JAN SAUERMANN

Stockholm University, Sweden, IZA, Germany, and Research Centre
for Education and the Labour Market (ROA), the Netherlands

1 Z A
World of Labor

Evidence-based policy making

Performance measures and worker productivity

Choosing the right performance measures can inform and improve
decision-making in policy and management

Keywords: worker productivity, performance measures, human resource management

ELEVATOR PITCH

Measuring workers’ productivity is important for public
policy and private-sector decision-making. Due to a lack
of reliable methods to determine workers’ productivity,
firms often use specific performance measures, such
as how different incentives affect employees’ behavior.
The public sector also uses these measures to monitor
and evaluate personnel, such as teachers. To select
the right performance measures, and as a result design
better employment contracts and improve productivity,
policymakers and managers need to understand the
advantages and disadvantages of the available metrics.

KEY FINDINGS

Pros

© Performance measures provide detailed
information about worker productivity.

© To inform about a wide range of questions, such
as how incentives work, how peer effects operate,
or how workers accumulate human capital,
performance measures can be useful.

© Reliable performance measures are needed
to design appropriate contracts and improve
productivity.

© Performance measures are increasingly available
for low- and high-skilled jobs, as well as for jobs in
the private and public sectors.
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Growing emphasis on direct measures of worker
productivity
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Cons

© There is no universal definition of worker
productivity; measures of worker productivity
typically depend on the setting in which they are
collected.

@ Worker productivity is usually multidimensional,
but it is generally not possible to measure all
dimensions.

© If the wrong performance measures are chosen to
evaluate workers, distortions can create negative
effects on worker productivity.

© For settings in which performance is only
observable at the team level, it is not always
possible to estimate individual contributions to
team productivity.

Measures of worker productivity can give important insights into how workers perform and how workplaces should be
organized. Direct measures of productivity are used to study a range of questions, such as the effects of incentives on
workers’ productivity, the influence of peers on behavior, or the accumulation of human capital on the job. For these
and related questions, it is important to select appropriate performance measures. This choice is critical, as relying on
inappropriate measures can lead to the design of inefficient incentives, poor employment contracts, or wrong policy

conclusions.
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MOTIVATION

Politicians and managers often make decisions that involve the behavior of individuals at work.
For example, managers decide how to establish optimal incentives or how much training to
provide for employees, while policymakers make decisions about the regulation of working
hours. To make informed choices about these kinds of issues, it is important to know how
these decisions will affect workers’ behavior, in terms of their productivity.

The conceptualization of worker productivity has gained increasing attention in the last
decade. Direct measures are now commonly used in research within economics and related
fields; they frequently serve as approximations of workers’ productivity. This paper describes
how worker productivity can be defined and provides an overview of the most up-to-date
performance measurements available in order to help decision makers choose the right ones
for their specific purposes.

DISCUSSION OF PROS AND CONS
Defining worker productivity

In a general sense, productivity can be defined as the ratio between a measure of output and
a measure of input. The productivity of workers could thus be measured as an output, e.g.
sales or units produced, relative to an input, e.g. the number of hours worked or the cost of
labor. Traditionally, labor productivity is derived from aggregate measures at the firm level,
e.g. value-added per worker. To account for differences between labor inputs, this measure
has often been disaggregated according to various labor types, e.g. low-, medium-, and high-
skilled labor. However, even at this disaggregated level, measures of labor productivity can
mask considerable variation with respect to workers’ underlying productivity, either between
workers, or over time. At the individual (worker) level, studies frequently use input measures,
such as workers’ wages, as a measure of productivity. Although correlated with the underlying
productivity of the individual worker, there are several reasons why wages do not directly
reflect the worker’s actual productivity. For instance, institutional settings, such as those
resulting from collective agreements, often make wages dependent on age or tenure rather
than productivity. This is complicated by the fact that most data do not contain information
on hourly wages, but rather on monthly wages. Variations in monthly wages might not only
reflect differences in productivity, but also in the number of working hours. Furthermore, wage
growth is often determined by supervisor evaluations, which might reflect bias due to gender
or migration background.

Both labor productivity and wages have their shortcomings when it comes to assessing
workers’ productivity. Ideally, one would like to observe productivity for each individual worker
at each pointin time. In reality, however, output is rarely observable at the individual level for a
reasonable cost, thus making it practicallyimpossible to calculate each individual’s productivity.
Instead, firms use individual measures of workers’ performance as an approximation of their
productivity. Most occupations have one or more metrics that can be used to evaluate how
well workers perform. These measures, also known as “key performance indicators” (KPls), are
regularly used for internal evaluation and monitoring in firms. Figure 1 shows evidence from
the World Management Survey on the extent to which firms collect performance measures
and use them for monitoring purposes.
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~Figure 1. Use of direct performance measurement across countries ~
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Note: Firms' managers are asked to assess whether performance is tracked using meaningful metrics and with
appropriate regularity, measured on a scale from 1 (lowest) to 5 (highest).

Source: World Management Survey, 2004-2014. Online at: http://worldmanagementsurvey.org
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There is a key set of properties that should be met when assessing measures of worker produc-

tivity:

(1) Objectivity: measures should be objective, as opposed to subjective, with respect to
supervisor or peer ratings.

(2) Availability: measures need to be available at the individual (worker) level (i.e. not on
aggregated levels such as team or firm level).

(3) Comparability: tasks and measurements should be the same across workers and time.

(4) Quality and controllability: workers should have sufficient influence on the outcome,
i.e. by choosing their own effort levels.

The precise measurement of performance across workers and over time allows policymakers
to address important economic questions, such as how incentives affect workers’ behavior,
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how the presence of peers affects workers’ productivity, or how workers accumulate human
capital in firms.

Figure 2 provides examples of workers’ productivity measures which were used in studies
published in leading economics journals, and whose findings can be used to inform
policymakers and practitioners. The figure shows that performance is not only measurable
for low-skilled jobs with routine tasks, but that it can also be measured for rather knowledge-
intensive, non-routine professions, such as lawyers, physicians, or scientists.

~ Figure 2. Examples of measures of workers’ productivity ~

Direct measure Quantity or quality

Sector Job/task Frequency or estimated?  dimension

Service Windshield installers: units Days Firm’s Quantity

sector installed per day [1], [2] database
Supermarket cashiers: number  Seconds  Firm’s Quantity
of items scanned per second [3] database
Call agents: average length of  Weeks Firm’s Quantity (quality
calls [4] database measure available)
Lawyers: number of hours Years Survey-based  Quantity and

billed, new client revenue [5] quality
Agriculture Fruit pickers: kilograms of fruits Days Firm’s Quantity
picked per day [6] database
Education  Academic scientists: PhD thesis - University Quantity and
and gets published in top journal, archives quality
research number of citations [7]
Academic scientists: impact - Public Quality adjusted
factor weighted publications [8] databases output
Teachers: teacher value-added  Annual Estimated Quality adjusted
[9], [10] output
Health Paramedics: transport time, Shifts Paramedics’ Quantity and
care sector number of procedures [11] (daily) firm database  quality
Politics Politicians: number of - Governmental  Quantity and
and public submitted bills [12] survey quality
sector Navy recruiters: number and Monthly Navy data Quantity and

quality of recruits [13] quality

Source: For full source details, see the complete list of references for this article at: http://wol.iza.org/articles/
performance-measures-and-worker-productivity
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Advantages and disadvantages of measuring workers’ productivity

Firms regularly use measures of workers’ performance to approximate productivity.
Measuring workers’ performance, however, is not always straightforward, or even possible,
at a reasonable cost. Even though most occupations include some measures of performance
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at the worker level, Figure 2 shows that there is no universal measure. Instead, the degree to
which performance can be monitored depends on the setting.

What do performance measures entail?

Worker performance can be a function of many features, including the worker’s effort,
education, age, or tenure, and the firm’s characteristics, such as work environment, wages, or
incentives. An observed change in a worker’s performance might be due to several reasons,
including factors outside of the worker’s control. The two most common reasons are changes
in the worker’s skills, e.g. due to training programs or from learning on-the-job, and changes
in effort provided by the worker, e.g. due to different incentives set by the management.
Technological change would also be a relevant subject to examine, but due to the typically
short time horizons taken in the available studies (usually a matter of weeks), technology is
generally considered as a constant in these cases.

A performance measure’s usefulness for assessing workers’ behavior crucially depends on
the degree to which the worker has influence on the measure. Measures will be unreliable
predictors of workers’ productivity if they are largely driven by factors that are outside of a
worker’s control, such as variation in customer demand, or weather conditions in agriculture.
Although any performance measure will contain some random variation, appropriate
measures of workers’ productivity should be balanced with respect to the determinants that
are within the worker’s control versus those that are not.

Multidimensional performance

In reality, it is difficult to assess workers’ productivity using just one measure. Workers’ jobs
can include one or several tasks. University professors conduct research, are involved in
teaching, and perform administrative tasks. Each of these, in turn, can be evaluated along
different dimensions, e.g. by the quality and quantity of a task (workers could work quickly,
but provide low quality, or slowly, but with high quality). Workers could be evaluated with
separate performance measures for each relevant dimension. The task of conducting research,
for example, could be measured by the number of publications, but also by the quality of the
publications, e.g. measured by a journal’s impact factor. Although quality and quantity are
dimensions that apply to almost every task, one could also think of other dimensions, e.g. the
policy relevance of the research.

Even for single-task occupations, the multi-dimensionality of workers’ productivity has
important implications with respect to the use of performance measures for policy
determination. Whereas the firm is interested in productivity, workers are usually evaluated
(and incentivized) based on specific performance measures. Since workers’ productivity is
not perfectly observable, and given that human resource decisions are frequently based on
observable performance measures, distortions can arise. This would be the case, for example,
if a firm only observes how much total output a worker produces, but ignores the quality of
the output. Incentives based on observable measures could result in distortion, i.e. that the
incentives of the firm and the worker are not perfectly aligned. Whereas the firm is interested
in both dimensions, the worker might solely focus on performing well on the measurable
performance indicators, which does not necessarily coincide with the un-measurable ones.
While it may be possible to mitigate this problem through intrinsic motivation, distortions are
likely to create negative effects if incentive schemes are not well designed.
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One way to get around this incentive problem is to use alternative measures, such as firm-
level valued-added metrics. While these types of measures appear to solve the problem of
distortion, additional risks arise for the worker, since these measures are less controllable
from the individual’s point of view. This issue demonstrates an important trade-off between
distortion on the one hand, and how precisely a performance measure can actually assess
workers’ effort, on the other.

Another alternative to one-dimensional measures is subjective performance measures, such as
supervisor ratings. Although these types of evaluation are often only observable on an annual
basis, and might contain subjectivity bias, they can capture a broader picture of performance
than single measures allow.

Quantity and quality

It is difficult to identify appropriate measures for multiple performance dimensions. Two very
common dimensions are the quality at which a job is performed, and how fast it is done
(quantity). If, for example, workers’ productivity in manufacturing is analyzed by means of a
quantity-related measure of output, such as the number of products manufactured per hour,
then a suitable candidate to measure the quality of output could be the number of defective
products produced, i.e. the defection rate.

Figure 2 shows a range of studies that primarily use performance measures showing how
quickly a worker performs (i.e. quantity-based studies) [1], [2], [3], [4], [6]. Another group
of studies utilize performance measures that are either based on quality, or quality-adjusted
measures [7], [8], [9], [10], [12]. Only a few studies use several measures, based on different
dimensions [4], [11].

Although trade-offs between dimensions (e.g. the quality and the quantity dimension) are not
unlikely, there are often incentives in place to prevent workers from focusing their effort only
at one of the dimensions. Both explicit incentives, for example by decreasing their output if
workers are required to re-do a task in case of a defective product or service [1], and implicit
incentives, for instance if supervisors can identify low-performing workers and are able to
sanction them, help to mitigate problems related to multiple dimensions.

Data sources and aggregation

Most studies that use measures of worker productivity employ data from firms, e.g. from
firms’ internal databases, or public data, e.g. publication databases. These data allow analysis
of workers’ productivity on the individual level. For some jobs, though, workers’ performance
cannot be measured at the individual level, but only at a more aggregated level. Examples of
this include firms that rely on team-based production, i.e. where output is jointly produced by
a team of workers, or joint publications in academic research.

In some cases, the output of a whole group is of interest, rather than individual productivity.
This is the case, for example, if one is interested in how incentives for team managers affect
team performance. Alternatively, the interest may be in disentangling group-based measures
into individual contributions to draw conclusions about individual behavior. However, it is
difficult to reliably disentangle group performance into its individual contributions. If the
group composition does not change, for example, it is empirically impossible to distinguish
between the team members’ individual contributions. If the group composition varies over
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time though, e.g. when co-authorships change, one can estimate each individual’s contribution
to the team’s overall output.

Time dimension

An advantage with direct, i.e. individual, measures of performance is that these are often
available at a higher frequency compared to measures of aggregate productivity or wages.
Figure 2 shows that some of the selected measures are available by the week, day, and in some
cases, even by the second.

While this level of detail is not always necessary at the managerial level, it can inform about a
range of research questions and thereby assist in the decision-making process. This allows fora
greater ability to measure variation across time compared to studies that use longer data point
frequencies. One example of variation across time comes from changes that are unrelated to
the workers’ effort, such as from changes in customer demand in service-sector jobs, or from
weather conditions in agriculture. Depending on the setting, it might be important to take
these effects into account, e.g. by controlling for the specific day of the week. The contrary can
be the case if the production process is rather lumpy, i.e. if output occurs infrequently. In these
cases, such as in the number of publications for scientists, it is important to set measurement
periods that are sufficiently long.

How can measures of worker productivity be used to inform policy?

Studies using measures of worker productivity originated from performance analyses in
private-sector firms, usually focusing on questions and decisions related to human research
(HR) management. These studies, which often make use of a single firm’s personnel data,
are referred to as “insider-econometrics studies.” They exploit exogenous shocks to identify
the causal effects of treatments on an outcome, using the performance measure as a metric
[1], [4], [6]- Increased digitalization facilitates the gathering of performance data for both
researchers and managers. In fact, firms collect performance measures not only to evaluate
workers, but also to experiment and improve aspects related to HR management. A reliance
on direct measures of productivity is by no means limited to the private sector. Measures
of workers’ productivity have been applied to a wide range of fields, such as research and
education, health care, and politics (see Figure 2).

Using workers’ productivity for setting incentives

A large number of studies use direct measures of workers’ productivity in conjunction with
either a change in the organization’s incentive system or a randomized experiment to analyze
how incentives affect individuals’ behavior. The common finding is that monetary incentives
affect workers’ effort, resulting in higher performance. Besides the effect on workers’ intrinsic
motivation, incentives can also affect the sorting of workers, which can explain up to 50% of
the gains in productivity [1].

These types of studies have also been applied to organizations whose primary goal is not that
of profit maximization, such as schools, universities, and even politics. A number of studies,
for example, use value-added measures for teachers to analyze their productivity. Measures of
teachervalue-added are based on an estimation of students’ test scores, controlling for student
and school characteristics, and capture the additional input a teacher has on the students’
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grade outcomes [9], [10]. Studies have shown that this measure of teachers’ productivity is
indeed predictive of students’ later outcomes, such as college attendance and salaries [9]. In
US Charter Schools (schools that receive government funding but operate independently of
the established public school system in which they are located), teacher value-added measures
are increasingly used to evaluate and incentivize teachers.

More direct worker productivity measures are available in academic research as well as in
firm based research and development. Scientists’ productivity can be measured according to
various metrics, such as patent statistics, (quality-adjusted) counts of publications, or citations
[7], [8]- As is often the case in the private sector, the introduction of monetary incentives for
publications is shown to increase research productivity.

Although less obvious, the same logic used to measure workers’ productivity can be applied
to almost any field that has some degree of quantifiable outcomes. One group of workers
that is rarely related to productive behavior is politicians. But even for this group, it is possible
to construct performance measures to demonstrate how, for example, remuneration of
politicians can be optimally designed. One method to measure politicians’ performance is the
number and type of bills submitted [12].

An important element when defining incentive systems is the time frame over which perfor-
mance is evaluated. Research has shown that if the date at which they are to be evaluated is
close at hand, workers might increase their effort in order to achieve a bonus; or they might
decrease effort if they are not able to achieve the bonus. Higher frequency performance
measures, e.g. at the daily or weekly level, can help to understand these dynamic patterns in
how individuals respond to incentives [13].

Formal and informal human capital acquisition in firms

Measures of worker productivity can also be used to estimate how workers accumulate
human capital. Informal learning on-the-job as well as formal learning in training programs
can increase workers’ human capital, thus increasing individual productivity, according to
performance measures.

This can be shown, for instance, by analyzing how job performance increases with job
tenure. The common finding is that performance increases strongly in the early employment
period, whereas the marginal return to tenure decreases over time [2]. Likewise, workers’
productivity measures can be used to estimate the returns to training programs [4]. In both
cases, direct measures of workers’ productivity allow for an estimation of how learning affects
an individual’s job performance. In contrast, wages, which are often fixed in the short term,
might not exhibit these effects. Further, wages would only capture returns to training if the
benefits from increased productivity were shared between employer and employee.

Peer effects

Peer effects, i.e. changes in workers’ productivity due to the presence of peers in the workplace
are driven by two distinct mechanisms. They can either arise because of social pressure, or
because of peer learning, i.e. spillover effects. Although human capital externalities have
long been part of growth models, peer effects in the workplace have been analyzed only in
recent years. This may be due, in part, to the availability of detailed information on workers’
networks and detailed measures of their productivity. These studies often exploit settings
in which workers are randomly exposed to high-productivity co-workers to estimate peer
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effects in private-sector firms and schools [3], [4], [6], [10]. Peer effects can also be analyzed
in knowledge-intensive environments, such as research. Very detailed measures on research
productivity (e.g. publication output and citations), collected over a sufficiently long time,
allow for the estimation of peer effects from high-productive researchers on their co-workers

[8].

Working hours and performance

Another example of how direct measures of workers’ productivity can inform policy involves
working hours. The length of the standard workweek varies both between and within countries.
Little is known about what an optimal number of weekly working hours would be from an
efficiency perspective. Direct measures of workers’ productivity allow one to estimate how the
number of working hours or shifts in working hours affect performance; this might be crucial
with respect to health and safety. Long working hours, for example, might result in increased
fatigue, which is particularly dangerous in medical occupations [11]. This type of result can
also provide direct advice about whether working hours should be expanded or reduced.

Gender pay gaps

One advantage with direct performance measures is that they are often objective and thus less
likely to be affected by subjective evaluations. This objectivity can be especially useful when
analyzing wage gaps between groups on the labor market, e.g. between men and women.
Although gender pay gaps have decreased over time, women still earn considerably less
than men. While there are many arguments for why gender pay gaps exist, it is important to
understand to what degree the gender pay gap depends on underlying productivity differences.
Direct measures of performance can help examine whether gender pay gaps are based
on differences in productivity, how these gaps can be explained, and how possible gender
differences in performance affect career choices. For lawyers, gender gaps in productivity are
found to occur early in their careers, and have long-lasting effects on earnings and career
advancement [5]. While objective measures of performance can help to identify gender gaps,
it is more difficult to assess how accurately they reflect differential effort choices from men
and women, e.g. if workers expect to be discriminated against.

LIMITATIONS AND GAPS

It is evident that there is no universal measure of workers’ productivity. Rather, there are
various measures that capture workers’ performance in their specific settings. While this has
the advantage of allowing highly detailed analysis of the determinants of workers’ productivity,
it comes at a cost.

First, even if performance can be measured for a wide range of occupations, the measures
used are based on single workplaces, which are not representative of the whole sector or
economy. While these data allow for comparisons between workers within the same tasks or
occupation, it is rarely possible to make direct comparisons of workers’ performance across
different occupations. It is, however, possible to compare estimates based on several studies
to draw more representative conclusions.

Second, the specificity of many performance measures makes comparisons over long time
periods or across multiple countries difficult. While performance measures often allow for
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the analysis of day-to-day or week-to-week variations of worker behavior, they are generally
only available for rather short periods of time [4], [6]. Only a few studies exploit longer data
sets covering several years, which allow for the analysis of trends [9]. For these reasons, direct
measures of workers’ productivity are not always appropriate. Instead, other measures, such
as wages or firm value added may be more useful.

Lastly, although many occupations include some measures of performance, these often
capture only one dimension. In some cases, e.g. when designing and evaluating incentive
schemes, observing just one measure of performance might hide important aspects of workers’
behavior, due to the multidimensional nature of productivity.

SUMMARY AND POLICY ADVICE

Direct measures of workers’ productivity are not only used in personnel economics, but also
in other fields, such as education and health, and are used in both the private and the public
sectors. These measures are useful to inform policymakers about individuals’ behavior at
work, and to improve decision making, such as setting appropriate incentives.

Measures of workers’ productivity represent a relatively new tool for economics research. Even
if there is no universal definition of workers’ productivity, studies using these measures have
made important contributions to a wide range of fields. These contributions are not limited to
low-skilled routine jobs where performance measurement might be easier. Rather, measures
of workers’ productivity are available for a wide range of jobs, including low- and high-skilled
jobs in both the private and public sectors.

Although these studies are often based on single firms, which are not representative of a
whole sector or economy, the detail at which one can observe workers’ behavior permits the
examination of questions that are difficult to address using survey or register data. Given the
specificity of the settings, an appropriate way to achieve more “representative” results is to
conduct studies with similar questions in different settings, e.g. in different firms. Meta studies
can then be used to find a consensus, which could come close to the average effect for an
economy.

Given the current state of research on using workers’ productivity measures, policymakers and
managers alike should select the right measures that will help them make informed decisions,
for instance, when it comes to setting and designing incentives, or when regulating working
hours.
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