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Introduction

One of the main challenges in physical
activity (PA) research remains the com-
parability of PA estimates derived from
different measurement tools. Estimates
do not only differ substantially between
self-reportedanddevice-basedmeasured
outcomes, but also within these cate-
gories (Nigg et al., 2020; Pulsford et al.,
2023). Each method (i.e., accelerometry,
questionnaires, or diaries) for assessing
PA presents its own set of challenges and
advantages. Self-reported tools allow for
assessing PA in large groups with lim-
ited effort but can, for example, suffer
from social desirability or recall biases
(Helmerhorst, Brage, Warren, Besson, &
Ekelund, 2012). Device-based measures
enable researchers to track movement
patterns throughout the day and address
the 24h activity cycle (Rosenberger et al.,
2019), but are expensive, time consum-
ing, and the choice of, for example, the
device used, the wearing position and
the processing of the data impact the de-
rived PA estimates and are often poorly
reported (Keadle, Lyden, Strath, Stau-
denmayer, & Freedson, 2019). A uni-
versally accepted standard for PA mea-
surement has not yet been established,
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while ongoing discussions are focused
on identifying best practices (Burchartz
et al., 2020; Nigg et al., 2020), which has
important implications for the creation
and application of PA guidelines (Bull
et al., 2020; Gill et al., 2023). Impor-
tant parameters for measurement tools
are measures of reliability, the agreement
between different tools (referred to as va-
lidity in this manuscript), and the stabil-
ity of differences between measurement
tools over time (Patterson, 2000). There-
fore, the current study aimed to repli-
cate the results of our previous study us-
ing data from the first SMARTFAMILY
trial (Fiedler, Eckert, Burchartz, Woll,
& Wunsch, 2021) with data from the
SMARTFAMILY2.0 trial. The original
aims were to investigate the stability of
the pairwise differences between three
methods of measuring PA (accelerome-
try, diary, and questionnaire) and to as-
sess the impact of using different epoch
lengths (10 s and 60s) for accelerometer-
derived moderate and vigorous physi-
cal activity (MPA and VPA) in adults,
children, and adolescents (hereafter de-
scribed as children) within two indepen-
dent measurement weeks. Additionally,
the study aimed to evaluate the reliabil-
ity and validity of the aforementioned
measurement tools.

Methods

Themethods for theparticipantsandpro-
cedure are thoroughly described in the
study protocol of the main study (Wun-
sch et al., 2020). This study refers to the
participants of the control group from
the second SMARTFAMILY trial. The
methodology for this replication study is

based on our previous study on this topic
referring to thefirst SMARTFAMILY trial
(Fiedler et al., 2021). Themost important
information relevant to this manuscript
is provided briefly in the following para-
graphs. The measurements in this study
differ in two points from the previous
one:
4 The Global Physical Activity Ques-

tionnaire (GPAQ) (Armstrong &
Bull, 2006) was used for adults and
children in the present examination
based on the new PA recommenda-
tions of the World Health Organiza-
tion (Bull et al., 2020), in the previous
study the International Physical Ac-
tivity Questionnaire (IPAQ) (Craig
et al., 2003) was used for adults and
the Sixty-Minute Screening Mea-
sure (Prochaska, Sallis, & Long,
2001) for children. The GPAQ has
shown a moderate-to-strong positive
correlations with the IPAQ in pre-
vious research (e.g., Bull, Maslin, &
Armstrong, 2009).

4 Following the poor results of the
PA diary in our previous study, the
design and description of the diary
were improved and one example of
a filled-out diary was provided to
each participant (for an example see
https://osf.io/e8acs/).

Participants and procedure

Participants were eligible for this study
if they represented a family with at least
one child and one adult who were living
in a common household, and were part
of the control group (43 adults aged 36–
58years and50childrenaged4–20years).
Full ethical approval was obtained for the

German Journal of Exercise and Sport Research

https://doi.org/10.1007/s12662-024-00979-x
http://crossmark.crossref.org/dialog/?doi=10.1007/s12662-024-00979-x&domain=pdf
http://orcid.org/0000-0002-9291-2191
http://orcid.org/0000-0002-5736-2980
http://orcid.org/0000-0001-9400-4130
https://doi.org/10.1007/s12662-024-00979-x
https://doi.org/10.1007/s12662-024-00979-x
https://osf.io/e8acs/


Brief Communication

Table 1 Characteristics of theparticipants.Displayedare thenumberofparticipants (N),means,
andstandarddeviations(SD)fortheparametersgender(male/female),age inyears,height,weight
(kg), and bodymass index (BMI )

Children Adults

Female Male Female Male

(N=25) (N= 25) (N=23) (N=20)

Parameter

Mean (SD)

Age (years) 11.5 (3.69) 10.4 (2.62) 45.1 (6.01) 46.4 (6.20)

Height (cm) 150 (18.3) 151 (18.2) 169 (5.39) 182 (7.56)

Weight (kg) 44.6 (18.2) 42.1 (14.1) 69.2 (13.2) 90.1 (17.3)

BMI (kg/m2) 18.9 (3.73) 17.9 (3.23) 24.3 (3.92) 27.2 (4.58)

study. All participants, children, and le-
gal guardians provided written informed
consent before commencing the study by
signing the informed consent form (The
International Registered Report Identi-
fier (IRRID) for the SF study is RR1-
10.2196/20534.). Thetrialwasconducted
in accordance with the Declaration of
Helsinki. Families of the control group
had a baseline measurement (T0), a 3-
week waiting period without any inter-
vention ormeasurement, and a postmea-
surement (T1). Data collection at T0
and T1 involved measuring PA using ac-
celerometers, diaries and questionnaires
over the courseof1week. Theprocedures
were identical for both timepoints.

Measurements

Accelerometer
Hip-worn (right side) 3-axial accelerom-
eters (Move 3/Move 4, Movisens GmbH,
Karlsruhe, Germany) were used to con-
tinuously record PA. The accelerometer
has been considered accurate for assess-
ing energy estimation (Anastasopoulou
et al., 2014). Epoch lengths were chosen
to represent the most commonly used
epoch length (60 s), and a shorter epoch
length (10 s). The outcomes for the ac-
celerometer that were used for this study
wereMPA(3.0–5.9metabolic equivalents
(MET))andVPA(>6MET) forall partic-
ipants. Accelerometerdatawere included
if aminimumwear time of at least 8h per
day for at least 4 of the 7 days during the
measured week was obtained. For valid
measurements, the average of MPA and
VPA per valid day was multiplied by 7
to represent the total minutes per week.

Diary
All participants completed a daily PA di-
ary during the two measurement weeks.
The diary included information such as
the date, time, type of activity, duration,
and perceived intensity of each activity.
Participants were instructed to rate the
intensity of each activity as light, moder-
ate, or vigorous based on factors like per-
spiration and shortness of breath. Only
activities with a duration of more than
10min were reported and the minutes of
MPA and VPAwere summarized as total
minutes per week.

Questionnaire
At the end of each measurement week,
participants completed theGermanshort
version of the GPAQ (Armstrong & Bull,
2006), which asked about their activi-
ties during the previous week. The ques-
tionnaire specifically focused onminutes
spent in MPA (at work/school, recre-
ational, and transport) andVPA(atwork/
school and recreational) and was pro-
cessed according to the GPAQ protocol.
This allowed for the recording of total
minutesperweek forbothMPAandVPA.

Statistical analysis

To compare the mean differences for the
four PA measures (accelerometry with
10 s and 60s epoch lengths, diary, and
questionnaire) between T0 and T1, the
differences in total minutes per week for
MPA and VPA were calculated for all six
combinations (e.g., thedifferenceofdiary
and questionnaire) at eachmeasurement
week. These differences were defined as
new parameters, ranging from –590 to
399min/week. If any of the original pa-
rameters containedmissingdata, the cor-

respondingdifferenceparameterwasalso
considered as missing data for that par-
ticipant. Test–retest reliability was calcu-
lated for each parameter between T0 and
T1. Validity was calculated between all
parameters at both T0 and T1. Stability
was calculated for each of the new differ-
ence parameters between T0 and T1. The
raincloud plots (Allan et al., 2019) were
created using R (R Core Team, 2022),
RStudio (Posit Team, 2023), and the gg-
plot2 package (Hadley Wickham, 2016).
Statistical analyses were performed using
the correlationpackage (Makowski, Ben-
Shachar, Patil, & Lüdecke, 2020), and
the degree of agreement was assessed us-
ing the Spearman correlation coefficient
(rs). The calculations were performed
separately for children and adults, and
pairwise deletion was used for each cal-
culation. The level of significance was
set at p< 0.05 and was not based on the
confidence intervals as the correlation
package uses the Fieller et al. (Fieller
& Pearson, 1957) correction leading to
possible disagreements in the interpre-
tation of significance between p-values
und confidence intervals.

Results

Participant characteristics

Thedata of 43 adults and50 childrenwere
used in this study. Characteristics of the
participants are presented in . Table 1.

Physical activity outcomes

Thefulldescriptive resultsofPAmeasure-
ments at T0 and T1 and corresponding
reliability, validity, and stabilitymeasures
(rs) are presented in the supplement Ta-
blesS1–S6. . Figure1a,bvisualize thede-
scriptive PA level estimated by eachmea-
surement tool for adults and . Fig. 1c, d
for children. Overall, the descriptive val-
ues show the highest MPA values for the
GPAQ, followed by accelerometry with
10 s epochs and 60s epochs, and the low-
estPAvaluesare reported for thePAdiary.
These results are consistent for VPA ex-
cept that the diary shows higher values
than the accelerometry.
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Stability

Thedifferences in the amount of PAgath-
eredbyaccelerometersusing10s, and60s
epoch lengths, and the PA diary showed
a significant association in both adults
and children in MPA and VPA between
T0 to T1 (0.36≤ r≤ 0.58, p≤ 0.035) with
the only exception ofMPAusing 60s and
diary for adults. Significant associations
of the differences between accelerometry
and the GPAQwere only found for MPA
using 10s epochs in adults (r= 0.39, p=
0.041). The only significant association
of the differences between the diary and
GPAQwas found forMPAinchildren(r=
0.36, p= 0.027). All other comparisons
yielded nonsignificant associations.

Test–retest reliability

BothMPA andVPA indicated significant
associations for accelerometry (both 10s
and 60s epochs) and the PA diary be-
tween T0 and T1 for adults and children
(0.34≤ r≤ 0.82,p≤ 0.024, seesupplement
Tables S1 and S2). PA measured by the
GPAQ showed the only significant asso-
ciation between T0 and T1 for VPA in
adults (r= 0.52, p= 0.017).

Validity

Additionalanalysisofpairwise rs between
all measurement methods at both T0 and
T1 showed significant associations be-
tween 10s and 60s epochs for adults
and children (0.90≤ r≤ 0.98, p≤ 0.001,
see supplement Tables S3 and S4). The
GPAQ showed significant associations to
accelerometry (both10s and60s epochs)
for MPA in adults at T0 and T1 and for
VPA in children at T1 (0.36≤ r≤ 0.52, p≤
0.048). The PA diary and accelerometry
showed significant associations in MPA
at T0 and T1 in adults, and T1 in children.
For VPA associations between the PA di-
ary and accelerometry were found at T1

in adults, and at T0 in children (0.37≤
r≤ 0.46, p≤ 0.028). The PA diary and the
GPAQ showed significant associations at
both measurement weeks for MPA and
VPA except for VPA in children at T1

(0.39≤ r≤ 0.63, p≤ 0.021).
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Abstract
Comparing adherence to physical activity
(PA) guidelines can be challenging due to
the varying types of measurement and
analysis methods used to quantify PA.
Therefore, previous results of test–retest
reliability, validity, and stability for self-
reported (i.e., questionnaire and diary) and
device-basedmeasured (i.e., accelerometry
with 10/60 s epochs) PA were replicated
in 43 adults and 50 children from the
SMARTFAMILY2.0 trial. Data were collected
throughout two independent measurement
weeks and descriptive values were reported
and visualized. The relationships among
and between all variables included during
both measurement weeks for each quality
criterion were analyzed using Spearman
correlations, stratified by children and adults.
This was done to illustrate the quality criteria,
namely test–retest reliability, validity, and
stability. Descriptive results showed the
highest moderate and vigorous PA values for
questionnaires and accelerometry showed
the second highest results in moderate

PA, while in vigorous PA the estimations
by the diary were higher than those of
accelerometry. As before, only accelerometry
demonstrated preliminary evidence for
reliable, valid, and stable results for both
epoch lengths. Contrary to our previous
findings, the diary showed higher correlation
coefficients for the quality criteria than
the questionnaire. Additionally, correlation
coefficients were higher in moderate than in
vigorous PA, and the patterns of significance
differed partially between children and adults.
The present results reinforce the findings and
conclusions presented in the previous study
and add information about PA questionnaire
results in children. Comparing both studies,
discrepancies exist in estimating vigorous
PA in healthy adults by the Global and the
International Physical Activity Questionnaire.

Keywords
Accelerometry · Global Physical Activity
Questionnaire · Diary · Reliability · Validity ·
Stability

Discussion

This study aimed to replicate the results
of a previous study on the reliability,
validity, and stability of a PA question-
naire, aPAdiary, andaccelerometryusing
10 and 60s epochs for MPA and VPA in
adults and children over two measure-
ment weeks with new data. As in the
previous study, descriptive PA estimates
from the questionnaire yielded the high-
est results for MPA and VPA and ac-
celerometry showed the second-highest
results inMPA. VPAresultsdiffered from
our previous work such as the PA esti-
mations by the diary were higher than
those of accelerometry. As before, only
accelerometry showed preliminary evi-
dence for reliable, valid, and stable results
for both epoch lengths. Contrary to our
previousfindings, theroleofthediaryand
questionnaire are reversed. The diary in-
dicated preliminary evidence for reliable,
mainly valid, and stable results compared
to accelerometry in this study, while the

GPAQ showed very limited significant
associations in all three categories.

The present results are comparable to
the previous study (Fiedler et al., 2021)
for the PA estimations by accelerometry
using 10 and 60s epochs. This was to
be expected, as the only difference was
in the choice of epoch length. Nonethe-
less, up to 163min higherMPA per week
and up to 30min higher VPA per week
for 10 s epochs show the importance of
considering and documenting such data
processingchoicesaspointedoutbyother
research (Orme et al., 2014). Results for
the questionnaire and PA diary, however,
differ from the previous findings. The
highest values for PA were still reported
by the questionnaire, but reliability, va-
lidity, and stability indices were higher
in the PA diary than for the GPAQ, while
the previous work indicated them to be
higher in the IPAQ than the diary. The
reason that the indices of the diary im-
proved is most likely due to the fact that
we provided additional information and
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a b
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Fig. 18Descriptivemeans ofmoderate physical activity (MPA) in adults (a) and children (b) as well as vigorous physical ac-
tivity (VPA) inadults (c) andchildren (d). Displayedare the results (independentmeasurements, distribution, andboxplots)of
the physical activity diary (Diary), accelerometrywith 60 s epochs (Acc 60), accelerometrywith 10s epochs (Acc 10), and the
Global Physical Activity Questionnaire (GPAQ) for two independentmeasurementweeks (T0and T1) inminutes perweek

examples on how to fill in the diary dur-
ing themeasurementweeksafter thepoor
indices during the first trial. The reason
for the lack of reliability, limited validity,
and stability of theGPAQ is not so easy to
explain as it shows a moderate-to-strong
correlation to the previously used IPAQ
(Bull et al., 2009). Both questionnaires
aim to estimate total MPA and VPA but
theGPAQincludesmoredomain-specific
estimates. The total amount of estimated
MPA was roughly the same between the
previous study and this replication study.
VPA, however, was estimated 3 times
higher by the GPAQ in this study com-
pared to estimates of the IPAQ in the
previous study with comparable values
for accelerometry. This points to possi-
ble issues in estimating VPA in healthy
adults using the GPAQ.

Strengths and limitations

The main strength of this study is that
it provides new insights into previous
findings within a comparable study set-

ting and extends the previous findings by
the results for a refined PA diary and by
providing questionnaire-based estimates
for children. One limitation that was
not present in the previous study but oc-
curred during the current study is that
data were collected during the ongoing
COVID-19pandemic. However, datahas
only been collected when schools were
open to allow comparability within the
data and to limit the influence of restric-
tions on PA patterns.

Conclusion

Considering the results of both studies,
we found important differences for the
quality criteria within and between the
measurement tools. This reinforces the
current demand for detailed reporting
of the rationale behind choosing a spe-
cific tool and the data processing steps
used in studies. Furthermore, the advan-
tage of combining the results of different
measurement tools, for instance, to add
contextual information to accelerometry

measures, should be evaluated in the fu-
ture.
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