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coefficients, paired t tests and Bland–Altman plots. Fur-
thermore, repeated-measurement ANOVAs for measure-
ment (subjective vs. objective) and socio-demographic var-
iables were calculated.
Results  Self-reported data yielded a significant under-
estimation of standing time (13.3 vs. 17.9  %) and an 
overestimation of walking time (12.7 vs. 5.0  %). Signifi-
cant interaction effects of age and measurement of stand-
ing time (F  =  6.0, p  =  .02, ηp

2  =  .14) and BMI group 
and measurement of walking time were found (F =  3.7, 
p =  .04, ηp

2 =  .17). Older employees (>39  years) under-
estimated their standing time, while underweight workers 
(BMI < 20 kg/m2) overestimated their walking time.
Conclusions  Self-reported PA data differ from objective 
data. Demographic variables (age, BMI) affect the amount 
of self-reported misjudging of PA. In order to improve 
the validity of self-reported data, a correction formula for 
the economic assessment of PA by subjective measures is 
needed, considering age and BMI.
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Purpose

Physical inactivity (PI) is considered a major public 
health concern and notably contributes to numerous car-
diovascular diseases, musculoskeletal complaints, obe-
sity, type 2 diabetes as well as metabolic syndrome (Blair 
2009; Blair and Brodney 1999). Sedentary behaviour has 
been additionally shown to be an independent risk factor 
for the development of various disease conditions, such 
as coronary heart disease, stroke, osteoporosis, or cancer 

Abstract 
Objectives  Whether occupational physical activity (PA) 
will be assessed via questionnaires or accelerometry 
depends on available resources. Although self-reported 
data collection seems feasible and inexpensive, obtained 
information could be biased by demographic determinants. 
Thus, we aimed at comparing self-reported and objectively 
measured occupational sitting, standing, and walking times 
adjusted for socio-demographic variables.
Methods  Thirty-eight office employees (eight males, 
30 females, age 40.8 ±  11.4  years, BMI 23.9 ±  4.2  kg/
m2) supplied with height-adjustable working desks were 
asked to report sitting, standing, and walking times using 
the Occupational Sitting and Physical Activity Question-
naire during one working week. The ActiGraph wGT3X-
BT was used to objectively measure occupational PA dur-
ing the same week. Subjectively and objectively measured 
data were compared computing the intra-class correlation 
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(Bernstein et  al. 1999; Chau et  al. 2013; Li and Siegrist 
2012). For occupational sitting, van Uffelen et  al. (2010) 
stated in their review that occupational physical inactiv-
ity is associated with a higher risk of diabetes mellitus and 
all-cause mortality. There is only limited evidence to sup-
port positive associations between occupational sitting and 
health risks, in general due to a high heterogeneity of study 
designs, measures, and findings.

Different demographic variables have been identified 
to be important determinants of PI levels, such as gender, 
socioeconomic status, body mass index (BMI), and age 
(Koeneman et  al. 2011; Sanchez et  al. 2014). For exam-
ple, higher BMI and increased age are related to decreased 
intensity of physical activity (PA) (Kao et  al. 2014). For 
daily sitting time, sex, age, and educational level could be 
identified as socio-demographic correlates by Wallmann-
Sperlich et  al. (2013) in a German representative sample. 
Men sat longer than women, sitting time and age were neg-
atively correlated, and sitting time as well as educational 
level was positively associated.

Regarding the fact that adults spend at least 30  % of 
their waking hours working, and this work has been devel-
oped to be more sedentary (Smith et al. 1999), the working 
environment needs to be seen as a major setting for the pro-
motion of PA to overcome occupational sedentarism (Plot-
nikoff et al. 2005). Different studies using objective meas-
ures have shown that office workers spent between 66 and 
82 % of their working time in a sedentary position (Brown 
et  al. 2013; Thorp et  al. 2012). Higher sitting times in 
adults at work were recently reported for individuals aged 
18–29 years, obese individuals, full-time workers, employ-
ees with higher education and income, and single/divorced/
widowed individuals (Clemes et al. 2015; De Cocker et al. 
2014). One promising approach to increase PA levels at 
work is to employ height-adjustable working desks (Grun-
seit et al. 2013). These desks enable a switch from sitting to 
standing working positions.

Therefore, the assessment of physical (in)activity dur-
ing working time has gained increasing research atten-
tion (Blair 2009). Accordingly, accurate values and more 
detailed knowledge concerning daily sitting, standing, and 
walking distribution seem necessary, especially in order 
to evaluate the effectiveness of health-promotion pro-
grammes, and to support prevention purposes.

Different methods ranging from very short to long ques-
tionnaires based on self-reports (i.e. International Physical 
Activity Questionnaire (Craig et  al. 2003), Baecke Ques-
tionnaire (Baecke et  al. 1982)) to sophisticated technical 
solutions to quantify the amount of PA are available to date. 
PA can be objectively measured by heart rate measurement, 
accelerometer, pedometer, sense wear bracelet, doubly 
labelled water method, calorimeter, or direct observation 
of participants (Castillo-Retamal and Hinckson 2011). The 

most common methods of PA data collection, particularly 
in large-scale epidemiological studies, are questionnaires 
or surveys (Prince et al. 2008). This approach serves as a 
feasible, time-saving, widely available, and inexpensive 
way for large samples. Various studies have shown that the 
validity of self-reports might be questionable (Ainsworth 
et  al. 1999; Castillo-Retamal and Hinckson 2011; Prince 
et  al. 2008). As questionnaires are mostly retrospective, 
reported data might suffer from misclassification due to 
recall errors or social desirability (Durante and Ainsworth 
1996). Accurate information about PA can only be obtained 
from objective devices (Troiano et al. 2008). Studies which 
compare subjective and objective methods for assessing 
PA are summarized in a systematic review by Prince et al. 
(2008), showing low-to-moderate correlations between 
self-reported data and objective measures. Other studies 
compared reported or measured versus observed working 
postures (Baty et al. 1986; Laperrière et al. 2005). In using 
the observer estimates as the “gold standard” for validation 
purpose, they conclude that self-reports may be a useful 
addition to questionnaires and objective measurements, if 
posture categories are well defined.

The relationship between activity and age or BMI, 
respectively, is well known (Blair 2009; Cohen et al. 2015). 
Detailed analyses of biased self-reports concerning sitting, 
standing, and walking times stratified socio-demographi-
cally are missing up to now.

In the current study, actual sitting, standing, and walking 
times were measured with the help of the well-established 
accelerometer (Skotte et  al. 2014) supplemented with the 
subjective measurement of PA via questionnaire in a sam-
ple equipped with height-adjustable working desks.

Against the cited background, we derived the following 
research questions:

1.	 How is the distribution of sitting, standing, and walk-
ing times in employees with a height-adjustable work-
ing desk?

2.	 How large is the degree of divergence between esti-
mated and measured physical activity in our sample?

3.	 Do the variables sex, age, BMI, and hours of work 
lead to larger or smaller biases in sitting, standing, and 
walking times in office workers?

Methods

Study design and participants

All participants were employees of the confederate Swiss 
health insurance (EGK). Due to the research question, only 
office workers supplied with a height-adjustable work-
ing desk prior to the start of the study were invited to 
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participate (n =  80). We included both sexes between 18 
and 65  years of age who worked at least 21  h per week 
(50 %). Employees who refused to participate or with car-
diovascular diseases, trauma of the lower extremities in 
the past 6 months, epilepsy, pregnancy, and dizziness were 
excluded. The named inclusion and exclusion criteria were 
chosen to avoid the risk of heterogeneous subgroups. For 
these reasons, the sample was reduced to 38 employees 
(respondent rate 47.5  %). Before starting the study, we 
obtained informed consent of the participants. The study 
protocol was approved by the local ethics committee.

The demographic characteristics of the participants 
can be seen in Table 1. The percentage distribution of the 
variables sex (more females), weight group (more normal 
weight than overweight than underweight participants), and 
hours of work (more full time) significantly differed from 
an equal distribution (p < 0.05).

Procedures

ActiGraph wGT3X‑BT

Objective sitting, standing, and walking times were meas-
ured using the ActiGraph wGT3X-BT (Pensacola, FL, 
US). This approach showed high sensitivity (~99  %) and 
specificity (100 %) in distinguishing between sitting, stand-
ing, walking, running, and cycling when worn at the thigh, 
described in detail elsewhere (Skotte et  al. 2014). The 

standard deviations of acceleration enable the classification 
between seven different classifications (sitting, standing, 
walking, running, stair walking, cycling, and “moving”), 
using a tree structure in order to classify activity levels. 
However, we did differentiate only three classification pat-
terns. The small triaxial accelerometer has an integrated 
inclinometer function using raw data classifying activities 
such as sitting, standing, and moving. “Moving” is deter-
mined by considering movements, not step counts (Steeves 
et al. 2015). The devices were initialized to record data at 
a sampling rate of 60 Hz for all three axes. Using ActiLife 
6 software, all data could be downloaded and a classifica-
tion of wear time could be determined according to Choi 
et al. (2011). For data processing, an epoch length of 60 s 
was used. The ActiGraph was attached with an elastic belt 
at the right thigh. It was allowed to remove the ActiGraph 
during leisure time and overnight. In our study, we focused 
on sitting, standing, and walking times at work. All partici-
pants got a detailed instruction for the use of the devices. 
The body position (sitting, standing, walking) of the par-
ticipants was measured at any time for five consecutive 
workdays (Monday to Friday). The body positions were 
provided in percentages of total working time for 1 week. 
The wearing time of each participant could have been ana-
lysed validly by double-checked manual wear time record-
ings on a printed schedule and the stamping system (work 
time keeping) of the company. To follow the measurement 
process and lead to standardized behaviour, the participants 
were called by phone during the measurement.

Occupational Sitting and Physical Activity 
Questionnaire (OSPAQ)

The Occupational Sitting and Physical Activity Question-
naire (OSPAQ) was used to subjectively assess sitting, 
standing, and walking times by self-reported data (Chau 
et al. 2012). The OSPAQ asks within three questions for the 
number of working days, the hours of work achieved, and 
the percentages of the various physical activities (sitting, 
standing, walking, physical demanding tasks) in the past 
7 days. All participants filled out the OSPAQ at the end of 
the same working week wearing the ActiGraph. In compar-
ison with the objective measurement methods, the OSPAQ 
shows a good reliability and a moderate validity (Chau 
et al. 2012). Recently, the OSPAQ was compared with data 
collected by accelerometers in an office workplace setting 
and showed acceptable reliability and validity measure-
ment properties (Jancey et al. 2014).

Statistical analyses

All calculations were performed with SPSS (version 22.0; 
SPSS Inc., Chicago, IL, USA). In order to describe the 

Table 1   Sample characteristics (Laufen, Switzerland)

a  BMI computed by weight and height (kg/m2, measured)
b  Percentage distribution significantly differed from an equal distri-
bution (p < 0.05)

Mean scores (SD) n = 38

Age (years) 40.8 (11.4)

BMIa (kg/m2) 23.9 (4.2)

Hours of work (h) 36.4 (8.3)

Sex [n (%)]b

 Male 8 (21.1)

 Female 30 (78.9)

Age groups [n (%)]

 24–39 years 19 (50.0)

 40–61 years 19 (50.0)

Weight groups [n (%)]a,b

 Underweight (<20 kg/m2) 5 (13.2)

 Normal weight (20–≤25 kg/m2) 21 (55.3)

 Overweight (≥25 kg/m2) 12 (31.6)

Hours of work [n (%)]b

 Part time (50–95 %) 12 (31.6)

 Full time (100 %) 26 (68.4)
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relationship between the subjectively and objectively meas-
ured variables, intra-class correlation coefficients (ICC) 
with 95 % CIs were calculated. The ICC values were rated 
as poor (0–0.39), moderate (0.4–0.74), excellent (0.75–1) 
(Fleiss 1986). Paired t tests were computed to examine 
the differences between the objective measures for sit-
ting, standing, and walking times and between subjective 
and objective measures for each activity level. The effect 
size d was calculated. The observed effects were classified 
according to Cohen (1988) into small (d > 0.2), moderate 
(d > 0.5), and large (d > 0.8).

Bland–Altman plots were created to estimate hetero-
scedacity and to describe the deviation between subjective 
and objective measures. The plots show the systematic bias 
(mean difference between subjective and objective meas-
ures) and the limits of agreement (1.96* standard deviation 
of the difference between both measures) to obtain a 95 % 
random error component.

Separate analyses of variance with repeated measures 
(rANOVA) with the within-subject factor measurement 
(subjective vs. objective) and various between-subject 
variables (age, BMI, sex, hours of work) were carried 
out. Following significant interaction effects, post hoc 
tests were performed. To estimate the size of the results, 
the statistical effect size ηp

2 was calculated. According 
to Cohen (1988), 0.010  <  ηp

2 ≤  0.059 corresponds to a 
small effect, 0.059 < ηp

2 ≤ 0.138 to a moderate effect and 
ηp

2 > 0.138 to a large effect. The significance level for all 
tests was set at .05 a priori.

Results

Objectively versus subjectively measured sitting, 
standing, and walking times

Objectively measured, participants sat most of the time 
(77.1  %), stood 17.9  %, and walked only 5  % of their 

working time. The measured sitting and standing times 
differed significantly (t(37) = −17.92, p  <  .01). Table  2 
summarizes the comparison of the subjectively and objec-
tively measured sitting, standing, and walking times. The 
self-reported data yielded a significant subjective underesti-
mation of standing time and a subjective overestimation of 
walking time in contrast to the objectively measured data. 
With regard to sitting time, a non-significant underestima-
tion occurred.

Taking into account the average level of the variables, 
the intra-class correlation coefficients (ICC) between sub-
jective and objective measures were only low to moderate.

Furthermore, descriptive comparisons between subjec-
tively and objectively measured data for sitting, standing, 
and walking times are shown in Fig. 1.

Effect of demographic variables on the degree 
of divergence

Repeated-measures ANOVA with the within-subject fac-
tor measurement of standing time (OSPAQ vs. ActiGraph) 
and the between-subject factor age (20–39 vs. 40–67 years) 
showed a large main effect of the standing time measure-
ment (F = 14.9, p < .001, ηp

2 = .29). The analysis revealed 
a large significant interaction effect of age and standing 
time measurement (F  =  6.0, p  =  .02, ηp

2  =  .14). Older 
employees (40 years and older) underestimated their sub-
jective standing time compared to their younger counter-
parts (p < .01). No such interaction was found for walking 
or sitting time (p > .05). In a subsequent ANOVA with the 
between-subject factor BMI group (underweight, normal 
weight, and overweight) regarding the measurement of 
walking time, large significant main effects for BMI group 
(F = 4.5, p = 0.02, ηp

2 = .21) and measurement (F = 28.5, 
p < .001, ηp

2 = .45) were found. Additionally, another large 
significant interaction effect for measurement and BMI 
group was found (F  =  3.7, p  =  .04, ηp

2  =  .17). Under-
weight workers overestimated their walking time more 

Table 2   Statistical values for self-reported and measured sitting time, standing time, and walking time, n = 38 (Laufen, Switzerland)

Applying bootstrap method, no different results occurred

OSPAQ subjective self-reported data, ActiGraph objective measured data, ICC intraclass correlation; SD standard deviation, CI confidence inter-
val

* p < 0.01

Mean time in % (SD) Mean difference (SD) t value (df) p value Effect size (d) ICC (CI)

Sitting time OSPAQ 73.2 (18.9) −3.9 (15.1) −1.57 (37) .13 .25 .51* (.24; .71)

Sitting time ActiGraph 77.1 (11.1)

Standing time OSPAQ 13.3 (11.3) −4.6 (7.8) −3.61 (37) .001 .44 .64* (.41; .80)

Standing time ActiGraph 17.9 (9.4)

Walking time OSPAQ 12.7 (11.9) 7.7 (10.8) 4.38 (37) <.001 .88 .04 (−.27; .35)

Walking time ActiGraph 5.0 (3.2)
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than normal weight (p =  .02) and overweight participants 
(p  =  .03). Both significant interaction effects are shown 
in Fig.  2. Regarding sitting and standing times, no such 
interactions were found (p >  .05). Also, analyses with the 
between-subject factors hours of work and sex revealed no 
significant interaction with the differences between subjec-
tive and objective measures of sitting, standing, or walking 
times (all Fs < 1.60, all ps > .19).

Discussion

The present study aimed at investigating the differences 
between self-reported and measured occupational sitting, 
standing, and walking times in employees with height-
adjustable working desks. We additionally intended to eval-
uate the influence of demographic variables on the degree 
of divergence. The results show that more than three-fourth 
of working time is spent sitting, almost 20 % standing, and 
5 % walking. This equates to within 8 h of work per day, 
more than 6 h spent sitting, 1.5 h standing, and almost half 
an hour walking. The clear predominance of sitting time is 
comparable to rates from employees without height-adjust-
able working desks (Brown et al. 2013; Thorp et al. 2012; 
Tudor-Locke et  al. 2011), although all employees had the 
possibility of using their height-adjustable working desk 
at work and alternating their working position regularly. 
This is an important result showing the need for appropri-
ate interventions to encourage for a more frequent use of 
height-adjustable working desks.

In the present study, employees perceive themselves as 
less sitting and standing and more walking compared to the 
objectively measured data. Our results are in line with pre-
vious studies attesting to an overestimation of subjectively 
measured PA (including standing and walking) and an 
underestimation of sedentary behaviour, especially among 
those who sit most of the work day (Prince et  al. 2008). 
Social desirability concerning the knowledge about healthy 
behaviour and recall bias can be suggested as explanation 
for these discrepancies (Adams et al. 2005; Ainsworth et al. 
2012). Social desirability is associated with over-reporting 
of activity, resulting in an overestimation of physical activ-
ity energy expenditure and in an overestimation of activity 
durations (Adams et al. 2005). Furthermore, for other kinds 
of occupational exposures, there are also various studies 
summarizing a low validity for self-reported data and poor 
correlations with objective methods, for example the dura-
tion of computer use (Ijmker et al. 2011) or the occurrence 
of kneeling and squatting activities (Ditchen et al. 2013).

This bias could also be seen as a result of recalling 
well-established and familiar behaviour patterns such as 

Fig. 1   Comparison between subjectively and objectively measured 
sitting (a), standing (b), and walking times (c) using Bland–Altman 
plots. Each chart presents the mean difference (intermediate line) 
and ±1.96* standard deviation of difference (upper and lower lines), 
showing the limits of agreement
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sitting and walking more easily than retrieving innovative 
less used standing periods at their workplace. Ijmker et al. 
(2011) showed that the agreement between self-reported 
and observed duration of computer use improved with 
increasing, and therefore more familiar, exposure.

In our study, older employees (40  years and older) 
underestimated their standing time greater than younger 
employees and underweight workers (BMI  <  20  kg/m2) 
overestimated their walking time compared to normal 
weight and overweight participants. The overestimation of 
underweight workers is in line with previous findings in the 
literature (van Sluijs et al. 2007; Watkinson et al. 2010) and 
can be explained with the more active self-concept or self-
perception of underweight participants resulting from the 
indeed higher levels of PA.

The underestimation of standing time in workers aged 
40  years and older might be explained by the more chal-
lenging task of answering questionnaires and recalling their 
standing time. This could possibly affect the accuracy of 
the response (Park et al. 2001). Gender had no influence on 
the discrepancies which is in line with the results by Laper-
rière et  al. (2005). The authors found only difference in 
length of stride between men and women resulting in dif-
ferent distances covered while they state the same percent-
ages of walking time. This might have an influence on the 
physiological effects of walking.

When interpreting the named results, several limita-
tions of the study should be considered. As the study was 
designed as pilot project, employees from only one organi-
zation were included. Furthermore, there might have been a 
selection bias in recruiting the employees as the study was 
based on voluntariness of participation resulting in a low-
respondent rate. These factors led to a small sample size 
with no equal distribution of demographic variables and 
a limited internal validity and reliability. In conclusion, a 

larger sample with a larger variety of work tasks and work-
places spread over a larger geographical region is needed 
to confirm the results. Additionally, other variables could 
be interesting moderators of our findings such as socioeco-
nomic status or level of fitness and leisure time PA. Identi-
fying further variables is important to enhance the develop-
ment of tailored interventions to reduce sitting time. Such 
intervention studies should also focus on the measurement 
of relevant physiological parameter such as blood flow in 
the lower limbs against the background of the physiologi-
cal effects of different postures on the circulatory and mus-
culoskeletal systems (Hamilton et al. 2007; Tikkanen et al. 
2013). The authors show that even changes from sitting to 
standing are beneficial for leg muscle activity and health 
outcomes. Therefore, a differentiation of standing, con-
strained standing, slow walking and fast walking, and other 
postures such as running and kneeling is needed. In order 
to examine the health-related effects of different postures, a 
reliable detection is required.

Moreover, the estimation of sitting, standing, and walk-
ing times in per cent (OSPAQ) may be difficult and lead 
to rounded, inexact values. Heinrich et al. (2004) described 
that participants may assess the duration of occupational 
tasks better in terms of absolute time than as percentage of 
time. An advantage of the description in per cent is the use 
of continuous data instead of categorical data, like limited 
response categories for minutes spent sitting, standing, and 
walking (i.e. 0–30, 30–60  min, etc.). Furthermore, a ret-
rospective recall for the last 7  days leads to a larger bias 
than an immediate daily recall. The objective measurement 
by the accelerometer overcomes the limitations of bias 
and recall, which is very common with self-reported data. 
Measuring PA with only seven items (OSPAQ) is a very 
efficient way, but has the disadvantage of no clear definition 
and differentiation of different postures. Due to economic 

Fig. 2   Means and standard 
errors resulting from the 
repeated-measures ANOVA for 
the measurement of standing 
time (subjective vs. objective) 
and age group (left graph) and 
the measurement of walking 
time (subjective vs. objective) 
and BMI group (right graph) 
for n = 38
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reasons, it was not possible to use human observation with 
defined parameters, additionally. A direct observation of 
work activity would be helpful to interpret the data on the 
persistence of sitting.

Conclusions

First, due to the existing bias between self-reported and 
measured data, it is essential to address the problem of 
incorrect or invalid self-reported measurement methods, 
respectively. For prevalence estimations of BMI catego-
ries, a correction formula was established on the basis of 
self-reported and measured representative data (Kurth 
and Ellert 2010), which could already be applied for self-
reported data (Ellert et  al. 2014). To improve the validity 
of self-reported PA levels, subjective and objective meas-
ures from larger representative samples are needed. With 
the help of these data, a correction formula could be devel-
oped. A correction formula needs to consider demographic 
variables such as age and BMI, because they seem to affect 
the effect of misjudging in standing and walking time in 
our sample. This might be a practical solution to correct 
self-reported data concerning sitting, standing, and walk-
ing times which leads to an economic assessment of PA by 
subjective measures.

Second, our finding of a high level of sitting time in 
employees with a height-adjustable working desk empha-
sizes the need for further action to increase PA levels in 
office employees. There are different ways to reorgan-
ize and rebuild the office environment to provide a more 
“active environment” in the sense of structural prevention 
approaches, e.g. to overcome obstacles to stand or walk 
more. These recommendations were not scope of the study, 
but were appropriate indications for further longitudinal 
intervention studies. Interventions should focus on fac-
tors which lead to a low-frequent or high-frequent usage 
of height-adjustable working desks. Grunseit et al. (2013) 
named several factors for a continued use of height-adjust-
able working desks such as health impacts, perceived pro-
ductivity while sitting and standing, practical accommoda-
tion of transitions between sitting and standing as well as 
electric or manual operation for height adjustment. Further 
interventions as described elsewhere (Shrestha et al. 2015) 
need to be implemented to reduce sitting times at work, i.e. 
computer-delivered interventions using automatic prompts.

Our results suggest furthermore implementing specific 
interventions for subgroups such as older aged adults and 
underweight adults to improve their self-assessment for 
standing and walking times, respectively.

Therefore, the practical implication of this study is 
to develop appropriate interventions that lead to a better 
implementation of height-adjustable working desks and 

the application of a correction formula to reduce misjudg-
ing of PA and establish further activities at work in order 
to reduce sitting time and the risk of a number of chronic 
diseases.
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