggested study.

b) The cost of information

The total cost of producing information (7C/) about the
work environment was calculated as:

TCI =TFC +100{C, +C,, +C, ) =TFC +100 [{c, [§ +¢,, ¥V +¢, [E), 4)

where TFC is the total fixed cost of the study, consisting of
costs independent of the size of the study; 100 is the number
of workers intended to participate in the study; Cj is the total
cost of using an interview to produce information on a
worker’s psychosocial work environment; S is the number of

psychosocial risk factors; C is the average unit cost of

producing information on a psychosocial risk factor; Cy is
the cost of using video-based observation to produce
information on a worker’s ergonomic work conditions; W is

the number of ergonomic hazards; C; is the average unit

cost of producing information on an ergonomic hazard; Cy is
the cost of using direct technical measurements to produce
information on a worker’s physical environment; £ is the

number of physical exposures; and Cj is the average unit

cost of producing information on a physical exposure.

Thus, S, W, and E stand for three groups of work
environmental risk factors, information on which will be
combined and transformed to the information output to be
used for any decision on changing the work environment. To
calculate the cost of producing this information, all the input
costs were estimated: the user cost of capital (equipment and
buildings), the cost of maintenance and technical support of
equipment (repairs, servicing, and calibration), the cost of
recruiting study participants, the cost of labour for recording
and analysing exposure data, the cost of labour for
developing a proposal to change the work environment and
improve occupational health, the cost of software used, the
cost of energy and material consumed during the production,
the cost of educating and training investigators, and finally
the cost of controlling the quality of the collected data and
the study outcomes. The user cost of capital (UCC) was
estimated as the sum of the annual cost of owning and using
a capital asset, equal to economic depreciation plus forgone
interest. UCC included rent paid for buildings (laboratory
and office spaces). The cost of training included the costs of
trainers as well as salaries paid to the supervisory trainees.

The labour costs of collecting data about occupational
exposures included lost working time for the participating
workers.

The working life of the equipment used in the suggested
study was assumed to be five years. The interest rate
included a risk premium according to the capital asset
pricing model (CAPM).

The inflation-adjusted user cost of capital was expressed as
a rate of capital value:

UCC =r[PP> (%)

where PP is the purchasing price (i. e. the value of capital
estimated in the market) and r» is calculated as » =
depreciation rate + interest rate — inflation rate.

Generally, the cost of producing information on each
dimension of work environment (C;, where i = S, W, E) was
measured by multiplying their expected input quantities and
their respective unit prices as:

C, =K +LIP, +ER, +M P, ()

where K, L, E, and M stand for capital, labour, energy, and
material inputs, and Py, P;, Py, and P,, are the respective unit
average prices of those inputs. Thus, the total cost associated
with the work environmental study consisted of the user cost
of physical capital ( K [Fy ) including equipment and buildings,
the cost of labour ( LLF,) for collecting exposure data to
produce useful information to supply to the decision-maker,
and the costs of energy ( £[P;) and materials ( M [P, )

consumed during the information production. The cost of
energy was considered because of the inclusion of energy-
using equipment in the study. The materials consumed during
the study consisted of tape, batteries, electronic memory, and
paper. All labour costs were estimated as a straightforward
product of working hours and corresponding average wages
per hour. The input prices were assumed to be as determined in
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the relevant markets during the study.

¢) Economic efficiency and decision function

The value of the information output estimated by (3) was
compared with the total cost of producing the output estimated
by (4), for an economic evaluation of the suggested study. The
suggested work environmental study should be accepted if its
expected economic efficiency (ee) exceeds unity:

ee(TSC,c,,¢) =VOI | TCI >1 (7)

The predictive decision function shows the economic
efficiency of the suggested work environmental study as a
function of the social costs of work-related disorders (7SC),

the unit costs of producing informational inputs (E ), and the
i

probability of using the information produced ( (0). It may

also be a function of the effectiveness rate (e), but only if this
factor’s ability to reduce the social costs has different effects

on the cost and on the value of the information. The higher
the social costs (and probability of using the information
output), the greater the economic efficiency and the greater
the probability of acceptance of the suggested study.
Conversely, the higher the costs of producing informational
inputs, the smaller the economic efficiency and the smaller
the probability of acceptance of the study.

3. Results

The following tables contain detailed information about
the costs, value, and economic efficiency associated with the
work environmental study suggested to SMT in October
2015. The costs and the value are in SEK, rounded to the
nearest hundred. As of 15 October 2015, exchange rates from
EUR and USD to SEK were 9.30 and 8.12, respectively.

Table 1. Estimated costs (quotations) of producing information on the work environment: fixed costs (FC) and variable costs (Cs, Cy, and Cg).

FC Cs Cw Cg Cost of information
Application for ethical approval 16 000 16 000
Equipment and office 40 000 40 000
Report 3600 3600
Primary judgements of management and health service 58 500 58 500
Mapping and planning of study 16 200 16 200
Primary survey (on workers’ conditions/judgements) 27 800 27 800
Proposal to change the work environment 82 000 82 000
Collection of data on psychosocial risk factors 1 066 400 1 066 400
Production of information on psychosocial risk factors 316 300 316 300
Collection of data on ergonomic hazards 38 100 38 100
Production of information on ergonomic hazards 629 000 629 000
Collection of data on physical exposures 457 000 457 000
Production of information on physical exposures 137 600 137 600
Total 244 100 1382 700 667 100 594 600 2 888 500

Table 2. Expected economic value of information and economic efficiency of the suggested work environmental study: social costs of disorders (SC);
proportion of social costs of disorders that are work-related (k); maximum social benefits of preventing work-related disorders (MSB), probability of using the
information ( Q); and effectiveness rate of the proposal to prevent the work-related disorders (e). Rates are rounded to three decimal places.

SC k MSB @ e Value of information Economic efficiency
TMC 33 858 700
TPL 1 143 849 300
SIA 38 802 000
TRL 6614 000
Total 1223 124 000 0.362 442 855 500 0.180 0.270 21 522 800 7.451

As shown in the tables, the cost and the value of
information output that would be produced in the suggested
work environmental study at SMT in 2015 were estimated
according to equations (4) and (3) as 2 888 500 and 21 522
800 SEK, respectively. The latter value is the macro-
economic value of the information, since the value is based
on social benefits of preventing work-related disorders. Also,
the cost of producing information is estimated at the societal
level. The suggested work environmental study should thus
be accepted in a social decision-making process, as its
expected economic efficiency (i. e. value-cost ratio) is about
7.451, which is strictly greater than unity.

4. Discussion
4.1. Application Area of the Cost-Value Approach

The decision problem for a proposed work environmental
study can be resolved by modelling the cost of performing the
study and the value of the information which would be produced
during the study. To demonstrate this in a real-life case, the cost
and value of the information were estimated in economic terms
for a study suggested to the Swedish company Sandvik
Materials Technology in 2015. However, this model has the
potential to be applied, after necessary adjustments, in many
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contexts with different demands for information, and at least in
the area of public health and health policy sciences. There are
often reports from schools and workplaces with specific
environmental deficiencies that have caused certain disorders.
Suggested intervention studies dealing with the specific
deficiency can easily be evaluated according to the cost-value
approach to information introduced in the present article. The
study of the work environment can also be evaluated according
to this model when covering different companies across an
industry or an occupational group in a region. Specifically, the
model is particularly suited for application to macro studies of
the work environment by the authorities in society. The
economic decision of whether to conduct a work environmental
study was the first step in attempting to improve occupational
health and labour productivity. The next decision problem to be
resolved concerns the associated proposal for changing the work
environment. In resolving the second decision, the expected
social benefits of changing the work environment ( e [MSB )
will be compared with the corresponding estimated costs.

4.2. Technical Characteristics of Work Environmental
Studies

The technical characteristics of the information
production, which referred to criteria such as statistical
performance, relevance, completeness, and comparability,
were assumed to have a constant effect in determining the
economic value of information; that is, their effects were
reflected in the proposal’s rate of effectiveness in preventing
work-related disorders. Thus, the size and duration of the
study, the exposure measurement methods, the quality of
equipment, and the level of competence and experience
embodied in the investigators and researchers were assumed
to be unchanged during the suggested work environmental
study. The technical characteristics also had a constant effect
on the cost of producing the information. The technical
characteristics of measurement methods and investigators
were also assumed to be homogeneous for all occupational
exposures. For instance, the investigators’ competences were
assumed to be on the same level regardless of which
dimension of the work environment they were producing
information on. The measurement methods and instruments
(i. e. interviews for the psychosocial risk factors, observation
for the ergonomic risk factors, and direct technical
measurements for the physical risk factors) were assumed to
be appropriate and have the same technical performance in
assessing occupational exposures. Thus, competence,
appropriateness, and technical performance were assumed to
be evenly distributed over the assessment of exposures in the
psychosocial, ergonomic, and physical work environment.

4.3. Cost Assessments of the Work Environmental Studies

The reliability of the cost-value analysis of the information
will, of course, be improved if more attention is paid to the
construction of the model and the estimation of the input cost
parameters. Ignorance of important input costs and/or well-
behaved cost models can, in turn, complicate the cost-value

assessment and result in the selection of a non-optimal
decision about the suggested work environmental study. The
properties of the study and the specific features of the
information output should be considered when identifying the
fixed and variable inputs and selecting a model for calculating
their costs. For instance, the total cost of the work
environmental study suggested in this article included the cost
of the primary survey to collect the information needed to
estimate the social costs of work-related disorders. However, if
this survey was performed by the company’s safety unit, its
cost would not need to be included in the economic evaluation
of the suggested work environmental study.

Three economic aspects were considered in assessing the
costs of producing information:

Macro-economics of information: Instead of partial costs for
stakeholders, the social costs of using resources were
considered; that is, all expenses paid for the suggested work
environmental study, no matter to which part of the society the
cost falls. For instance, the user costs of physical capital, the
rent paid for laboratory and office spaces, costs for the primary
survey, and costs for collecting data on occupational exposures
can fall partially to researchers and partially to the enterprise
and other stakeholders. The division between these parties was
not considered in the assessment of costs. When assessing the
value of information, the benefits of preventing work-related
disorders were considered at the societal level, and so the cost
assessment could not ignore the societal perspective.

Sunk costs: It may be the case that when performing the
suggested work environmental study, some unexpected
events will occur that have not been considered in the
assessment of costs. These unexpected prospective costs,
which cannot be recovered, are usually called “sunk costs” in
economics and business decision-making. Sunk costs during
work environmental studies can be a challenge when
assessing the total cost of such studies. However, these costs
should not be assessed at all, and were therefore not included
in the cost model applied in this article. Unlike fixed costs,
unexpected prospective costs should be ignored when
making future economic decisions about work environmental
studies. Although these costs can be incurred during a work
environmental study, they cannot be recovered even if the
study shuts down.

Input costs in the short run: The suggested work
environmental study is intended to be performed over three
months; that is, in the short run, where the inputs are divided
into constant and changeable inputs, and the total cost consists
of the fixed and variable costs. Fixed costs are the costs that do
not vary with the magnitude of information output, and are
related to the inputs that remain unchanged during the
production. Fixed costs can be eliminated only by closing
down the work environmental study. Variable costs are the
costs that vary as output varies, and are related to the variable
inputs (i. e. the numbers of workers participating in the study,
and exposures in the psychological, ergonomic, and physical
work environment). Thus, all fixed and variable costs matter in
economic decisions about proposed work environmental
studies that are usually carried out in the short run.
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4.4. Evaluation of Methods to Estimate VOI

Three methods can be used to assess the value of
information about the work environment. The first of these is
based on the historical cost to produce such information, and
assumes that the value of an asset at the time of acquisition
approximates the usual cost of producing it. The method is
easy to use, and is widely used in practice for estimating VOI.
However, historical cost may not reflect the current value, as
value may vary over time [37] and be affected by the demand
for information. The second method is based on the market
value of information and willingness to pay (i. e. the amount of
money the consumers are willing to pay for it). This method
takes into account the current value of the information, but
unlike the first method is purely demand-driven. The third
method deals with the future economic benefits of using the
information. Theoretically, this is the best approximation of the
true economic value of the work environmental information.
The method should also consider other important determinant
factors, such as the probability that the information produced is

then actually used in the workplace, as considered in the
present article. The first weakness of the method is the
difficulty of assessing: 1) some of the benefit variables such as
human welfare (leisure, life quality, and life expectancy), and
2) the external usability of the information and the economic
benefits of this. This weakness leads to underestimation of the
true value of the information produced in the study. The
second weakness is that the determinant factors are correlated,
although this correlation does not produce an error in
estimating VOI. The effectiveness of the associated proposal to
change the work environment and the cost of the work-related
disorders both affect the likelihood of implementing the
proposal. However, the two determinant factors affect this
likelihood in different directions, depending on the decision
makers’ valuation, expectations of future income, and budget,
and the cost of realizing the proposal.

These three methods can be applied before producing the
information, after producing the information but before using
it, or after using the information.

Table 3. Evaluation of methods to estimate the value of information produced during work environmental studies, ranked according to their appropriateness

and efficiency at three time points.

Value of information Historical cost Willingness to pay Future economic benefits
Before production Good Better Best
After production; before using Better Good Best
After using Good Better Best

Until now, none of these methods has been put into practice
to assess the economic value of information produced during
work environmental studies. The model for estimating VOI
introduced in the present article is the most appropriate and
efficient in predictive economic decision-making. However,
the value obtained from the model approaches the true
economic value when the model is used after production,
because the determinant factors @ and e can be assessed more
efficiently. It approaches the true economic value even more
closely after using the information, when both the economic
benefits and e are known.

4.5. Economic Efficiency of Work Environmental Studies

The features and properties of work environmental studies
(i. e. characteristics of study design, measurement methods,
equipment, and investigators) have very different effects on
the cost and value of the information output. The net value of
the information output would thus vary as investment in the
inputs varies. Assuming a changeable work environment and
a linear property, in addition to a promised use of the
information output, the economic efficiency of the proposed
study would simplify to a cost ratio: the costs of work-related
disorders divided by the cost of the study.

5. Conclusion

It is suggested that the work environmental study proposed
to SMT should be evaluated in advance based on the cost-
value approach of the information that would be produced
during the study. The study would encompass critical

exposures in the psychosocial, ergonomic, and physical work
environment, and include a proposal to change the work
environment and improve occupational health. The economic
cost of producing the information was estimated to be 2 888
500 SEK, while the economic value of the information was
21 522 800 SEK. As the economic efficiency or value-cost
ratio of the suggested work environmental study was
estimated to be 7.451, much larger than unity, the
performance of the study should be accepted in a rational
social decision-making process.
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