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Measuring workers’ health and psychosocial
work-environment on firm productivity a

by

Fredrik Ødegaardb and Pontus Roosc

4th October, 2012

Abstract
We discuss a model for analyzing and measuring workers’ health and psychosocial work-
environment on firm productivity. Productivity is measured through the Malmquist pro-
ductivity index approach using Data Envelopment Analysis. A novel component of the
model is that in addition to standard quantity (or tradable) variables, we incorporate qual-
ity (or non-tradable) variables. Specifically we focus on two quality input variables: work-
ers’ health status and psychosocial work-environment. The two variables are modeled as
latent or unobserved variables using Item Response Theory. Changes over time in pro-
ductivity are decomposed to asses the contribution from the changes of the input quality
variables. The model is illustrated using data from a worksite health promotion program
conducted at three large Swedish manufacturing plants (2 paper mills, 1 steel factory)
from 2000 to 2003. Over the four years we observe a general improvement in efficiency
of 2-5%, out of which half can be attributed to the improvement in the quality input vari-
ables.

Keywords: Productivity, Decomposition of Efficiency, Human Resource Management,
Health Status, Psychosocial Work-Environment, Ordinal Data, Latent Variables.

aWe would like to thank Erik Grönqvist, seminar participants at IFAU-Uppsala, and the two reviewers for
their constructive comments and critiques.

bIvey School of Business, Western University, fodegaard@ivey.uwo.ca
cR.R. Institute of Applied Economics, deceased

IFAU – Workers’ health and psychosocial work-environment on firm productivity 1



Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Measuring firm productivity and labor quality process . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3 Deriving and estimating labor quality variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
3.1 Measuring Health status of workers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
3.2 Measuring psychosocial work-environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

4 Input data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
4.1 Production data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
4.2 Health status data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
4.3 Psychosocial work-environment data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

5 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

6 Concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

2 IFAU – Workers’ health and psychosocial work-environment on firm productivity



1 Introduction
Partly in response to public policies and recommendations, many firms have started to

invest in the health of their workers and the psychosocial work-environment. The World

Health Organization, the UK Health and Safety Executive, and the European Network

for Workplace Health Promotion are some examples with developed guidelines for how

to implement and operationalize programs to improve health and psychosocial working

environment (World Health Organization 2011, UK Health and Safety Executive 2011,

European Network for Workplace Health Promotion 2011). However, beyond responding

to public recommendations, firms may voluntarily make these investments in the belief

that promoting health and improving the work-environment increases firm productivity

and profit. Besides reducing the cost associated with absenteeism, employee turn-over,

and health care coverage, the management of a firm may also believe that a healthier

workforce would, b also have a positive effect on the productivity of the firm. These pro-

ductivity improvements may, for instance, derive from that a healthier workforce perform

better, and/or requires fewer substitute workers who comparatively may need more input

(e.g. work-hours, etc.) to produce less output and of lower quality.

The objective of this paper is to discuss a model for measuring the productivity of an

organization when the effect from labor quality promotion activities are included. The

model provides a method for considering both overall firm productivity as well as a mea-

surement for the contribution of the labor quality to overall firm productivity. We argue

that the production process of a firm consists of two sub-processes: (1) the operational

or physical production process; and, (2) the labor quality process. See Figure 1. Our

goal is to analyze, from a firm’s perspective, the overall productivity of the firm and

its two sub-index of efficiency. For the measurement of firm productivity, the proposed

framework draws on Data Envelopment Analysis (DEA) and Index Theory. This frame-

work has a straightforward link to the measurement of economic performance when data

consist of actual observations on inputs, outputs and quality aspects, and when the rela-

tive measure of efficiency reflects the relationship between actual performance and what

could be reached, see: Afriat (1972), Charnes et al. (1994), Färe (1988), Roos (2002),
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Färe & Grosskopf (2004). For labor quality process, we focus on the promotion of work-

ers’ health status and the psychosocial work-environment of the firm. We model these

as latent or unobservable variables using Item Response Theory (IRT). Even though IRT

models are well-established and have been used extensively in Psychology and Education

Research, the application to measure health status is a relatively recent development. For

general comments and reviews regarding the use of IRT to measure health status and other

clinical measurements, see: Cella & Chang (2000) and Reise & Waller (2009). We test

our model on data from three Swedish manufacturing plants that participated in a coordi-

nated worksite health promotion (WHP) study and implementation program from 2000 to

2003. The empirical results indicate a general improvement in efficiency of about 2-5%,

out of which half can be attributed to improvement in the labor quality variables.

Social and economical effects of health are important research topics and as such

have been studied extensively. Similarly firm productivity is also an important economic

research topic with an extensive literature. There has so far, however, been little effort

or success in properly linking the two issues. One reason for this is the challenge of

collecting data that aligns workers’ health and firm productivity. Studies often revert to

measuring the effect of health on firm/labor productivity (or rather loss thereof) through

proxies, such as absenteeism or presenteeism per employee. See, for instance, the review

articles by Loeppke et al. (2003), Lofland et al. (2004), Mattke et al. (2007). Although

these types of analysis and variables may be of interest in a social context, their usefulness

is limited in measuring firm efficiency and productivity because these proxies measure the

means rather than contribution to firm performance. For instance, a pulp mill employs and

organizes the plant such that production is more or less independent of an individual’s ab-

sence. Another recourse to link health and productivity is to perform the analysis on an

aggregate level, such as country or region, see, for instance, Arora (2001) and Røed &

Fevang (2007). This type of macro-level analysis regarding health and productivity may

be of interest and importance to policy related topics, but is not germane to our objective.

We seek to measure the effect at a micro-level and to decompose the productivity effect

from health and other input quality aspects.

4 IFAU – Workers’ health and psychosocial work-environment on firm productivity



Although there are many papers that discuss various decompositions of productivity

and efficiency indices, to the best of our knowledge, we are the first to show this with re-

gard to labor quality attributes. In the economics literature, the primary focus has been on

industries or countries, and how growth in labor productivity can be decomposed into fac-

tors such as technological progress, efficiency changes, and changes in the ratio between

physical capital and human capital. For instance, Kumar & Russell (2002) and Henderson

& Russell (2005) present index approaches to the measurement of labor productivity and

how to decompose the index into factors behind changes in labor productivity at an ag-

gregate industry or country level. In this paper, we take a more narrow view and consider

firm productivity by examining the effects from labor quality activities. More directly

related to our work, Färe et al. (1995), also consider the effect of quality attributes on firm

productivity. The main difference is that while they consider output quality attributes, our

focus is on input quality attributes and how these contribute to overall firm productivity.

The remaining paper is organized as follows. In Section 2, we present a model for

measuring the efficiency and productivity performance regarding three aspects of a firm:

(i) the overall firm process, (ii) the physical production process, and (iii) the labor qual-

ity process. In Section 3, we present a method for deriving and estimating labor quality

attributes as latent variables, and showcase the method on workers’ health status and psy-

chosocial work-environment. In Section 4, we discuss the data used in the empirical

study; and in Section 5, we present the results. Finally in Section 6, we summarize our

main contributions and provide ideas for future research.

2 Measuring firm productivity and labor quality pro-

cess
A firm’s production process is described by observations on resources and processes.

Namely, what goes into the process (input), and what comes out of the process (output).

Among the input and output variables, we distinguish between those that are traded and

those that are non-traded. The traded input and output variables include number of total

hours worked, number of employees, amount of produced goods or services, amount of
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raw material, etc. The non-traded input and output variables are quality attributes, and

include employee health status, psychosocial work-environment, pollution, on-time de-

livery, quality indicator of final product or service, etc. Note that although the non-traded

variables are not physically disconnected from the traded variables and cannot, for in-

stance, be sold individually, they are separate variables and measured independently from

their counterpart traded variables. For example, a pulp mill may include tonnes of raw

material (traded) and a grade quality measurement of the raw material (non-traded) as two

separate input variables. Incorporating quality attributes of the labor force as non-traded

input variables and to decompose this effect on firm productivity are two of the main con-

tributions of this paper. It should however, also be stressed that the effort and time-line

for making changes to the traded versus non-traded variables are significantly different.

A firm may with relative little effort and time make changes to the number of employees,

amount of raw material, etc. While making changes to the quality of the work force or

quality of the raw material or final product may take a significant effort and time (and be

costly).

We analyze the firm in terms of two sub-processes. First, the physical production

process, which is the production of goods or services a firm can achieve from available

input given decisions about production technology, short run operations, cost saving ac-

tivities, production plan, etc. Second, the labor quality process, which are activities aimed

at improving a firm’s operation through promotion of the non-traded input labor quality

variables or attributes. These activities are often run by the human resource department

and can be seen as a separate process within the firm. Examples include worksite health

promotion programs or other labor or work-environment quality promotions. Labor qual-

ity variables are non-traded variables or attributes that represent something that is good

for the firm or final output and should provide value for the consumer. Although it is

often understood that the higher the labor quality the better, arguably from a firm’s per-

spective more is only better if it creates a potential for an increase in firm productivity

and efficiency, and the firm is able to benefit from this potential. We again stress that

the non-traded labor quality variables are and should be considered as separate from their

counterpart traded input labor variables, such as number of employees or total work hours.
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In the same way that a batch of output can be either of low or high quality, we assume

that a given work force may be evaluated as more or less healthy. The motivation for

considering the effect of the labor quality variables is to evaluate the potential in effi-

ciency improvement due to possible restrictions imposed on the labor quality variables by

management decisions. Therefore, the focus of our analysis is on the firm’s performance

of the labor quality process (QP); formally defined below in equation (3). If the labor

quality variables are restricted then the performance of the labor quality process may be

lower, and our QP measure would show what could be reached in terms of improvement

in labor quality process efficiency and firm productivity. In other words, the proposed

QP measures the firm’s potential improvement in productivity, if the labor quality vari-

ables were not restricted. Note that the management decisions restricting the labor quality

variables need not be deliberate or for cost saving purposes, but nevertheless may have a

detrimental effect on firm productivity and efficiency. Likewise managerial decisions to

improve labor quality variables may indicate that there are no restrictions imposed and

that there is no room for further efficiency improvement. Therefore, with QP as a factor

driving changes in firm productivity we are interested in whether or not QP comes closer

to efficiency over time.

All estimations of firm performance are based on observed data and assumed to reflect

what actually happened. We denote the tradable input variables by x = (x1,x2, . . . ,xN),

the non-tradable quality input variables by q = (q1,q2, . . . ,qH), and the tradable and non-

tradable output variables by y = (y1,y2, . . . ,yM). Note, the y variables include both trad-

able and non-tradeable output variables, and (x,q) and y may be considered the input

and output vector respectively. The reason why we only separate the input variables into

tradable (x) and non-tradeable (q), but not the output variable, is because we are only

interested in decomposing the effect from the non-tradeable input variables. The input

and output vectors at time t are denoted by (xt ,qt) and yt respectively, t = 1,2, . . . ,T .

The production technology S consist of the set of all feasible input and output vectors,

S = {(y,x,q)|(x,q) can produce y}. Following the original ideas of Farrell (1957) and

successive framework of Charnes et al. (1978), we define the output based measure of

technical efficiency of the physical production process at time t as follows, for (yt ,xt ,qt),

IFAU – Workers’ health and psychosocial work-environment on firm productivity 7



t = 1,2, . . . ,T ,

T Et(yt ,xt ,qt) = inf{θ |(yt/θ ,xt ,qt) ∈ S} (1)

In an output based approach, efficiency measures the possible increase in output for

a given level of input. In other words, at time-period t, for output efficient observations

T Et(y,x,q) = 1, while output inefficient observations T Et(y,x,q) < 1. An output based

measure is motivated by the overall operating goal to fulfill incoming orders with products

of sufficient quality given the available input and input quality. Note that we only have

one technology for T E which is defined as the grand technology over all time-periods,

and that it is assumed the technology is known to the firm at each time-period. Equation

(1) is also known as a distance function. For more information on distance functions in the

analysis of production performance see Färe (1988) and Färe & Grosskopf (2004). Given

values at each time-period, we can calculate a Malmquist productivity index through the

changes in efficiency over time, ∆T Et ≡ T Et(yt ,xt ,qt)/T Et−1(yt−1,xt−1,qt−1). Improve-

ments over time are reflected by ∆T Et > 1.

Next we show how the output efficiency measurement can be estimated through Data

Envelopment Analysis (DEA), i.e. as solutions to linear programming problems based on

a non-parametric activity analysis of the firm’s input and output at t = 1,2, . . . ,T . As-

suming constant returns to scale and free disposability, the value of the output distance

function T Et can be estimated as the solution to the following linear programming prob-

lem, for t = 1,2, . . . ,T ,

[T Et(yt ,xt ,qt)]
−1 = max

θ ,z
θ

s.t. xn
t ≥

T

∑
j=1

z jxn
j n = 1,2, . . . ,N,

qh
t ≥

T

∑
j=1

z jqh
j h = 1,2, . . . ,H,

θym
t ≤

T

∑
j=1

z jym
j m = 1,2, . . . ,M,

z j,θ ≥ 0 j = 1,2, . . . ,T (2)
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where the intensity variables z j are used to model the technology as convex combinations

of input, output and quality attributes. One of the benefits with DEA as a non-parametric

approach is that it does not assume a specific functional form for the frontier, and hence

avoids issues associated with misspecfications. On the other hand, since all deviations

from the efficient frontier are due to the deterministic modeling, the DEA framework

does not allow for statistical noise, random shocks or measurement error. One alternative

is to of course perform sensitivity and robustness checks by modifying or omitting the

data. For brevity of the paper we have left this out.

The performance of our second process, the labor quality process, is measured in a

similar way as T E. It measures the effects on firm productivity from changes in input

labor quality variables. Our approach in measuring the labor quality process originates

from ideas presented in Johansen (1968) regarding capacity and capacity utilization of

resources. Johansen (1968) distinguishes between two concepts of capacity: (1) plant ca-

pacity, which he defines as ‘the maximum amount that can be produced per unit of time

with the existing plant and equipment, provided that the availability of variable factors

of production is not restricted’, and (2) a synthetic concept of capacity, which he defines

as ‘the maximum amount which can be produced per unit of time with the existing plant

and equipment when limitations on the availability of variable factors of production are

taken into account’.1

Although the focus of Johansen (1968) is on the physical capital of the production

process and its relationship to labor and other non-capital input, we argue the ideas can

be extended to labor quality variables, such as workers’ health status and psychosocial

work-environment. That is, a firm’s management may be more or less successful in lever-

aging the effect of the input labor quality variables on the physical production process.

Furthermore, as a result of programs designed to promote labor quality, management may

learn over time how to leverage the potential improvements from these effects.

Based on Färe et al. (1989), measurement of capacity and capacity utilization of re-

sources, and Färe et al. (1995), decomposition of efficiency due to output quality at-

tributes, we define QPt(yt ,xt ,qt) at time-period t as a ratio between values of two output

1The emphasis within the definitions are by Johansen.
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distance functions. Namely, the output based measure of technical efficiency with and

without binding restrictions on the input labor quality variables q, for t = 1,2, . . . ,T ,

QPt(yt ,xt ,qt) =
T̂ Et(yt ,xt ,qt)

T Et(yt ,xt ,qt)
(3)

where T Et(y,x,q) is defined in (1) and estimated through (2), and T̂ Et(y,x,q) is an output

based distance function without restriction on the input quality attributes, and can be

estimated through the following linear program, for t = 1,2, . . . ,T ,

[T̂ Et(yt ,xt ,qt)]
−1 = max

θ ,z
θ

s.t. xn
t ≥

T

∑
j=1

z jxn
j n = 1,2, . . . ,N

θym
t ≤

T

∑
j=1

z jym
j m = 1,2, . . . ,M

z j,θ ≥ 0 j = 1,2, . . . ,T (4)

In other words, T̂ Et(y,x,q) is derived by excluding the non-tradable quality input

variables. Since the estimation of T̂ Et(y,x,q) includes fewer constraints it should be

fairly intuitive that T Et(y,x,q) ≥ T̂ Et(y,x,q), and hence that QPt(y,x,q) ≤ 1. Further-

more, if there is a potential for improvement in the labor quality process performance

then QPt(y,x,q)< 1, while if there is no potential for improvement then QPt(y,x,q) = 1.

Consequently, if the labor quality process identifies a potential for improvement in labor

productivity, and if a program can be successfully implemented to capture the potential,

then we expect QPt over time to come closer to 1.

A complimentary benefit of the solution to (4) is that it can provide ‘optimal’ values of

the non-tradable input quality variables. Where ‘optimal’ refers to the level at which the

non-tradable input variables do no impose restrictions on the performance of the physical

production process. Using the resulting intensity variables z?j from the solution to (4),

we can derive the ‘optimal’ level of each input quality variable qh as q?h ≡ ∑
T
j=1 z?jq

h
j ,

h = 1,2, . . . ,H.
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Given the measurements regarding the two sub-processes, we now define our overall

measure of firm productivity (EQT ), when the firm could freely choose the levels of input

labor quality variables, as the product of the two sub-processes, for t = 1,2, . . . ,T ,

EQTt = T Et×QPt (5)

where T Et is the measure of production process efficiency as defined in (1) and reflects

Johansen’s synthetic concept of capacity, and QPt is the labor quality process efficiency as

defined in (3). In other words, the measurement of EQT is defined as the deviation from

what could be reached in terms of overall performance and following Johansen (1968)

reflects the natural definition of firm capacity. Note that it is possible to measure the

overall firm productivity EQT directly by excluding the possibly restricting non-tradable

input quality variables in the technology. Furthermore, any expression α can be decom-

posed or rewritten in terms of another expression β , as α = β × (α/β ). However, this

is only a meaningful operation if α when separated into β and α/β makes sense from

an economic or managerial perspective. Since we have two sub-processes that are often

run independently and with different short-term goals, we argue (5) is a meaningful de-

composition. In addition, our purpose is to investigate the development of QP over time,

as well as the changes in EQT over time. If there is an improvement over time, then

∆EQTt ≡ EQTt/EQTt−1 > 1.

Illustrations of a firm’s total efficiency measure EQT , and the measure of the two

sub-processes T E and QP are provided in Figure 2. Figure 2a shows a firm where EQT

improves over time due to improvement in both T E and QP. Over time, we see that the

three measures come closer to efficiency. At time t the illustration shows inefficiency in

the production process. In addition, the input labor quality process shows a potential for

improvement if the labor quality variables are leveraged better. Over time QP improves

and the potential in efficiency from an increase in q diminishes. Figure 2b illustrates an-

other development over time. In this case we have a firm where EQT improves over time

due to improvement in T E, but not due to QP. In fact, there is almost no gain to be made

or potential benefit from the quality activities.

IFAU – Workers’ health and psychosocial work-environment on firm productivity 11



There are a few caveats that will help contextualize our study. First, some firms may

operate under direction from the head-quarters to produce a given set of orders. For in-

stance, a particular pulp mill may operate as an independent firm while receiving orders

from head-quarters. In these situations it may be more appropriate to consider an input

based measure of technical efficiency, where the focus is on the possible reduction in

input for a given output level. That is, although it may seem mathematically arbitrary

whether to use an input or output based model, the two have different result interpreta-

tions and thus better suited for different research objectives. Since we are interested in

observing the possible output improvement for a given input level, as an effect of the

two sub-processes in Figure Figure 1, an output based approach is more appropriate. In

other words, for a given level of inputs, what output level is achievable? Second, we

have defined productivity and efficiency as measured by quantity variables, and have not

included value variables such as cost or prices. If information regarding value variables

were available then the model could be extended to, for instance, cost efficiency or Lu-

enberger indicator of profit efficiency. Third, QP could also be considered in terms of

non-observed or latent inputs and outputs. This points to the discussion about optimal

and maximal performance and what ‘best observed practice’ reflects; see, for instance,

Morrison Paul (2000). In this paper we think of the frontier of best practice as what could

be reached with no restrictions on the non-tradable input variables, which is in line with

a latent approach.

Additionally, there is an important distinction between our paper and the many pa-

pers focusing on the utilization rate of the fixed physical capital. For instance, Färe et al.

(1989) discusses an application to coal-fired steam-electric generating plants, with plant

utilization rate varying between 30-100%. In this paper, the focus is on the labor quality

process and whether the firm can do better by improving workers’ health and the firm’s

psychosocial work-environment. Furthermore, for the firms discussed below in the em-

pirical illustration, the labor force measured by number of employees and/or total work

hours, as well as the ‘utilization’ is very stable over time. Consequently, we would expect

to see rather small – a few per cent – but important changes over time due to increases

in the labor quality variables. There is, however, a direct link between our decompo-
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sition and the one suggested by Färe et al. (1989). They suggest that a Farrell output

based measure of efficiency can be decomposed into a plant capacity utilization rate and a

Farrell output measure of efficiency with variable input freely available as follows (their

equation 2.11), Ko(xk,uk) = K̂o(xk
f ,u

k) · (pcu)k. Re-written in terms of output based dis-

tance functions and using our notation, this is equivalent to 1
T Et

= 1
T̂ Et
× T̂ Et

T Et
, which when

re-arranged becomes T̂ Et = T Et × T̂ Et/T Et , i.e. expression (5). Finally, as we have

stressed, the production process must be able to extract the benefit from the potential that

has been created by labor quality process. For instance, in the long-run the management

of a firm may implement changes in the ‘size’ and characteristics of the labor force. The

ensuing empirical analysis was done using the software program OnFront (2000).

3 Deriving and estimating labor quality variables
One of the novel aspects of our proposed firm productivity model is that we incorporate in-

put labor quality variables. In this section, we discuss how to derive and estimate two spe-

cific labor quality variables: workers’ health status and psychosocial work-environment.

The reason these two are of interest is that arguably a ‘healthier’ workforce and ‘bet-

ter’ work-environment could, besides reducing the costs associated with absenteeism, em-

ployee turn-over, health care coverage, etc., have a positive effect on the productivity of

the firm. These productivity improvements may result because a healthier workforce per-

forms better, and/or requires less substitute workers who comparatively may need more

input to produce less output and of lower quality.

In this paper, we base firm level measurements of workers’ health status and psy-

chosocial work-environment on aggregated individual assessments of health status and

psychosocial work-environment. In other words, we first derive individual values through

self-reported questionnaires, and then aggregate these to create firm level values. Specifi-

cally, we model an individual worker’s labor quality variable as a latent variable φ , which

cannot be directly measured or observed but only indirectly observed through, for in-

stance, self-reported questionnaires. In other words, each individual’s latent labor quality

variable is manifested through the responses to a set of I questions or items; where each
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question or item has C ordered possible answers. Although we assume the underlying

labor quality variable φ is latent or unobservable, we need a mechanism to derive and

estimate individual values of the variables. In addition, though the individual workers’

response are ordinal, the overall firm level labor quality variables required for the produc-

tivity model described in Section 2 must be well-defined variables with metric properties

(i.e. with well-defined unit of measure and zero). Therefore, we require a mechanism to

convert individual’s ordinal responses to a labor quality variable measurement with metric

properties.

Motivated by work done in psychology and education theory, we base our analysis

on the framework of Item Response Theory (IRT), and in particular the Graded Response

Models (GRM) developed by Fumiko Samejima in the late 1960s and early 1970s. For an

introduction and more details regarding IRT and GRM, see: Hays et al. (2000), Embret-

son & Reise (2000), Ostini & Nering (2006), and de Ayala (2009). Following the GRM

framework, we assume that for a given (latent) labor quality variable φ , the probability a

worker’s response to question or item i is category c or above is given by, for i= 1,2, . . . , I,

c = 1,2, . . . ,C,

Pr{response to i≥ c|φ}= P∗ic =
eβ i

0(φ−β i
c)

1+ eβ i
0(φ−β i

c)
(6)

where β i
0 is a slope parameter of the function for item i, and β i

c is a location or boundary

parameter for item i and category c. The slope parameter can be regarded as a discriminat-

ing or separating parameter of the item, since functions with higher values have greater

accuracy in discriminating or separating people based on their underlying trait level φ .

The location parameter specifies where along the underlying latent variable the category

is ‘centered’. Usually this is defined as a ‘border’ between category c and c−1. In order

to have a well-defined function we set β i
1 ≡ ∞, such that P∗i1 = 1, i = 1, . . . , I. The prob-

ability of responding to a particular category c for item i, given a (latent) labor quality

variable φ , can then be derived by, for i = 1, . . . , I,

Pr{response to i = c|φ}= Pic =

P∗ic−P∗ic+1
c = 1,2, . . . ,C−1

P∗ic c =C
(7)
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A few comments follow. First, the main property that we seek to model is that work-

ers with ‘high’ or ‘good’ values of the labor quality variables are more likely to select

the higher categories of each item, while people with ‘low’ or ‘poor’ values are more

likely to select the lower categories. Although it is not immediate to see this property

in (6) and (7), the main reason for choosing IRT, and in particular GRM, is that it has

this property. Second, the reason we employed GRM, as opposed to other IRT models, is

that the underlying selection or response process of GRM is based on a person selecting

between a particular category versus all the other remaining categories above it. That is, a

person chooses between a particular category or moves on to something that is above. An

alternative approach would be that a person selects a particular category based on only

comparing it to the next adjacent category. See, for example, Pickard et al. (2007) for an

application of a Rasch type IRT model to derive health status variables. Third, the estima-

tion process for the parameters in (6) is a bit different than the usual maximum likelihood

estimation process. Note that we require estimates to the beta-coefficients as well as the

individual values of the underlying (independent) variable φ . For the purpose of this pa-

per, we omit all details regarding the estimation process and refer the reader to Embretson

& Reise (2000), Johnson (2007), and de Ayala (2009). Briefly, the estimation process is

done in two-steps. First the beta-coefficients are estimated based on a marginal maximum

likelihood procedure, and then, given the derived beta-coefficients, the individual φ are

also estimated based on marginal maximum likelihood. The ensuing empirical analysis

and estimation was done using the statistics software R (R Development Core Team 2010,

Rizopoulos 2006).

3.1 Measuring Health status of workers

The first labor quality variable we seek to model is workers’ health status. Following

the framework discussed above, we model an individual worker’s health status HS as a

latent variable, which cannot be directly measured or observed but only indirectly ob-

served through through responses to the EuroQol-5D (EQ5D) instrument (Cheung et al.

2010). The EQ5D consists of five questions pertaining to Mobility (EQ1), Self-Care

(EQ2), Usual Activities (EQ3), Pain (EQ4), and Anxiety/Depression (EQ5); i.e. I = 5.
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For each question there are three responses (C = 3), which are coded as follows: No

Problem = 3, Some Problem = 2, and Major Problem = 1. The coding is done in this

order, rather than the reverse which is more common, to have higher values associated

with better health. As discussed above, the main property that we seek to model is that

people with ‘high’ or ‘good’ health status are more likely to respond ‘No Problem’ (3)

to each item, while people with ‘low’ or ‘poor’ health status are more likely to respond

‘Major Problem’ (1). Once the individual health status values have been estimated, we

derive a firm level workers health by taking the arithmetic average. While other summary

statistics, such as (total) sum, variance or inner quartiles, could also be appropriate, we

leave this for future investigation.

3.2 Measuring psychosocial work-environment

The second input labor quality variable of interest is the firm’s psychosocial work-environment.

This variable is intended to capture the qualitative or ‘soft’ aspects of the work-environment,

such as, leadership, equity, social cohesiveness, etc. These can be contrasted to the

‘hard’ or physical work-environment attributes, such as, exposure to toxic chemicals,

noise levels, lightning conditions, etc. The assessment of the psychosocial work-environment

is based on individual responses to the QPSNordic instrument (Dallner et al. 2000). The

QPSNordic instrument is a questionnaire related to the perceived psychosocial work-

environment. The questionnaire consists of two sets of questions: those pertaining to the

psychosocial environment of the firm, and those pertaining to the effect of the psychoso-

cial environment on the individual. For the purpose of our analysis, we only consider

the firm level variables. Motivated by the underlying structural analysis recommended by

Dallner et al. (2000), we focus on the questions pertaining to the following five latent as-

pects of psychosocial work-environment: Quantitative Work Demands (QWD), Decision

Making Demands (DMD), Empowerment (EPW ), Fair Leadership (FL), and Support-

ive Leadership (SL). For QWD there are four questions (I = 4), while for DMD, EPW ,

FL, and SL there are only three questions (I = 3). The specific questions for each latent

variable are listed in Table 1. Each question has five ordered possible responses (C = 5),

which for DMD, EPW , FL, and SL are coded as follows: Very Seldom or Never = 1,
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Rather Seldom = 2, Sometimes = 3, Rather Often = 4, Very Often or Always = 5. The

reason for this coding is to have higher values associated with ‘better’ psychosocial work-

environment. Therefore, the coding is reversed for QWD (Q.12, Q.13, Q.14, Q.14), as

well as for question Q.91 for FL.

Similar to the Health Status variable, we first need to derive overall individual as-

sessments of a firm’s psychosocial work-environment, and then aggregate these values

to an overall firm level Psychosocial Work-Environment Index (WEI). However, there is

an added complexity with WEI, which is that it consists of five different latent aspects;

i.e. QWD, DMD, EPW , FL, and SL. Therefore, our construction of WEI requires three

steps. First, we estimate individual values for each of the five latent constructs. Second,

we aggregate the five values into an overall individual index regarding the psychosocial

work-environment. Lastly, we aggregate all the individual indices into an overall firm

level Psychosocial Work-Environment Index.

The first step is done using the GRM methodology described above. Based on a

Graded Response Model, we derive individual values for each of the five components

QWD, DMD, EPW , FL, and SL. Let uk be the vector of values of the five latent con-

structs for employee k, uk = (QWDk,DMDk,EPWk,FLk,SLk), k = 1,2, . . . ,NE ; where

NE is the number of employees. In the second step, we aggregate the five scores into a

Malmquist quantity index MIk using a two-step process. First, we derive an intermedi-

ate work-environment Malmquist quantity index, M̂Ik, for each individual as follows, for

k = 1,2, . . . ,NE ,

[M̂Ik(1,uk)]
−1 = max

v,ψ
ψ

s.t. 1≥
NE

∑
l=1

vl

ψuw
k ≤

NE

∑
l=1

vluw
l w = QWD,DMD,EPW,FL,SL

vl,ψ ≥ 0 ∀l (8)
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where uw
k is the wth component of individual k’s vector uk, and vl intensity variables used

to model possible convex combinations of the five latent components. After this is done,

we create a reference group based on the 20 individuals with the lowest M̂Ik values, and

then derive individual work-environment Malmquist quantity index, MIk, with respect to

the reference group as follows, for k = 1,2, . . . ,NE ,

[MIk(1,uk)]
−1 = max

v,ψ
ψ

s.t. 1≥
20

∑
r=1

vr

ψuw
k ≤

20

∑
r=1

vruw
r w = QWD,DMD,EPW,FL,SL

vr,ψ ≥ 0 ∀l (9)

where as above uw
k is the wth component of individual k’s vector uk, and vr intensity vari-

ables used to model possible convex combinations of the reference group. The individual

MI values represents how each person perceives the overall firm level psychosocial work-

environment. The reason for choosing 20 as a reference group is based on a heuristic

suggesting about 4 observations per variable. The reason we want a ‘low’ scoring refer-

ence group is to ensure the individual MI values are not bounded (by 1), and consequently

to ensure that people with ‘high’ psychosocial work-environment scores are not censured.

See Malmquist (1953) and Diewert (1983) for properties of this type of quantity index

and technical justification of a reference group, and Roos & Lundström (1998) and Roos

(2002) for a similar application to cataract surgery. The distance function MI(1,uk) in (9)

takes the value 1 at the boundary of the reference group, and a value greater than 1 for any

observation above the boundary. The third and final step in creating the firm level WEI

is to take the geometric average of the individual MI values. The reason for choosing

the geometric average is because the model in (9) is multiplicative and not additive. The

empirical implementation of equations (8) and (9) was done using the software OnFront

(2000). As with health status, we leave for future research an analysis of other summary

statistics (e.g. sum, variance, or inner quartiles).
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4 Input data
Data was gathered in conjunction with a worksite health promotion (WHP) study and

intervention program conducted by the Karolinska Institute at three large Swedish man-

ufacturing plants from 2000 to 2003. The study involved two paper and pulp mills, and

one steel plant; labeled as Firm1, Firm2 and Firm3. Firm1, an environmentally progres-

sive pulp mill, was among the first in the world to switch to an entirely chlorine-free pulp

production. Firm2 is one of the oldest pulp mills in Sweden, and produces both paper

pulp and fluff pulp. Firm3 is a world leading producer of seamless stainless steel tubes,

which are used in chemical and petrochemical, oil and gas, and power generation indus-

tries. The demographic composition at the three firms were very similar: average age

45; roughly 85% male/15% female; and roughly 75% blue-collar/25% white-collar. The

overall purpose with the WHP study was to develop a tool for sustainable work related

health. In contrast to other WHP, which usually only focus on a specific health issue,

the WHP was more comprehensive and designed to address four health and diagnostic

areas, namely (1) neck and back pain; (2) cardiovascular diseases; (3) asthma and chronic

pulmonary diseases; and, (4) hazardous alcohol consumption. The study also included

education in sustainable health and suggestions for activities to improve health and the

psychosocial work-environment. A descriptive presentation of the study and aggregated

results regarding health, lifestyle and sick leave are presented in Jensen et al. (2004) and

Bergström et al. (2008), some of the psychosocial work-environment data are also pre-

sented in Karlsson et al. (2010). A complimentary analysis based on a different framework

of workers’ health status, lifestyle and stress attributes can be found in Ødegaard & Roos

(2012).

4.1 Production data

In addition to individual questionnaire data, monthly production data from the three firms

was also collected over the four year WHP study period. For the purpose of our analysis,

we only include production input variables related to the labor process, and did not include

variables related to raw material. For Firm1 and Firm2, we consider the following input

variables: ‘Production Days’, which is the number of days in the month, ‘Number of Em-
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ployees’, which is the number of workers the plants employed, and ‘Total Work Hours’,

which is the sum of the total hours the employees worked. For Firm3, the ‘Number of

Employees’ were unfortunately inconsistently reported and had to be ignored. Therefore,

for Firm3 we only include ‘Total Work Hours’ as the input variable. All three plants run

their production process 24-7, and so ‘Total Work Hours’ partially varies with the number

of days per month (and number of employees).

For production output variables, we consider both quantity and quality aspects. For

Firm1, the specific output variables are ‘Paper Pulp’, which is the total amount in tonnes

of softwood paper pulp produced each month, and ‘Pulp Quality Index’, which is an over-

all quality score assigned to the monthly production according to engineering established

criteria. For Firm2, in addition to ‘Paper Pulp’ and ‘Pulp Quality Index’ (both defined

similarly as Firm1, although the actual product and standards are different), there is a

production line for fluff pulp; the total amount in tonnes produced we define by ‘Fluff

Pulp’. For Firm3, there are two main categories of seamless steel-tubes as defined by

their respective production process: warm versus cold. Therefore, the two main output

variables are ‘Seamless Tubes Warm’ and ‘Seamless Tubes Cold’, which represent the

total amount in tonnes of seamless steel tubes from each of the processes. As a quality

aspect of the output we consider ‘Re-work Indicator’, which is a measure of the amount

of re-work that was needed; Re-work Indicator ≡ 1/Amount of Re-Worked Steel (kg) ×

100,000.

Table 2 provides descriptive statistics of the monthly production variables for each

year. Firm2 is approximately 50% larger than Firm1, both in regard to input and output.

While Firm2 produces almost the same amount of paper pulp as Firm1, it also produces

about 17,000 tonnes of fluff pulp. For both Firm1 and Firm2, there is considerable vari-

ation with regard to both the input and output variables. Some of this variation is due to

the number of days per month, and some due to changes in number of workers. Firm3 has

almost twice the workforce of Firm2. We also note that Firm3 has some variation in both

input and output variables. Although it may not be clear from Table 2, in Firm1 there is

an increase over time in the amount of Paper Pulp produced, as well as a small positive

trend regarding the quality. Firm2 had a small increase in Paper Pulp production, almost
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no change in Fluff Pulp production, and a small improvement in quality. Firm3 increased

its production of Seamless Tubes Cold, decreased production of Seamless Tubes Warm,

and had a small increase in quality. These development are in line with our expectations.

Firm1 and Firm2 meet a fairly stable demand for their products and the production tech-

nology is ‘well known’. In addition, the labor force is stable over time with small changes

in age structure or skills. Firm3 is a little bit different because most orders are make-to-

order rather than make-to-stock. Therefore, the observed variation does not necessarily

indicate direct issues with the production process. It should also be noted that the physical

production technology at Firm2 and Firm3 experienced no significant changes over the

studied time period. However, Firm1 did make one partial new technology investment,

namely the installment of a new ‘soda ash pan’. We would expect that the possible impact

from this investment mainly affected the efficiency index T E and not the QP.

4.2 Health status data

The WHP study and intervention program included ten quarterly self-reported assess-

ments of health status. The ten quarters for each questionnaire are designated as time-

period t1, t2, . . . , t10. For the purpose of our productivity measurement model we only

focus on the five EuroQol questions regarding Mobility (EQ1), Self-Care (EQ2), Usual

Activities (EQ3), Pain/Discomfort (EQ4), and Anxiety/Depression (EQ5). For each time-

period only questionnaires with complete responses to each of the five EQ5D questions

are included. Consequently the number of responses for each time-period may vary and

all employees may not be included each time. In addition, although the work-force at the

three firms is relatively stable, there was employee intake and attrition.

With five questions and three responses, there are a total of 243 possible response

combinations. However, empirically we only observe about 20 different response combi-

nations at each plant. Estimation of the GRM parameters is based on the responses from

all ten time-periods grouped together. After the GRM parameters have been estimated,

the individual values of the latent variable health status HS (at each time-period) is esti-

mated based on the derived GRM parameters. Table 3 lists the slope or discriminatory

parameter (β0), and the two relevant location parameters (β2 and β3). We observe that the
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parameters are quite similar across the three firms which reflects that the response patterns

are generally quite consistent across the three firms. Another noteworthy observation is

that the slope parameter for EQ5 is relatively small and hence indicates a reduced abil-

ity in discriminating the employees. Figure 3 displays the distribution of HS at the ten

time-periods. For each time-period, the line inside the box represents the median, while

the lower and upper edge of the box represents the 25th and 75th percentile respectively.

We see that the values range from about -2.5, which represents the worst reported health

status, to about .6, which represents the best reported health status and corresponds to

answering ‘No Problem’ (3) to all five EQ5D questions. The specific value this response

pattern represents is .58 for Firm1, .57 for Firm2, and .60 for Firm3. Although no one

responded with ‘Major Problem’ (1) to all five questions, based on the beta-coefficients

we can derive a value for this response pattern. This turns out to be -3.03 for Firm1, -2.92

for Firm2, and -2.83 for Firm3. Overall, in Firm1 there seems to be an improvement in

health status as reflected by the increase in the median value. For Firm2 and Firm3, the

results do not appear as promising; the median value is decreasing over time. One expla-

nation for this might be due to the drop in people returning the questionnaires, particularly

from people consistently reporting no health problem. In other words, there seems to be

some selection bias. Although the issue of selection bias is important, we leave this for

future investigation. Furthermore, we stress that our objective is not to establish statistical

significance whether health status improved due to the WHP intervention study. Follow-

ing the DEA framework, we seek to measure the efficiency and productivity based on

observed data, which is assumed to reflect what actually happened.

Since the productivity model described in Section 2 requires non-negative variables,

we make a simple transformation by shifting the Health Status values up by the amount

of the lowest possible score. For each employee’s Health Status we add 3.03 for Firm1,

2.92 for Firm2, and 2.83 for Firm3. To derive the firm level workers’ health value we take

the arithmetic average of the individual Health Status values. Recall that the EQ5D ques-

tionnaire is suppose to reflect the workers’ Health Status for a given quarter. To match the

quarterly Health Status data to the monthly production data we assume that for a given

quarter the three monthly Health Status are the same; namely the Health Status value for
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that quarter. For months that were not covered by one of the 10 questionnaires, we set the

Health Status to the average of the two adjacent quarterly values.

4.3 Psychosocial work-environment data

Unlike the health status questionnaire, which was administered quarterly, the psychoso-

cial work-environment questionnaire QPSNordic was only administered three times dur-

ing the WHP study: near the beginning (T 1), middle (T 2), and end (T 3) of the study.

For each time-period, only questionnaires with complete responses to each of the 16

QPSNordic questions were included. Consequently, the number of responses for each

time-period may vary and employees may not be included all three times. Also over

the study-period, there were people joining as well as leaving the firms. The number of

observations (workers) with complete responses to the 16 QPSNordic questions were as

follows (T 1,T 2,T 3): Firm1 - 321, 309, 307; Firm2 - 389, 328, 431; Firm3 - 781, 659,

830.

Since each question has 5 possible responses, there are a total of 625 possible response

combinations for QWD, and 125 possible responses combinations for the remaining four

latent variables. Empirically though, across the three firms and three time periods, we

only observe about 100-200 different combinations for QWD and about 50-80 different

combinations for the other variables. The GRM parameters for each latent variable are

estimated based on the responses from all three time-periods grouped together. Table 4

lists for each question (item) the slope or discriminatory parameter (β0), and the four rel-

evant location parameters (β2, β3, β4, and β5). We observe that the parameters are quite

similar across the three firms which reflects a response pattern that is generally quite con-

sistent across the three firms. Another noteworthy observation is that the slope parameter

for Q13 and Q19 for all three firms and Q78 for Firm2 are relatively small, indicating

a smaller effect in discriminating the employees. After the GRM parameters have been

estimated, the individual values of the five latent variable (for each time-period) are esti-

mated based on the derived GRM parameters. In addition, the individual values for each

latent variables are scaled up so that the worst possible response pattern corresponds to a

0 (zero).
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After individual values for each of the five latent variables were estimated, we ag-

gregated these into an overall individual psychosocial work-environment index MIk, k =

1,2, . . .NE . As stated in Section 3.2, this is done in a two-step Malmquist quantity in-

dex approach. In the first step, we derive a reference group based on the 20 workers

with ‘bad’ scores. In the second step, based on the reference group, we derive the indi-

vidual MI values. Figure 4 displays the distribution of the individual MI values at each

time-period. For each time-period, the line inside the box represents the median of the

observed values, while the lower and upper edge of the box represents the 25th and 75th

percentile respectively. We observe a general improvement in the median value across all

three firms, with Firm2 exhibiting the greatest relative increase. To represent the overall

firm level psychosocial work-environment index (WEI), we take the geometric average of

the individual MI values. The resulting WEI scores were as follows (T 1,T 2,T 3): Firm1

- 1.456, 1.483, 1.541; Firm2 - 1.471, 1.499, 1.547; Firm3 - 1.716, 1.757, 1.768. To match

the aperiodic WEI data to the monthly production data, we assume that up to the time of

the next QPSNordic questionnaire the monthly WEI are the same. This roughly means

that for the first 1.3 years, the monthly WEI are the first value, for the next 1.3 years the

monthly WEI are the second value, and for the last 1.3 years the monthly WEI are the

third value.

5 Results
Since there may be possible mismatches in the accounting of the variables, i.e. that values

reported for a specific month do not correctly reflect that month, we tested the model using

three month rolling averages. Thus, the first observation is March 2000 which represents

the average of January, February, and March 2000, the second observation is April 2000

which represents the average of February, March, and April 2000, and so on. This was

done for all variables (both input, input quality, and output variables). Furthermore, there

were a few months that were excluded because the production process did not run at its

regular load. The most prevalent example is July where every year Firm1 completely

shuts down production, and Firm2 and Firm3 run at a significantly reduced work-load.
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The result for productivity and efficiency are presented in Figure 5. In each graph

the solid black line represents the overall firm productivity EQT , the dashed blue line the

technical efficiency of the physical production T E, the dotted red line the quality process

performance QP, and the dotted black line a simple linear regression on the QP values.

Note that the scale on the y-axis is different for the three firms. For Firm1 and Firm3, we

observe a positive trend regarding the overall productivity (EQT ), while for Firm2, there

seems to be very little or no change in productivity. At all three firms, we also observe

periods with a decrease in productivity. The low scores for some months for Firm1 and

Firm3 can partly be explained by decreases in output quality together with increases in

work hours. In general, we observe over the study period that productivity increased

around 2% in Firm1 and approximately 5% in Firm3. A final comment is that our results

showed little or no sensitivity to the output quality variables. For instance, the results for

Firm3 were very similar and consistent when output quality was measured by percentage

of on-time customer delivery instead of the re-work indicator.

For our labor quality input process (QP), the result shows differences between the

three plants. In Figure 5, the dotted black line represents a simple linear trend for the QP

values. We observe that the changes for QP are much smaller and have less variability

compared to the development of firm productivity (EQT ) and efficiency of the operating

production process (T E). Furthermore, we observe positive trends at Firm1 and Firm3

and almost no changes in QP for Firm2. The results of Firm1 and Firm3 reflect the

illustration of Figure 2a while Firm2 reflects the illustration of Figure 2b. Over the entire

study-period, the results indicates an increase in QP with about 2-3% at Firm3, and around

1% at Firm1. We, therefore, conclude that changes in overall productivity in Firm1 and

Firm3 can be partially explained by the positive contribution from improvement in the

labor quality process. Around half of the increase in productivity can be related to an

increase in QP. Given the general work-environment policy at the three firms, our results

are in line with what was expected. We have a positive trend for Firm1 at a relative high

level, in line with a long term project aimed to improve the general work-environment.

Firm3 also shows a positive trend in QP, which may reflect the long term project for

improving the work-environment, but starts at a lower level than Firm1. The project at

IFAU – Workers’ health and psychosocial work-environment on firm productivity 25



Firm3 started much later than the project at Firm1, and it would have been interesting to

include data from 2004 to see if the potential for improvement narrows down. Both Firm1

and Firm3 have policies for rather quick implementation of activities for improvement in

the psychosocial work-environment. Firm2, on the other hand, although they too started

long term work-environment projects over the study period, did not manage to implement

them to the same degree. The results confirm this by showing no changes and no potential

for improvement in QP, or at least that the human resource department has not been able

to identify a potential. These results may change if we extend the time horizon, since

the plant may learn how to create a potential for improvement in QP and productivity

performance EQT .

6 Concluding remarks
We have presented a model for measuring the contribution of labor quality input on firm

productivity. More specifically, we have focused on the effect of workers’ health sta-

tus and psychosocial work-environment. The framework of the analysis is based on the

premise that there are two processes within a firm that contribute to overall productivity

performance: the physical production process and the labor quality process. Although the

proposed model can be seen as an extension of the traditional DEA methods for measur-

ing efficiency and productivity, we stress that the extension to include the performance of

the labor quality process is both a novel and a major contribution. Furthermore, we would

also argue that the proposed firm productivity model and approach for measuring input

labor quality variables, can be seen in the context of sustainability of employees work re-

lated well-being. In recent years ‘sustainability’ has become a much discussed topic, and

to that extent our hope is that we constructively served the call made by Pfeffer (2010):

One lesson for those interested in human sustainability is that developing a

consistent set of measures or indicators of the construct, gathering data on

them, and publicizing such data might provide more impetus for focusing on

the human sustainability implications of what organizations do.
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Another major contribution of the paper is that it has provided an alternative methodol-

ogy for incorporating ordinal data into the optimization models for measuring efficiency.

Based on Item Response Theory, we have modeled the labor quality aspects as latent vari-

ables. This has enabled us to construct meaningful metrics based on individual responses

to self-reported ordinal questionnaires. This approach is drastically different from some

of the traditional approaches that directly include the ordinal variables into the optimiza-

tion models; see for example Cook & Zhu (2006). The two main reasons we chose to

pursue an alternative methodology was that: (1) we wanted to separate the variable defi-

nition and variable measurement process from the firm efficiency analysis; and, (2) given

individual based data we face the issue of aggregating the data to firm level. In other

words, our philosophy is that the measurement of variables should be separate or exoge-

nous from the optimization routine to estimate firm efficiency. In addition, we addressed

the problem that data consisted both at a firm level and individual level. It would, how-

ever, be interesting to compare the results and implications from our approach with the

more traditional approaches in incorporating ordinal data.

There are many ways to further improve the model and analysis, and the paper should

be seen as a first step. For instance, one natural extension would be to include cost and/or

profit efficiency, by incorporating additional data. Another potential for improvement and

future research is to consider other firm level aggregations of the individual labor quality

measurements. In this paper, we used arithmetic and geometric mean as a representa-

tion of the two labor quality variables, and it may be argued that other summary statistics

would be more appropriate. A third interesting issue to consider would be to extend the

method to higher levels of analysis, such as industry or country. This would beside the

variable selection also entail a focus on data availability and index approaches for aggre-

gation.

The model was illustrated on data from three large manufacturing firms that took part

in a coordinated worksite health promotion study from 2000 to 2003. The empirical anal-

ysis indicated that at two firms there was a general positive trend regarding overall firm

productivity and the labor quality process. Quite remarkably, we noted that about half of

the contribution in changes of overall firm productivity can be attributed to the improve-
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ment in the performance of labor quality process. The results for the third firm indicated

less tangible insights, which appears to be mainly due to a short time-frame. We, there-

fore, can only hypothesize that given a longer time-frame, we might be able to observe

a similar positive development as with the other two firms. An objection to the empiri-

cal study could be that random fluctuation of the processes and/or measurements is not

considered. In other words, the statistically inclined reader might want to establish that

improvements over time of the labor quality variables are significant (statistically speak-

ing), and that there is a causal relationship (statistically speaking) to firm productivity.

Note though that the proposed model is based on the deterministic framework of DEA,

and as such assumes the observed data reflect what actually happened. However, future

research to account for random fluctuation of the processes and measurement error would

of course be very interesting.

We end this section with some general comments regarding the work-environment

and labor quality process at the three firms. The main results presented should be seen in

relation to the firms’ general policy regarding activities related to the work-environment.

Firm1 has since the 1970s been engaged in a broad and long term project aimed at im-

proving the work-environment. The policy at Firm1 was to quickly share results from

the WHP activities to key employees, board of directors, and union representatives as

well as through internal newsletters. The firms overall goal was that all employees should

be involved in improving the work-environment. At Firm2, the goal was to become a

world leader within the pulp industry. To reach this goal, Firm2 developed a strategy

for the work-environment including psychosocial aspects, and has since 2000 been in-

volved in a European quality assurance program. The program revolved around seven

criteria (leadership, strategy, information/communication, employee development, orga-

nizational process, results and customer satisfaction). At the time of the study, the activ-

ities for improving the psychosocial work-environment had led to an improved engage-

ment and discussions, but with little implementation at the various production units. At

Firm3, various policies were implemented with the goal of ensuring that the working en-

vironment stimulates employees to work effectively and autonomously, and to promote

opportunities for professional development. The results from the activities to improve the
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work-environment were regularly reported to the board of directors, general management,

union representatives, and the internal health care unit. The goal was to have 80% of the

activities implemented at the various units.
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Tables and Figures

Table 1: The QPSNordic questions for the five psychosocial work-environment constructs Quantitative
Work Demands (QWD), Decision Making Demands (DMD), Empowerment (EPW ), Fair Leadership
(FL), and Supportive Leadership (SL)

QWD Q12. Is your work load irregular so that work piles up?
Q13. Do you have to work overtime?
Q14. Is it necessary to work at a rapid pace?
Q15. Do you have too much to do?

DMD Q17. Does your work require quick decisions?
Q19. Does your work require maximum attention?
Q22. Does your work require complex decisions?

EPW Q84. Does your immediate superior encourage you to participate in important decisions?
Q85. Does your immediate superior encourage your to speak up, when you have different opinions?
Q86. Does your immediate superior help you develop your skills?

FL Q89. Does your immediate superior distribute the work fairly and impartially?
Q90. Does your immediate superior treat the workers fairly and equally?
Q91. Is the relationship between you and your immediate superior a source of stress to you?

SL Q73. If needed, can you get support and help with your work from your immediate superior?
Q75. If needed, is your immediate superior willing to listen to your work-related problems?
Q78. Are your work achievements appreciated by your immediate superior?
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Table 2: Mean (st.dev) of monthly production data for the three firms.

INPUT OUTPUT

Firm1 #Employees Total Work Paper Pulp Pulp Quality
Hours (Tonne) Index

2000 380 (1.7) 49,995 (3,741) 27,882 (1,311) 88.2 (2.86)
2001 388 (5.0) 51,302 (4,188) 28,506 (2,010) 91.5 (2.95)
2002 385 (1.9) 51,897 (3,861) 29,718 (4,153) 91.8 (2.89)
2003 383 (3.3) 49,929 (3,407) 32,359 (3,540) 89.5 (3.95)

Firm2 #Employees Total Work Fluff Pulp Paper Pulp Pulp Quality
Hours (Tonne) (Tonne) Index

2000 553 (4.5) 70,734 (7,390) 17,288 (3,236) 25,620 (5,307) 84.7 (14.2)
2001 556 (9.0) 68,396 (7,263) 15,199 (4,476) 23,733 (5,300) 90.3 (4.3)
2002 566 (7.5) 69,336 (6,653) 16,983 (2,700) 24,462 (2,902) 84.9 (10.9)
2003 573 (3.4) 69,387 (6,559) 16,744 (2,464) 25,929 (4,183) 93.1 (2.7)

Firm3 Total Work Seamless Tubes Seamless Tubes Re-work
Hours Warm (Tonne) Cold (Tonne) Indicator

2000 124,382 (27,823) 2,535 (662) 790 (172) .4583 (.1316)
2001 130,042 (27,674) 2,709 (573) 804 (168) .4411 (.0597)
2002 125,218 (26,951) 2,805 (601) 868 (222) .5155 (.0636)
2003 129,082 (27,847) 2,373 (557) 954 (228) .5398 (.1200)

Table 3: The GRM parameters for Health Status.

Mobility Self-Care Usual Activities Pain Anxiety/Depression
EQ1 EQ2 EQ3 EQ4 EQ5

β0 3.033 2.282 3.343 2.837 .969
Firm1 β2 n/a n/a -2.712 -2.313 -4.711

β3 -1.768 -2.880 -1.767 -.022 -1.287

β0 2.225 1.835 4.433 3.100 1.151
Firm2 β2 n/a n/a -2.272 -2.178 -4.295

β3 -1.841 -3.337 -1.531 -.034 -1.077

β0 2.351 2.848 3.672 3.305 1.060
Firm3 β2 n/a n/a -2.363 -2.069 -4.090

β3 -1.805 -2.609 -1.588 .025 -1.064
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Table 4: The GRM parameters for Psychosocial Work-Environment.

Work Demands Decision Making Demands Empowerment
Q12 Q13 Q14 Q15 Q17 Q19 Q22 Q84 Q85 Q86

β0 2.171 1.363 2.055 2.930 4.051 1.254 1.744 3.086 3.879 2.337
β2 -2.553 -4.351 -2.659 -2.440 -1.823 -2.804 -2.032 -1.357 -1.230 -1.512

Firm1 β3 -1.043 -2.664 -1.484 -1.384 -.960 -1.707 -.579 -.490 -.359 -.484
β4 .408 -.646 .314 .086 .237 -.179 1.308 .477 .461 .686
β5 1.329 .963 1.649 1.248 1.390 1.421 2.562 1.609 1.339 1.833

β0 2.244 1.015 2.454 2.803 3.596 1.085 1.934 3.088 3.228 2.345
β2 -2.502 -4.540 -2.439 -2.273 -1.684 -3.170 -1.467 -1.287 -1.149 -1.381

Firm2 β3 -.899 -2.558 -1.106 -1.124 -.814 -2.002 -.465 -.501 -.277 -.376
β4 .454 -.179 .419 .362 .411 -.440 1.051 .523 .616 .709
β5 1.175 1.196 1.615 1.393 1.667 1.262 2.531 1.597 1.589 1.856

β0 1.860 1.031 1.988 2.887 2.599 .943 2.365 3.193 3.108 2.394
β2 -2.615 -4.723 -2.589 -2.161 -1.450 -3.874 -1.122 -1.079 -.979 -1.177

Firm3 β3 -1.103 -2.906 -1.038 -1.219 -.603 -2.258 -.092 -.300 -.156 -.189
β4 .335 -.560 .507 .221 .564 -.569 1.098 .675 .740 .839
β5 1.137 .810 1.505 1.215 1.894 1.281 2.358 1.720 1.623 1.954

Fair Leadership Supportive Leadership
Q89 Q90 Q91 Q73 Q75 Q78

β0 2.999 4.467 1.201 3.865 3.761 1.772
β2 -1.864 -1.895 -4.367 -1.855 -2.344 -1.971

Firm1 β3 -1.211 -1.330 -3.564 -1.081 -1.540 -.865
β4 -.426 -.675 -2.087 -.281 -.711 .638
β5 .894 .529 -.532 .754 .234 2.013

β0 2.389 4.412 1.417 5.426 1.310 .944
β2 -1.770 -1.861 -4.565 -.765 -2.630 -1.097

Firm2 β3 -1.153 -1.350 -2.801 -.584 -1.881 -0.058
β4 -.265 -.565 -1.478 -.435 -1.262 .800
β5 1.307 .635 -.271 -.254 -.514 1.839

β0 2.632 4.372 1.001 3.629 4.472 1.553
β2 -1.607 -1.779 -5.349 -1.744 -2.119 -1.674

Firm3 β3 -1.057 -1.256 -3.879 -1.048 -1.416 -.565
β4 -.158 -.501 -2.089 -.198 -.553 .814
β5 1.157 .711 -.428 .812 .446 2.163
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Figure 1: Model framework of measuring a firm’s productivity.
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Figure 2: Illustration of overall plant productivity and efficiency of the two sub-processes.

38 IFAU – Workers’ health and psychosocial work-environment on firm productivity



Firm1 Firm2

Firm3
Figure 3: Distribution of underlying individual Health Status variable.
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Firm1 Firm2

Firm3
Figure 4: Distribution of individual psychosocial work-environment index (MI) values.
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