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ABSTRACT 

 
 

This study tested the effects of using ergonomic work pacing software 

(EMS - Ergonomic Management System) on typing (accuracy and amount of 

keying), and mouse work (frequency and duration of mouse use). The 

performance of fifty-six highly skilled computer software programmers, technical 

development staff and executives at Lockheed Martin were passively monitored 

using the EMS system for four weeks, to establish a baseline. The EMS system 

then was fully activated for all personnel, and work performance monitored for an 

additional four-weeks period. Complete keying error data were recorded for one-

week during the baseline and test periods respectively. Full activation allowed the 

EMS software to coach users to take periodic microbreaks throughout the day 

depending on their work rate (if workers are pacing themselves appropriately then 

the EMS will not need to provide rest-break alerts). 

 

There was a statistically significant 59% improvement in work accuracy 

following implementation of the EMS system. There was no difference in total 

keystrokes or in mouse use between the baseline and test conditions. Results 

confirm previous research that showed that alerting users to take more short rest 

and break periods did not impair their overall keystroke and mouse use, but did 

improve their work accuracy. Economic analysis shows that in this situation the 

performance benefits alone that accrued from using ergonomic work pacing 

software show a return on investment of less than one-week. It is concluded that 

appropriate work pacing plays an important role in facilitating office work 

performance. 
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1.0 INTRODUCTION 

 

Physical work comprises sequences of muscle contractions interspersed with 

periods of rest. Our physiology dictates that this is so. The muscles responsible for 

physical work require a good circulatory supply to provide oxygen and nutrients for 

energy, and a means of removing waste metabolites, such as lactic acid. A muscle’s 

ability to work is compromised if there are insufficient rest periods interspersed between 

muscle contractions, because the circulatory supply cannot keep pace with the metabolic 

demand. Examples of this process are widespread. A person running will eventually have 

to stop to ‘take a breather’, i.e. a period of recovery, or a person performing arm curls 

with a weighted dumbbell can only execute a given number of repetitions before the arm 

muscles fatigue sufficiently that the weight can no longer be lifted. After a period of rest, 

muscle function recovers and the repetitive task can be performed again. The ability of 

muscles to repeatedly contract is greater whenever dynamic movement occurs, because 

the change in length of the muscles helps to pump blood through the muscles. The ability 

is substantially less for static work, where the muscle has to sustain a state of contraction 

without the aid of this process. 

 

 Typing and mouse use is physical work requiring muscle contraction. 

Although the instantaneous force required to perform such work is small, the high 

repetition rates and poor work postures associated with this kind of work result in muscle 

fatigue and increase the risks of developing a cumulative trauma injury, such as carpal 

tunnel syndrome. Interspersing bouts of typing at a keyboard and mouse use with 

frequent, brief rest periods, termed microbreaks, can reduce muscle fatigue, decrease the 

risk of injury and improve work performance (Henning et al., 1996). 

 

Microbreaks are muscle specific, i.e. they can be targeted at specific muscle groups rather 

than a whole limb or even the whole body. During a microbreak, all work activity does 

not have to stop, providing that work activities use muscles different to those being 

rested. For example, making a phone call is work but at the same time can provide a rest 

for the muscles involved in typing and mouse use since it requires different muscle 
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groups. Alternatively, microbreaks can be filled with brief stretching exercises of 

educational information. 

 

Developing an optimum schedule for work and rest periods for a person is 

fundamental to designing jobs for optimum productivity, in terms of work accuracy and 

performance. Studies that have investigated the effects of frequent microbreaks have 

found beneficial results. Laboratory studies have shown that subjects’ work performance 

increases 12.8% when they were allowed frequent microbreaks (Janaro and Bechtold, 

1985). Risks of musculoskeletal discomfort and injury and error rates during intensive 

computer work are significantly decreased when laboratory subjects are allowed 

discretionary microbreaks that totaled 30 seconds every 10 minutes (Henning et al., 

1996). 

 

Similar beneficial effects are reported in field studies of microbreaks. There was a 5% 

increase in typing performance when subjects experienced frequent microbreaks and 

almost a 15% increase in typing performance when these microbreaks were combined 

with stretching exercises (Henning et al., 1997). Hedge (1999) showed a reduction in 

keyboarding errors when computer workers were allowed discretionary microbreaks.  

Galinski et al. (2000) compared the effects of a conventional schedule (15-min break 

during the first half of the work shift and a 15-min break during the second half of the 

shift) with a supplementary schedule contained the same two 15-min breaks, and a 5-min 

break during each hour which otherwise did not contain a break, for a total of 20 extra 

minutes of break time. Results showed beneficial effects on musculoskeletal discomfort 

without reductions in data-entry performance for those experiencing supplementary rest 

breaks. 

 

Results from these laboratory and field research studies show that the provision of 

microbreaks interspersed at appropriate intervals to minimize musculoskeletal fatigue, 

can enhance computer worker performance, and reduce discomfort. Also, performing 

brief, mild stretching exercises during microbreaks can minimize the risks of 

musculoskeletal. 
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 Previous research on discretionary microbreaks (Hedge, 1999) has evaluated a 

commercially available software program, the ErgoManager TM (EM), that monitors the 

amount of keyboard and mouse activity and provides users with information on 

appropriate discretionary rest breaks based on these workload measures. The EM also 

provides users with information on appropriate stretching exercises and other ergonomic 

considerations, such as appropriate postures and appropriate workstation adjustments, 

during these microbreaks. The EM also gathers data on work performance that can be 

used to evaluate the impact of discretionary rest breaks, or other workplace interventions. 

The present study is a field experimental test of the effects of using the EM on computer 

work productivity for employees working in an IT group within a large aerospace and 

defense company. 
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2.0 METHODS 

 

2.1 Test Site 

 The Orlando, Florida, Enterprise Information Systems (EIS) offices, a 

separate business unit of a major aerospace corporation and defense contractor 

(Lockheed Martin) was chosen as the test site for this study. Computer use is an 

integral part of work for employees at the test facility.  This test site included 

groups of employees that perform software development, security administration, 

customer help desk operations, administration and executive functions that 

support other Lockheed Martin business units and other clients. The site did not 

have a history of ergonomic problems, and employees were not reporting 

widespread musculoskeletal problems prior to the study. However, the 

management at this facility is proactive in ergonomics and in promoting employee 

well being. 

 

2.2 Participants 

Fifty-six employees from some 200 people were chosen to participate in 

this study. These employees were chosen to represent a variety of jobs, including 

highly skilled computer software programmers, technical development staff and 

executives. Some 54% (30) of participants were women and 46% (26) were men. 

 

2.3 Software 

The test software (ErgoManager TM - EM) was installed on the corporate 

network. The software was used to monitor the computer work performance of all 

participants. The software independently tracks the patterns of keyboard and 

mouse activity. It coaches users into more healthful work patterns by providing a 

cumulative sequence of alerts indicating the need for a microbreak based upon the 

intensity and duration of keyboard and mouse activity. In addition, the software 

provides periodic ‘stretch-break’ alerts based on overall computer usage patterns." 
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2.4 Procedure  

The computer use performance of all participants was monitored for a 

four-week (20 days) baseline period without activating the EM icons and rest 

break capabilities. Following this, the full capabilities of the EM were activated 

for all participants and their work performance was monitored for a further 4 

weeks (20 days) period. Participants received brief individual instruction at their 

workstations about the nature and function of the EM, including a brief review of 

the software-based ergonomic tutorial information that includes animated 

stretching and relaxation exercises. Initial default values were set for the 

computer-use time period required to activate rest breaks and they remained 

unchanged for the duration of the study. The basic microbreak alert settings are 

shown in Table 1: 

 

TABLE 1 

Default settings for the keyboard and  mouse alerts at each of the 5 alert 

levels monitored by the EM software 

 

 

Alert Level 

Keyboard Work 

Minutes to alert: 

Mouse Work 

Minutes to: 

1 25 25 

2 10 10 

3 8 8 

4 6 6 

5 5 5 

 

The software ‘StretchTimer’ prompted users to take a microbreak with a 

Stretch Alert after 60 work minutes (i.e. 60 minutes of consecutive work without 

a microbreak). 
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2.5 Research Design 

The research was designed as a pre-treatment/post-treatment repeated 

measures study, where all participants served as their own controls. 

 

2.6 Data Analysis 

Keystroke rates, mouse seconds of activity and errors, counted as the use 

of ‘backspace’ and ‘delete’ keys, were recorded for all participants. To preserve 

complete confidentiality, employee raw data files were processed by the co-author 

within the company and anonymous daily aggregate performance data were 

summarized and provided to the author for subsequent statistical analysis. 

 

 All performance data were analyzed using appropriate repeated-measures 

analysis-of-variance models and paired-t-tests to compare the effects of the EM 

software on performance (pre- and post- installation Section 2.4). Correlation 

analyses were conducted to test for possible speed-accuracy trade-off effects in 

employee performance. 
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3.0 RESULTS 
 
3.1 Survey Profile 

The data gathered in the study covers 8,960 person/hours of computer 

usage, equivalent to 2,240 person/days of computer use and almost 13.5 million 

keystrokes. Participants used a computer full-time for 8 hours per day throughout 

the study. 

 

3.2 Alerts 

 The average daily keystroke alerts per person for the 20 test days are 

shown in Figure 1, and the mean daily mouse and keyboard alerts at each of the 5 

alert levels is shown in Table 2. 

 

FIGURE 1 

Mean daily alerts per person for the 20 days test period. 
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TABLE 2 

Mean daily mouse and keyboard alerts at each of the 5 alert levels 

monitored by the EM software 

 
Days 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Kbd + Mouse 0.79 0.46 0.30 0.64 0.36 0.38 0.21 0.68 0.30 0.27 0.34 0.66 0.50 0.23 0.34 0.20 0.18 0.18 0.14 0.27

Kbd level 1 0.07 0.07 0.05 0.29 0.05 0.13 0.09 0.07 0.05 0.05 0.07 0.09 0.09 0.07 0.04 0.02 0.05 0.05 0.02 0.05

Kbd level 2 0.02 0.02 0.00 0.07 0.00 0.04 0.02 0.04 0.02 0.02 0.02 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02

Kbd level 3 0.00 0.00 0.00 0.04 0.00 0.02 0.00 0.02 0.04 0.04 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Kbd level 4 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.02 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Kbd level 5 0.00 0.00 0.00 0.04 0.00 0.02 0.00 0.21 0.04 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Kbd Total 0.09 0.09 0.05 0.45 0.05 0.21 0.11 0.36 0.16 0.11 0.11 0.27 0.09 0.07 0.04 0.02 0.05 0.05 0.02 0.07

Mouse 0.29 0.20 0.13 0.14 0.13 0.13 0.11 0.14 0.11 0.09 0.13 0.13 0.29 0.14 0.11 0.13 0.09 0.07 0.07 0.14

 

These data show a decrease in alert levels towards the end of the 20 days time 

period, which suggest that a learning effect concerning appropriate work pacing may be 

occurring. The activation of an alert means that the person has attained a certain level of 

keying or mousing activity without taking a microbreak, so an ideal work pattern would 

have no alerts. In addition to this feedback, for every accumulated 60 minutes of activity 

(keyboard or mouse or both) users are prompted to take a ‘Stretch-Timer’ break, unless 

there has been 10 minutes of complete inactivity, which resets this alert message. 

Although not counted separately, examination of the performance logs shows that users 

received between 3 to 4 Stretch-Timer break messages per day. 

 

When workers are perfectly pacing themselves, by taking appropriate breaks, the 

EM does not need to provide them with alert messages. 

 
3.3 Error rates 

Error data were compared for one-week of work prior to activation of the full EM 

and one-week after this had been activated. The percentage calculated error rates were 

computed as follows: 

 

% errors = # errors/((# keystrokes + #errors)*100) 
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The overall mean error rates were as follows: 

Pre-EM   mean error rate = 9.48% 

Post-EM mean error rate = 3.88% 

 

The daily error percentages for each worker data were analyzed using a repeated 

measures analysis of variance that was performed to test two factors: pre-post EM and 

Days (1-5). There was a highly statistically significant effect for EM (F1,220 = 59.887, 

p=0.0001), and after activation of the microbreaking feature of the EM the keyboard 

errors were reduced by 59.07%. There was no significant effect of days, nor was the 

interaction between EMS and days significant. This effect of the EM on mean percentage 

daily errors is shown in Figure 2. 

 

FIGURE 2 

Main effect of EM activation on mean Daily Percentage Errors per Person. 
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3.4 Keystroke Activity 

 There was no statistically significant main or interaction effect of EM 

activation on daily keystroke rates (means: pre-EM = 5,547.9; post-EM = 

6,177.3, an 11.3% increase in keystrokes). High variability between days and 

among workers in the keystrokes data precluded statistical significance. Close 

inspection of the post EM data showed that the apparent increase in mean daily 

keystrokes actually was inflated by one day’s data. 

 

To test the consistency of employee keyboard work performance for the two time 

periods of the study, average daily keystroke activity data for the before-and-after periods 

were correlated. There was a statistically significant correlation between keystroke 

activity during the before-and-after periods, when the microbreaking feature of the EM 

was activated (Pearson’s correlation = 0.538, p<0.001 - 2-tailed). This positive 

correlation shows that similar keystroke activity occurred in the before-and-after 20 days 

periods (see Figure 3). 

 

FIGURE 3 

Scatterplot of Before-and-After Daily Keystrokes per Person. 
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3.5 Mouse Activity 

There was no statistically significant main or interaction effect of EM activation 

on daily mouse seconds (means: pre-EM = 4106.7, post-EM = 4201.4, a 2.3% increase in 

mouse activity seconds). 

 

To test the consistency of employee mouse use for the two time periods of the 

study, average daily mouse seconds of activity data for the before-and-after periods were 

correlated. As with keyboard use, there was a significant correlation between mouse 

seconds activity before and after activation of the microbreaking feature of the  EM 

(Pearson’s correlation = 0.646, p<0.001, 2-tailed. The correlation is positive which shows 

that similar mouse activity occurred in the before-and-after 20 days periods (see Figure 

4). 

 

FIGURE 4 

Scatterplot of Before-and-After Daily Mouse Activity Seconds per Person. 
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3.6 Keystroke and Mouse Use 

Daily keystrokes and mouse seconds were correlated to test whether users were 

trading off keyboard activity and mouse work. There was a statistically significant 

correlation between keying and mousing both for before the microbreaking feature of the 

EM was activated (Pearson correlation = 0.504, p<0.001) and for after EM activation 

(Pearson correlation = 0.335, p<0.012). For all workers keyboard and mouse activity 

levels were positively correlated at each time. 

 

3.7 Return on Investment Analysis 

 Table 3 presents a return-on-investment analysis1 to quantify the potential 

economic impact of the significant improvement in accuracy (1% of overall keying 

activity) that occurred for the EM test group. 

 

TABLE 3 

Return-on-Investment Analysis of the Increase in Keying Accuracy 

 

A. Estimates hourly IT wages (not LMC data) $75.00 

B. Pre-EM Hourly Error costs (@9.48%)  $7.11 

C. % Increase in Keying Accuracy 59% 

D. Hourly error savings per person (B x C) $4.20 

E. Hourly EM Cost  $0.05 

F. Net hourly Savings per person (D-E) $4.15 

G. Net hourly Return on Investment ((E/F)x100) 8,300% 

H. Annual per seat EMS cost  $104 

H. Breakeven/Payback Period (H/F) 25.1 hours 

                                                 
1   The software's annual seat cost does not include internal technical and administrative implementation costs, which 
may vary among organizations.  The assumptions for cost and error measurement that were used in this study were not 
provided by Lockheed Martin.  Although productivity, in terms of errors, was increased, it is understood that it will 
vary by computer usage and how measurement of errors are defined and recorded. The results of the pilot demonstrated 
to the Lockheed Martin IT organization specifically that the use of this third generation microbreaking software did 
show a positive ROI and the Post Survey indicated employees where satisfied. 
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4.0 DISCUSSION 
 

 This field study evaluated the effects of using the EM software system on the 

performance of 56 professional workers. Baseline data were collected for four weeks 

before and after full activation of the software, and detailed error analysis was performed 

for a one-week period before and after the EM microbreaking activation. Prior to the 

study, participants at the test site were not reporting widespread problems with 

musculoskeletal discomfort. Management at the site is proactive about office ergonomics.  

 

Results from the study show that the use of the EM software produced a 

statistically significant increase in keying accuracy, with a 59% decrease in the error rate 

between the pre-test and post-test conditions. This result agrees with previous research 

(Hedge, 1999; Henning et al., 1996) that has shown that the provision of microbreaks 

based upon work intensity and the provision of feedback about rest break utilization 

reduces typing errors. Although on occasions the ‘backspace’ key was used during 

normal formatting work operations, this use of the key remained the same during both the 

pre- and post-intervention sessions. Consequently, the 59% reduction in errors may be an 

underestimate of the real reduction in errors, because the denominator may be smaller 

than the value that was used, which may also contain some correct keystrokes. 

 

When this effect on errors is combined with the potential reduction in injury risks 

associated with discretionary rest breaks (Galinski et al., 2000, Henning et al., 1996), a 

compelling economic case can be made for the corporate use of this ergonomic software. 

 

The present study also showed that the use of the EMS software does not interfere 

with normal computer work activity. Use of the EMS software which alerts users to the 

need for periodic microbreaks, where the interbreak interval is based upon the intensity of 

their computer use, did not adversely effect either the quantity of keyboard or mouse 

work, and there was no evidence of a speed-error tradeoff that could confound the 

observed improvement in accuracy (i.e. user’s were not improving their keying accuracy 

by slowing down). 
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Further studies of the application of this type of ergonomic workflow software 

could prove useful and beneficial in evaluating the effects of microbreaks on  participants 

who are experiencing musculoskeletal problems and in quantifying the performance 

benefits of this software for a larger number of workers over a longer period. 
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Abstract

Because of the ageing workforce, actions to retain older workers in their workplace are

initiated. One of these actions may consist of an adaptation in individual working hours,

individual recovery time, or an increase in the autonomy given to regulate own working

hours. In this systematic review, an overview of current knowledge about the effects of

working time and recovery time on work ability on (older) workers is presented. Fifty

publications about day-time workers were selected. Study findings were evaluated on short-

term and long-term health responses, productivity and age-related effects. The results show

that implementation of breaks during a working day will be received positively by workers,

without loss of production. Furthermore, influence by workers over the number of working

hours and work schedule will improve the work ability of workers. Little is known about age-

related effects of working time arrangements on work ability. For future research, it is

recommended to evaluate effects of working time and recovery time on work ability of

workers in which outcomes are stratified for age-groups.



Introduction

There is a growing interest in Europe in policies concerning the participation of older workers

in the workforce, because the structure of the workforce is changing. A low birth rate

combined with a longer life expectancy leads to an older working population (Kemper 1994).

Not only is the age of the workforce increasing, but also the number of retired individuals.

Interventions are initiated aimed at retaining older workers in the workforce for longer and at

ensuring that they remain healthy and productive (Griffiths 1999).

There is no single definition of an older  worker (Wegman 1999). Older  can be described in

terms of increasing calendar age, but in occupational health care, older  is more often seen

as a progressive deterioration in physiological and mental function and a cumulative burden

of chronic ill-health that threaten a worker s ability for gainful employment (Shephard 1992).

Older workers are at higher risk of developing health problems than are their younger

colleagues (De Zwart 1997). Aerobic capacity and muscular performance both decrease with

age (De Zwart et al. 1995). While ageing is a continuous process that starts at early age,

most complaints are made by workers aged 45-55 years (De Zwart et al. 1996). Although

arbitrary, in this study, older  worker is, therefore, defined as a worker who is older than 45

years of age.

Work ability, in this review defined as the ability to fulfil the demands required in the work

situation, is investigated as dependent variable. Work ability is a combination of individual

physiological and mental resources and work factors (Ilmarinen 2000). In other words, it has

a health component and a productivity component. Ageing may cause greater difficulties in

coping with the demands of work because of a reduced psychophysical fitness, decreased

restorative properties of sleep, and proneness to internal desynchronisation of cardiac

rhythms (Wegman, 1999). Moreover, it is recognised that the human body needs to recover



from on-the-job exertions (De Zwart 1997, Sluiter et al. 2001). Compared with younger

workers, older workers need more time to recover from work, to re-establish the balance

between catabolic and anabolic mechanisms that is needed for optimal functioning (Ilmarinen

et al. 1991, De Zwart et al. 1999).

Working time options, such as reduced working hours, flexibility in working hours and more

control of the work schedule, seem to be more important nowadays, especially among

professional workers. Although little is known about the effects of flexibility in working hours

on health, it is expected that attempts to retain older workers in the workforce will involve a

reduction in individual working hours or increased autonomy to regulate working hours

(Costa et al., unpublished). To evaluate this expectation, a systematic review of the literature

on the effects of working time and recovery time on the work ability of older workers is

performed.

Objective

The objective is to summarise current evidence on the effects of working time and recovery

time on the work ability of older workers. Two main questions are addressed:

1. What are the effects of the number of working hours on the work ability of (older)

workers?

2. What are the effects of the amount and the frequency of recovery time on the work ability

of (older) workers?



Methods

Variables
The independent variables were working time and recovery time. In this study, the

independent variable working time  covered the total time during which a person in paid

employment participated in the production process. It was divided into two categories,

namely, working hours and work schedule. Working hours are the number of hours worked

per week, and include overtime hours and reduced working hours. Overtime hours are hours

worked extra to the contractual number of working hours, and reduced working hours are

less than an average of 30 working hours per week. Work schedule refers to the pattern in

which the working hours are divided over the days.

The independent variable recovery time  refers to the total time a person in paid employment

is not participating in the production process. It was divided into four categories. The first

category was off work  and included breaks longer than 60 minutes (e.g., evenings,

weekends, and vacation). The second category concerned formal breaks , which are breaks

of between 10 and 60 minutes during the working day (e.g., coffee breaks and lunch breaks).

The third category concerned informal breaks  shorter than 10 minutes (e.g., work

interruptions). The fourth category concerned microbreaks , pauses lasting up to 60

seconds.

The dependent variable was work ability. Work ability was defined as the ability to fulfil the demands required

in the work situation. Work ability is the result of the interaction between individual physiological and mental

resources and work. Resources are influenced by a person s values and attitudes, motivation, and job

satisfaction. Furthermore, work ability captures health (Ilmarinen 2000). Work ability was categorised into two

main categories. First, short-term physiological and mental responses during and after work, such as heart rate,

neuroendocrine reactivity, perceived fatigue, and work satisfaction. Secondly, long-term responses in terms of

health complaints and disorders, such us cardiovascular diseases, musculoskeletal disorders, gastrointestinal

diseases, and psychological disorders, as a result of which a worker may have problems working. If a worker has



problems working, the productivity of this worker will not be optimal. Thus productivity is a tool to measure

work ability (Ilmarinen 1996).

Search strategy
To collect information, a systematic electronic search of the literature was performed using

the databases Medline, Embase, Cinahl and PsycInfo. Studies of working time on the work

ability of elderly workers were searched. This resulted in no hits. Then, a broader, more

sensitive, search was set up. Terms used were working time , recovery , work ability ,

health  and elderly . To get a first inclusion criterion, both working time  and recovery time

were combined with health  and work ability . Then the literature was searched for age-

related studies. An article was included if it was written in English or Dutch, was published

between January 1990 and June 2001, concerned a Human study, and investigated subjects

aged between 19 and 64 years. In total 959 studies were retrieved. Of these, studies that

dealt with daytime work, non-patient populations, and short-term physiological and mental

responses during and after work, health complaints and disorders, or absence and work

disability, in relation to working time or recovery time were manually included. Sixty-five

publications remained after application of these criteria. Five articles were found as a result

of the snowball-method . In total, seventy articles were requested and were read.

Three reviewers (EM, JS and MF) were involved. They independently applied the selection

criteria to a random selection of the studies that were obtained from the literature search.

Where necessary, consensus was achieved on the selection and inclusion of studies.

Results



After reading and testing the seventy publications against the inclusion criteria, fifty studies

remained. The results of the studies on the effects of working time on work ability are

presented first, followed by the results of studies on the effects of recovery time on work

ability. In both cases, the effects of working time and recovery time were subdivided into

short-term responses and long-term responses. The age-related effects are described

separately for the two types of responses.

Working time
Thirty articles were retrieved about the effects of working time on work ability, including three

reviews. Of these reviews (Kogi 1991, Spurgeon et al. 1997, Sparks and Cooper 1999),

those by Kogi (1991) and Spurgeon et al. (1997) reviewed the study by Uehata (1991).

Twenty-two of the studies that were reviewed by Spurgeon et al. (1997) were also reviewed

by Sparks and Cooper (1999).

Kogi (1991) reviewed (non-systematically) thirty-two studies on the effects of new working

patterns, such as reduced hours of work and flexibility in working time arrangements, on the

health and safety of workers. Fatigue emerged to be significantly greater with a 12-hour

working day than with an 8-hour working day. Extended working hours were found to be a

potential risk factor for diminished performance, sleep disturbance and insufficient rest

periods. There was some evidence that extended working days disrupted family life. Age-

related differences were not described.

Spurgeon et al. (1997) reviewed the literature on the effects of overtime work on health and

performance. Most of the studies concerned working weeks of more than 50 hours. It was

concluded that little is known about the relation between long working hours and health

problems. Although the health outcome of the reviewed studies was often limited to mental

health and cardiovascular disorders, the results suggested that long working hours have a



negative influence on health and performance. Two studies assessed age-related effects.

The results showed that men younger than 45 years of age who worked long working hours

(more than 48 hours per week) had a higher risk of coronary heart diseases and of mortality

from coronary disease.

Sparks and Cooper (1997) reviewed qualitatively and quantitatively the literature on hours of

work and health. A meta-analysis on material from nineteen studies was performed. These

studies covered a broad range of health outcome variables (myocardial infarction,

exhaustion, mental stress, anxiety, poor sleep). Another twelve studies were analysed

qualitatively and compared with the results of the meta-analysis. Combined results showed

that long working hours have a negative influence on the physiological and psychological

health of workers. Age-related differences of the effect of working time on health were not

described.

Working hours
Nineteen articles were retrieved that dealt with the effects of working hours on work ability

(see Appendix, table 1). Of these, three described short-term responses (Tarumi et al. 1993,

Hayashi et al. 1996, Kageyama et al. 1998), thirteen described long-term responses (Herzog

et al. 1991, Uehata 1991, W rsted and Westgaard 1991, Ezoe and Morimoto 1994, Krause

et al. 1997, Sokejima and Kagamimori 1998, Kawakami et al. 1999, Ribet  and Derriennic

1999, Shields 1999, Tarumi and Hagihara 1999, Barnett  and Gareis 2000, Irie et al. 2001,

Nyl n et al. 2001), and three described both short-term and long-term responses (Watanabe

1997, Iwasaki et al. 1998, Sasaki et al. 1999).

* Short-term responses

Long working hours seem to have a negative influence on short-term responses (Hayashi et al. 1996, Watanabe

1997, Iwasaki et al. 1998), such as an increase in systolic blood pressure (Hayashi  et al. 1996, Iwasaki et al.



1998). However, one study did not found any effects of working hours on short-term responses, such as systolic

and diastolic blood pressure and heart rate variability (Sasaki et al. 1999). Working the preferred number of

working hours improves the short-term mental responses of workers (Herzog et al. 1991).

Age-related effects: Long working hours were found to increase the 24-

hour blood pressure of workers aged 50-60 years (Iwasaki et al. 1998).

* Long-term responses

Full-time workers have a higher sick leave for musculoskeletal complaints than do part-time workers (W rsted

and Westgaard 1991). Long working hours were found to be related with myocardial infarction (Uehata 1991,

Sokejima and Kagamimori 1998), with an increased risk of disability retirement (Krause 1997), and with other

long-term disorders or diseases (Uehata 1991, Ezoe and Morimoto 1994, Shields 1999, Nyl n et al.  2001)

including, for example, Non-Insulin Dependent Diabetes Mellitus (Kawakami et al. 1999) and sleep disorders

(Ribet and Derriennic 1999). In contrast, long working hours are not related with depression (Tarumi and

Hagihara 1999), insomnia (Linton and Bryngelsson 2000), life-satisfaction (Barnett and Gareis 2000), or DNA

damage (Irie et al. 2001).

Age-related effects: Long working hours seemed to lower the total cholesterol level of workers aged 40-49 years

(Iwasaki et al. 1998, Sasaki et al. 1999).

Work schedule
Nine studies were found that described the effects of the work schedule on work ability (see

Appendix, table 2). One of the publications (Tarumi and Hagihara 1999) studied the effects of

both working hours and work schedule on work ability. Three articles described the effects of

work schedule on short-term responses (Cydulka et al. 1994, Martens et al. 1999, Weinberg

et al. 1999). Two studies presented long-term responses (Krausz et al. 2000, Engkvist et al.

2001) and three studies described both short-term and long-term responses (Vega and

Gilbert 1997, Kelloway and Gottlieb 1998, Tuomi et al. 1999).

* Short-term responses



Flexible work schedules, such as a compressed work week or irregular changing hours, decrease the quality of

sleep and diminish psychological well-being (Martens et al. 1999). A reformed schedule (including meetings

being announced 1 week in advance, establishing at what time work finishes, and non-meeting Fridays) was

found to increase stress (Weinberg et al. 1999). Other studies showed that the work schedule does not affect

stress scores (Cydulka et al. 1994, Kelloway and Gottlieb 1998), on-the-job fatigue (Vega and Gilbert 1997), or

family competence (Kelloway and Gottlieb 1998). Working the preferred work schedule improves the short-term

mental responses of workers (Krausz et al. 2000).

Age-related effects: No age-related literature was found.

* Long-term responses

Dissatisfaction with the work schedule was found to be predictive of upper-back disorders (Tuomi et al. 1999).

A rolling schedule in combination with full-time work increases the risk of injury (Enqkvist et al. 2001). A non-

traditional work schedule, characterised by its irregularity and uncertainty, was found to increase health

complaints (Martens et al. 1999). Working according to the preferred work schedule decreases burnout (Krausz

et al. 2000). Productivity was found to be the same with a compressed work week (working the usual number of

working hours in 3 days) as with a normal 5-day work week (Vega and Gilbert  1997).

Age-related effects: No age-related literature was found.

In conclusion, the results of studies of the effect of working time and work schedule on work ability showed that:

- Long working hours have an unfavourable influence on short-term work ability.

- Long working hours have an ambiguous effect on long-term work ability.

- Work schedule has an ambiguous effect on both short-term and long-term work ability.

- Little is known about age-related effects of working hours or work schedule on work ability.

Recovery time
Twenty-three articles were retrieved that studied the effects of recovery time on work ability. Two of these

studies (Sasaki et al. 1999, Tarumi and Hagihara 1999) described the effects of working time as well as the

effects of recovery time on work ability. The results are presented per category of recovery time. The effects of

the off-work period on short-term responses and long-term responses are described first. Then, the effects of

formal breaks are described, followed by the effects of informal breaks. Finally, the effects of microbreaks are



presented. Age-related literature is described per category. No reviews were retrieved that studied the effects of

recovery time on work ability.

Off-work recovery time
Six articles on the effects of off-work recovery time on work ability were retrieved (see

Appendix, table 3). One study described short-term responses (Myrtek et al. 1999), three

described long-term responses (Thon and McKibben 1991, Tarumi and Hagihara 1999,

Linton and Bryngelsson 2000), and two described both short-term and long-term responses

(Sasaki et al. 1999, Sluiter  et al. 1999).

* Short-term responses

Little recovery time affects drowsiness and decreases the serum level of

dehydroepiandrosterone sulphate (DHEA-S) (Sasaki et al. 1999). It has

been suggested that a low level of serum DHEA-S is related to

cardiovascular diseases. This result was found in short sleeping time

(sleeping less than six hours a day) (Sasaki et al. 1999).

Age-related effects: Myrtek et al. (1999) studied the level of subjective stress and strain during work and off-

work time in white-collar and blue-collar workers. It was found that subjective stress was the same during work

and off-work periods. Off-work time was found to be emotionally more strenuous than working time for workers

with a mean age of 50 (blue-collar) and 51 (white-collar) (Myrtek et al. 1999).

* Long-term responses

An extra day off once a month increases productivity and the quality of

working life and decreases sick time (Thon and McKibben 1991). Poor

recovery time (defined as self-reported sleeping problems) was found to



result in a variety of problems at work and to substantially reduce

productivity (Linton and Bryngelsson 2000).

Age-related effects: The prevalence of off-work time (days that are free from work-related events) is associated

with depression (Tarumi and Hagihara 1999) in younger subjects (20-34 years). No association between off-

work time and depression was shown in older subjects (45-59 years of age).

Formal breaks
Nine publications were found that studied the effects of formal breaks on work ability (see

Appendix table 4). All these studies presented short-term responses (Collins et al. 1991,

Luttmann et al. 1992, Karwowski et al. 1994, Kopardekar and Mital 1994, Mathiassen and

Winkel 1996, Shieh and Chen 1997, Van Die n and Oude Vrielink 1998, Beynon et al. 2000,

Christensen et al. 2000)).

* Short-term responses

Formal breaks have a positive effect on performance (Kopardekar and Mital 1994), subjective discomfort ratings

(Kopardekar and Mital 1994, van Die n and Oude Vrielink 1998), and postural load (Van Die n and Oude

Vrielink 1998). In contrast, formal breaks do not affect perceived fatigue or recovery time after work

(Kopardekar and Mital 1994, Matthiassen and Winkel 1996), or physiological responses (Matthiassen and

Winkel 1996, Shieh and Chen 1997, Van Die n and Oude Vrielink 1998, Beynon et al. 2000) such as spinal

shrinkage (Van Die n and Oude Vrielink 1998, Beynon et al. 2000) and heart rate (Matthiassen and Winkel

1996, Beynon et al. 2000, Christensen et al. 2000).

Age-related effects: In a study of subjects aged 40—56 years, Luttmann et al. (1992) found that in order to

maintain a balance between fatigue and recovery during a working day, there should be breaks of at least 10

minutes every working hour.

* Long-term responses

No long-term effects of formal breaks were found.



Informal breaks
Eight articles dealt with the effects of informal breaks on work ability (see Appendix, table 5).

Five studies investigated the effects of informal breaks on short-term responses (Collins et

al. 1991, Karwowski et al. 1994, Boucsein and Thum 1997, Shieh and Chen 1997,

Christensen et al. 2000). Three studies presented both short-term and long-term responses

(Henning et al. 1997, Galinsky  et al. 2000, Dababneh et al. 2001).

* Short-term responses

Informal breaks do not affect physiological short-term responses

(Henning et al. 1997, Shieh and Chen 1997, Christensen et al.  2000)

such as heart rate (Henning et al. 1997, Christensen et al. 2000) or

mood state (Henning et al. 1997), whereas informal breaks decrease

physical discomfort (Henning et al. 1997 Galinsky et al. 2000, Dababneh

et al. 2001), mental strain, emotional strain (Bouscein and Thum 1997),

and increase well-being (Bouscein and Thum 2000, Dababneh et al.

2001). Informal breaks at 11 a.m. and 3 p.m. increase emotional strain

(Bouscein and Thum 1997)

Age-related effects: No age-related literature was found.

* Long-term responses

Informal breaks do not affect productivity (Henning et al. 1997, Galinsky et al. 2000, Dababneh et al. 2001). No

studies on the long-term effects of informal breaks on health were found.

Age-related effects: No age-related literature was found.



Microbreaks
Four publications studied the effects of microbreaks on work ability (see Appendix, table 6).

Two studies described short-term responses (Genaidy and Al-Rayes 1993, Wood et al.

1997), and the other two described both short-term responses and the long-term effects on

productivity (Henning et al. 1997, McLean et al. 2001).

* Short-term responses

Microbreaks increase working heart rate (Genaidy and Al-Rayes 1993), decrease the frequency of cycles of

myoelectric activity (MNF cycles), and decrease discomfort of the upper extremities and low back discomfort

(McLean et al. 2001).

Age-related effects: No age-related literature was found.

* Long-term responses

Productivity remains stable (Mclean et al. 2001) or increases after the introduction of micro

breaks (Genaidy and Al-Rayes 1993).

Age-related effects: No age-related literature was found.

In conclusion, the results of studies of the effect of recovery time on work ability showed that:

- Breaks have positive effects on subjective comfort ratings of work ability

- Breaks have no (negative) effects on work productivity.

Discussion

The main purpose of this literature review was to gain insight into how working time and

recovery time affect the work ability of older workers. The older  worker as main subject of

ole petersen



research revealed no hits during a first systematic search. A second more sensitive search

was then performed.

Long working hours were found to influence the short-term work ability of workers in a negative way but to

have an ambiguous effect on long-term work ability. The number of working hours seems of less importance

when the ability to control working hours is the intermediate variable in relation to the work ability of workers.

To date, little is known about age-related effects of working time on work ability.

Recovery time was found to positively affect subjective discomfort

ratings, but had little effect on other, more objective, short-term

responses. The productivity of a worker appears not to be affected by

increasing recovery times. Little is known, however, about the effects of

recovery time on longer term health responses or age-related effects.

It can be concluded that the introduction of breaks during the working

day will be received positively by workers and will not cause a loss of

production. Furthermore, if workers can have a say in the number of

working hours and in the work schedule, the ability of the workers to

work will improve. However, it has to be recognised that the organisation

and main products of some industries will not allow such arrangements.

This review is based on a systematic literature study. Within the thoughts and spirit of

Evidence Based Medicine, there is a growing interest in uncomplicated approachable,

current and valid evidence with regards to effects and evidence of interventions (Offeringa

and Craen 1999). Furthermore, the results of a systematic review are of importance in the



way that they identify priorities for future research. The overview of up-to-date evidence-

based knowledge is limited due to MeSH terms and keywords used in the different

databases.

The objective of this study was to investigate how working time and recovery time effected work ability of older

workers. Unfortunately, the answers to these questions are incomplete because of the limitation in available

knowledge. One of the difficulties that had to be dealt with, is that many studies considered age as a confounder,

and hence controlled for age in the statistical analysis, rather than as a primary topic of research. A shift in

research aims has to be made to promote better understanding in risks of age and work by using age as the

aforementioned primary subject (Wegman 2001).

Work ability was chosen as the dependent variable because the concept encompasses the health and productivity

of workers. It must be noted that short-term responses are not directly related to health. However, accumulated

short-term effects is thought to be affect health in the longer term if workers do not recover completely (Sluiter,

1999). Moreover, short-term responses are predictors for the capability to maintain balance between catabolic

and anabolic mechanisms in order to function optimally (Ilmarinen et al. 1991, De Zwart et al. 1999). A

disturbance in the balance in short-term responses may lead to short-term health problems in addition.

In this review, 50% of the studies reviewed were cross-sectional surveys and interviews; the

other 50% were longitudinal cohort studies or case-referent studies. No clinical trials were

identified in our search, and most studies were based on laboratory trials. Although many of

the cross-sectional studies used pre- and post-tests to compare groups of subjects, the

methodological quality of the cross-sectional studies was lower than that of the case-control

or cohort studies.

Although the literature search was restricted to studies of daytime jobs, shift-work can be

seen as a flexible working time arrangement. This decision to investigate daytime work only

was based on the fact that several reviews on the interaction between shift work and age on



the health of workers have been published recently (e.g. Harma and Ilmarinen 1999,

Harrington 2001).

An aim of this study was to investigate whether flexible working hours will

be a stimulus for older workers to remain in the workforce. While no

studies were retrieved that addressed the older worker as such, in

general, findings showed that a greater autonomy in regulating working

hours has a positive effect on the work ability of workers. Unexpectedly,

a reduction in the number of hours an individual works does not seem to

have a positive effect on work ability, up to now.

It is clear that not enough profound scientific knowledge exists about the effects of working time and recovery

time on the ability of older workers to work. Following Wegman (2001), and because of the demographic

changes in the workforce in the near future, future research should not only evaluate the effects of working time

and recovery time on the work ability of workers, but also stratify these outcomes for functional age-groups.

Such investigations can be seen as a start to retaining more healthy and productive older workers in the

workforce.
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1st author
year

Occupatio
n subjects

Number of
subjects

Age (standard
deviation)
(range)

Dependent variable Independent variable Results  ↑ ↓ ≈

Barnett
2000

Physicians N = 104 F 41.8
(5.5) (30-65)

Life satisfaction
(quality of
experiences, preferred
working hours)

Working hours, subjective experience
in the reduced-hours

More positively experience in reduced-
hours job-role: ↑ life satisfaction
Number of working hours: ≈ life
satisfaction

Ezoe
1994

Camera
goods
manufactor
y workers

N = 2132 M
N = 668 F

M: 36.3 (8.4)
F: 30.8 (7.1)

Mental health (non-
psychotic psychiatric
illness, psychological
distress, somatic
symptoms, insomnia,
depression etc.)

Life style: sleeping hours, working
hours per day, etc.

F between 20-50 years: ↑ Health
Practice Index compared to M
M between 50-59 years: ↑ HPI
compared to M ages 20-49
Number of working hours: associated
with somatic symptoms

Hayashi
1996

Electrical
goods
manufactor
y workers.

Ao: N =10
Ac: N = 11
Bo: N = 15
Bc: N = 11
C:  N = 19

Ao: 42 (2)
Ac:: 39 (5)
Bo: 47 (4)
Bc: 46 (6)
C: 36 (5)

Cardiovascular system
Systolic + diastolic
pressure, heart rate

Overtime work, sleeping hours per
day, etc.
A: normal blood pressure
B: mild hypertension
o: overtime    c: normal hours
C: periodically overtime + normal
blood pressure

Ao: ↑ subjective fatigue and fasting
blood sugar levels compared to Ac
Bo: ↑ subjective fatigue compared to Bc
C: ↑ 24-hour blood pressure during
overtime periods.

Herzog
1991

N = 471 M
N = 868 F

> 54 years Health, well-being
(physical, mental, self-
rated, depression, life
satisfaction, etc.)

Number of weeks worked during the
past year, number of hours worked
during the average week, retirement,
work preferences

Preferred number of working-hours: ↑
well-being
Particular characteristics of work: more
effect on health and well-being than
quantity of work.

Irie
2001

Manufactur
ing
corporation
workers
(white and
blue collar
workers)

N = 27 M
N = 27 F
White: 18
Blue:36

M: 42
(14) (20-62)
F: 41
(12) (20-62)

Oxidative DNA
damage (occupational
carcinogenesis: 8-OH-
dG)

Work-related risk factors (e.g. mean
number of working hours per workday,
sleeping hours, perceived insomnia,
relaxation)

F perceived workload: associated with
oxidative DNA damage
Average number of working hours per
weekday: ≈ 8-OH-dG

Iwasaki
1998

Salesman
in a
machinery
manufactur
ing
company

N = 71 M (22-60 )
Age groups:
20-29, 30-39,
40-49, 50-60

Biological functions of
the cardiovascular
system (health
conditions and fatigue,
respiratory sinus
arrhythmia, blood
pressure, urinary
catecholamines,
serum total, BMI,
cholesterol level)

Weekly working hours
Short (SWH) working hours according
to median of weekly working hours.
Long (LWH) working hours
Overall SWH: 57.2 Overall LWH:
64.5

SWH compared to LWH:
↓ BMI in 30-39 years, ↓ drowsiness and
dullness, ↓ systolic blood pressure in 50-
60 years
↑ total cholesterol in 40-49 years

Kageyama
1998

White
collar
workers
(71%
system
engineers)

N = 223 M 30.8
(5.4) (21-42)

Cardiac autonomic
activity (short-term
heart rate variability
(HRV) in supine and
standing rest)

Overtime Overtime: positively correlated with the
number of holidays (including Saturdays)
Overtime: ≈ HRV

Kawakami
1999

Industrial
workers in
electrical
company

N = 2194 M  - Non-Insulin
Dependent Diabetes
Mellitus (NIDDM)

Work shift (day time, rotating, overtime
hours)

Working > 50 h/ month overtime
compared to working < 25 h/ month
overtime:     ↑ (3.7 x) risk of  NIDDM
after adjusting for age

Krause
1997

N = 1038 M 42, 48, 54, 60
age cohorts

Disability retirement
(strain:
musculoskeletal,
cardiovascular,
mental, occupation,
etc.)

Physical and organisational work
conditions (weekly work hours, etc.)

54 years cohort compared to 42 years
cohort: ↑ risk for disability retirement
More number of hours worked per week:
↑ risk of disability retirement

Nyl n
2001

Working
twins

N = 9500 F
N = 11132 M

< 70 Mortality Unemployment, (part time work),
overtime work, extra work

Unemployment: ↑ mortality for men and
women
Lengthy working hours (> 5 hours a
week): ↑ mortality for women and men

Ribet
1999

N = 10789 M
N = 7906 F

37, 42, 47, 52
age cohorts

Sleep disorders Job history, time-related variables, etc. Higher age at first employment: ↑ risk for
sleep disorders
Work week often longer than 48 hours: ↑
risk for sleep disorders
Obligation to hurry: ↑ risk for sleep
disorders


