
REVIEW ARTICLE

Making trauma ecological momentary assessment studies FAIR: review of
design considerations and data procedures
Bryce Hruska a, Marilyn L. Piccirillo b, Lonneke I. M. Lenferink c, Maria L. Pacella-LaBarbara d,
Ateka A. Contractor e, Matthew Price f and Talya Greene g

aDepartment of Public Health, Syracuse University, Syracuse, NY, USA; bDepartment of Psychiatry, Rutgers Robert Wood Johnson Medical
School, Piscataway, NJ, USA; cDepartment of Psychology, Health & Technology, Faculty of Behavioural Management and Social Sciences,
University of Twente, Enschede, the Netherlands; dDepartment of Emergency Medicine, School of Medicine, University of Pittsburgh,
Pittsburgh, PA, USA; eDepartment of Psychology, University of North Texas, Denton, TX, USA; fDepartment of Psychological Science,
University of Vermont, Burlington, VT, USA; gDepartment of Clinical, Educational and Health Psychology, University College London,
London, UK

ABSTRACT
Background: Ecological momentary assessment (EMA) involves collecting data from people in
their everyday lives one or more times per day over the course of days, weeks, or months. EMA
has been used in the traumatic stress field to better understand how trauma-relevant
symptoms, experiences, and behaviours occur under naturalistic conditions and in relation
to one another. The FAIR principles specify that data should be Findable, Accessible,
Interoperable, and Reusable to maximise the knowledge gained from individual research
studies. However, it is unclear how EMA design decisions and data procedures might affect
the implementation of these principles.
Objective: We articulate key design considerations and data procedures when performing
trauma EMA research and outline some challenges and recommendations for implementing
the FAIR data principles in trauma EMA research.
Method and Results: Using examples from existing trauma EMA studies, we discuss the
decisions made when preparing a trauma EMA study; data processing and analytic
procedures performed following data collection; and challenges that exist for their
implementation, as well as practices that trauma EMA researchers can incorporate into their
research to promote FAIR data.
Conclusions: Implementing the FAIR data principles in trauma EMA research is critical to
advancing scientific knowledge. Researchers should deposit their data in reputable
repositories and include documentation detailing design decisions and the steps taken to
clean and prepare data. Many challenges remain for the implementation of these practices
including balancing privacy concerns and efforts to make trauma EMA data readily shareable.

Haciendo estudios de evaluación momentánea ecológica en trauma
FAIR: revisión de consideraciones de diseño y procedimientos de datos
Antecedentes: La evaluación momentánea ecológica (EMA, por sus siglas en inglés) implica
recolectar datos de las personas en su vida cotidiana una o más veces al día durante días,
semanas o meses. La EMA se ha utilizado en el campo del estrés traumático para
comprender mejor cómo se presentan, en condiciones naturales y en relación entre sí, los
síntomas, experiencias y comportamientos relevantes al trauma. Los principios FAIR
especifican que los datos deben ser Localizables (Findable), Accesibles (Accessible),
Interoperables (Interoperable) y Reutilizables (Reusable) para maximizar el conocimiento
obtenido de estudios de investigación individuales. Sin embargo, no está claro cómo las
decisiones de diseño y el procesamiento de datos en los estudios EMA podrían afectar la
implementación de estos principios.
Objetivo: Articular las principales consideraciones de diseño y procesamiento de datos al
realizar investigaciones EMA en trauma, y exponer algunos desafíos y recomendaciones para
la implementación de los principios FAIR en la investigación EMA en trauma.
Método y Resultados: Utilizando ejemplos de estudios EMA en trauma existentes, se discuten
las decisiones tomadas al preparar un estudio EMA en trauma, el procesamiento de datos y
procedimientos analíticos realizados tras la recolección de los datos y los desafíos existentes
para su implementación, así como las prácticas que los investigadores de EMA en trauma
pueden incorporar en su investigación para promover datos FAIR.
Conclusiones: Implementar los principios FAIR en la investigación EMA en trauma es
fundamental para avanzar en el conocimiento científico. Los investigadores deben depositar
sus datos en repositorios acreditados e incluir documentación que detalle las decisiones de
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HIGHLIGHTS
• Incorporating the FAIR
data principles into trauma
EMA research can advance
scientific knowledge in the
field of traumatic stress
and ensure participants’
contributions are fully
realised.

• Implementation of the
FAIR data principles is
impacted by design
decisions and data
processing/analytic
procedures.

• Multiple tension points
must be navigated by
trauma EMA researchers to
implement the FAIR data
principles.
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diseño y los pasos tomados para limpiar y preparar los datos. Muchos desafíos persisten en la
implementación de estas prácticas, incluyendo el equilibrio entre las preocupaciones de
privacidad y los esfuerzos para hacer que los datos EMA en trauma sean fácilmente
compartibles.

Ecological momentary assessment (EMA) is a
research methodology in which data are repeatedly
collected in people’s natural environments, often
multiple times per day, over the course of days,
weeks, or months (Shiffman et al., 2008). Research
using EMA in the field of traumatic stress has
increased in the past decade with the widespread
adoption of smartphones, tablets, and mobile devices
(Scopus, 2024; Statistica, 2024). Given that peri- and
post-traumatic symptoms fluctuate from day-to-day,
and even from hour to hour (Greene et al., 2022; Len-
ferink et al., 2022; Schuler et al., 2021), EMA has been
instrumental in predicting and monitoring the devel-
opment of physical, psychological, and social health
problems in the wake of trauma (Brier et al., 2023;
Greene et al., 2018; Grinapol et al., 2022; Pacella,
Prabhu, et al., 2018; Mitchell et al. 2022). It has also
been an effective method for capturing symptom
fluctuations in relation to other dynamic psychologi-
cal or behavioural variables, such as documenting
temporal relationships between daytime posttrau-
matic stress disorder (PTSD) and nighttime sleep
(Schenker et al., 2023). Other EMA-based research
highlights potential avenues for intervention regard-
ing comorbid PTSD and substance use, yielding
insight into how evening PTSD symptoms contribute
to nighttime drinking (Possemato et al., 2015). Col-
lectively, these examples demonstrate the valuable
contributions that EMA designs have made thus far
to the field of traumatic stress.

Although EMA yields rich datasets – and partici-
pants often report benefiting from participation – it
is also resource-intensive and burdensome to some
respondents, creating recruitment challenges (Tate
et al., 2024; Waterman et al., 2021). Consequently,
EMA studies often have relatively modest sample
sizes, which can constrain the generalisations that
can be made from them. These challenges demon-
strate the advantages of implementing the FAIR data
principles to increase the generalizability of findings
from trauma EMA research (Kassam-Adams & Olff,
2020). The FAIR principles state that data should be
Findable, Accessible, Interoperable, and Reusable. If
practiced by trauma EMA researchers, the FAIR data
principles can facilitate data harmonisation across
studies and make it easier to share and combine data-
sets. This will maximise the knowledge that can be
gained from trauma EMA research and ensure partici-
pants’ contributions are fully realised.

To better understand how to implement the FAIR
data principles in trauma EMA studies, the current
review articulates key design considerations that
must be made before EMA data are collected, as well
as common data procedures performed after data col-
lection. While highlighting these considerations and
procedures, we also note some of the challenges that
exist for implementing the FAIR data principles in
trauma EMA research. Section 1 discusses decisions
that are made when preparing a trauma EMA study.
Section 2 reviews data processing and analytic pro-
cedures that are often completed following data collec-
tion (see Table 1 for a summary of recommendations
for designing and analysing trauma EMA studies).
When relevant, each section notes how the consider-
ations and procedures described impact data sharing.
Section 3 expands on these points, describes some key
challenges for practicing the FAIR data principles that
are especially relevant to trauma EMA researchers,
and offers our recommendations for addressing
them. Finally, we conclude with thoughts on future
directions that should be taken to encourage wider
adoption of FAIR data practices.

1. Design decisions for trauma EMA research

1.1. Selecting a sampling design; density and
schedule; and modality

The sampling design, density and schedule, and
modality of an EMA study outline its basic structure
by governing when, how often, and in what format
assessments are administered (Trull & Ebner-Priemer,
2020). Sampling design refers to whether EMA
measurements are collected contingent upon the pas-
sage of time or the occurrence of an event. Time-based
assessments can be further categorised as either inter-
val-contingent – occurring after fixed periods of time–
or signal-contingent – occurring after random periods
of time. Sampling density and schedule are closely
related, defining how frequently and over what time
periods assessments are collected (e.g. 3 times per
day for 7 days). Finally, sampling modality refers to
whether assessments are collected electronically or
by paper-and-pencil. While variations on these basic
dimensions of a trauma EMA study are expected
across different research teams, clearly documenting
the justifications supporting a selection is critical for
sharing and combining data sets.
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1.1.1. Sampling design
Time-based assessments are an appropriate sampling
design when the symptoms, experiences, or beha-
viours being assessed occur frequently and thus are
likely be reported at the time that assessments are
completed (Fritz et al., 2024; Himmelstein et al.,
2019; Christensen et al., 2003) In contrast, event-
based assessments are suitable when the focal variables
of interest occur less frequently (Fritz et al., 2024;
Himmelstein et al., 2019).

In a recent review examining trauma EMA research
with Veterans (Gromatsky et al., 2020), researchers
found that 80% of the studies used time-based assess-
ments, while only 7% used event-based assessments.
This reliance on time-based assessments could be
because the trauma-EMA studies included examined
mental health outcomes that often fluctuate across
the day (e.g. avoidance symptoms Naragon-Gainey
et al., 2012), making this sampling design ideal.
Event-based assessments represent an underutilised
approach in trauma EMA research, even though
there are trauma-relevant experiences (e.g. trauma
triggers) and behaviours (e.g. interpersonal conflicts)
that can serve as anchoring events

Indeed, those trauma-EMA studies utilising event-
based assessments have examined how frequently
specific trauma reminders or intrusive symptoms
occur (Devignes et al., 2024; Kleim et al., 2013; Rosi-

Andersen et al., 2022). To determine which sampling
design is most appropriate, trauma EMA researchers
should consult past research to determine the expected
frequency of their focal variables or perform a pilot
study to estimate these parameters (Teresi et al.,
2022). In addition, researchers should also consider
their study aims and hypotheses (which should also
be informed by past research) to determine which
sampling design best fits the purpose of their research
project.

1.1.2. Sampling densities and schedules
In a recent review considering EMA studies investi-
gating the relationship between sleep and trauma
symptomatology, the modal sampling density was
found to be 5 observations per day (range: 1–6) with
a modal study length of 7 days (range: 7–28) (Slavish
et al., 2022). These values are consistent with what is
observed in EMA research more broadly (Wrzus &
Neubauer, 2023).

Ultimately, decisions concerning sampling density
and schedule depend upon the expected frequency,
rate of change, and duration of the focal variables
(Trull & Ebner-Priemer, 2020; Stone, Schneider, and
Smyth, 2023). In general, the time interval between
assessments should be shorter than the expected rate
of change in the focal variables (Ram et al., 2017).
Examining moderating schedule features, such as

Table 1. Trauma EMA research design decisions, data processing and analytic procedures, and recommendations.
Design decisions Recommendations

Sampling Densities and Schedules . Select a sampling design and schedule that is informed by the expected rate of change on the focal variables.
Use prior literature or perform a pilot study to determine the expected rate of change.

. Consider administering assessments at least once during the day and once during the evening, on both
weekdays and weekends, to increase the chances of getting a representative sample of the symptoms,
experiences, or behaviours being assessed.

Sampling Modality . Electronic assessments are the typical modality for collecting EMA data; however, paper-and-pencil may offer
advantages if the study population is unfamiliar with technology.

Preventing Missing Data . Escalate the amount of compensation offered on later assessments to reduce missing data. However, recognise
that this has its limits if the number of assessments is quite high.

. Consider using planned missing data designs to reduce protocol length without having to exclude whole
measures.

Selecting Measures . Utilize EMA item resources that offer commonly used measures in EMA research.
. Report the observed psychometric properties of the EMA measures used in a trauma EMA research study.

Determining Sample Size . Perform an a priori power analysis using simulation techniques.

Data Processing and Analytic
Procedures

Recommendations

Handling Missing Data . Use an analytical technique that employs maximum likelihood estimation to derive parameter estimates.
. Develop a system of codes that conveys the reasons for missing data (e.g. data collection device failure, skipped

assessment).
. Perform a sensitivity analysis to assess the influence of missing data on study results.

Performing Key Computations . Use measures of instability when interested in explicitly examining how data are dispersed around a measure of
central tendency.

. Use measures of stationarity to assess whether there are time variables that must be included in the model(s) to
be tested.

. When determining which statistical technique to use to analyse trauma EMA data, consider multilevel modelling
first given its flexibility.

. For research questions focused on differences between people, examine between-person effects; for research
questions focused on differences within people, examine within-person effects.
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day of week or time of day, can also cast light on
important factors influencing trauma-related symp-
toms, experiences, and behaviours. For instance,
Hruska and colleagues (Hruska et al., 2017) found
that PTSD symptom severity is most strongly associ-
ated with alcohol craving and negative drinking conse-
quences when these experiences and behaviours were
examined during the evening. Human activities and
behaviours typically vary systematically between the
daytime and evening, as well as on weekdays relative
to weekends. Consequently, trauma EMA researchers
aiming to obtain a representative sample of their par-
ticipants’ symptoms, experiences, or behaviours
should consider sampling densities that include at
least 1 assessment during the day and at least 1 assess-
ment during the evening and that take place on both
weekdays and weekends.

1.1.3. Sampling modality
While EMA research – including trauma EMA
research – initially relied on paper-and-pencil surveys
to collect data (Gromatsky et al., 2020), most studies
now use electronic assessments. This development
began with daily diaries collected via personal digital
assistants, followed by mobile assessments triggered
by email, phone call, text message, or smart phone/
watch applications (Glaser et al., 2006; Pacella, Girard,
et al., 2018b; Price et al., 2018), and the eventual devel-
opment of software programmes specifically designed
for EMA data collection (Henry et al., 2024). Indeed,
at the time of this writing, over 60 EMA software plat-
forms exist (Henry et al., 2024). The mobile Ecological
Momentary Assessment platform (mEMA) created by
ilumivu (iluminivu, 2024) is one example that offers
compliance with both the US Health Insurance Port-
ability and Accountability Act and EU General Data
Protection Regulation data privacy rules. The Smart-
phone Ecological Momentary Assessment (SEMA
(Statistica, 2024)) mobile apps (O’Brien et al., 2024)
for iOS and Android are another example, designed
by EMA researchers and is free to use.

Electronic assessments offer several advantages
over paper-and-pencil assessments. For example,
they may provide more security when working with
sensitive trauma-related data given that mobile
devices and the software collecting the electronic
assessments can be locked. Electronic assessments
can also reduce response burden by using question
branching to ensure that participants only see ques-
tions relevant to them. While these benefits help to
explain the rise of electronic assessments in contem-
porary EMA research, paper-and-pencil assessments
may still be appropriate in certain circumstances.
Some research suggests that potential participants
who are less familiar with technology are more likely
to decline participation in EMA studies using elec-
tronic assessments (Stone et al., 2023). Thus,

researchers should consider their target population
when making sampling modality decisions.

1.2. Preventing missing data

Trauma EMA completion rates range from ∼65% to
∼95% (Lane et al., 2019), with a compliance level of
75% reflecting adequate compliance (Stone, Schneider,
& Smyth, 2023). Anticipating reasons for missing data
may allow researchers to mitigate data loss. For
example, researchers might consider monitoring
symptom exacerbations among highly symptomatic
trauma survivors and providing resources when
appropriate (Mitchell et al., 2022); decreasing the
number of assessments per day (Vachon et al.,
2019); providing participants with proper training at
the study’s onset and facilitating comfort with the
data collection devices (Ram et al., 2017); suspending
or delaying prompts when participants are known to
be unavailable (Trull & Ebner-Priemer, 2020); or shar-
ing EMA results with participants (Mitchell et al.,
2022; Trull & Ebner-Priemer, 2020).

Providing compensation that matches the time-
and effort-related demands of the study is another
important strategy that can reduce missing data
(Stone et al., 2023b). Although research evaluating
compensation in trauma EMA research is sparse, a
large meta-analysis of psychology-based EMA studies
reported that over one-third included monetary
incentives for participation (Wrzus & Neubauer,
2023). Compliance was significantly higher in studies
providing financial incentives, with payments aver-
aging $96.47 USD/86.57€ (Wrzus & Neubauer,
2023). Recently Smyth and colleagues (Smyth et al.,
2021) used vignette methodology to demonstrate
that the conditions resulting in the highest likelihood
of participation included lower study duration, lower
prompt frequency and length, and higher compen-
sation. Thus, financial incentives could result in higher
data quality compliance.

Compensation schedules defining how often and
how much participants are compensated for their par-
ticipation vary widely in EMA studies, from flat or
fixed schedules, to random, variable schedules based
upon behavioural reinforcement principles (Cai
et al., 2022). Bonus payments are sometimes offered
in combination with these methods to increase com-
pliance and retention (Hruska & Barduhn, 2021;
Short et al., 2018). Often trauma EMA researchers
combine several compensation tactics. For example,
Hruska and Colleagues (Hruska et al., 2017) offered
recent injury survivors $40 USD for providing any
EMA data as well as raffle tickets for one of three
$100 USD gift cards. The number of tickets earned
was dependent upon the amount of EMA measure-
ments completed. Overall, participants completed
over 70% of the measurements.
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Researchers can also reduce missed assessments
occurring on later days of data collection by escalating
the amount of compensation offered on each sub-
sequent day of participation (Hruska & Barduhn,
2021). However, monetary compensation may only
go so far. A recent meta-analysis found that financial
compensation contingent on assessment completion
did not offer any benefits when the number of assess-
ments was high (≥ 81 (Wrzus & Neubauer, 2023)).
Thus, while compensation matched to study demands
can increase compliance with EMA prompts, there are
limitations, especially when a lengthy protocol is
required to adequately capture fluctuation in symp-
toms, experiences, or behaviours. Planned missing
data designs represent an underutilised strategy that
could help to overcome this problem. These designs
involve methodically omitting assessment items for
subsets of respondents determined by randomisation
(Graham et al., 2006). While traditionally applied to
cross-sectional research, Monte Carlo simulations
indicate that this approach can yield sufficiently pow-
ered EMA study designs (Losardo et al., 2024; Silvia
et al., 2014). Thus, planned missing data designs
may assist trauma EMA researchers with striking a
balance between offering adequate compensation
and maintaining a manageable protocol length that
sufficiently assesses their variables of interest.

1.3. Selecting measures

Self-report measures are one of the most common
forms of data collected via EMA. Unfortunately,
there are few validated EMA self-report measures
(Trull & Ebner-Priemer, 2020). Instead, researchers
typically select a subset of items from larger measures
based on their face validity, use single-item instru-
ments that may not accurately or reliably reflect
assessed constructs (Mitchell et al., 2022), or modify
the time frame of trait measures (Trull & Ebner-Prie-
mer, 2020; Stone, Schneider, & Smyth, 2023a). This is
true with trauma EMA research as well: The majority
(83%) of studies included in a review of EMA research
related to PTSD and sleep truncated the number of
PTSD Checklist-5 items in their protocol (Slavish
et al., 2022).

These common practices have negative impli-
cations for data sharing and harmonisation within
trauma EMA studies. Fortunately, new developments
have begun to take place that can assist with these pro-
blems. For example, an EMA item repository Kirtley et
al., 2018 has been created to make it easier for
researchers to locate commonly used items (Kirtley
et al., 2018), guidelines to assist researchers with eval-
uating EMAmeasure quality have been created (Eisele
et al., 2024), and techniques for evaluating the
observed psychometric properties of EMA measures
are available (Shrout & Lane, 2012).

1.4. Determining sample size

It is important to strategically think about and justify
the target sample size in an EMA study (Trull &
Ebner-Priemer, 2020). However, it has not historically
been a standard practice in trauma EMA research to
do so (Slavish et al., 2022; Chun, 2016). This has
been changing in recent times, with contemporary
trauma EMA studies providing better justifications
for proposed sample sizes (Greene et al., 2024; Lorenz
et al., 2019). This development has been facilitated by
the availability of R software packages such as simr
(Green &MacLeod, 2016), simstudy (Goldfeld &Wuj-
ciak-Jens, 2020), and PowerAnalysisIl (Lafit et al.,
2021) that make power calculations easier to perform.
These software packages estimate required sample
sizes by performing simulations informed by the
inputs provided by researchers and offer more precise
– and thus more accurate – sample estimates relative
to existing rules of thumb (e.g. > = 80 participants
per level 2 unit) (Gabriel et al., 2019).

2. Data processing and analytic procedures

EMA studies produce rich datasets that require com-
plex data processing and analytic procedures. These
procedures involve handling missing data and per-
forming key computations examining instability and
stationarity in the data, as well as assessing between-
and within-person differences on variables of interest.

2.1. Handling missing data

As noted above, there are many steps that trauma
EMA researchers can take during the design of the
project to reduce missing data. However, despite
these efforts, missing data can still be a problem that
must be handled post-data collection. Many fre-
quently used analytic approaches for EMA data use
maximum likelihood estimation (MLE). MLE pro-
vides robust estimates for repeated measures (Enders,
2022). A thorough review of the strengths and weak-
nesses of MLE is beyond the scope of this manuscript,
but readers are encouraged to consult other resources
to ensure that the patterns of missingness detected in
their dataset are appropriate for MLE (Enders, 2022;
Allison, 2009; Little & Rubin, 2019).

When sharing data, it is important to code missing
values so that other users can easily identify it. EMA
items might be missing for different reasons (e.g.
data collection device failure, participant skipped
assessment). Including different codes for these miss-
ing items can help future users evaluate biases that
might be present in the data. A sensitivity analysis is
an important technique that can also help to deter-
mine the influence of missing data on findings, and
it should be performed even when using MLE. This
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analysis involves comparing results when using differ-
ent subsets of the dataset that have different missing-
ness levels. Including a sensitivity analysis when
sharing data is important because future users might
not use MLE, and a sensitivity analysis can alert
them to missing data issues that require attention.

2.2. Performing key computations

At times it might not be feasible to share raw trauma
EMA data due to privacy or confidentiality concerns.
Additionally, researchers may wish to combine data
sets with different sampling densities. In both cases,
a common approach is to aggregate data to a higher
level of analysis (Martorana et al., 2022). For example,
researchers might take data that they collected 5 times
per day for two weeks and average within each day and
across weeks to produce a single daily measurement
for each day of the week. When using this strategy,
there are several EMA-relevant computations per-
formed after data collection that will deviate from
the raw data. These include computations to examine
instability and stationarity, as well as within- and
between-person differences.

2.2.1. Instability and stationarity
Instability refers to the dispersion of time series data
around a measure of central tendency while account-
ing for temporal order (Ebner-Priemer et al., 2009).
Instability may be critically important when examin-
ing changes in trauma symptoms in response to inter-
vention (Hruska, 2020). The intraclass correlation
coefficient (ICC) captures the dispersion aspect of
instability. It refers to the proportion of outcome var-
iance that is due to between-person differences, while
its complement – 1-ICC – provides a measure of
within-person variability (Hoffman, 2015). The root
mean square of successive differences (RMSSD)
offers a more direct measure of instability because it
accounts for variance in the outcome variable in
addition to the autocorrelation of successive
responses. Larger RMSSD values indicate larger vari-
ation across time (Ebner-Priemer et al., 2009).

Stationarity is the extent to which the descriptive
components of a time series – the mean, variance,
and covariance with other variables – remain the
same across its full range (Jebb et al., 2015). Evidence
of non-stationarity indicates the presence of time vari-
ables in the dataset that need to be modelled (e.g. sea-
sonality). The Kwiatkowski–Phillips–Schmidt–Shin
(KPSS) test is a well-regarded statistical test of statio-
narity (Kwiatkowski et al., 1992). Many software
packages have dedicated functions for the KPSS test.
Non-stationary data can also be detrended, which
refers to removing the temporal process responsible
for the non-stationarity (Becketti, 2020). For example,
EMA researchers can regress their outcome variable

onto a time variable modelling the trend (linear, quad-
ratic). The residuals of this model can then serve as the
outcome variable in subsequent analyses.

When these statistics are performed on EMA data
that will not be shared in their raw form, it can be
helpful to include analytic code that describes their
computation. By providing this information, future
users will better understand the operations that were
performed on the raw data and will be able to replicate
these actions using the aggregated data that is shared.

2.2.2. Between- and within-person differences
In recent years, advances in software have expanded
the number of statistical approaches available to
trauma EMA researchers. For example, latent class
vector autoregressive models are useful when it is
hypothesised that respondents belong to latent sub-
groups sharing similar fluctuation characteristics on
EMA variables of interest (Ernst et al., 2020); multile-
vel factor analysis provides a method to evaluate the
construct validity of EMA measures (Huang, 2017);
and multilevel network analysis models offer a multi-
variate approach for examining how trauma symp-
toms relate to one another overtime (Greene et al.,
2018; Price et al., 2020).

Multilevel modelling (MLM) is one commonly
used, well-established approach (Snijders & Bosker,
2012). In trauma EMA research, MLM has been
used in a variety of ways. For example, it has been
used to compare fluctuations in negative affect across
the day among people experiencing PTSD (Dornbach-
Bender et al., 2020) and to consider how different daily
occupational experiences relate to daily mental health
symptoms in emergency medical service workers
(Hruska & Barduhn, 2021). MLM is often used by
trauma EMA researchers because of its flexibility: It
can test moderating and mediating effects at different
levels of analysis, permit the representation of non-lin-
ear changes across time, and accommodate different
error structures that often better fit models consisting
of variables that are intensively measured across time
(Snijders & Bosker, 2012). MLM is also often used
because it is capable of partitioning an outcome into
fixed and random effects. A fixed effect is a parameter
estimate that reflects the average value that respon-
dents have on the outcome across all EMA measure-
ments. For example, the fixed effect in an EMA
study examining PTSD symptoms among recent
trauma survivors would represent the average symp-
tom levels reported by all respondents across all
EMA occasions. On the other hand, a random effect
is a parameter estimate that represents the variability
associated with the outcome that exists because
respondents have values that differ from the average
outcome value. For example, any given trauma survi-
vor might have PTSD symptoms that are higher or
lower than the average outcome value observed across
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all respondents across all EMA measurements. Thus,
MLM can represent both mean levels of an outcome
as well as the individual differences that exist around
those mean levels.

In addition to this feature, MLM can represent
between- and within-person relationships that might
exist for predictors that are intensively measured as
part of an EMA design. For instance, trauma survivors
who routinely engage in avoidance coping might have
higher PTSD symptoms relative to trauma survivors
who less frequently engage in avoidance coping. This
is an example of a between-person relationship. On
the other hand, for any given trauma survivor, there
might be occasions during the day when avoidance
coping is used more often than at others (e.g. evening
vs. morning). And on those occasions when avoidance
is more likely to be used, the trauma survivor might
report higher PTSD symptoms. This is an instance
of a within-person relationship. These two types of
relationships can offer complementary information
about the association between variables. In the
examples above, the between-person relationship
between avoidance coping and PTSD symptoms indi-
cates who is most likely to experience higher symptom
levels (i.e. trauma survivors who routinely engage in
avoidance coping). In contrast, the within-person
relationship indicates when a trauma survivor is
most likely to report elevated symptoms (i.e. on
occasions when a trauma survivor uses more avoid-
ance coping) (Stange et al., 2019).

To model within- and between-person relation-
ships in MLM, the variables that are repeatedly col-
lected on the EMA measurements must be centred.
Within-person associations are calculated by taking
each respondent’s personal average and subtracting
it from their individual raw scores. On the other
hand, between-person relationships are calculated by
taking the grand mean and subtracting it from each
person’s personal average. Because these compu-
tations involve various versions of the mean at differ-
ent levels of analysis, aggregating raw data to protect
privacy and confidentiality will profoundly impact
the values and meaning of centred variables. Thus,
trauma EMA researchers should carefully consider
what options exist for safeguarding privacy.

3. Challenges and recommendations
associated with implementing the FAIR data
principles in trauma EMA research

While trauma researchers are largely positive about
data sharing and reuse, there are notable barriers to
implementing the FAIR data principles (Prakash
et al., 2023). Table 2 presents the FAIR principles
and our recommendations concerning how they can
be applied in trauma EMA studies. Here we note
some of the most significant challenges facing trauma

EMA researchers who wish to apply the FAIR data
principles and how those challenges might be
addressed.

Managing confidentiality is one challenge especially
relevant to trauma EMA researchers due to the highly
identifiable and sensitive information that is often col-
lected in trauma EMA protocols (e.g. trauma mem-
ories/narratives, substance use behaviour). To
navigate this challenge, we propose that trauma
EMA researchers clearly outline how data will be
shared in the consent form presented to study partici-
pants. Altruism and advancing scientific knowledge
are often cited by participants as motivations for par-
ticipating in research studies (Soule et al., 2016; Sher-
idan et al., 2020) and describing how data sharing
aligns with these motivations could be a way to encou-
rage participation.

We suggest that researchers document the steps
taken to preserve confidentiality. This practice may
help to create transparency and foster trust between
researchers and participants, while also making it
easier for other researchers to understand which
data are available and how data might be used. We
propose that such documentation – along with other
relevant meta-data including a descriptive title, author
details, digital object identifier, and descriptions of the
data – be included when researchers deposit their data
in a reputable repository. Other key documentation
includes a description of the research protocol, along
with justifications supporting the design decisions
and analytic actions taken both pre- and post-data col-
lection. Collectively, we think these practices will pro-
mote the findability as well as accessibility of trauma
EMA research.

One tension point that might arise as trauma EMA
researchers engage in these practices is their potential
conflict with interoperability. For example, providing
the amount and type of data needed to maximise
interoperability – including timestamps in data depos-
ited in a repository with limited data restriction
options – may render the available data identifiable.
Therefore, we encourage trauma EMA researchers to
consider selecting a repository that allows flexible
data access restrictions (e.g. the Data Archiving and
Networked Services Repository in Europe; the Har-
vard Dataverse in the United States). Alternatively,
researchers may choose to share a version of the
data that includes recoded variables to maximise priv-
acy protection (e.g. recoding raw timestamps to a less
granular level of analysis – ‘morning’, ‘afternoon’,
‘evening’). Other ways to promote interoperability
that do not conflict with confidentiality concerns
include using established EMA measures (Kirtley
et al., 2018) and validating EMA measures used in
research (Shrout & Lane, 2012).

Navigating ethics concerns is another significant
challenge facing trauma EMA researchers. Research

EUROPEAN JOURNAL OF PSYCHOTRAUMATOLOGY 7



Ta
bl

e
2.

Th
e
FA
IR

da
ta

pr
in
ci
pl
es

an
d
re
co
m
m
en
da
tio
ns

fo
r
th
ei
r
im
pl
em

en
ta
tio
n
in
tr
au
m
a
EM

A
re
se
ar
ch
.

Pr
in
ci
pl
e

D
es
cr
ip
tio
n

Re
co
m
m
en
da
tio
ns

Re
so
ur
ce
s

Fi
nd
ab
le

D
at
a
sh
ou
ld
be

di
sc
ov
er
ab
le
to

al
lo
w
bo
th

re
se
ar
ch
er
s
an
d
se
ar
ch

en
gi
ne
s

to
lo
ca
te

th
e
da
ta

an
d
as
so
ci
at
ed

m
et
a-
da
ta

vi
a
un
iq
ue

an
d
pe
rs
is
te
nt

id
en
tifi
er
s.

Cl
ea
rly

de
sc
rib

e
th
e
da
ta

us
in
g
m
ul
tip

le
de
ta
ils

ou
tli
ne
d
in

m
et
a-
da
ta

(e
.g
.D

O
I,
tit
le
,a
ut
ho
rs
,a
nd

ch
ar
ac
te
ris
tic
s
of

th
e
da
ta
)

U
se

a
re
po
si
to
ry
w
ith

a
pr
es
er
va
tio
n
pl
an

(e
.g
.O

pe
n
Sc
ie
nc
e

Fr
am

ew
or
k)

Co
ns
id
er
w
he
th
er
th
er
e
ar
e
re
po
si
to
ry
-s
pe
ci
fic

lim
its

on
w
ho

ca
n
ac
ce
ss
st
or
ed

da
ta

(i.
e.
re
st
ric
te
d
by

in
st
itu

tio
n,

co
un
tr
y,
et
c.
)

Co
ns

id
er

at
io

ns
fo

r
sh

ar
in

g
ps

yc
ho

lo
gi

ca
ld

at
a

an
d

m
at

er
ia

ls
:

.
Ca
m
pb

el
l,
R.
,G

oo
dm

an
-W

ill
ia
m
s,
R.
,J
av
or
ka
,M

.,
En
gl
et
on
,J
.,
&
G
re
go
ry
,

K.
(2
02
3)
.U
nd
er
st
an
di
ng

Se
xu
al
As
sa
ul
tS
ur
vi
vo
rs
’P
er
sp
ec
tiv
es

on
Ar
ch
iv
in
g

Q
ua
lit
at
iv
e
D
at
a:
Im
pl
ic
at
io
ns

fo
r
Fe
m
in
is
t
Ap

pr
oa
ch
es

to
O
pe
n
Sc
ie
nc
e.

Ps
yc
ho

lo
gy

of
W
om

en
Q
ua

rt
er
ly
,4

7(
1)
,5
1–
64
.h
tt
ps
://
do
i.o
rg
/1
0.
11
77
/

03
61
68
43
22
11
31
54
6

.
Fo
re
ro
,D

.A
.,
Cu
rio
so
,W

.H
.&

Pa
tr
in
os
,G

.P
.T
he

im
po
rt
an
ce

of
ad
he
re
nc
e
to

in
te
rn
at
io
na
ls
ta
nd
ar
ds

fo
rd

ep
os
iti
ng

op
en

da
ta
in
pu
bl
ic
re
po
si
to
rie
s.
BM

C
Re
s
N
ot
es

14
,4
05

(2
02
1)
.h
tt
ps
://
do
i.o
rg
/1
0.
11
86
/s
13
10
4-
02
1-
05
81
7-
z

.
G
ilm

or
e
R.
O
.,
Ke
nn
ed
y
J.L
.,
Ad

ol
ph

KE
.P
ra
ct
ic
al
So
lu
tio
ns

fo
r
Sh
ar
in
g
D
at
a

an
d
M
at
er
ia
ls
Fr
om

Ps
yc
ho
lo
gi
ca
lR
es
ea
rc
h.
Ad

va
nc
es

in
M
et
ho
ds

an
d

Pr
ac
tic
es

in
Ps
yc
ho
lo
gi
ca
lS
ci
en
ce
.2
01
8;
1(
1)
:1
21
–1
30
.h
tt
ps
://
do
i.o
rg
/1
0.

11
77
/2
51
52
45
91
77
46
50
0

.
M
ey
er

M
.N
.P
ra
ct
ic
al
Ti
ps

fo
rE
th
ic
al
D
at
a
Sh
ar
in
g.

Ad
va
nc
es

in
M
et
ho

ds
an

d
Pr
ac
tic
es

in
Ps
yc
ho

lo
gi
ca
lS

ci
en
ce
.2
01
8;
1(
1)
:1
31
–1
44
.h
tt
ps
://
do
i.o
rg
/1
0.

11
77
/2
51
52
45
91
77
47
65
6

.
M
or
eh
ou
se
,K
.N
.,
Ku
rd
i,
B.
,&

N
os
ek
,B
.A
.(
20
24
).
Re
sp
on
si
bl
e
da
ta

sh
ar
in
g:

Id
en
tif
yi
ng

an
d
re
m
ed
yi
ng

po
ss
ib
le
re
-id

en
tifi
ca
tio
n
of

hu
m
an

pa
rt
ic
ip
an
ts
.

Am
er
ic
an

Ps
yc
ho

lo
gi
st
.h
tt
ps
://
do
i.o
rg
/1
0.
10
37
/a
m
p0
00
13
46

.
W
ic
he
rt
s,
J.M

.,
Kl
ei
n,
R.
A.
,S
w
aa
ns
,S
.H
.F
.,
M
aa
ss
en
,E
.,
St
oe
ve
nb
el
t,
A.
H
.,

Pe
et
er
s,
V.
H
.B
.T
.G
.,
de

Jo
ng
e,
M
.,
&
Rü
ffe
r,
F.
(2
02
2)
.H

ow
to

pr
ot
ec
t
pr
iv
ac
y

in
op
en

da
ta
.N

at
ur
e
H
um

an
Be
ha

vi
ou

r,
6(
12
),
16
03
–1
60
5.
ht
tp
s:
//
do
i.o
rg
/1
0.

10
38
/s
41
56
2-
02
2-
01
48
1-
w

Ac
ce
ss
ib
le

Co
nt
ac
t
in
fo
rm

at
io
n
fo
r
th
e
re
se
ar
ch

te
am

is
cl
ea
rly

id
en
tifi
ab
le
fr
om

th
e

m
et
a-
da
ta

as
so
ci
at
ed

w
ith

a
da
ta

se
t
an
d
th
e
st
ud
y
pr
ot
oc
ol
us
ed

to
co
lle
ct
or

an
al
ys
e
th
e
da
ta
ca
n
be

us
ed

by
re
se
ar
ch
er
s
no
t
fa
m
ili
ar
w
ith

th
e
st
ud
y.

At
a
m
in
im
um

,c
on
ta
ct
in
fo
rm

at
io
n
fo
r
th
e
st
ud
y
PI
sh
ou
ld

be
cl
ea
rly

ac
ce
ss
ib
le
vi
a
m
et
a-
da
ta

Th
e
fo
llo
w
in
g
st
ud
y
m
at
er
ia
ls
al
so

sh
ou
ld

be
po
st
ed

on
a

re
po
si
to
ry

to
m
ax
im
is
e
ac
ce
ss
ib
ili
ty
:

.
D
at
a
co
lle
ct
io
n
pr
ot
oc
ol
to

pr
om

ot
e
re
pl
ic
at
io
n
(e
.g
.

nu
m
be
r
of

as
se
ss
m
en
ts
,a
ss
es
sm

en
t
in
te
rv
al
s,

co
m
pe
ns
at
io
n,
et
c.
)

.
Co
de
bo
ok
s
co
nt
ai
ni
ng

va
ria
bl
e
na
m
es
,d
es
cr
ip
tio
ns
,

et
c.

Co
ns
id
er

w
ha
t
am

ou
nt

or
ty
pe

of
da
ta

ca
n
be

sh
ar
ed

to
m
ax
im
is
e
ac
ce
ss
ib
ili
ty

an
d
w
ha
t
ty
pe

of
au
th
en
tic
at
io
n

pr
oc
ed
ur
es

sh
ou
ld

be
im
pl
em

en
te
d
to

pr
ot
ec
t
se
ns
iti
ve

da
ta
.

In
cr

ea
si

ng
ac

ce
ss

ib
ili

ty
of

(e
co

lo
gi

ca
lm

om
en

ta
ry

as
se

ss
m

en
t)

st
ud

y
pr

ot
oc

ol
s

an
d

pr
oc

ed
ur

es
:

.
Ki
rt
le
y
O
.J.
,L
afi
tG

.,
Ac
ht
er
ho
fR
,H
ie
kk
ar
an
ta
A.
P.
,M

yi
n-
G
er
m
ey
s
I.
M
ak
in
g
th
e

Bl
ac
k
Bo
x
Tr
an
sp
ar
en
t:
A
Te
m
pl
at
e
an
d
Tu
to
ria
lf
or

Re
gi
st
ra
tio
n
of

St
ud
ie
s

U
sin

g
Ex
pe
rie
nc
e-
Sa
m
pl
in
g
M
et
ho
ds
.A

dv
an

ce
s
in

M
et
ho

ds
an

d
Pr
ac
tic
es

in
Ps
yc
ho

lo
gi
ca
lS
ci
en
ce
.2
02
1;
4(
1)
.h
tt
ps
://
do
i.o
rg
/1
0.
11
77
/2
51
52
45
92
09
24
68
6

.
Kr
yp
ot
os
,A

.-M
.,
Kl
ug
ki
st
,I
.,
M
er
te
ns
,G

.,
&
En
ge
lh
ar
d,
I.
M
.(
20
19
).
A
st
ep
-b
y-

st
ep

gu
id
e
on

pr
er
eg
ist
ra
tio
n
an
d
eff
ec
tiv
e
da
ta
sh
ar
in
g
fo
r
ps
yc
ho
pa
th
ol
og
y

re
se
ar
ch
.J
ou

rn
al

of
Ab

no
rm

al
Ps
yc
ho

lo
gy
,1
28
(6
),
51
7–
52
7.
ht
tp
s:/
/d
oi
.o
rg
/1
0.

10
37
/a
bn
00
00
42
4

.
Pe
te
rs
on
,A

pf
el
ba
um

,&
M
cM

ur
ra
y
(2
02
2)
.A

da
pt
in
g
op
en

sc
ie
nc
e
an
d
pr
e-

re
gi
st
ra
tio
n
to

lo
ng
itu
di
na
lr
es
ea
rc
h.

In
fa
nt

an
d
Ch

ild
D
ev
el
op

m
en
t,
33
(1
),

e2
31
5.
ht
tp
s:/
/d
oi
.o
rg
/1
0.
10
02
/ic
d.
23
15

.
Va
n
de
n
Ak
ke
r,
…

,&
Ba
kk
er
(2
02
1)
.P
re
re
gi
st
ra
tio
n
of
se
co
nd
ar
y
da
ta
an
al
ys
is:

A
te
m
pl
at
e
an
d
tu
to
ria
l.
M
et
a-
Ps
yc
ho

lo
gy
,5

.h
tt
ps
://
do
i.o
rg
/1
0.
15
62
6/
M
P.

20
20
.2
62
5

.
va
n
Ei
jk
,N

.L
.,
Jia
o,
H
.,
&
Pe
te
rs
,G
.Y
.(
20
23
,M

ar
ch

17
).
M
ak
in
g
Pr
er
eg
ist
ra
tio
n

Ac
ce
ss
ib
le
:A

n
R
Pa
ck
ag
e
to

M
ak
e
M
ac
hi
ne
-R
ea
da
bl
e
Pr
er
eg
ist
ra
tio
ns

an
d

Cr
ea
te

N
ew

Pr
er
eg
ist
ra
tio
n
Fo
rm

s.
ht
tp
s:/
/d
oi
.o
rg
/1
0.
31
23
4/
os
f.i
o/
qf
jy
7

.
H
or
st
m
an
n,
K.
T.
,A

rs
la
n,
R.
C.
,&

G
re
iff
,S
.(
20
20
).
G
en
er
at
in
g
Co
de
bo
ok
s
to

En
su
re

th
e
In
de
pe
nd
en
t
U
se

of
Re
se
ar
ch

D
at
a:
So
m
e
G
ui
de
lin
es
.E
ur
op

ea
n

Jo
ur
na

lo
fP

sy
ch
ol
og

ic
al

As
se
ss
m
en
t,
36
(5
),
72
1–
72
9.
ht
tp
s:/
/d
oi
.o
rg
/1
0.
10
27
/

10
15
-5
75
9/
a0
00
62
0

(C
on

tin
ue
d
)

8 B. HRUSKA ET AL.

https://doi.org/10.1177/2515245920924686
https://doi.org/10.1177/2515245920924686
https://doi.org/10.1037/abn0000424
https://doi.org/10.1002/icd.2315
https://doi.org/10.1002/icd.2315
https://doi.org/10.15626/MP.2020.2625
https://doi.org/10.15626/MP.2020.2625
https://doi.org/10.31234/osf.io/qfjy7
https://doi.org/10.1027/1015-5759/a000620
https://doi.org/10.1027/1015-5759/a000620
https://doi.org/10.1177/2515245920924686
https://doi.org/10.1037/abn0000424
https://doi.org/10.1037/abn0000424
https://doi.org/10.1002/icd.2315
https://doi.org/10.15626/MP.2020.2625
https://doi.org/10.15626/MP.2020.2625
https://doi.org/10.31234/osf.io/qfjy7
https://doi.org/10.1027/1015-5759/a000620
https://doi.org/10.1027/1015-5759/a000620


ethics requirements vary widely across international
settings (Goodyear-Smith et al., 2002) and the data
that are permissible to share – as well as the process
needed to obtain permission – may differ depending
upon geographic location. In addition, conflict could
occur between stakeholders who wish to maximise
reusability (e.g. National Institute of Mental Health
Data Archives) and Institutional review boards who
oversee protection of human subjects data or commu-
nity advisory boards consisting of participants with
lived experience who are likely to be concerned with
strategies that maximise findability. Balancing the
needs of multiple stakeholders regarding data sharing
represents a significant challenge, and we encourage
researchers to use resources that can facilitate FAIR
data collection (e.g. the Global Collaboration on Trau-
matic Stress maintains a FAIR toolkit Global Collabor-
ation on Traumatic Stress, 2024).

Time constraints are one final challenge to FAIR
principle implementation that are especially pertinent
to trauma EMA research. Collecting data in a FAIR
manner is time-intensive and could disincentivize
trauma EMA researchers from engaging in practices
that support these principles given that EMA already
requires a significant investment of resources to ensure
retention and to minimise missing data. To address this
challenge, we propose that the trauma field recognise
trauma EMA researchers when they engage in FAIR
practices. Trauma-relevant academic journals and pro-
fessional societies could elevate the visibility of research
using repository data by featuring it in their publi-
cations, websites, and social media, as well as promot-
ing repository usage by recognising research utilising
these sources in annual programming.

4. Conclusion

We believe that implementing the FAIR data prin-
ciples in trauma EMA research is critical given the
continued uptake of open science practices and
increase towards data sharing mandates from funding
agencies. Furthermore, we anticipate that the field of
traumatic stress is just beginning to leverage the
potential for consortium-wide collaborations to
advance knowledge on the etiology, maintenance,
and treatment of trauma-related disorders (see Hien
et al., 2023; McLean et al., 2020 for examples). While
such efforts represent a vital avenue to increase data
reusability, their success requires considerable skills
in data management and data stewardship.

To ensure that trauma EMA researchers are knowl-
edgeable on these subjects, it is important for training
programmes to facilitate greater exposure to data
management skills. Furthermore, interdisciplinary
research collaborations should be broadened to routi-
nely include subject matter experts in knowledge pres-
ervation and data sharing (e.g. library scientists).Ta
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Collectively, these efforts will assist with navigating the
challenges of integrating the FAIR data principles into
trauma EMA research, ensuring that the knowledge
and public health implications generated from this
research is fully realised.
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