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Summary

Objectives: Raw accelerometry is increas-
ingly being used in physical activity research,
but diversity in sensor design, attachment
and signal processing challenges the com-
parability of research results. Therefore,
efforts are needed to harmonize the method-
ology. In this article we reflect on how in-
creased methodological harmonization may
be achieved.
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1. Introduction

Accelerometry is increasingly being used in
physical activity research and a recent
review [1] highlighted the difficulties of
comparing estimates from different accele-
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Methods: The authors of this work convened
for a two-day workshop (March 2014) themed
on methodological harmonization of raw ac-
celerometry. The discussions at the workshop
were used as a basis for this review.

Results: Key stakeholders were identified as
manufacturers, method developers, method
users (application), publishers, and funders. To
facilitate methodological harmonization in
raw accelerometry the following action points
were proposed: i) Manufacturers are encour-
aged to provide a detailed specification of
their sensors, ii) Each fundamental step of al-
gorithms for processing raw accelerometer
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rometer brands when these incorporate
substantial on-board processing before data
are stored on the device, advocating for in-
creased use of raw sensor data, in line with
our earlier suggestions [2]. Raw accelero-
metry refers to the sensor technology which

data should be documented, and ideally also
motivated, to facilitate interpretation and
discussion, iii) Algorithm developers and
method users should be open about uncer-
tainties in the description of data and the un-
certainty of the inference itself, iv) All new al-
gorithms which are pitched as “ready for im-
plementation” should be shared with the
community to facilitate replication and on-
going evaluation by independent groups, and
v) A dynamic interaction between method
stakeholders should be encouraged to facili-
tate a well-informed harmonization process.
Conclusions: The workshop led to the iden-
tification of a number of opportunities for
harmonizing methodological practice. The
discussion as well as the practical checklists
proposed in this review should provide guid-
ance for stakeholders on how to contribute
to increased harmonization.

stores acceleration data in units of gravi-
tational acceleration or m/s® at sample fre-
quencies of typically above 10 Hertz. A
sketch of the data collection and processing
pipeline that applies to raw data accelero-
metry is shown in »Box 1. The technology
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Schedule

The Raw Data Accelerometry Collection and Processing

Pipeline

1. Research question, including a specifica-
tion of what aspects of physical activity
are of interest

2. Use literature, new empirically study,
and/or expert advice to identify the most
appropriate accelerometer, study proto-
col, and accelerometer configuration to
capture these aspect identified under #1

3. Study itself, the study participants wear
sensors, data capture and storage

4. Raw data

5. Extraction of signal features needed for
steps 6, 7 and 8. For example filter the
signal and take the average per second.

of raw accelerometry has been around since
the 1990s but has only become feasible for
the use in the assessment of weeklong
human physical activity since the first dec-
ade of this century [2, 3]. The introduction
of this technology to the field has fueled the
development of methods to manage, ana-
lyze and interpret raw accelerometer data
[4-6]. The access to raw sensor data, and
the consequential analytical freedom facili-
tates methodological innovation, but may
paradoxically also challenge methodologi-
cal consistency [1, 7]. Another challenge for
methodological consistency is that raw ac-
celerometer data may not be 100% compat-
ible between accelerometer brands [8, 9].
Methodological consistency is critical for
valid comparisons of physical activity data
from different populations, from clinical
to nationally representative population
samples, and at different points in time [2,
10-12]. Although method harmonization
could in theory be as simple as selecting the
most popular method from the scientific
literature and advising everyone to use that
method, this is an unrealistic proposition
because:

i) there is already a great diversity of meth-
ods in use, ii) practical requirements differ
between method users, by which one stand-
ard may not suit all, and iii) future devi-
ations from an established set of standards
may represent innovation which should be

Methods Inf Med 6/2016

6. Use signal features to inspect and im-
prove data quality, e.g. calibration to
gravity and protocol compliance by par-
ticipant. Step #6 is used to improve steps
#7 and #8.

7. Describe the signal features and/or use
signal features for inference algorithms
to classify or estimate something that
was not directly measured like activity
types or energy expenditure

8. Physical activity outcome variables, typi-
cally the weekly or daily average or total
of the information extracted under #7

encouraged. Therefore, efforts are needed
to harmonize various aspects of methodo-
logical practice which should entail both
the consideration of consistency as well as
that of methodological innovation.

The GSISH biosensor workshop is a re-
curring workshop initiated and organized
by the Technical University of Munich
(TUM) Graduate School for Information
Science in Health (GSISH) [13] with invi-
tees from the field of physical activity as-
sessment. In March 2014, the third edition
of this workshop took place and was
themed around the possibility of establish-
ing standards for raw accelerometer data
methods. The workshop attendees are the
authors of this article, representing expert-
ise in sensor manufacturing [14], signal
processing [15], study design [16], doubly
labelled water studies [4, 17], clinical
studies [18, 19], and population-based
research [20-25].

The aim of this article is to use the dis-
cussions from the workshop to reflect on
how methodological harmonization can be
achieved and to compile practical check
lists to guide harmonization.

2. Methods

The workshop included plenary dis-
cussions as well as subgroup discussions.

First, generic aspects of the harmonization
process were discussed: (i) Who are the
stakeholders? (ii) How are methodologi-
cally standards typically established? and
(iii) How does the harmonization topic re-
late to the fundamental principles of scien-
tific transparency and openness? Next,
each aspect of raw accelerometry method-
ology was discussed: i) Hardware, ii) Data
collection and study protocols, iii) Method
development and evaluation, iv) Data pro-
cessing, v) Data description before and
after processing, vi) Method implemen-
tation and evaluation.

For each of these components we con-
sider opportunities and challenges with
respect to how harmonization can be es-
tablished and what roles and responsibil-
ities various stakeholders can take on.

3. Results

3.1 Generic Aspects about
Harmonization

3.1.1 Stakeholders

Harmonization relies directly on three key
stakeholders: sensor manufacturers, algo-
rithm developers, method end-users (see
» Figure 1). It should be noted that individ-
uals can be part of more than onc of these
three groups; there are sensor manufac-
turers who develop and release algorithms
and there are end-users who also contribute
to algorithm development. Method end-
users are those who apply developed meth-
ods in order to then study the association of
the information that was derived from the
raw acceleration data with some other quan-
tity, for example the occurrence of a disease
[26] or underlying population demo-
graphics [22]. In addition to these three
groups of stakeholders, there are other par-
ties involved, including funders, scientific
journals, toolkit/advisory websites, and pub-
lic platforms for data and algorithm sharing
(see »-Figure 1), who play more indirect
roles in this process by supporting and/or
endorsing methodological practices.

3.1.2 Evolution of Methodological
Standards

A methodological standard should ideally
evolve naturally by ongoing accumulation

© Schattauer 2016
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of empirical evidence on the feasibility and
validity of a method. However, standards
often evolve as a result of being the first of
their kind or because large studies opt to
use particular methods, e.g. the use of
count-based uniaxial waist-worn accelero-
metry in 15,000 individuals in the
NHANES 2002-03 and 2005-06 cycles [11,
27], or the choice of raw triaxial wrist-worn
accelerometry in over 100,000 individuals
participating in UK Biobank [10]; this may
have influenced other studies to also opt
for very similar methods [23, 28]. Regard-
less of the justification for choice of any
method, one cannot deny that it is highly
attractive to copy the study design of such
large studies, as it guarantees comparability
and facilitates the availability and the ex-
change of analytical methods. The risk with
this approach to adopting a methodology is
that the particular method may become so
popular that its continued evaluation may
be discouraged. However, it is widely ac-
knowledged that the validity of a methodo-
logical approach is not only tied to the raw
data as collected, and to the study proto-
cols, but very much also to the inference al-
gorithms that are used to process the data
and the population to which the inference
is applied. This leaves two important goals
of continued evaluation of existing meth-
ods: one is development of new algorithms
for the same raw data, and the other is the
evaluation of validity of proposed algo-
rithms in different populations or settings.
On the other hand, the willingness of large-
scale studies to implement novel technol-
ogies can be an important driver of meth-
odological innovation as it puts the limi-
tations of a technology right in the spot-
light [8, 29-32] and by that encourages
efforts to address those limitations.

3.1.3 Transparency

It was proposed that accessibility and
transparency should be the guiding prin-
ciple for methodological harmonization.
However, complete transparency may not
always be possible or realistic to achieve.
Commercial parties may not disclose all in-
formation related to their products in order
to give them a commercial advantage and
protect their investments to ensure profits;
the challenge for companies is to provide

© Schattauer 2016

METHOD USER:

* Runs the study

Figure 1

Diagram to visualize
the main stakeholders
that can contribute to
the harmonization of
methods for raw data
accelerometry

OTHER PLAYERS:
« Funders
Scientific journals

sharing

= Decides on protocol

= Applies the method

Public platforms for data

ALGORITHM DEVELOPER:

+ Collects algorithm
training data

+ Designs/trains algorithm

« Evaluates algorithm

METHOD:
Sensor
Protocol
Algorithm
Terminology
& semantics

SENSOR MANUFACTURER:
+ Develops sensor
hardware & software
Decides on attachment
and configuration options
Decides on data format

enough information to their end-users
about the nature of the data that is being
generated, coupled with timely identifica-
tion and filing of patents required to pre-
vent other companies from simply copying
their products. It should be noted that for
the end-user a not fully transparent meth-
od is not necessarily a worse method, al-
though some reassurance of the method’s
applicability to a given study’s primary aim
is warranted. In research settings where
resources are limited, it may in some
instances be more cost-effective to rely
on commercial services for derivation of
required variables than to go through the
potentially high burden of doing all the
interpretative work in-house in an open
fashion.

3.2 Specific Components of a
Method

3.2.1 Hardware

Accelerometers from a variety of manufac-
turers have been used to collect raw accele-
rometer data, including among others:
GENEA, Unilever Discover, Ltd, UK [2],
GENEActiv, Activinsights Ltd, UK [23],
Axivity, Axivity Ltd, UK [33], and Acti-
graph, Actigraph LLC, USA [9]. These
accelerometers would include a sensory
element that performs the actual measure-
ment of acceleration, and this sensor el-
ement may come from different manufac-
turers or come in different versions with
different measurement properties. Com-
parisons between different accelerometer
brands in terms of what is actually being

measured and how are therefore not always
straightforward. Manufacturers of accelero-
meters can contribute to increased trans-
parency about their monitoring products by
publishing sensor specifications. A sug-
gested minimum level of information about
sensor specifications is presented in P-Table
1. However, manufacturers may argue that
aspects other than those related to metho-
dological consistency drive the choices
made during the product development pro-
cess; combining the need for higher accu-
racy, and also physical requirements such as
small size, long battery life, and flexibility of
operational settings still represent a chal-
lenge that often leads to singular hardware
and software architecture. It would perhaps
be simpler for manufacturers to provide
warranty on well-established performance
specifications, which is ultimately the re-
sponsibility of the scientific community to
define. For example, such a performance
specification may include a particular rela-
tionship (e.g. linear) between sensor output
and mechanically generated standardized
acceleration signals, or that there should be
no or only a well-defined marginal differ-
ence between the output of the new and the
preceding sensor version when tested under
such controlled conditions of a mechanical
movement. If there is a difference then evi-
dence needs to be provided that the newest
version of the accelerometer is more valid,
and ideally some guidance on how to map
old to new data and vice versa [2]. For raw
triaxial accelerometry, there are abundant
opportunities to check sensor response to
static accelerations between -1 and 1g using

Methods Inf Med 6/2016
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Table 1 Suggested minimum information an accelerometer manufacturer should provide about their
sensor
Information Example

1 | Sensor type Tri-axial MEMS accelerometer

2 | Acceleration sensor manufacturer Analog Devices

3 | Acceleration sensor model ADXL345

4 | Possible sampling frequencies 50, 75, 100 Hertz

5 | Sampling mechanism Based on internal clock in acceleration sensor

6 | Data resolution 12 bit over a 16g dynamic range

7 | Dynamic range of sensor +/- 8g

8 | Specification of on-board signal processing  Analogue low-pass filter at 30 Hertz with —3dB

9 | Report of a test to demonstrate the relation-  Experiment with a robot

reference acceleration signals

10 | Report of a test to demonstrate that the
output of the accelerometer is comparable,
or more precise, in capturing standardised
movement compared with its preceding
versions

11 | Temperature stability of the response

ship of the output of the accelerometer with

Experiment with mechanical shaker device or
a robot

Statics experiment (not moving accelero-
meter) at different temperatures

the Earth’s gravitational field even when
sensors have been deployed in the field [34,
35]. However, documentation of dynamic
acceleration response beyond that range re-
mains the premise of mechanical shaker ex-
periments requiring specialist equipment,
thus likely best placed with the manufac-
turer. In return, the scientific community
should try to inform manufacturers on the
required resolution in the acceleration am-
plitude and the desired accelerometer fre-

Checkpoints

quency response during the activity types
that are of interest.

3.2.2 Accelerometer Configuration
and Study Protocol

Once an accelerometer is purchased, the
end-user needs to decide on measurement
configuration (e.g. sample frequency, active
channels) and study protocol (e.g. anatomi-
cal attachment location, measurement du-

Suggested Checklist for Operational Procedures when
Working with an Accelerometer

1. Is there a record of: body site of attach-
ment, accelerometer attachment pro-
cedure, and accelerometer wear instruc-
tions (including e.g. night time and
water-based activities)?

2. Is there a record of relevant participant
characteristics, e.g. handedness or leg
length?

3. Does the amount of data collected match
the intended measurement duration?

Methods Inf Med 6/2016

4. Is the accelerometer housing intact?

5. Are the accelerometer and attachment
straps cleaned after every measure-
ment?

6. Is the battery sufficiently charged?

7. Is the accelerometer correctly config-
ured?

8. Is there a study-level record of the dates
on which the accelerometer was sup-
posed to be worn?

ration, and instruction to the participant).
Raw data accelerometry has been imple-
mented with sample frequencies as low as
10 Hertz [36] up to 100 Hertz for long-term
monitoring [37]. Further, most studies col-
lect data over seven days, e.g. NHANES [38,
39], the German National Cohort [40], and
UK Biobank [10], while a nine day protocol
has also been implemented to ensure that at
least seven full days defined from waking
up in the morning till waking up the next
morning are recorded [41].

Decisions about accelerometer con-
figuration are generally constrained by
limitations of the technology. Here, one
could follow the principle of collecting as
much information as possible (e.g. highest
sample frequency as possible), collecting at
least as much information as in similar
studies, or justifying the accelerometer
configuration based on the required infor-
mation content of the signal (e.g. Shannon-
Nyquist theorem for selecting sample fre-
quency [42]). Harmonization in accelero-
meter configuration may be achieved by
providing a motivation for accelerometer
configuration in publications, which may
then contribute to a scientific discussion
about the strength of the motivation. Sub-
sequently, less appropriate configurations
should become less popular if a convincing
motivation for them is missing.

Decisions on the study protocol are
often driven by the cost of the method, pri-
mary outcome measures, the method’s abil-
ity to deliver those outcomes, feasibility in
the population of interest, assumptions
about behavioral variability (number of
days of monitoring required for a certain
level of reliability), and evidence or sugges-
tions from the literature or colleagues
about what protocol works best. As a result,
the harmonization could indirectly be
facilitated by ongoing efforts to reduce
method costs, increase measurement ca-
pacity, improve method feasibility, and
evaluation of the reliability of outcome
measures in various populations [43-45].
Further, harmonization may be encour-
aged by setting minimum standards for the
quality of operational procedures related to
accelerometer configuration and study
protocol. In »Box 2 we propose a mini-
mum checklist for operational procedures
when working with accelerometers.

© Schattauer 2016
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3.2.3 Choice of Data Processing and
Inference Methods

Procedures for data management and
quality control are often not reported in
publications, but likely differ between re-
search groups. Reported inference methods
also vary widely, e.g. by their choice of
summary metric [22, 46].

It was also acknowledged that data
management and data quality control need
to be considered and reported in detail, e.g.
detection of sensor malfunction, check for
acceleration sensor calibration [34, 35],
and accelerometer non-wear detection. As
a starting point for harmonization we have
compiled a minimum checklist for data
management and data quality control, see
»Box 3. Furthermore, data processing
tools that are able to provide comparable
output despite variations in accelerometer
configuration should be encouraged; for
example, average rectified acceleration over
5-sec windows would be similar for signals
sampled at 20 and 100 Hz.

Similarly, inference methods for energy
expenditure and activity type are also sub-
ject to ongoing debate. For example, some
publications on inference methods give the
impression of being in favor of machine
learning approaches [11, 47], while other
publications seem to prefer a more heuris-
tic approach, like threshold methods, prio-
ritizing an understanding of the method
and its output over data driven classifi-
cation performance alone [9, 16, 48, 49]. It
is likely that several of these methods may
enhance our understanding of human be-
havior, but from different perspectives;
however, for this potential to be realized,
we need to establish some ground rules
that would facilitate intrinsic understand-
ing of each method on its own, as well as
comparisons between methods.

To increase harmonization in data pro-
cessing methods, the following actions are
potentially beneficial: i) An attempt should
be made to motivate every computational
step of an algorithm and the order in which
they appear. ii) Algorithms that are pitched
as “ready for application” need to be pub-
lished, which means the full algorithm
including optimized parameters and coeffi-
cients, not the programming code that was
used to train the algorithm. iii) Method

© Schattauer 2016

Checkpoints

Suggested Checklist for
Data Management and
Quality Control

1. Screen data for accelerometer non-wear
periods

2. Screen data for implausible data points

3. Inspect data for acceleration sensor cali-
bration error, e.g. relative to gravitation-
al acceleration

4. Verify sensor attachment orientation if
the algorithm depends on it

5. Keep a record of data cleaning at study
level, e.g. individuals excluded

6. Keep a record of data cleaning at indi-
vidual level, e.g. measurement periods
included/excluded

7. Keep a record of the algorithm ver-
sion(s) used

users should report on algorithm settings
and parameters which are essential to
understand generated results. A proposed
checklist for reporting on data processing
is provided in P> Box 4.

Checkpoints

Suggested Checklist for
Reporting on Data
Processing

1. Report source and developer of em-
ployed algorithm(s)

2. Report parameters and coefficient
values used for the algorithm(s)

3. Report on programming environment
specifications

4. Provide a written description and moti-
vation of the key steps in the algorithm

5. Provide, where possible, a reference to
other publications using the same algo-
rithm

6. Provide, where possible, literature refer-
ences for studies supporting the appro-
priateness of the algorithm for appli-
cation under the conditions for which it
is used

3.2.4 Data Description before and
after Processing

Data description in literature is currently
not consistent, in particular in the level of
detail that is used to describe different types
of data, e.g. activity type “sitting” compared
with activity type sitting and instructed not
to move”. Another area of possible harmon-
ization is the description of data and seman-
tics of data. Descriptions of data can exist in
various forms and with different purposes.
Here, we will focus on all data related to
training, developing, evaluating, and imple-
menting algorithms for activity type classifi-
cation and energy expenditure estimation. A
distinction is necessary between three levels
of data description: i) Description of the
data before it is used to train the algorithm,
i) Description of the data when it is used for
algorithm training, and iii) Description of
the real study data the algorithm is applied
to. The description of the data before it is
used for algorithm training should ideally be
interpretable by an independent person at
any point of time; this is mandatory to en-
sure a broad and appropriate use for future
users. The description (labelling) of data at
the stage of algorithm training, e.g. the activ-
ity types to be classified, may require a sim-
plified version of the previously mentioned
easy interpretable description and is usually
down to the objectives and design of the al-
gorithm. However, once the algorithm is ap-
plied in unconstrained free-living individu-
als’ data, the algorithm should ideally be ex-
plicit about the description of its output. For
example, we may classify an activity “walk-
ing”, but we know that the classifier was spe-
cifically trained on an able-bodied adult per-
son walking on a level hard surface at nor-
mal speed in the laboratory, wearing shoes,
therefore specifically not in walking bare-
feet on sand, walking at very slow speed,
under free-living conditions, walking while
wearing heels, or walking by a young or old
or disabled person. Therefore, the descrip-
tion (labelling) of algorithm output should
reflect the consequential vagueness in the
derived activity types (or energy expendi-
ture construct) and the uncertainty of the
classification itself (e.g. probability for sitting
may be highest, but it could also be stand-
ing). Despite its scientific importance, such a
detailed description may not always be prac-
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tical. Therefore, method developers and
users will have to find a balance between
sufficient detail in their data description and
meeting requirements of practicality, a bal-
ance which may be application specific.

A naming convention can help to pro-
vide structure to the data and to ease data
merging between users, but should not be
used as an excuse to omit other types of
data description. For example, if pictures
are taken of the experimental environment
then they should be kept with the data such
that future users of the data have the op-
portunity to gain a better understanding of
how and where the data was collected.

In conclusion, it seems that harmoni-
zation in the description of data is not
necessarily about standardizing the data
description, but more about the complete-
ness of information and explicit expression
of known unknowns in the description,
such that appropriate comparisons can be
made between datasets and algorithms.

3.2.5 Method Evaluation and
Ongoing Development

Various aspects of a method can be devel-
oped or evaluated with robot experiments,
exercise laboratory experiments, and free-

living experiments. Each of these study de-
signs has its specific strengths and weak-
nesses, and it is advantageous to combine
several study designs to study multiple
aspects of how a method may perform.
Collaboration between research groups
with complementary expertise should
make such multifaceted evaluations possi-
ble. > Table 2 provides an overview of the
three categories of study designs and their
potential functions. Here, a lack of har-
monization may even be desirable because
it ensures that methods are exposed to a
diversity of experiments. Ongoing efforts
to identify new experimental designs for
developing a method could result in better
methods, and ongoing efforts to identify
new experimental designs for evaluating a
method could result in the identification of
yet unobserved limitations of a method.
Needless to say that method comparisons
should only be done under standardized
conditions where methods are concur-
rently applied within a single study popu-
lation. The reporting of development and
evaluation experiments could be harmon-
ized to some degree as we have described
above. Algorithm developers are encour-
aged to carefully consider the replication of
each other’s techniques for algorithm per-

Table 2 Study designs with which an accelerometer method can be developed and/or evaluated

Characteristic

Robot experiments

Laboratory

Free-living

Conditions

Variability testing

Observational
reference

Non-observational
reference methods

Technical evaluation
of accelerometer

Specific kinematic
conditions

Intra- and inter-device
variability

Video observation

Robot kinematics

Noise analysis, on-
board filter character-
istics, can the device
keep time, testing
under extreme condi-
tions

Standardized activity
types or freely chosen
activities within a con-
strained environment

Inter-device variability,
(intra-device variability
more difficult)

Video observation

Indirect calorimetry,
force platform, or other
wearable sensor
system

Can the device keep
time, on-board filter
characteristics,
testing under extreme
conditions

Real life environment,
with optional prescrip-
tion of activities

Inter-device variability

Questionnaire and
loghook (video but less
feasible)

Doubly labelled

water method or other
wearable sensor
system

Can the device keep
time, testing under
extreme conditions
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formance assessment to ease the compari-
son of results.

Finally, harmonization and the general
effectiveness of method development can
be improved by facilitating the interaction
between method developers and method
users, e.g. by means of workshops, sympo-
sia, conferences and online discussion fo-
rums. Further, funding bodies and scien-
tific journals may allocate resources and
space for method development and evalu-
ation, including pilot-testing of new meth-
ods for feasibility in clinical and population
studies. To foster the transition from estab-
lished methods to new approaches, we en-
courage reporting of results from both new
and established methods, where possible.
This allows for comparisons of temporal
and spatial differences in population levels
of physical activity.

4. Discussion

Methodological harmonization in raw ac-
celerometry is desirable from several per-
spectives, but should ideally be the result of
a scientific debate and ongoing collection
of empirical evidence of the validity of
methods. The discussion and practical
checklists in this review aim to provide
guidance to the process of harmonization.
In summary, we identified the following
key action points: i) Manufacturers are en-
couraged to provide a detailed specification
of their sensors. ii) Each fundamental step
of an algorithm for processing raw accele-
rometer data should be motivated to facili-
tate interpretation and discussion. iii) Al-
gorithm developers and method users
should be open about uncertainties in the
description of data and the uncertainty of
the inference itself. iv) All new algorithms
which are pitched as “ready for implemen-
tation” should be shared with the commu-
nity to facilitate replication and ongoing
evaluation by independent groups. v) We
recommend a dynamic and continuing in-
teraction between method stakeholders to
facilitate a well-informed harmonization
process.

Despite efforts to harmonize methodol-
ogy, it is likely that a certain amount of me-
thodological inconsistency will always pre-
vail in physical activity research as a result

© Schattauer 2016
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of ongoing innovations and need for com-
parisons with historical data. In the past,
physical activity researchers have tried to
develop conversion equations to compare
published reports on physical activity out-
comes based on inconsistent methodology
[50, 51]. A major limitation of such retro-
spective conversion attempts is that they
add another layer of uncertainty to the in-
terpretation of data because of failing to
capture the complex underlying processes
needed to guarantee perfect compatibility
(2, 8). Therefore, the re-analyses of the
original data should be encouraged as
much as possible [1]. In addition, research
will be needed to understand the impact
of methodological differences on typical
physical activity outcome variables and
how this impact can be accounted for.
Study designs to facilitate a better under-
standing of the impact of methodological
inconsistencies may include: convergent
validity studies to compare entire methods,
data re-analyses to compare algorithms,
and repeated measurements to compare
study protocols [52]. Finally, the practical
guidelines as proposed in this article
should help discourage unnecessary me-
thodological inconsistencies.

In comparison to other narrative review
articles published on physical activity
methods in recent years, this article is the
first to focus exclusively on the harmoni-
zation, considering the full information
pipeline ranging from hardware to physical
activity outcome variables, and to use a
multi-stakeholder panel discussion aimed
at establishing practical guidelines [1, 12,
27, 53, 54]. This article does not aim to
identify the latest trends and issues in
methodology, but much more aims to
make timeless recommendations on how
to achieve harmonization in scientific
methodology.

In conclusion, the workshop led to the
identification of a number of opportu-
nities for harmonizing methodological
practice. The discussion as well as the
practical checklists proposed in this re-
view should provide guidance for stake-
holders on how to contribute to increased
harmonization and to stimulate further
debate and consensus finding in the inter-
disciplinary physical activity research
community.
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