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1 Executive Summary

Introduction

Shift scheduling with computerized methods is common in different types of shift work.
Although the EU and national working time legislation restricts the average working hours and
sets minimum time limits for recovery, the worktime planning process includes important
decision making on the length, timing and intensity of the daily and weekly working hour
patterns that influence health and well-being of shift workers. Ageing employees could benefit
more from ergonomic and health-promoting working times, because the health risks of shift
work start to increase after 45-50 years. However, such studies are sparse.

Aim of the deliverable

This deliverable is a report of Task T6.1 “Intervention study on Smart Shift Scheduling among
ageing workers” (M1-31) that investigates the effects of smart shift scheduling adaptations on
the well-being and sickness absence among ageing shift workers. This deliverable presents the
main results from two published and two unpublished CO-ADAPT studies and merges the
current new evidence on the use of smart shift scheduling tools with the results produced in
deliverables D1. “Work ability framework report” and D3.3 “Implementation generalizability
of Smart Shift Scheduling”.

Results
Well-being

In the first study on the effects of participatory shift scheduling on well-being, we found that
among early starters of the participatory working time scheduling (n= 283) and those
remaining in traditional shift scheduling (n= 394) perceived control over scheduling of shifts
increased significantly with participatory scheduling. Due to sample size restriction in this pilot
study, we were not yet able to study the age-related effects of using the software.

Based on a new unpublished study, we further investigated the age-related effects on
association of the participatory shift scheduling software with various measures of well-being.
Using propensity score matching of nearly 2500 hospital employees, the main result was that
employees who used the participatory working time scheduling software were at lower risk
of decreased work ability, mental distress, and short sleep duration than those remaining in
traditional shift scheduling. The positive effects of the software were of the same magnitude
both among younger and older employees. In the age-group of 255 years employees, the risk
of poor work ability was 42% lower among users of participatory working time scheduling
software compared with non-users of the software.

Sickness absence

We first investigated the effects of using participatory working time scheduling software on
ward-level sickness absence among Finnish hospital employees, mainly women. In a quasi-
experimental design, we compared the amount of short sickness absence (1-3 days) in hospital
wards using participatory working time scheduling software (n= 121 wards) and wards
continuing with traditional time scheduling (n= 117 wards) between 2014 and 2017. In the
second study, we used continuous panel data from 238 hospital wards with approximately 9
000 hospital employees (89% of women, primarily nursing staff).



The first study on sickness absence estimated the effects of using participatory scheduling
software by difference-in-differences regression. On the ward level, the use of participatory
shift scheduling software decreased the frequency of sickness absence spells and short (1-3
days) sickness absence days by 6% and 7%, respectively, in hospital wards using participatory
working time scheduling software (n= 121 wards) and wards continuing with traditional time
scheduling (n= 117 wards).

In the subsequent study, we further investigated the effects of the software on individual level
and according to age using difference-in-differences and entropy balancing. Based on the
preliminary results, we found age-related differences in the effects of the use of participatory
shift scheduling. The use of participatory shift scheduling software decreased the amount of
sickness absence days by 1.85 days (9% of sickness absence days) per year, in the sample of
>50 years old hospital employees. The effect was statistically significant. The decreasing effect
of 0.59 days within the sample of <50-year-old hospital employees was not statistically
significant.

Cost-benefit ratios

We calculated a conservative estimate of the value of reduced short sickness absences in
ward-level. This estimate was based on realised savings for paying the wages of sickness
absent employee. No other benefits, such as replacing the sickness absent employee or loss
of output were considered. This lower limit of realised benefits was 40 euros per employee
per year. The estimates based on the preliminary results for the ageing workers of 250 years
of age, preliminarily indicate realised benefits of 190 euros per employee per year.

The cost-benefit ratio of acquiring participatory shift scheduling software based on simple
calculations on both published and preliminary results show benefits to outweigh the costs by
a ratio of 4 in already published results. For the preliminary results, benefit to cost ratio is
estimated to be almost 20. These results do not include all possible benefits and costs, and
thus should be taken with precaution.

Ethical evaluation

The intervention was registered to ClinicalTrials.gov before start of the intervention and The
Coordinating Ethics Committee of the Hospital District of Helsinki and Uusimaa (HUS)
approved the study (HUS 1210/2016). Beyond formal compliance with ethical regulation, this
digital solution fulfils the principles of fairness, trustworthy and privacy respectfulness for
technology design, for example, the data collection is limited to the information necessary for
shift scheduling, shift schedules are transparent while in preparation, and the solution
provides explanation for the system decision on shift ergonomics to prove accuracy.

Conclusion and relevance

Participatory and “smart” working time scheduling software is a promising tool to support
shift work management for the reduction of sickness absences and promoting well-being
among hospital employees. The conservative cost-benefit estimates from employer point of
view show that participatory scheduling’s benefits outweigh the costs. These encouraging
findings are relevant not only to the health care sector but also to other sectors in which
irregular working hours (shift work) are a necessity.

Due to increased risks for poor work ability and sickness absence with older age, good work
time control and proper shift ergonomics in the form of using smart shift scheduling tools
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developed in the CO-ADAPT can be recommended. However, we recommend that special
emphasis should be put on not only the good control over working hours, but the possibilities
to select shorter average working hours, more recovery between the shifts, and less night
shifts with older age. These age-specific recommendations are possible to implement to the
new versions of the Titania® shift scheduling software to disseminate the good practises
developed in the CO-ADAPT project.



2 Introduction

Shift workers comprise more than one fifth of the workforce (Eurofound, 2017). Even though
the employment rate for 55—64-year-olds has steadily increased in the EU28 countries during
the 21° century, the employment rate was still only 59% in 2019 (Eurostat, 2020). Moreover,
the ageing workers are also often employed in social and health care sector where providing
services requires 24/7 irregular working hours, i.e. working in shifts. Shift work, especially shift
work including night work, has many negative impacts on employees” health and well-being,
including circadian disruption and insufficient sleep (Kecklund & Axelsson, 2016) and
increased risk for various chronic diseases (Gao et al., 2020; Nielsen et al., 2019; Torquati,
Mielke, Brown, & Kolbe-Alexander, 2018).

We have shown in an earlier CO-ADAPT study (Ropponen, Koskinen, Puttonen, & Harma,
2020), that ageing was associated with beneficial changes in objective working hour
characteristics, older employees having more often shorter weekly working hours and less
night work. Similarly, changes towards shorter working hours and lower work tempo (with
decreased workload) among ageing workers were associated with less retirement intentions
(D1.1 “Work ability framework report”). Our latest CO-ADAPT study with prospective cohort
design shows a significant association between shift work and clinically significant levels of
sleep disturbances (Tucker et al., 2021). Our results in an earlier CO-ADAPT study (Ropponen,
Koskinen, Puttonen, & Harma, 2020), that ageing was associated with beneficial changes in
objective working hour characteristics, older employees having more often shorter weekly
working hours and less night work. Similarly, changes towards shorter working hours and
lower work tempo (with decreased workload) among ageing workers were associated with
less retirement intentions (D1.1 “Work ability framework report”). Our latest prospective
cohort study shows a significant association between shift work and clinically significant levels
of sleep disturbances (Tucker et al., 2021).The effects were stronger among night shift workers
and those aged 240 years. When studying the effects of irregular working hours in shift work,
employees’ age needs to be considered because the health risks seem to increase after 45-50
years (Costa & Di Milia, 2008; Harma, 2014).

The EU Working Time Directive (European Union, 2003) and national working time legislation,
in Finland the Working Act (Ministry of Economic Affairs and Employment, 2019), restrict the
maximum average working hours and set minimum time limits for recovery. In addition to the
regulative limits, shift scheduling process includes important decision making on the length,
timing and intensity of the daily and weekly working hour patterns that influence the health
and well-being of shift workers. Typical examples of the working time patterns that are set
during the shift scheduling process are the number of consecutive night shifts, the length of
work shifts and the time between the shifts. However, there is an interplay between good
working time ergonomics and individual preferences.

Good opportunities to influence working hours have many positive effects on workers” well-
being, such as improved sleep quality (Takahashi et al., 2012), work-life balance (Keeton,
Fenner, Johnson, & Hayward, 2007; Nijp, Beckers, Geurts, Tucker, & Kompier, 2012) and
job/career satisfaction (Clem et al., 2008; Lowden & Akerstedt, 2000; Pryce, Albertsen, &
Nielsen, 2006). Good work time control in the form of schedule flexibility is negatively
associated with both the frequency and duration of sickness absence (Possenriede, Hassink,
& Plantenga, 2014). In occupational sectors with labor shortage, such as nursing, good
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opportunities to influence working hours can augment staff retention (Barrett & Holme, 2018;
Leineweber et al., 2016). Good work time control is even related to later retirement beyond
the pensionable age (Virtanen et al., 2014). Some of these effects have been found among
employees in different age groups. For example, in a CO-ADAPT study, binding ergonomic shift
scheduling rules were shown to have a buffering effect towards worsening of sleep among
ageing (45+) employees (Karhula et al., 2020a). In Danish nurses, a higher risk for long-term
sickness absence was found on older age groups (41-50, >50 years) for all studied working
hour characteristics (e.g., evening, night and consecutive night shifts) except day work (Larsen
et al., 2020).

As part of the T3.3 “Implementation generalizability of the smart shift scheduling” FIOH has
produced updated the Traffic Light Recommendations for the length, timing, recovery and
social life -related characteristics of working hours supporting health and well-being in
practical shift scheduling (Table 1). The evidence-based FIOH Traffic light recommendations
(Harma et al., 2020) are utilized by several shift scheduling companies, but especially by CGI
Finland in its Titania® shift scheduling software that are used by over 95% of the public sector
organizations in Finland. Most of the Titania® software versions nowadays utilize directly the
FIOH’s recommendations and evaluate whether the draft shift schedules follow the FIOH
recommendations. Self-scheduling is another feature that has been added to some versions
of the software.
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Table 1. The FIOH updated traffic light recommendations for shift ergonomics. Published in Finnish under www.ttl.fi/tyoaika. Direct link here.

_ Overload, not Increased workload Recommended
recommended

1. Length of the working hours

1.1. The length of working hours between 2 free days (h) >55:00 48:01-55:00 40:01-48:00 <40:00
1.2. The length of work shifts (full-time work, h) >14:00 12:01-14:00 10:01-12:00 04:00-10:00
1.3. No of consecutive work days in full-time work >28orl 7 6or2 3-5

2. Timing of working hours

2.1. No of work shifts starting before 06:00 in 4 weeks >12 7-11 3-6 0-2
2.2. No of consecutive evening shifts 5 4 0-3
2.3. No of night shifts (3 hours btw 23-06) in 4 weeks 212 7-11 3-6 0-2
2.4. No of consecutive night shifts 26 5 3-4 0-2

3. Recovery

3.1. No of <11 h shift intervals between 2 free days 23 2 1 0

3.2. No of <11 h quick shift intervals in 4 weeks >12 5-11 2-4 0-1
3.3. The length of free time after last night shift (h) <11 11:00-27:59 28:00-48:00 >48
3.4. Weekly rest time (Mon 00:00-Sun 24:00, h) <24 24:00-34:59 35:00-48:00 >48

4. Social aspects of working hours

4.1. No of free weekends in 4 weeks 1 2-4
4.2. No of single free days in 4 weeks >5 2-3 0-1
4.3. No of split shifts in 4 weeks 24 2-3 1 0

5. Individual possibilities to control working hours

5.1. Shift wishes possible to influence working hours no yes

12



http://www.ttl.fi/tyoaika
https://www.ttl.fi/tyontekija/tyoaika/tyoaikojen-kuormittavuuden-arviointi/tyoaikojen-kuormittavuuden-arviointi-jaksotyossa/

3 Objectives

This deliverable is a report of Task T6.1 “Intervention study on Smart Shift Scheduling
among ageing workers” (M1-31) that investigates the effects of smart shift scheduling
adaptations on the well-being and sickness absence among ageing shift workers. The
objective was to investigate the health and well-being effects of the use of interactive
worktime planning tools that support work-time control (possibilities to influence
individual shift rosters, i.e. self-rostering) and guide for health-supporting shift
ergonomics. We also assessed the economic benefits of the used worktime planning
tools in the form of cost-benefit ratios. The overall aim of the smart shift scheduling
related tasks T1.2 “Applying work ability framework for worktime planning with
computerized methods”, T3.3 “Implementation generalizability of the smart shift
scheduling solution” and T6.1 is to support age-friendly shift systems by considering
the specific needs of ageing employees during the shift scheduling process. This
deliverable 6.1 utilizes output presented in T1.2 deliverable D.1. “Work ability
framework report” that was completed by M12. The results of the Task 6.1 will be
disseminated through WP7 on dissemination, communication and exploitation and
utilized later in WP1 as one part of the T1.5 “Consolidating a CO-ADAPT framework for
active ageing” (M24-42, contribution from all partners) and the related D1.4
“Consolidated CO-ADAPT framework” which has a timespan until M40.

4 Work done and main achievements

4.1 Registration of the intervention and ethical issues

The T6.1 intervention was registered to ClinicalTrials.gov before start of the
intervention (NCT02775331), as is required by The International Committee of
Medical Journal Editors (Zarin, Tse, Williams, Califf, & Ide, 2011).

All the participating hospital districts gave FIOH a written permission to use the
employers’ working time registries for this research purpose. The Coordinating Ethics
Committee of the Hospital District of Helsinki and Uusimaa (HUS) approved this study
as part of the Finnish Public Sector study ethical approval (HUS 1210/2016). No ethical
approval was needed for the organizations providing only register-data ("Data
Protection Act 1050/2018," 2018). All the data were anonymized for research
purposes, and international ethical standards, good scientific practise and FIOH data
protection policy were conformed to.

Beyond formal compliance with ethical regulation, the studied Titania® shift
scheduling solution fulfils the principles of fairness, honesty, trustworthy and privacy
respectfulness for technology design (Preece, Sharp & Rogers, 2015) by, e.g., following
procedures:

— The use of applications is based on voluntariness.

— The data collection is limited the information necessary for shift scheduling,
and no additional data is collected or stored with the new tools compared to
the traditional shift scheduling
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— transparency of shift schedules is fulfilled while a schedule is under
preparation

— explanation is available for the system decision on shift ergonomics to prove
accuracy and correctness (i.e. accountability).

4.2 Working hour data transfer process and information security

The Titania® working hour data transfer process was described in D3.3
“Implementation Generalizability of Smart Shift Scheduling”. The Working Hours in
the Finnish Public Sector (WHFPS) cohort includes payroll-based data of daily working
hours and absences due to various reasons, e.g., sickness absence, of over 219 000
employees in altogether 12 hospital districts and 13 cities. During the CO-ADAPT -
project, the original database of 17 hospital districts and cities has been extended to
eight new hospital districts including now all the largest hospital districts and cities in
Finland.

The WHFPS registry data is based on retrieval of daily data from the Titania® shift
scheduling software retrospectively and prospectively using a specific sampling
software developed by CGI Finland Ltd to FIOH. The updated data transfer process
used currently is described in Figure 1. Transfer via SFTP connection has been changed
to Sharefile -system, where the main user transfers the working hour data via creating
single-use username and password. The project data manager transfers the data to a
secure, restricted-use server, where only the named data manager has access to the
data.

In FIOH, based on separate permissions by each WHFPS organization, register
authority, and the employees, the data has been linked on individual bases (using
unique ID code) to individual health and safety data, e.g., the biannual surveys of the
Finnish Public Sector (FPS) study since 1997.
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Figure 1. The working hour data transfer process.

4.3 Studies on well-being and work ability
Study 1 (published)

The aim of this study (Karhula et al., 2020b) was to investigate the effects of using
participatory working time scheduling software on working hour characteristics and
well-being among Finnish hospital employees, mainly nurses and practical nurses. We
compared changes in objective working hour characteristics and well-being between
2015 and 2017 among early starters of the participatory working time scheduling (n=
283) and those remaining in traditional shift scheduling (n= 394). The statistical
analyses were conducted using repeated measures general linear model and
generalized logit model for binomial and multinomial variables adjusted for age, sex,
education, shift work experience, control over scheduling of shifts at baseline (where
applicable) and hospital district.

The main results showed that in comparison to traditional scheduling, perceived
control over scheduling of shifts increased significantly with participatory scheduling
(OR 3.24, 95% Cl 1.73-6.06). None of the other well-being variables showed
statistically significant changes in the adjusted models. The proportion of long work
shifts (212h) increased to a greater extent (F= 4.642, p= 0.032) with the participatory
scheduling than with the traditional scheduling. We concluded that among the early
starters of the participatory working time scheduling, the proportion of long work
shifts and perceived control over scheduling of shifts increased more than among
those using traditional scheduling. Due to the sample size restrictions of this pilot
study, we were not yet able to study the age-related effects of the software.
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Study 2 (unpublished, under preparation)

In a subsequent larger study (Shiri et al., 2021) with longer follow-up, the participants
were shift working hospital employees identified based on the survey data from the
Finnish Public Sector Study (n=2 427, 90% females) who used participatory working
time scheduling software or traditional scheduling between 2015 and 2019. The
participants utilized participatory working time scheduling software for at least one
year either during 2015-2017 or during 2017-2019. We estimated the propensity score
of using participatory working time scheduling software on the baseline characteristics
(2015 survey for the 2015-2017 cohort and 2017 survey for the 2017- 2019 cohort)
using multilevel mixed-effects logistic regression. We used three-level random-
intercept model of using participatory working time scheduling software on 43
baseline characteristics from surveys (including, e.g., sociodemographic, lifestyle and
psychosocial factors, and chronic medical condition) as well as outcome variables at
baseline with individuals nested within wards and wards nested within hospitals. We
then created and stabilized inverse probability of treatment weight for each
employee.

The propensity score weighting analysis showed that employees who used
participatory working time scheduling software were at lower risk of self-reported low
control over scheduling of shifts (p <0.001), poor work ability (p= 0.048) and short
sleep (p=0.023) than those who used traditional scheduling. In age-specific (<50 years
and 250 years) subgroup propensity score weighting, using participatory working time
scheduling software had beneficial effects only on control over scheduling of shifts in
both participants <50 years and in those aged 250 years. For poor perceived work
ability and short sleep, the estimates neither reached statistical significance in
employees <50 years nor in those aged =50 years. (Shiri et al., 2021)

Of the 2 427 employees at baseline, 517 (21.3%) were aged >55 years. A subgroup
analysis among those aged 55 years or older showed that the risk of low control over
scheduling of shifts among users of participatory working time scheduling software
was half of the risk among non-users of the software (Table 2). Moreover, the risk of
poor work ability was 42% (95% Cl 1-66%) lower among users of participatory working
time scheduling software compared with non-users of the software. The main
conclusion of this study was that participatory shift scheduling software had beneficial
effects on self-reported perceived control over working hours, work ability and sleep
length, and the positive effects were of the same magnitude both among younger and
older employees.
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Table 2. Effects of using participatory working time scheduling software on well-being
and work ability among employees aged 55 years or older.

Well-being and work ability Risk ratio 95% CI
Control over scheduling of shifts

Intermediate or low vs. good 0.84 0.70-1.00

Low vs. good or intermediate 0.50 0.27-0.95
Perceived work ability, poor vs. good 0.58 0.34-0.99
Perceived health, poor vs. good 1.21 0.36-4.06
Work-life conflict, yes vs. no 1.18 0.92-1.51
Psychological distress, yes vs. no 0.78 0.55-1.12
Short sleep (<6 hours), yes vs. no 0.71 0.43-1.17

4.4 Sickness absence and cost-benefit ratios
Study 3 (published)

The aim of third study (Turunen et al., 2020) was to investigate the effects of using
participatory working time scheduling software on ward-level sickness absence among
Finnish hospital employees. We compared in a quasi-experimental study the amount
of short sickness absence (1-3 days) in hospital wards using participatory working time
scheduling software (n= 121 wards) and wards continuing with traditional time
scheduling (n= 117 wards) between 2014 and 2017. We used continuous panel data
from 238 hospital wards with approximately 9 000 hospital employees (89% of
women, primarily nursing staff). The sickness absence data did not include any medical
information on the causes of sickness absence. Two-way fixed effects and event study
regressions with clustered standard errors were used to estimate the effects of
participatory working time scheduling.

The main results showed that sickness absence spells and short (1-3 days) sickness
absence days decreased by 6% and 7%, respectively in the wards using participatory
scheduling compared to those using traditional scheduling. The effect became
stronger as the time measured in quarters using the participatory working time
scheduling software increased.

A conservative estimate suggests that using participatory shift scheduling software
produces annual savings of 37 000€ per 1000 employees. A cost estimate based on
direct wage cost forms a lower threshold on the cost of sickness absence. Benefits
outweighed costs by a ratio of 4. However, these simple estimates are based only on
the direct costs of sickness absence and the acquisition of the participatory working
time scheduling software. Thus, these estimates should be taken with caution.

Both participatory working time scheduling and its decreasing effect on sickness
absence could help head nurses focus on more productive activities. Organizing work
in teams leads to individual sickness absence having consequences for the output of
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the whole team (Zhang et al., 2017; Heywood et al., 2008), which in turn leads to
greater productivity loss associated with sickness absence. In addition to productivity
loss, total welfare loss includes lower patient satisfaction, which has also been
associated with sickness absence in health care (Duclay et al., 2015).
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—&— Traditional shift scheduling
————— Participatory shift scheduling

Figure 2. Short (1-3) sickness absence days per employee, quarterly average. Vertical
line depicts timing of intervention implementation in first wards. Published in Int J
Nurs Stud (Turunen et al., 2020).

Study 4 (unpublished, under preparation)

The previous study on the effect of participatory working time scheduling on sickness
absence was carried in ward-level. The study design did not allow to investigate the
association of individual-level characteristics on the estimated effect. For example,
there may be heterogenous effects of participatory working time scheduling for
different groups of hospital employees. Our unpublished, preliminary results (Turunen
et al., 2021) are based on payroll data, which is built into an employee-level balanced
panel data for years 2015-2019. Total number of hospital employees in the data was
9581. We excluded the 4 062 employees who had less than 20 % of evening and night
shifts of all shifts. The sample used in analysis consisted of 1 641 employees who were
>50 years old, and 3 878 employees who were <49 years of ages in the beginning of
2015. The sample was not large enough to be further analysed in older age-group. For
example, the number of >55 year-olds in the sample of employees conducting shift
work was 685.

We estimated average treatment effect for the participatory scheduling group by
using generalized difference-in-differences regression. The table 3 shows the number
of hospital employees in participatory and traditional scheduling from 2015 to 2019.
The first employees begun using participatory shift scheduling software in 2016 and
increasing proportion of employees joined later during the follow-up period.
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Table 3. Number of hospital employees in participatory and traditionally scheduling
groups 2015-2019, employee-level panel data.

250 years (N=1 641) <49 years (N=3 878)

Participatory Traditional Participatory Traditional
2015 0 1641 0 3878
2016 273 1368 727 3151
2017 703 938 1789 2089
2018 806 835 2099 1779
2019 765 876 1991 1887

The proportion of female employees was larger in the group that started participatory
scheduling between 2016 and 2019. They were also younger in comparison to those
in the group that remained traditional scheduling. The employees in the participatory
scheduling group had on average more night and evening shifts out of all shifts. Due
to small differences in these groups, we repeated our analysis with entropy balanced
samples for both age groups separately. Entropy balancing (Hainmueller, 2012)
weights the individuals in traditional scheduling control group so that the exact
balance between groups is achieved. We balanced the groups in respect to gender,
age, and the share of the evening night shifts separately. After the balancing the
characteristics of the two groups matched exactly.

Table 4. Gender, age and share of the evening and night shifts in the participatory and
traditionally scheduling groups 2015-2019, employee-level panel data.

250 years (N=1641) <49 years (N=3878)
Participatory | Traditional Participatory | Traditional
(N=751) (N=890) (N=1472) (N=2 406)
Female, % 91 85 89 77
Age, years 54,5 54.8 36.3 37.8
evening shifts, % | 54 46 54 50
night shifts, % 55 45 51 47

The course of sickness absence days per employee for those that start participatory
scheduling and those that remain traditional scheduling had parallel trends in pre-
intervention time (Figures 3 and 4). The difference between group’s sickness absence
days increased during 2017 and 2018, and eventually more or less merged.

For the younger (<49 years) hospital employees, the differences in sickness absence
days per employee between employees that start participatory scheduling later and
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those that continue traditional scheduling are close to non-existing during 2015 and
2016. The difference increases slightly during 2017, 2018 and 2019 (Figures 5 and 6).
For both age groups, parallel trends of sickness absence days were observed, thus
enabling to estimate the effect of participatory working time scheduling by using
difference-in-differences regression.

The estimated effects using entropy-balanced sample showed a decreasing effect of
1.85 days on sickness absence days of >50 year-old employees. However, 95%
confidence intervals were wide, ranging from -3.33 to -0.38, yet the estimated effect
was statistically significant. Multiplying the estimated effect with gross daily wage
allows the valuation of the estimated effect. This estimated value was 190 euros per
employee.

The estimated effects using entropy-balanced sample for the younger (<49 years of
age) hospital employees showed a decreasing effect of -0.59, yet the estimated effect
was not statistically significant.

The main conclusion of these preliminary findings was that participatory shift
scheduling software had a decreasing effect on sickness absence days for those aged
>50 years. The effect on the sickness absence days for younger <49 years was smaller
and statistically insignificant. We will study further these preliminary results to be
published in an international peer-reviewed journal.
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Figure 3. Sickness absence days per hospital employee, 250 years. Employees
participatory scheduling in 2015: 0 employees, in 2016: 273, in 2017: 703 employees,
in 2018: 806 employees, and in 2019: 765 employees, respectively.
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Figure 4. Sickness absence days per hospital employee, >50 years. Entropy-balanced
sample. Employees participatory scheduling in 2015: 0 employees, in 2016: 273, in
2017: 703 employees, in 2018: 806 employees, and in 2019: 765 employees,
respectively.
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Figure 5. Sickness absence days per hospital employee, <49 years old. Employees
participatory scheduling in 2015: 0 employees, in 2016: 727 employees, in 2017: 1
789 employees, in 2018: 2 099 employees, and in 2019: 1 991 employees.
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Figure 6. Sickness absence days per hospital employee, <49 years old. Entropy-
balanced sample. Employees participatory scheduling in 2015: 0 employees, in 2016:
727 employees, in 2017: 1 789 employees, in 2018: 2 099 employees, and in 2019: 1

991 employees.

Table 5. Statistical testing of the effect of participatory working time scheduling on
sickness absence days according to age. Difference-in-differences regression.

250 years (N=1641)

<49 years old (N=3878)

Unbalanced Entropy Unbalanced Entropy
sample balanced sample balanced
sample sample
Sickness absence | -1.25 -1.85 0.90 -0.59
days (-2.68 to (-3.33 to - (0.18 to 1.64) | (-1.40t0 0.23)
(95 % confidence | 0.18) 0.38)
intervals)
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5 Summary and conclusions

As a summary of several published and unpublished studies, this D6.1 deliverable
shows that the effects of “smart” participatory working time scheduling software
including the FIOH traffic light recommendations resulted in 6-7% less ward-level short
(1-3 days) sickness absence days in comparison to continuing with traditional
scheduling. The individual-level study investigating the age-group differences showed
that the participatory shift scheduling software had statistically significant decreasing
effect on sickness absence days for those aged =50 years. The effect on the sickness
absence days for younger (<49 years of age) employees was smaller and statistically
insignificant.

On ward-level, a conservative estimate suggests that using participatory shift
scheduling software produces annual savings of 37€ per an employee. Cost-benefit
ratios show benefits to outweigh costs by a ratio of 4. Preliminary results from the
individual-level effect show beneficial effects on sickness absence days for older (>50
years) employees, of 190€ per employee. For the older group, benefits outweigh the
costs by a ratio of 20. However, these preliminary results will be further explored
during the preparation of the manuscript.

The effects of utilizing the software on well-being were more modest in the first study
with smaller sample but clearer and more consistent in the subsequent study with
triple sample size and more sophisticated statistical methods. The use of participatory
working time scheduling software decreased the risk of poor perceived work ability
and short sleep in addition to improving control over scheduling of shifts compared to
those who used traditional scheduling. The positive effects of the software of the same
magnitude both among younger and older employees. In the age-group of 255 years
of age employees, the risk of poor work ability was 42% lower among users of
participatory working time scheduling software compared with non-users of the
software.

To sum up, it is concluded that participatory working time scheduling software is a
promising tool to support shift work management for the reduction of sickness
absences and promoting well-being among hospital employees. These encouraging
findings are relevant not only to the health care sector but also to other sectors in
which irregular shift work is a necessity.

The overall aim of the Smart Shift Scheduling -related CO-ADAPT tasks and
deliverables was to support age-friendly shift systems by considering the specific
needs of ageing employees during the shift scheduling process. In the D1.1 we
concluded that that based on previous research and the new studies conducted as
part of CO-ADAPT, older employees are in increased risk for sickness absence (Larsen
et al., 2020), poor work ability and disturbed sleep (Tucker et al., 2021) compared to
younger employees. On the other hand, we found that changes towards shorter
working hours and lower work tempo (with decreased workload) among ageing
workers were associated with decrease in retirement intentions (D1.1). Earlier we
have found that work-time control helped to reduce sickness absence due to
musculoskeletal disorders among the older employees (Albrecht et al., 2020), and
night work was associated with the increased need for recovery of older employees,
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indicated by changes towards long sleeping (Harma et al., 2018). Our results are also
in line with the earlier findings from the Finnish Pubic Sector study that work-time
control increases the likelihood for less disability pensions and longer working lives
through later retirement (Vahtera et al., 2010; Virtanen et al., 2014).

Based on this deliverable, it can be concluded that the use of participatory working
time scheduling was associated with beneficial effects, i.e., improvements in work
ability and sleep, and savings due to higher work participation among the ageing
hospital employees. Due to increased risks for poor work ability and sickness absence
with older age, good work time control and proper shift ergonomics in the form of
using smart shift scheduling tools developed in CO-ADAPT can be recommended.

In addition to following the general shift ergonomic recommendations applied in this
project (see Table 1), we recommend that with older age special emphasis should be
put on not only the good control over working hours, but the possibility to select
shorter average working hours (i.e., work part-time), more recovery time between the
shifts, and having less night shifts. These age-specific recommendations are possible
to be implemented to the new versions of the Titania® shift scheduling software to
disseminate the good practises developed by the CO-ADAPT project.

24



CO-ADAPT 826266

6 References

Albrecht, S. C., Leineweber, C., Ojajarvi, A., Oksanen, T., Kecklund, G., & Harma, M.
(2020). Association of work-time control with sickness absence due to
musculoskeletal and mental disorders: An occupational cohort study. J Occup
Health, 62(1), e12181. doi:10.1002/1348-9585.12181

Barrett, R., & Holme, A. (2018). Self-rostering can improve work-life balance and staff
retention in the NHS. Br J Nurs, 27(5), 264-265.
doi:10.12968/bjon.2018.27.5.264

Clem, K. J., Promes, S. B., Glickman, S. W., Shah, A., Finkel, M. A., Pietrobon, R., &
Cairns, C. B. (2008). Factors enhancing career satisfaction among female
emergency physicians. Ann Emerg Med, 51(6), 723-728.e728.
doi:10.1016/j.annemergmed.2008.01.011

Costa, G., & Di Milia, L. (2008). Aging and shift work: a complex problem to face.
Chronobiol Int, 25(2), 165-181. doi:10.1080/07420520802103410

Data Protection Act 1050/2018. (2018). Retrieved from
https://www.finlex.fi/en/laki/kaannokset/2018/en20181050.pdf

Duclay, E., Hardouin, J.B., Sebille, V., Anthoine, E. & Moret, L. 2015. Exploring the
impact of staff absenteeism on patien satisfaction using routine databasesin a
university hospital. J. Nurs. Manag. 23(7), 833-841. doi: 10.1111/jonm.12219

Eurofound. (2017). 6th European Working Conditions Survey - Overview report (2017
update). Retrieved from
https://www.eurofound.europa.eu/sites/default/files/ef publication/field ef

document/efl634en.pdf

European Union. (2003). Working Time Directive. Retrieved from https://eur-
lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32003L0088. from European
Union https://eur-lex.europa.eu/legal-
content/EN/ALL/?uri=CELEX:32003L0088

Eurostat. (2020). Europe 2020 employment indicators. Newsrelease 64/2020.
Retrieved from
https://ec.europa.eu/eurostat/documents/2995521/10735440/3-21042020-
AP-EN.pdf/fc7e4ab2-85ef-c48a-ee8d-ef334d5c2b8c

Gao, Y., Gan, T., Jiang, L., Yu, L., Tang, D., Wang, Y., . . . Ding, G. (2020). Association
between shift work and risk of type 2 diabetes mellitus: a systematic review
and dose-response meta-analysis of observational studies. Chronobiol Int,
37(1), 29-46. doi:10.1080/07420528.2019.1683570

Hainmueller, J. 2012. Entropy Balancing for Causal Effects: A Multivariate Reweighting
Method to Produce Balanced Samples in Observational Studies. Political Analysis
20:25-46. doi:10.1093/pan/mpr025

Harma, M., Karhula, K., Ina Ropponen, A., Mpsa Puttonen, S., Koskinen, A., Ojajarvi,
A., . .. Kivimaki, M. (2018). Association of changes in work shifts and shift
intensity with change in fatigue and disturbed sleep: a within-subject study.
Scand J Work Environ Health, 44(4):394-402, doi:10.5271/sjweh.3730

25


https://www.finlex.fi/en/laki/kaannokset/2018/en20181050.pdf
https://www.eurofound.europa.eu/sites/default/files/ef_publication/field_ef_document/ef1634en.pdf
https://www.eurofound.europa.eu/sites/default/files/ef_publication/field_ef_document/ef1634en.pdf
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32003L0088
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32003L0088
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32003L0088
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32003L0088
https://ec.europa.eu/eurostat/documents/2995521/10735440/3-21042020-AP-EN.pdf/fc7e4ab2-85ef-c48a-ee8d-ef334d5c2b8c
https://ec.europa.eu/eurostat/documents/2995521/10735440/3-21042020-AP-EN.pdf/fc7e4ab2-85ef-c48a-ee8d-ef334d5c2b8c

CO-ADAPT 826266

Heywood, J.S., Jirjahn, U. & Wei, X., 2008. Teamwork, monitoring and absence. J. Econ.
Behav. Organ 68 (3-4), 676-690. https://doi.org/10.1016/j.jebo.2008.09.004

Harma, M. (2014). Promoting older workers’ job retention and health by working hour
patterns. In J. Vuori, R. Blonk, & R. Price (Eds.), Sustainable Working Lives -
Managing Work Transitions and Health throughout the Life Course: Springer

Harma, M., Hakola, T., Karhula, K., Puttonen, S., Ropponen, A., & Sallinen, M. (2020).
Tybaikojen kuormittavuuden arviointi jaksoty6ssa [Evaluation of workload of
working hours in period-based work]. Retrieved from
https://www.ttl.fi/tyontekija/tyoaika/tyoaikojen-kuormittavuuden-
arviointi/tyoaikojen-kuormittavuuden-arviointi-jaksotyossa/

Karhula, K., Hakola, T., Koskinen, A., Lallukka, T., Ojajarvi, A., Puttonen, S., . . . Harm3,
M. (2020a). Ageing shift workers' sleep and working-hour characteristics after
implementing ergonomic shift-scheduling rules. J Sleep Res, e13227.
doi:10.1111/jsr.13227

Karhula, K., Turunen, J., Hakola, T., Ojajarvi, A., Puttonen, S., Ropponen, A., ... Hirm3,
M. (2020b). The effects of using participatory working time scheduling
software on working hour characteristics and wellbeing: A quasi-experimental
study of irregular shift work. Int J Nurs Stud, 103696.
do0i:10.1016/j.ijnurstu.2020.103696

Kecklund, G., & Axelsson, J. (2016). Health consequences of shift work and insufficient
sleep. BMJ, 355, i5210. doi:10.1136/bmj.i5210

Keeton, K., Fenner, D. E., Johnson, T. R., & Hayward, R. A. (2007). Predictors of
physician career satisfaction, work-life balance, and burnout. Obstet Gynecol,
109(4), 949-955. doi:10.1097/01.a0g.0000258299.45979.37

Larsen, A. D., Ropponen, A., Hansen, J., Hansen, A. M., Kolstad, H. A., Koskinen, A., . ..
Garde, A. H. (2020). Working time characteristics and long-term sickness
absence: a large register-based study of Danish and Finnish nurses Int J Nurs
Stud. doi:https://doi.org/10.1016/j.ijnurstu.2020.103639

Leineweber, C., Chungkham, H. S., Lindqvist, R., Westerlund, H., Runesdotter, S.,
Smeds Alenius, L., & Tishelman, C. (2016). Nurses' practice environment and
satisfaction with schedule flexibility is related to intention to leave due to
dissatisfaction: A multi-country, multilevel study. Int J Nurs Stud, 58, 47-58.
d0i:10.1016/j.ijnurstu.2016.02.003

Lowden, A., & Akerstedst, T. (2000). Self-selected work hours - work satisfaction, health
and social life. In S. Hornberger, P. Knauth, G. Costa, & S. Folkard (Eds.),
Shiftwork in the 21st century. (pp. 345-350). Frankfurt am Main: Peter Lang AG.

Ministry of Economic Affairs and Employment. (2019). Working Hours Act (872/2019).
Retrieved from https://finlex.fi/en/laki/kaannokset/2019/en20190872.pdf

Nielsen, H. B., Dyreborg, J., Hansen, A. M., Hansen, J., Kolstad, H. A., Larsen, A. D, . . .
Garde, A. H. (2019). Shift work and risk of occupational, transport and leisure-
time injury. A register-based case-crossover study of Danish hospital workers.
Safety Science, 120, 728-734.

Nijp, H. H., Beckers, D. G., Geurts, S. A., Tucker, P., & Kompier, M. A. (2012). Systematic
review on the association between employee worktime control and work-non-

26


https://www.ttl.fi/tyontekija/tyoaika/tyoaikojen-kuormittavuuden-arviointi/tyoaikojen-kuormittavuuden-arviointi-jaksotyossa/
https://www.ttl.fi/tyontekija/tyoaika/tyoaikojen-kuormittavuuden-arviointi/tyoaikojen-kuormittavuuden-arviointi-jaksotyossa/
https://doi.org/10.1016/j.ijnurstu.2020.103639
https://finlex.fi/en/laki/kaannokset/2019/en20190872.pdf

CO-ADAPT 826266

work balance, health and well-being, and job-related outcomes. Scand J Work
Environ Health, 38(4), 299-313. doi:10.5271/sjweh.3307

Possenriede, D., Hassink, W., & Plantenga, J. (2014). Does temporal and locational
flexibility of work reduce absenteeism? . Working Papers 14-09, Utrecht School
of Economics. Retrieved from
https://ideas.repec.org/p/use/tkiwps/1409.html

Preece, J., Sharp, H., & Rogers, Y. (2015). Interaction design: beyond human-computer
interaction. John Wiley & Sons.

Pryce, J., Albertsen, K., & Nielsen, K. (2006). Evaluation of an open-rota system in a
Danish psychiatric hospital: a mechanism for improving job satisfaction and
work-life balance. J Nurs Manag, 14(4), 282-288. doi:10.1111/j.1365-
2934.2006.00617.x

Ropponen, A., Koskinen, A., Puttonen, S., & Harma, M. (2020). A case-crossover study
of age group differences in objective working-hour characteristics and short
sickness absence. J Nurs Manag, 28(4), 787-796. doi:10.1111/jonm.12992

Shiri, R., Karhula, K., Turunen, J., Koskinen, A., Ropponen, A,, Ervasti, J., ... Hirma, M.
(2021). The effect of using participatory working time scheduling software on
employee well-being and work ability: a pseudo-experiment Manuscript under
preparation.

Takahashi, M., lwasaki, K., Sasaki, T., Kubo, T., Mori, I., & Otsuka, Y. (2012). Sleep,
fatigue, recovery, and depression after change in work time control: a one-year
follow-up  study. J Occup Environ Med, 54(9), 1078-1085.
doi:10.1097/J0M.0b013e31826230b7

Torquati, L., Mielke, G. I., Brown, W. J., & Kolbe-Alexander, T. (2018). Shift work and
the risk of cardiovascular disease. A systematic review and meta-analysis
including dose-response relationship. Scand J Work Environ Health, 44(3), 229-
238. d0i:10.5271/sjweh.3700

Tucker, P., Harma, M., Ojajarvi, A., Kivimaki, M., Leineweber, C., Oksanen, T., . . .
Vahtera, J. (2019). Associations between shift work and use of prescribed
medications for the treatment of hypertension, diabetes, and dyslipidemia: a
prospective cohort study. Scand J Work Environ Health, 45(5), 465-474.
doi:10.5271/sjweh.3813

Tucker, P.,, Harmda, M., Ojajarvi, A., Kivimaki, M., Leineweber, C., Oksanen, T., . ..
Vahtera, J. (2021). Association of rotating shift work schedules and the use of
prescribed sleep medication: A prospective cohort study. J Sleep Res, e13349.
doi:10.1111/jsr.13349

Turunen, J., Karhula, K., Ropponen, A., Koskinen, A., Hakola, T., Puttonen, S., . ..
Harma, M. (2020). The effects of using participatory working time scheduling
software on sickness absence: A difference-in-differences study. Int J Nurs
Stud, 103716. doi:10.1016/j.ijnurstu.2020.103716

Turunen, J., Koskinen, A., Karhula, K., Shiri, R., Ropponen, A., Himaldinen, K., . . .
Harma, M. (2021). Heterogenous treatment effects of using participatory
working time scheduling software on sickness absence. Evidence from quasi-
experiment in hospitals Manuscript under preparation.

27


https://ideas.repec.org/p/use/tkiwps/1409.html

CO-ADAPT 826266

Vahtera, J., Laine, S., Virtanen, M., Oksanen, T., Koskinen, A., Pentti, J., & Kivimaki, M.
(2010). Employee control over working times and risk of cause-specific
disability pension: the Finnish Public Sector Study. Occup Environ Med, 67(7),
479-485. doi:10.1136/0em.2008.045096

Virtanen, M., Oksanen, T., Batty, G. D., Ala-Mursula, L., Salo, P., Elovainio, M., . . .
Kivimaki, M. (2014). Extending employment beyond the pensionable age: a
cohort study of the influence of chronic diseases, health risk factors, and
working conditions. PLoS One, 9(2), €88695.
doi:10.1371/journal.pone.0088695

Zarin, D. A, Tse, T., Williams, R. J., Califf, R. M., & Ide, N. C. (2011). The ClinicalTrials.gov
Results Database - Update and Key Issues. N Engl J Med, 364, 852-860.

Zhang, W., Sun, H., Woodcock, S. & Anis, A.H., 2017. Valuing productivity loss due to
absenteeism: firm-level evidence from a Canadian linked employer-employee
survey. Health Econ Rev. 7:3. doi: 10.1186/s13561-016-0138-y

28



