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ABSTRACT
The present study evaluated the effectiveness of a workplace intervention combining activity trackers
(behavioural approach) with an online coach (cognitive approach) in order to increase employees’
number of steps and improve their impaired well-being (i.e., emotional strain and negative affect). To
analyse the intervention’s effectiveness, the study applied latent growth curve modelling. Moreover, we
tested whether work-related and personal resources (i.e., job control and self-efficacy) moderated the
intervention’s effectiveness and whether an increase in number of steps was associated with an improve-
ment in impaired well-being. During the intervention, data were collected at six measurement points
from 108 mainly low active employees. The results revealed that employees increased their number of
steps until the second intervention week; this increase was not moderated by job control or self-efficacy.
Moreover, the intervention was effective in decreasing emotional strain and negative affect over the
course of the intervention. Further analyses showed that the increase in number of steps was related to
the decrease in negative affect, whereas no such association was found for the increase in number of
steps and the decrease in emotional strain. In conclusion, the findings showed that our intervention was
effective in improving physical activity and impaired well-being among employees.
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Introduction

Activity trackers are small electronic devices that can be worn on
an individual’s body to collect and display health data, such as
number of steps, with high validity (Evenson et al., 2015; Hoy,
2016; Huang et al., 2016; Ilhan & Henkel, 2014; Simunek et al.,
2016). These devices have become increasingly prominent as
a means of improving physical activity, which is defined as any
bodily movement produced by skeletal muscles that results in
energy expenditure (Caspersen et al., 1985). As previous research
has shown, physical activity is positively related to organizational
outcomes such as absenteeism and job satisfaction (Arslan et al.,
2019; Fang et al., 2019; Grimani et al., 2019; Parks & Steelman,
2008; Virtanen et al., 2018). Moreover, physical activity affects
several well-being outcomes (e.g., stress and negative affect; e.g.,
Bruin et al., 2017; Conn et al., 2009). Thus, promoting physical
activity is desirable from the perspective of the employee as well
as the employer.

Particularly, activity trackers seem to be an attractive tech-
nology for promoting physical activity due to their accessibil-
ity (can be used anywhere, at any time; Borrelli & Ritterband,
2015), which makes them easy to integrate into daily work
routines. For this reason, we created a cognitive-behavioural
intervention lasting three weeks in total, which aimed to
increase physical activity and improve impaired well-being
(i.e., emotional strain and negative affect) among employees.
The intervention combined activity trackers (behavioural
approach) which use common behavioural change techni-
ques such as self-monitoring along with an online coach

(cognitive approach) offering advice on how to increase phy-
sical activity (e.g., goal setting and planning).

Overall, our study contributes to the existing literature in
several ways. First, we tested the effectiveness of a promising
technology within a theory-based intervention framework that
has rarely been considered in the occupational health
promotion context. Furthermore, possible moderators were
considered to test whether intervention efficacy depended on
work-related (i.e., job control) or personal resources (i.e., self-
efficacy). Second, as we recruited at one large company in
Germany, we were able to address a specific group of mainly
low active employees, which is usually difficult to approach.
Finally, data were collected twice a week (Mondays and
Fridays) during the intervention, which results in a total of six
points of measurement and enabled us to apply latent growth
curve modelling (LGCM) to the data. LGCM is a powerful and
modern method through which we received a detailed insight
into the change of physical activity and impaired well-being
during the intervention by modelling flexible growth trajec-
tories (e.g., linear or curvilinear). Moreover, LGCM offers the
opportunity to link the growth of one variable (e.g., employees’
number of steps) to the growth of another variable (e.g.,
employees’ emotional strain) providing information about the
relationship between the variables. Even though LGCM yields
new information for intervention research, only few physical
activity intervention studies have reported using this technique,
and none of them have implemented activity trackers within
their interventions (McAuley et al., 1999; Motl et al., 2005;
C. Pedersen et al., 2019; Roesch et al., 2010; Staiano et al.,
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2013). Hence, our study contributes theoretically and methodi-
cally to the existing literature of workplace physical activity
intervention studies.

Theoretical background

Enhancing physical activity through activity trackers

Activity trackers are an interesting new technology offering
different approaches for increasing motivation to become
physically active such as self-monitoring and awareness for
health behaviour change (e.g., feedback or gamification ele-
ments; Shih et al., 2015; Shuger et al., 2011). Previous research
has shown that intrinsic motivation is especially relevant for
the maintenance of physical activity (Ryan et al., 1997;
Teixeira et al., 2012). According to the Self-Determination
Theory (SD-Theory; Ryan, 1982; Ryan & Deci, 2002), motivation
is a continuum reaching from amotivation over controlled
motivation to autonomous motivation which is the most
pure form of intrinsic motivation and therefore most sustain-
able and desirable. Amotivation is on the one end of the
continuum where individuals show no form of extrinsic or
intrinsic motivation for certain behaviour (Deci & Ryan,
2008). Individuals who are controlled motivated either per-
form a behaviour to avoid guilt or obtain social approval or to
avoid punishment or obtain a reward (Deci & Ryan, 2008). The
most pure form of intrinsic motivation is autonomous moti-
vation where individuals engage in certain behaviour due to
experiencing pleasure, obtaining a personal goal, and valuing
the outcome of the behaviour (Deci & Ryan, 2008). According
to SD-Theory motivation is more autonomous when the three
basic psychological needs (i.e., competence, autonomy, and
relatedness) are satisfied (Deci et al., 2017; Deci & Ryan, 2000;
Vallerand, 1997). Additionally, even extrinsic motives can
become more autonomous through the internalization of
these motives which is facilitated by meeting the three psy-
chological needs (Ryan, 2009; Ryan & Deci, 2002). Various
aspects of activity trackers address these needs. The desire
to seek challenges optimally suited to one’s capacity (compe-
tence; Ryan & Deci, 2002), could be fulfilled by activity track-
ers through offering a customized activity goal related the
user’s current activity level. Autonomy refers to the feeling of
being the origin of one’s own behaviour (Ryan & Deci, 2002),
which could be addressed by activity trackers due to the
option to individualize activity goals and the information
displayed on the activity tracker. Finally, the ability to share
achieved activity goals on social networks and to interact with
the activity tracker’s community could possibly satisfy the
need to feel connected to other (relatedness; Ryan & Deci,
2002). Previous research showed that promoting these three
basic psychological needs by the activity tracker leads to
a higher motivation to use the activity tracker (Rupp et al.,
2016, 2018). Thus, it is likely that activity trackers are effective
in increasing physical activity by promoting the three basic
psychological needs of SD-Theory.

Even though the use of activity trackers seems promising,
they have rarely been included in workplace interventions to
date. Nevertheless, studies applying activity trackers in other
settings have yielded positive results regarding their effect on

physical activity. For instance, Cadmus-Bertram et al. (2015)
assigned 51 overweight women to two different intervention
groups. One group received an activity tracker whereas the
other group received a pedometer, which can be seen as
a predecessor to activity trackers (i.e., a device that simply
tracks steps, providing no further health-related data). The
results revealed that participants wearing an activity tracker
increased their average number of steps by 789 steps per day,
whereas the pedometer group showed no significant increase
in number of steps. Further studies have confirmed the positive
intervention effect of activity trackers on number of steps in
different samples (Abrantes et al., 2017; Finkelstein et al., 2016;
Wang et al., 2015). Nevertheless, two studies revealed that the
increase in number of steps only occurred in the first weeks of
the intervention (O’Brien et al., 2015; Wang et al., 2015). Thus,
the increase in number of steps resulting from the use of
activity trackers needs to be examined in more detail over an
intervention period. Given the evidence set out earlier, we
assume:

Hypothesis 1: During the course of the intervention, the number
of steps increases.

Work-related and personal resources reinforcing the
promotion of physical activity

Given that our intervention will be conducted in a work setting,
it is likely that the intervention’s efficacy is affected by employ-
ees’ working conditions. Especially job control seems to be
a relevant work-related resource since past research has
shown that low job control is positively associated with physi-
cal inactivity (Fransson et al., 2012; Griep et al., 2015).

Job control can be defined as the extent to which an
employee is able to influence his or her own working condi-
tions, such as the pace of work or the order in which tasks are
fulfilled (Semmer et al., 1995). As this definition implies, it is
possible that high job control makes it easier for employees to
integrate physical activity interventions into their daily work
routine. Regarding this assumption, there is encouraging evi-
dence from one qualitative study which evaluated the effec-
tiveness of a treadmill workstation intervention (Cifuentes et al.,
2015). Employees reported that they used the treadmill work-
station more often if they were working in jobs with higher job
control. Thus, it seems that job control is an important resource
regarding worksite physical activity interventions.

An important personal resource for health behaviour change
is self-efficacy which generally refers to the sense of control over
one’s environment and behaviour (Schwarzer & Luszczynska,
2007). However, Bandura (2010) proposed that domain-specific
self-efficacy (e.g., for physical activity) is desirable when aiming
to affect a certain behaviour. Thus, it is possible that employees
who believe in their capability to increase their physical activity
show a higher amount of physical activity than employees with
low self-efficacy regarding physical activity. The Health Action
Process Approach (HAPA) by Schwarzer (2008) suggests that self-
efficacy is an important factor for different phases of increasing
physical activity such as building the intention to become phy-
sically active or maintaining physical activity behaviour. Previous

EUROPEAN JOURNAL OF WORK AND ORGANIZATIONAL PSYCHOLOGY 665



research has shown that simply having the intention to become
physically active does not sufficiently predict health behaviour
change (Rhodes & Bruijn, 2013). According to the HAPA model,
self-efficacy may help to bridge the gap between having the
intention to become physically active and an actual increase in
physical activity (Schwarzer, 2008).

Previous studies support the idea that self-efficacy is an
essential factor for enhancing physical activity (Bauman et al.,
2012; Prodaniuk et al., 2004; Stutts, 2002; Williams & French,
2011). Conducting a worksite physical activity intervention at
two industrial production units, M. M. Pedersen et al. (2013)
investigated whether employees with high self-efficacy showed
higher intervention compliance than employees with low self-
efficacy. The results revealed that employees with high self-
efficacy regarding physical activity attended more exercise
sessions. Nevertheless, this trend was significant in only one
of the two companies. M. M. Pedersen et al. (2013) suggested
that working conditions additionally may reinforce or diminish
employees’ compliance with workplace physical activity inter-
ventions. Given the theoretical and empirical evidence, we
hypothesize:

Hypothesis 2: Employees having higher job control show
a greater increase in number of steps during the intervention
than employees with low job control.

Hypothesis 3: Employees having high self-efficacy show
a greater increase in number of steps during the intervention
than employees with low self-efficacy.

Reducing impaired well-being through physical activity

As indicators for impaired well-being, we used emotional strain
and negative affect. Emotional strain is a construct that con-
centrates solely on the emotional aspect of occupational stress
which is defined as an emotionally irritable reaction causing
negative interactions between the social environment and the
emotionally strained employee (G. Mohr, Müller et al., 2005).
Thus, the state of emotional strain occurs if an employee inten-
sely endeavours to achieve a certain goal, but the effort does
not result in goal achievement. Due to goal discrepancy, a state
of severe mental strain emerges, which can be seen as a direct
precursor of depression (G. Mohr et al., 2006).

On the other hand, negative affect reflects the extent to
which a person feels various aversive mood states such as
anger and nervousness. High negative affect is characterized
by a state of distress and unpleasant engagement, whereas
people with low negative affect experience a state of calmness
and serenity (Watson et al., 1988). Contrary to emotional strain,
negative affect is a context-free construct not explicitly focus-
ing on affect displayed within the work setting. Thus, emotional
strain and negative affect differ in their relatedness to the work
context (work-related vs. general).

We chose emotional strain and negative affect as indicators
of impaired well-
being since both constructs are related to important organiza-
tional outcomes. For instance, previous studies considering
stress indicators (e.g., emotional strain) have shown that

employees experiencing stress perform more poorly in their
jobs than do employees suffering less from stress (Bashir &
Ramay, 2010; Hanif et al., 2011; Jamal, 2011). Moreover,
Bowling et al. (2010) showed in a meta-analysis that absence
of negative affect is associated with global job satisfaction as
well as specific facets such as satisfaction with the work itself,
satisfaction with co-workers, and satisfaction with pay. Thus,
both constructs need to be addressed with effective interven-
tions conducted at the workplace.

To decrease emotional strain (i.e., stress) and negative affect,
promoting physical activity seems to be a promising interven-
tion. According to the transient hypofrontality theory, physical
activity is accompanied by an increase in the oxygen supply in
the motor and sensory systems of the brain (Dietrich, 2003).
Since the oxygen uptake during physical activity remains con-
stant (Ide & Secher, 2000), areas in the prefrontal cortex respon-
sible for cognition and emotions are inhibited. Thus, it is
assumed that the diminished activity reduces negative thinking
and negative emotional states (Dietrich, 2006; Dietrich &
Sparling, 2004) so that consequently physical activity could
decrease negative affect and emotional strain.

Previous studies have supported this assumption by show-
ing a negative relationship between physical activity and
impaired well-being (Bruin et al., 2017; Hansen et al., 2010;
Jonsdottir et al., 2010; Lathia et al., 2017). For instance, Conn
et al. (2009) conducted a meta-analysis concentrating on the
effectiveness of workplace physical activity interventions to
reduce stress. Considering approximately 38,231 subjects,
they showed that physical activity effectively decreased job
stress with a small effect size (d = 0.33). With regard to negative
affect, a study by Abrantes et al. (2017) investigated the effect
of activity trackers on negative affect in a sample of alcohol-
dependent women. Twenty women received an activity tracker
which was worn for 12 weeks during the intervention. The
results revealed a significant decrease in negative affect
whereas there was no significant effect found for positive
affect. Based on this evidence, we therefore hypothesize:

Hypothesis 4: During the course of the intervention, employees’
emotional strain decrease.

Hypothesis 5: The increase in number of steps is associated with
the decrease in employees’ emotional strain.

Hypothesis 6: During the course of the intervention, employees’
negative affect decrease.

Hypothesis 7: The increase in number of steps is associated with
the decrease in employees’ negative affect.

Materials and methods

Intervention

The intervention conducted in this study aimed to improve
employees’ physical activity by combining a behavioural and
a cognitive approach. The behavioural approach constituted
the activity tracker (i.e., Garmin Vivofit 3). Employees received
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the activity tracker a few days before the start of the interven-
tion so that they had a chance to accustom themselves to the
activity tracker and report possible technical issues. During the
intervention, participants were required to wear the activity
tracker on their wrist where it collected and monitored health
information such as daily steps or energy consumption. Besides
providing the health information displayed by the activity
tracker, a more detailed summary was presented in the activity
tracker’s app (i.e., Garmin Connect app). As Shuger et al. (2011)
showed, this type of self-monitoring plays a key role in how
activity trackers affect health behaviour. In addition to the self-
monitoring function, the selected activity tracker has
a reminder function, which induces participants to become
physically active after an hour of inactivity.

To further raise employees’ awareness and motivation to
change their behaviour, an online coach was implemented,
which constituted the cognitive approach of the intervention.
The online coach was a website which provided participants
with advice on how to increase their physical activity twice
a week (Monday and Friday) over the course of the three
weeks of the intervention. Because Taylor et al. (2012) showed
that worksite interventions premised on a theoretical founda-
tion are more effective in increasing physical activity among
employees, the pieces of advice given by the online coach were
based on the HAPA model by Schwarzer (2008) or on current
studies (e.g., Bauman et al., 2012; Biagini et al., 2012).

Thus, the first form of advice employees received was a tool
for goal setting which required them to set their individual
health behaviour goals. As a second step, we asked them to
generate a plan as to how they could reach their individual
goals. Since the HAPA model states that action planning is
essential for intention building, and past research has shown
that generating action plans benefits behaviour change
(Luszczynska, 2006; Schwarzer, 2008; Wiedemann et al., 2011;
Williams & French, 2011), we used this method to motivate
employees to increase their physical activity. Further advice
by the online coach aimed to support employees in reaching
their individual health behaviour goals. For instance, the online
coach informed participants about the beneficial effect of cop-
ing plans on physical activity (Wiedemann et al., 2011;
Ziegelmann et al., 2006). Coping planning is a further method
incorporated in the HAPA model (Schwarzer, 2008), which
requires individuals to specify the internal and external barriers
which prevent them from showing the desired health beha-
viour (Sniehotta, Schwarzer et al., 2005; Wiedemann et al.,
2011). With regard to physical activity, an example of
a coping plan could be: “If it is raining and I was planning to

go out for a run, I will go to the gym instead.” In this example,
an anticipated risk situation is linked to a suitable coping
response, which helps participants to act according to their
intentions (Sniehotta, Schwarzer et al., 2005). Thus, coping
plans are important for maintaining a desired health behaviour
such as physical activity (Ziegelmann et al., 2006).

Instead of providing advice on physical activity, we con-
ducted a step challenge as a gamification element within
the second intervention week of the intervention. The step
challenge aimed to increase participants’ autonomous and
controlled motivation to become physically active by promot-
ing enjoyment and offering a reward (Cugelman, 2013; Deci &
Ryan, 2008; Goh & Razikin, 2015; Hamari et al., 2014; Lin et al.,
2006; Shameli et al., 2017). It was announced on Monday of
the second intervention week and took four days in total.
Participants were required to walk more than 40,000 steps
within four days, which is a reasonable target for healthy adults
(Schneider et al., 2006; Tudor-Locke et al., 2011). A reward was
provided for winning the challenge, which required at least
50% of the participants to reach the goal of more than 40,000
steps within the four days. Following the step challenge, the
participants received two more pieces of advice on how to
increase their physical activity in the last week of the interven-
tion. For a visualization of the intervention procedure, please
refer to Figure 1.

Sample and procedure

Before we started recruitment between December 2016 and
January 2017, the study was approved by the works council and
the data protection officer of the company from which the
participants were recruited. Thus, we had to guarantee that
confidentiality was given at all times and had to fulfil the data
security requirements of the company. Recruitment was con-
ducted within one large mobility company in Germany by
using posters, flyers, and an email sent by the executive,
which intended to draw employees’ attention to a website
offering information about the study and the opportunity to
register for participation. By advertising the study, the focus
was placed explicitly on inactive employees. However, due to
the company’s requirements, all employees aged 18 or older
and not medically required to follow a diet or an activity plan,
were eligible to participate. With regard to sample size, we
followed the recommendation by Curran et al. (2010) stating
that approximately 100 participants are sufficient for applying
latent growth curve modelling. Since we expected that some
employees would drop out during the study, we recruited

Figure 1. Overview of the intervention procedure and the points of measurements for sociodemographic variables and study variables.
Notes: T0 = 108; T1 = 92; T2 = 71; T3 = 94; T4 = 77; T5 = 93; T6 = 81. Abbreviations: T0, Time 0; T1, Time 1; T2, Time 2; T3, Time 3; T4, Time 4; T5, Time 5; T6, Time 6.
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a greater number of individuals resulting in a total of 121
employees enlisted for study participation.

Before employees engaged in the intervention activities, we
collected their sociodemographic variables and possible mod-
erators (i.e., job control and self-efficacy) in a pre-questionnaire
(T0). Next, the intervention was conducted in two waves to
which employees were randomly assigned to. The first wave
(n = 60) performed the intervention between January and
February 2017, whereas the intervention activities of
the second wave (n = 61) were started after the employees of
the first wave had finished the intervention. To test whether the
employees of the two waves differed regarding their socio-
demographic variables, we conducted univariate analyses of
variance and chi-square tests by using IBM SPSS Statistics 24.
The results revealed no significant differences between the
sociodemographic variables of the employees of the two
waves.

Besides the pre-questionnaire (T0), six questionnaires (T1-T6)
assessing the outcome variables (i.e., number of steps, emotional
strain, and negative affect) were sent out to the participants on
Monday and Friday in each of the three intervention weeks.
A visual overview of the study procedure can be found in
Figure 1. Employees who completed fewer than two question-
naires during the intervention (T1-T6) were excluded from
further analyses so that the final sample consisted of 108
employees. Due to the small number of dropouts (n = 13;
10.74%), no attrition analysis could be conducted. Nevertheless,
a comparison of the mean scores of the employees in the final
sample and those of the dropouts revealed no major differences
regarding their sociodemographic variables.

The employees in the final sample were predominantly male
(55.6%), and the age ranged from 19 to 62 years (M = 43.66;
SD = 12.56). The majority worked in full-time positions (88.0%)
without shift duty (54.6%). Because our goal was to recruit
inactive employees, most participants worked in sedentary
jobs and showed a low number of steps per day. Thus, 62.0%
of the employees in the final sample did not reach the recom-
mended number of more than 10,000 steps per day (Tudor-
Locke et al., 2011). Furthermore, 35.9% could even be classified
as sedentary or low active according to their daily number of
steps (<7,499 steps per day; Tudor-Locke et al., 2008; see
Table 1).

Measures

The measures assessed during the intervention (T1-T6) are
presented in the following together with the measures of
possible moderators included in the pre-questionnaire (T0). At
the beginning of each questionnaire, the participants were
required to create their personal code to ensure that the dif-
ferent questionnaires they filled in could be matched.

Number of steps
To assess employees’ daily number of steps the activity track-
er’s app (i.e., Garmin Connect app) was used. Due to the data
security recruitments of the company from which employees
were recruited, we were not allowed to take the number of
steps registered by the activity trackers directly from the app.
Therefore, employees were required to enter their daily

number of steps objectively taken from the app in the six
questionnaires during the intervention (T1-T6). Since the num-
ber of steps might fluctuate between days, we decided to ask
for the number of steps over the past three days to gain more
detailed information about the employees’ activity level. Thus,
the employees reported their daily number of steps over the
past three days in each of the six questionnaires. Subsequently,
we then aggregated the step counts of the three reported days
and calculated the average of number of steps for every mea-
surement point.

Job control
To measure job control, we used the control subscale of the
German Instrument for Stress-Oriented Task Analysis (ISTA;
Semmer et al., 1995, 1999). The ISTA is a questionnaire focusing
on the assessment of stress-related aspects of work. By focusing
on the possibility of influencing one’s own conditions, the
control subscale assesses the decision latitude regarding the
pace, the order or the ways in which a task is being carried out
(Semmer et al., 1995). Hence, one example item is: “All together,
how much possibility for own decision does your job contain?”
Overall, the subscale consists of four items with a five-point
response scale ranging from 1 (very little) to 5 (very much).
Internal consistency for the job control scale was very good
within our sample (Cronbach’s α =.82; DeVellis, 2016).

Self-efficacy
To measure self-efficacy, we used a scale specifically related to
physical activity (Schwarzer & Luszczynska, 2007; Schwarzer
et al., 2007). Based on the HAPA model by Schwarzer (2008),
three items were considered, each explicitly focusing on one
phase of self-efficacy postulated by the model. Thus, the item
for task self-efficacy reads: “I am confident that I am able to be
more physically active.” Maintenance self-efficacy was assessed
with the item: “I am confident to engage in physical activity
regularly on a long-term basis, even if I find myself in situations,
where this is difficult” and the recovery self-efficacy item reads:
“I am confident that I am able to resume performing physical
activity, even if I have not been physically active for several
days.” For each item response alternatives were given on
a scale from 1 (totally disagree) to 4 (totally agree). Based on
the participants’ ratings, we calculated a global self-efficacy
score by aggregating the three items and dividing them by
three. The internal consistency for the self-efficacy scale was
acceptable within our sample (Cronbach’s α = .78; DeVellis,
2016). Additionally, we conducted a confirmatory factor analy-
sis (CFA) including job control and self-efficacy at T0 as two
independent but correlated factors. The results showed a good
fit for job control and self-efficacy: χ2(103, N = 104) = 18.23,
p = .149; CFI = .97; RMSEA = .06; SRMR = .04.

Emotional strain
Emotional strain was measured six times during the interven-
tion (T1-T6). To operationalize emotional strain, we used the
five-item emotional irritation subscale of the German version of
the Irritation Scale by G. Mohr, Rigotti et al. (2005). The Irritation
Scale is a measure that specifically assesses strain in the occu-
pational context. An example item of emotional irritation reads:
“When I come home tired after work, I feel rather irritable.” (G.
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Mohr et al., 2006). On a scale ranging from 1 (strongly disagree)
to 7 (strongly agree), participants rated their individual level of
work-related emotional strain. Cronbach’s alpha for emotional
strain from T1-T6 is presented in Table 2.

Negative affect
Negative affect was measured by implementing the short-
form of the positive and negative affect schedule (PANAS)
at all six measuring points during the intervention (T1-T6;
Krohne et al., 1996; Thompson, 2007; Watson et al., 1988).
The participants received a list of five adjectives describing
negative emotional states (e.g., upset) and were required to
indicate how intensely they had experienced these states
within the last two days. The response alternatives were
given on a scale from 1 (never) to 5 (always). Cronbach’s
alpha for negative affect from T1-T6 is shown in Table 2.
Besides the analyses of internal consistency, we conducted
a CFA considering emotional strain and negative affect at
T1. With regard to the two-factor model with correlated but
independent factors, the CFA revealed a good fit for

emotional strain and negative affect: χ2(90,
N = 91) = 44.35, p = .110; CFI = .95; RMSEA = .06;
SRMR = .08.

Statistical analyses

To test the pattern of change proposed in our hypotheses, we
used latent growth curve model (LGCM) within the structural
equation modelling framework. LGCM is a flexible method for
estimating inter-individual variability in intra-individual pat-
terns of change over time (Curran et al., 2010). This involves
modelling individual complex trajectories, which can be in
a linear or a curvilinear form (Curran et al., 2010). In comparison
to traditional methods such as analysis of variance (ANOVA),
LGCM can be based on latent variables. By considering latent
variables, LGCM renders patterns of change which are free of
measurement errors (McArdle, 2009). Additionally, it is possible
to consider measurement invariance over time about which
traditional methods offer no information.

To test Hypotheses 5 and 7, we used parallel process growth
modelling which is a specific form of LGCM which relates the
slope of one variable to the slope of another variable so that it
is possible to link the growth of one variable to the growth of
another variable. Thus, using Mplus version 8 (Muthén &
Muthén, 2017), we fitted a total of five latent growth curve
models to the data, testing every hypothesis within a separate
model. We tested all hypotheses in separate models because
testing different hypotheses with one model would result in
partial regression coefficients which were not described within
our hypotheses. Only Hypotheses 4 and 5 and Hypotheses 6
and 7 were tested within one model, respectively, since these
hypotheses included the same variables so that testing them
within one model not produced partial regression coefficients.
All hypotheses were tested with second-order LGCM using
latent variables. For hypothesis 1 only, we used a first-order
LGCM due to the manifest nature of the construct number of
steps. Second-order LGCMs were computed by building item
parcels and estimating strong measurement invariance. As an
addition to LGCM, we used latent change score modelling (LCS)

Table 2. Zero-Order Correlations and Reliability of Study Variables.

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

1. Number of Steps T1 -
2. Number of Steps T2 .48** -
3. Number of Steps T3 .59** .50** -
4. Number of Steps T4 .42** .50** .59** -
5. Number of Steps T5 .58** .36** .63** .61** -
6. Number of Steps T6 .35** .47** .61** .58** .59** -
7. Emotional Strain T1 −.07 .10 .08 −.00 .01 −.04 (.86)
8. Emotional Strain T2 .10 .10 .15 .21 .11 −.00 .72** (.90)
9. Emotional Strain T3 −.10 .21 −.04 −.09 −.05 .01 .76** .81** (.91)
10. Emotional Strain T4 −.06 .26 .05 −.07 −.07 −.01 .77** .91** .89** (.92)
11. Emotional Strain T5 −.05 .17 −.04 −.11 −.12 .05 .74** .75** .88** .87** (.92)
12. Emotional Strain T6 .06 .32* .19 −.02 .10 −.00 .73** .72** .84** .83** .81** (.86)
13. Negative Affect T1 −.10 .33* −.05 .07 −.04 .21 .53** .35** .52** .53** .42** .47** (.61)
14. Negative Affect T2 .12 .23 .09 .32* .21 .12 .30* .55** .46** .49** .36** .34** .40** (.77)
15. Negative Affect T3 −.21 .22 −.11 .01 −.11 .02 .42** .54** .68** .68** .54** .51** .45** .33** (.83)
16. Negative Affect T4 −.03 .19 .05 −.01 −.06 −.02 .57** .56** .63** .69** .57** .63** .38** .25 .64** (.77)
17. Negative Affect T5 .03 .38** .07 .08 .05 .01 .64** .54** .53** .55** .64** .63** .36** .36** .46** .59** (.75)
18. Negative Affect T6 .03 .25 .08 .08 .02 −.03 .62** .64** .67** .78** .64** .69** .50** .50** .57** .72** .67** (.80)

Notes: *p <.05. **p <.01.
Abbreviations: T1, Time 1; T2, Time 2; T3, Time 3; T4, Time 4; T5, Time 5; T6, Time 6.

Table 1. Overview of the Sociodemographic Variables and the Activity Level.

Variables
Mean (Standard Deviation/

%)

Age 43.66 (12.56)
Min 19
Max 62
Sex
Female 44.4%
Male 56.6%
Fulltime Work
Yes 12.0%
No 88.0%
Shift Duty
Yes 45.4%
No 56.6%
Activity Level (acc. Tudor-Locke et al., 2008)
Sedentary (<5,000 Steps per day) 9.8%
Low active (5,000–7,499 Steps per day) 26.1%
Somewhat
active

(7,500–9,999 Steps per day) 26.1%

Active (10,000–12,499 Steps
per day)

22.8%

Highly active (>12,499 Steps per day) 15.2%
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to answer further questions about the intervention efficacy
which are not proposed in our hypotheses (e.g., when the
intervention begins to have an effect). The results of LCS are
presented in the supplementary material.

Within all analyses, full information maximum likelihood
(FIML) was used to handle missing data. Additionally, we used
the cut-off criteria for the following goodness-of-fit indices by
Brown (2006) to approximately evaluate the model fit:
Comparative Fit Index (CFI) = close to .95; Root Mean Square
Error of Approximation (RMSEA) = close to .06; Standardized Root
Mean Square Residual (SRMR) = close to .08. As an interpretation
for the relevance of the effects, we used standardized regression
coefficients (β). A small effect was taken to be β ≤ .1, a medium
effect, β ≤ .5, and a large effect β ≥ .5 (Cohen, 1988). We decided
to interpret the standardized regression coefficients because
some of our measurements used smaller scales (e.g., emotional
strain) whereas other measurements produced scores in the
thousands (e.g., number of steps). However, unstandardized
regression coefficients of all analyses can be found in Table 3.

Results

The zero-order correlations and Cronbach’s alphas are shown in
Table 2. The means and standard deviations of all study vari-
ables at all points of measurement are presented in Table 3.
According to the recommendations of Stride (2014), we first
looked at the development of each study variable visually
before defining trajectories. Based on the development of
each variable, we then defined the trajectories for the growth
curve model resulting in one slope for every model. The devel-
opment of the number of steps, emotional strain, and negative
affect are displayed in Figures 2–4. However, regardless of the
development of each variable, the intercept was coded with 0
in every model.

Patterns of change in number of steps

Our first hypothesis proposed that employees’ number of
steps increases during the intervention. Thus, we assumed
that we would find a significant slope in a model showing
increasing trajectories. To define the trajectories, we first
looked at the development of the number of steps. As
Figure 2 shows, the number of steps increased during the
intervention. The greatest increase was in the second inter-
vention week between T3 and T4 (see Figure 2 and supple-
mentary material). Moreover, the development of the
number of steps peaked at T4. To consider this develop-
ment within the model slope, the trajectories of the growth
curve were defined so that they show a linear increase in
number of steps until T4 but no further increase afterwards.
The defined model fitted the data acceptable, χ2(16,
N = 108) = 21.75, p = .151; CFI = .97; RMSEA = .06;
SRMR = .10. The model results revealed a significant positive
slope with a medium effect size, β = 0.43, p = .025. Thus,
with regard to Table 4, on average employees showed
a significant increase of 290 steps between points of mea-
surement. However, the analyses showed a significant slope
variance, σ2slope = 0.48, p = .045, indicating that employees
differed in their increase in number of steps during the
intervention. Furthermore, the significant intercept variance
revealed that employees showed a difference in their num-
bers of steps at the beginning of the intervention
(σ2intercept = 7.941, p = .000). Additionally, the slope and
the intercept of the number of steps correlated significantly
(β = −0.41, p = .028). Thus, employees who already had
a high number of steps at the beginning of the intervention
showed a smaller increase in number of steps than did
employees with a small number of steps at the beginning
of the intervention. Based on these results, Hypothesis 1
was supported.

Table 3. Means and Standard Deviation for Study Variables at All Points of Measurement.

Means (Standard Deviation)

Variable T0 T1 T2 T3 T4 T5 T6

Number of Steps / 8,973 (3,526) 9,558 (3,291) 9,604 (3,552) 10,311(3,334) 9,705 (3,933) 9,733 (3,294)
Job Control 3.27 (.86) / / / / / /
Self-Efficacy 3.23 (.60) / / / / / /
Emotional Strain / 2.24 (.96) 2.10 (.96) 2.12 (1.09) 2.04 (1.09) 2.05 (1.13) 1.94 (.90)
Negative Affect / 1.65 (.55) 1.64 (.65) 1.62 (.73) 1.48 (.60) 1.40 (.52) 1.44 (.55)

Notes: T0 = 108; T1 = 92; T2 = 71; T3 = 94; T4 = 77; T5 = 93; T6 = 81.
Abbreviations: T0, Time 0; T1, Time 1; T2, Time 2; T3, Time 3; T4, Time 4; T5, Time 5; T6, Time 6.

Table 4. Unstandardized Model Results.

Intercept Slope Moderator on Intercept Moderator on Slope
Slope with
Slope

Variables B (p) B (p) B (p) B (p) B (p)

Number of Steps 9.02 .000** 0.29 .008** / / / / / /
Job Control on Number of Steps / / / / 0.89 .135 −0.23 .208 / /
Self-Efficacy on Number of Steps / / / / 1.50 .084 0.29 .314 / /
Emotional Strain 1.64 .000** −0.06 .000** / / / / / /
Number of Steps with Emotional Strain / / / / / / / / −0.01 .394
Negative Affect 2.22 .000** −0.05 .000** / / / / / /
Number of Steps with Negative Affect / / / / / / / / −0.03 .012*

Notes:*p <.05. **p <.01.
Abbreviation: The indication for number of steps is given in thousands. B, unstandardized regression coefficient.
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Patterns of change in number of steps in relation to job
control

In the second hypothesis, we assumed that employees with
a higher level of job control show a higher increase in number
of steps than employees with a low level of job control.
Therefore, job control was expected to be significantly asso-
ciated with the slope representing number of steps. The model
showed an adequate fit to the data, χ2(30, N = 108) = 41.55,
p = .078; CFI = .95; RMSEA = .06; SRMR = .11. Nevertheless, the
analyses revealed an association between the intercept
(β = 0.23, p = .077) and the slope of number of steps
(β = −0.25, p = .277) with a medium effect size which was not,
however, significant. Hence, in our sample, Hypothesis 2 was
not supported.

Patterns of change in number of steps in relation to
self-efficacy

To test Hypothesis 3, we analysed whether self-efficacy at T0
was related to the slope of the number of steps. The defined
model fitted the data sufficiently, χ2(31, N = 108) = 36.72,
p = .221; CFI = .97; RMSEA = .04; SRMR = .12. The model results
showed a relation to the intercept of the number of steps
(β = 0.27, p = .073) and the slope of number of steps
(β = 0.21, p = .307) which did not reach significance within
our sample. Thus, Hypothesis 3, the assumption that self-
efficacy moderates the increase in number of steps, was not
supported.

Patterns of change in emotional strain

Hypotheses 4 and 5 were tested within one model, which
showed a good fit to the data, χ2(146, N = 108) = 201.52,
p = .002; CFI = .96; RMSEA = .06; SRMR = .08. Our fourth
hypothesis proposed that emotional strain decreases over
the course of the intervention. With regard to Figure 3, we
defined the linear trajectories decreasing from T1 to T6 for

emotional strain. The model results revealed a significant
decrease in emotional strain from T1 to T6 with a large
effect size, β = −0.79, p = .011. On average employees
decreased their emotional strain by 0.06 points between
measurement points on the Irritation Scale by Mohr,
G. Mohr, Müller et al. (2005; see Table 4). Given that the
slope variance was small, there was no significant variation
in the decrease in emotional strain during the intervention
(σ2slope = 0.01, p = .094). However, the model results
showed a significant intercept variance, σ2intercept = 0.92,
p = .000, indicating that employees differed in their levels
of emotional strain at the beginning of the intervention.
Based on the results pointed out earlier, Hypothesis 4 was
supported.

Hypothesis 5 was that the decrease in emotional strain is
associated with the increase in number of steps. Hence, we
tested whether the slope of the number of steps is related to
the slope of emotional strain. The analyses revealed a negative

Figure 2. Development of means for number of steps between T1, T2, T3, T4, T5,
and T6.

Figure 3. Development of means for emotional strain between T1, T2, T3, T4, T5,
and T6.

Figure 4. Development of means for negative affect between T1, T2, T3, T4, T5,
and T6.
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association between the slope of number of steps and the
slope of emotional strain with a medium effect size, which did
not reach significance within our sample, β = −0.26, p = 0.397.
Thus, in our sample, Hypothesis 5 was not supported.

Patterns of change in negative affect

The model to test Hypotheses 6 and 7 showed an adequate
model fit to the data, χ2(146, N = 108) = 210.27, p = .000;
CFI = .91; RMSEA = .06; SRMR = .11. The sixth hypothesis
proposed that negative affect decreases during the interven-
tion. Therefore, we defined decreasing trajectories for the
growth model with regard to Figure 4. The analyses revealed
a significant negative slope with a large effect size showing that
negative affect decreased over the course of the intervention,
β = −0.76, p = .020. With regard to Table 4, employees reduced
their negative affect by an average of 0.05 points between
points of measurement. Additionally, the model showed no
significant slope variance (σ2slope = 0.00, p = .136), which indi-
cates that there is no significant variation in the reduction of
negative affect within our sample. Nevertheless, the analyses
revealed a significant intercept variance, σ2intercept = 0.12,
p = .004, showing that employees differed in their negative
affect at the beginning of the intervention. Given the results
pointed out earlier, Hypothesis 6 was supported.

To test Hypothesis 7, which was that the decrease in nega-
tive affect is associated with the increase in number of steps, we
analysed whether the slope of the number of steps was related
to the slope of negative affect. The model results revealed
a significant association between the slope of the number of
steps and the slope of negative affect with a large effect size,
r = −0.74, p = .028. As shown in Table 4, on average, one unit
increase in steps (i.e., 1000 steps) went along with a decrease in
employees’ negative affect equal to 0.03 points on the PANAS.
Thus, Hypothesis 7 was supported.

Discussion

The present study aimed to evaluate the effect of an interven-
tion including activity trackers on employees’ number of steps
and impaired well-being (i.e., emotional strain and negative
affect). By applying LGCM to intervention data collected from
mainly low active employees, we were able to obtain a detailed
insight into the development of physical activity and impaired
well-being during the intervention. Thus, we furthermore
tested whether the increase in number of steps was moderated
by job control and self-efficacy and if the increase in number of
steps was associated with the decrease in impaired well-being.
In the following sections, the effect of the cognitive-
behavioural intervention on number of steps, emotional strain,
and negative affect will be discussed in detail.

Intervention effect on number of steps

In line with previous intervention studies that included activity
trackers, the employees in our study showed an increase in
number of steps (Abrantes et al., 2017; Cadmus-Bertram et al.,
2015; Finkelstein et al., 2016; Wang et al., 2015). By considering
six points of measurement during the intervention, we

additionally showed that employees’ number of steps
increased until the end of the second intervention week (T4).
This finding confirms the results of the studies by O’Brien et al.
(2015) and Wang et al. (2015) showing that number of steps
mainly increased in the first weeks of an intervention. It might
be possible that this effect was caused by the novelty or initial
excitement about the intervention. Nevertheless, this explana-
tion is not very likely because the employees walked more
steps at all points of measurement than at the beginning of
the intervention. Thus, we rather assume that the step chal-
lenge, which we conducted in the second intervention week,
was especially effective in motivating employees, which in turn
may have caused the pattern of change in number of steps. As
previous studies have shown that different social challenges or
competitions can be an effective tool for increasing the number
of steps (Foster et al., 2010; Leininger et al., 2014; Prestwich
et al., 2017), future studies might include a challenge as an
extra motivational component to increase employees’ physical
activity.

Moderation effect of job control and self-efficacy

Contrary to our hypotheses, we could not find an effect of job
control or self-efficacy on the increase in employees’ number of
steps. With regard to job control, this might be because the
intervention activities could also be performed away from
work. In contrast to our study, Cifuentes et al. (2015) found
a positive relationship between intervention effectiveness and
high job control used in an intervention which could only be
conducted during working hours. Thus, the potential effect of
an intervention integrated into daily work routines could be
higher for employees with high job control might be reduced in
our study because employees might have also performed the
intervention outside of work.

In relation to self-efficacy, we also found no significant rela-
tion between self-efficacy and the increase in number of steps.
It is possible that our intervention alone increased self-efficacy
among employees. Since previous studies have shown that
behavioural change techniques such as self-monitoring or
action planning benefit self-efficacy (Gleeson-Kreig, 2006;
Olander et al., 2013; Williams & French, 2011), our intervention
might not only have improved physical activity but also have
increased self-efficacy. Another possible explanation why we
could not find a significant relationship between self-efficacy
and employees’ increase in number of steps might be that self-
efficacy fluctuated over the course of the intervention. We only
measured self-efficacy related to physical activity before the
intervention (T0). However, previous studies found that 38–
63% of the variance in self-efficacy fluctuates on a daily basis
(Tims et al., 2011; Xanthopoulou et al., 2008). Thus, it is likely
that self-efficacy regarding physical activity also fluctuates over
time. Therefore, future studies should include measurements of
self-efficacy at the time point when physical activity data are
collected.

Intervention effects on impaired well-being

In agreement with our hypotheses, we found a significant
improvement in employees’ impaired well-being (i.e.,

672 T. LENNEFER ET AL.



emotional strain and negative affect). Thus, our findings con-
firm the results of previous studies showing that negative affect
and stress indicators such as emotional strain can be reduced
through workplace interventions related to physical activity
(Bruin et al., 2017; Conn et al., 2009). Because the study had
a longitudinal design with six points of measurement, we were
able to show that employees improved their impaired well-
being over the course of the intervention. Further analyses
showed that the increase in number of steps was significantly
associated with decrease in negative affect, but that no such
association could be found for emotional strain. A possible
explanation for this finding could be that the Irritation Scale
by G. Mohr, Rigotti et al. (2005) which we used to operationalize
emotional strain is rather work oriented. As proposed by the
triple-match principle (TMP), associations between variables
are more likely to be found when concepts are considered to
be related to an identical dimension (De Jonge & Dormann,
2003, 2006). Since the number of steps is a rather general
variable whereas emotional strain is a work-focused stress indi-
cator, it might be more difficult to find an association between
these two variables.

Another explanation for why the observed reduction in
emotional strain was not associated with increase in num-
ber of steps could be that our intervention included sev-
eral features which may have reduced employees’
emotional strain. In particular, the activity tracker provides
various features besides collecting and monitoring infor-
mation in relation to physical activity (e.g., number of
steps and energy consumption) which could also be used
to improve other health behaviours. For instance, the
activity tracker also provides information about sleep.
Previous studies have shown that sleep deprivation is
associated with higher stress among employees (Meerlo
et al., 2008; Minkel et al., 2012; Schwarz et al., 2018).
Thus, it might be possible that employees not only focused
on increasing their number of steps but also tried to
improve their sleep quality so that the decrease in emo-
tional strain might be caused by other mechanisms.
Because we do not have any data on how employees
used the features of the activity tracker, future studies
should further investigate which features are effective in
improving impaired well-being among employees.

Limitations and future research

Our study is not without limitations which will be discussed
together with implications for future research in the following.
Even though our study design enabled us to apply LGCM to the
data, which gave us a detailed insight into the development of
physical activity and impaired well-being during the interven-
tion, we did not include a control group in our study. Thus, it is
not possible to fully rule out the possibility that the interven-
tion effects were influenced by contextual factors (e.g., time of
the year when the study started). To reduce this confounding
influence, we conducted the intervention in two randomized
groups that participated consecutively in the intervention
activities, making the possible influence of the time of year
less likely. Nevertheless, future studies should include
a control group in their study design so that the influence of

contextual factors can be fully excluded. Additionally, we have
no information as to whether the employees maintained the
improvement in number of steps and impaired well-being after
the end of the intervention. Thus, future studies should also
examine long-term effects to determine the sustainability of
the intervention effects on the considered outcome variables.

One major strength of our study was that we used the
activity data collected by the activity tracker to operationalize
physical activity. Nevertheless, due to the regulations of the
data security policy and the works council of the company in
which we recruited participants, this objectively recorded data
could only be assessed through self-report. It would be desir-
able if future studies could take the registered activity data
directly from the activity tracker (or the activity tracker’s app)
to further increase the objectivity of the activity data.
Additionally, although overall all measures considered in this
study showed a satisfactory reliability, negative affect had
a rather low Cronbach’s alpha at T1 which may have reduced
the precision of this specific measurement at that particular
point of measurement.

Since there were no previous studies providing information
about the effect sizes yielded by an intervention using equiva-
lent elements (i.e., activity tracker and online coach) in
a workplace setting, we were not able to calculate the optimal
sample size. However, a meta-analysis evaluating the effect of
pedometers (the predecessor of activity trackers; i.e., a device
that simply tracks steps, no further health-related data) on the
number of steps in a non-workplace setting offers an effect size
of 0.84 (Kang et al., 2009). Compared to our study, we found
much smaller effect sizes, which, despite having high data
quality (e.g., objectively reported activity data) did not reach
significance in our sample. This discrepancy is in line with
recent research showing that meta-analyses tend to overesti-
mate effect sizes (Kvarven et al., 2019). Thus, researchers plan-
ning future studies should note that, in spite of the fact that
high-quality data allow for higher precision, and hence power,
large sample sizes are still necessary to detect smaller effects.
Additionally, the effects found in our study could serve as
a guideline for calculating the optimal sample size for future
high-powered replication studies. Furthermore, given the con-
siderable slope variance in our study, future studies having
larger sample size could also use latent class analysis (LCA) for
identifying groups of employees who are similar in their beha-
viour change during the intervention (Nylund et al., 2007).
Explaining these latent classes could be an interesting research
question for future studies.

Another possible limitation of our study might be that
the generalizability of our results could be reduced because
the sample was recruited from only one company in
Germany. However, by recruiting from one large company
in Germany, we were able to access a population of mainly
low active employees which is rarely considered in inter-
vention studies. Nevertheless, future studies should ques-
tion whether an intervention with activity trackers is
suitable for improving physical activity and health in
a different population. It is possible that increasing self-
monitoring of health data through activity trackers among
healthy employees, who are already physically active, is less
effective than among mainly low active employees.
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Practical implications and conclusion

The results of our study show that the use of activity trackers
supported by a cognitive approach benefits employees’ physi-
cal activity and impaired well-being (i.e., emotional strain and
negative affect). Because these outcomes are related to
employees’ job satisfaction, absenteeism, and performance
(Bashir & Ramay, 2010; Bowling et al., 2010; Leontaridi &
Ward, 2002; Parks & Steelman, 2008; Shockley et al., 2012), we
created an intervention that is highly valuable for employers as
well as employees. Given that activity trackers are not expen-
sive and that the online coach could be programmed at
a relatively low cost, the intervention is a cost-effective
approach to improve physical activity and impaired well-
being in the work setting. Moreover, activity trackers are easily
accessible (can be used anywhere, at any time; Borrelli &
Ritterband, 2015), so that they constitute a cost-effective new
technology which can possibly be used by employees doing
different jobs. However, although we did not find a moderation
effect of job control, a health-oriented working environment
could help employees to reach the recommended activity goals
(Fransson et al., 2012; Griep et al., 2015; Heikkilä et al., 2013).
Thus, practitioners need to focus on creating a health-oriented
workplace as well as promoting effective interventions, such as
the one presented in this study, to improve health among
employees.

In summary, our study reveals that employees performing
the cognitive-behavioural intervention showed an increase in
number of steps taken with a medium effect size and an
improvement in impaired well-being (i.e., emotional strain
and negative affect) with a large effect size. Moreover, job
control and self-efficacy did not seem to have an influence
on the increase in the number of steps within our sample.
Additionally, this study contributes to the existing literature
on workplace physical activity interventions by analysing the
development of physical activity, emotional strain, and nega-
tive affect during an intervention. We showed that employ-
ees increased their number of steps up to the second
intervention week and that the general increase in number
of steps over the course of the intervention was not related
to the decrease in emotional strain but significantly asso-
ciated with the decrease in negative affect. Overall, we there-
fore conclude that the use of activity trackers combined with
a cognitive approach constitutes an effective intervention to
improve physical activity and impaired well-being among
employees.
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