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The experience-sampling method (ESM) has become the 
“gold standard” to study time-varying psychological pro-
cesses, behaviors, and contexts in daily life. Examples 
include emotions (e.g., Blanke et al., 2020; Kalokerinos 
et al., 2019), substance use (e.g., Kurten et al., 2022; Weiss 
et al., 2022), and social experiences (e.g., Achterhof et al., 
2022). The method is used across many subfields of psy-
chological research, such as clinical psychology (e.g., 

Ader et al., 2022), personality psychology (e.g., Beck & 
Jackson, 2020; Kaurin et  al., 2023), and organizational 
psychology (e.g., Shi et al., 2024). Also known by the 
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Abstract
The experience-sampling method (ESM) has become a widespread tool to study time-varying constructs across many 
subfields of psychological and psychiatric research. Variety in subfields of research and constructs of interest has 
contributed to considerable methodological variation. Therefore, in this systematic review, we aimed to (a) describe 
the methodological variation in ESM-study designs and (b) assess the transparency (i.e., reporting and open-science 
practices) of ESM studies. We developed an extensive list of data-extraction items covering the entire workflow of an 
ESM study, from conception of the research question to reporting the results. These data were extracted from 150 recently 
published articles describing 162 studies applying ESM in the field of psychology and psychiatry. As expected, variation 
was observed for every methodological decision. Some findings aligned with previous syntheses of the literature (e.g., 
a median study duration of 10 days, a majority of studies including convenience samples of the general population, the 
high prevalence of multilevel modeling). Regarding other decisions, this review was able to provide new insights (e.g., 
questionnaire length and content often varied between and/or within participants, average sample sizes have increased 
over time). Transparency in reporting and open-science practices seem to have improved in recent years, but there is 
room for further development of awareness and guidance. This broad overview of ESM research serves as a first step 
toward a broader goal to improve the methodological quality of ESM research in psychology, contributing to a more 
rigorous, credible science of daily life.
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closely related terms “ecological momentary assessment” 
and “ambulatory assessment,” ESM is an intensive, lon-
gitudinal data-collection method aiming to capture con-
structs of interest in real-time and real-life contexts 
(Myin-Germeys & Kuppens, 2022). In their daily life, 
participants are prompted, usually multiple times per 
day, to complete self-report measurements. These mea-
surements can inquire about participants’ momentary 
thoughts, feelings, behavior, and symptoms and the con-
text in which the measurement takes place (e.g., loca-
tion, company; Myin-Germeys et al., 2009). Through the 
integration of data collection in participants’ daily life, 
ESM allows the collection of ecologically valid data and 
a reduction of recall biases (i.e., biases that occur 
because participants’ ability to retrospectively report past 
experiences is often challenged; Beal, 2015). In the past, 
participants were typically asked to fill in a pen-and-
paper questionnaire each time they received a prompt 
from a beeper (Csikszentmihalyi & Larson, 1987). Tech-
nological advancement has facilitated the application of 
ESM by allowing participants to receive prompts and fill 
out questionnaires on a smartphone or specialized 
research devices.

Despite its advantages and the technological advance-
ment, ESM research does not come without its own 
challenges. Throughout the process of conducting an 
ESM study, the researcher is presented with a myriad 
of—often ESM-specific—choices and considerations, 
mapped in Figure 1. In the first part of this work, we 
give a broad overview of the workflow of an ESM study 
and present some of the literature that has aimed to map 
the methodological variation in (parts of) this process. 
This provides the backdrop for the second part of this 
work, a systematic review of the current ESM literature 
in psychology and psychiatry.

The Workflow of an ESM Study

The first decision researchers must make is whether an 
ESM study is appropriate for their research question. 
This is the case only if at least one of the constructs of 
interest varies over a relatively short time frame (Myin-
Germeys & Kuppens, 2022), such as state body image 
(Stieger et al., 2022) or affective experiences (Achterhof 
et al., 2022).

Once it has been decided that ESM is appropriate for 
the research question and the constructs involved, the 
researcher must consider a number of complex design 
decisions. Choices regarding the sample size in an ESM 
study include the number of participants and the number 
of measurements per participant. The sampling design 
(e.g., time between measurements, type of sampling 
scheme) is closely related to the sample-size decisions 
in an ESM study. Similar to non-ESM research, a power 
analysis can be conducted for sample-size planning 
(Lakens, 2022). Unfortunately, because of the multilevel 
nature and the temporal structure of the data, conducting 
a power analysis can be complex (Lafit et al., 2021). A 
number of other design-related decisions regarding the 
measures (e.g., use of an existing validated question-
naire vs. creation of new items; Eisele et al., 2024) and 
the procedure (e.g., incentives, software/devices, brief-
ing) must also be considered carefully (Fritz et al., 2023).

On one hand, design decisions must be based on the 
research question. For example, the number of assess-
ments per day should follow the (theoretical) temporal 
dynamics of the construct(s) of interest (Seizer et  al., 
2024; Wright & Zimmermann, 2019). On the other hand, 
researchers must be mindful of the burden that design 
decisions place on participants and the quality (e.g., care-
less responding) and quantity of the resulting data. This 
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Fig. 1.  The workflow of an experience-sampling-method study.
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is particularly relevant because methodological research 
has shown that there is a link between data quality and/
or compliance and certain aspects of the study design, 
such as the type of sampling scheme (Himmelstein et al., 
2019) and questionnaire length (Eisele et al., 2022).

In recent years, there has been a growing interest in 
adapting certain aspects of the design, such as the ques-
tionnaire length or the sampling scheme, to the partici-
pants, context, or incoming data (Schneider et al., 2024). 
“Adaptivity” is quite a broad term that as of yet is not 
used often in the ESM literature. Based on related litera-
ture in the field of educational sciences (Wauters et al., 
2010), we formulated a definition of adaptivity in ESM 
designs. This definition is intentionally very broad so 
that the current work can maximally inform a more 
precise conceptualization of adaptivity. We define adap-
tivity as the adjustment of one or more characteristics 
of the ESM-study design to the individual participants’ 
characteristics and preferences, preceding measure-
ments, and/or context. This adaptivity can take place 
before the start of the data collection, in which case, it 
is referred to as “static adaptivity” (e.g., tailoring of the 
questionnaire items to individual characteristics; Scholten 
et al., 2022). “Dynamic adaptivity,” on the other hand, 
refers to real-time updates to the study design during 
data collection (e.g., “episode-contingent” designs in 
which an event of interest triggers a follow-up period 
of more frequent measurements; Revol, Ariens, et  al., 
2023; Schreuder et al., 2024). Based on our definition, 
conditional questionnaire branching depending on con-
text (e.g., depending on the reported social context; 
Achterhof et al., 2022) is considered dynamic adaptivity. 
Adaptive designs can improve the data quality/quantity 
(Cai et al., 2022), reduce participant burden (Bos et al., 
2022), and/or improve parameter estimates (Revol, Ariens, 
et al., 2023), but researchers should be aware that they 
also bring forth additional complexities across the course 
of a study.

After the data collection, the raw data have to be 
processed (e.g., calculation of scale scores, missing-data 
handling), which can be guided by several existing 
guidelines and recommendations for preprocessing (e.g., 
Trull & Ebner-Priemer, 2020; Viechtbauer, 2021b). Revol, 
Carlier, et al. (2023) created an extensive framework to 
assist ESM researchers with preprocessing their data, 
including a website, templates, and an R package. The 
importance of careful consideration of preprocessing 
steps has been emphasized by recent findings that dif-
ferent preprocessing choices can lead to differences in 
the statistical results (Lafit et al., 2024; Weermeijer et al., 
2022). After preprocessing the data, the researcher makes 
a number of decisions regarding data analysis (e.g., type 
of statistical analysis, software). For statistical analysis, 
many resources are available (e.g., Bringmann et  al., 

2013; Lafit, 2022; Viechtbauer, 2021a). Because of the 
hierarchical nature of the data (i.e., measurements nested 
within participants), resources almost always include  
an introduction to multilevel modeling (e.g., Bolger & 
Laurenceau, 2013). In addition, the temporal nature of 
the data (i.e., repeated measurements close together in 
time) often necessitates a statistical analysis that takes a 
possible autocorrelation between measurements into 
account. Common methods to capture this temporal 
dependency are autoregressive and vector-autoregres-
sive (VAR) models (Ariens et al., 2020), which can be 
extended hierarchically (Bringmann et al., 2013).

Finally, researchers report their research to the sci-
entific community. There are many ways in which metic-
ulous reporting contributes to scientific progress. 
Thorough reporting of the entire research process 
allows reviewers and readers to make their own judg-
ment about the quality of a study (Schiavone et al., 2023; 
Stone & Shiffman, 2002; Trull & Ebner-Priemer, 2020; 
Van Roekel et al., 2019). It also allows other researchers 
to replicate or reproduce the results, which is essential 
to the credibility of scientific findings (Artner et  al., 
2021; Simons, 2014), especially considering the “replica-
tion crisis” in psychology (Wiggins & Christopherson, 
2019). Furthermore, complete reporting of the research 
process allows the reader to interpret the results in a 
more informed manner, considering the fact that a dif-
ferent choice at any point in the “garden of forking 
paths” (Gelman & Loken, 2013) could have led to dif-
ferent results. In addition to high-quality reporting, 
open-science practices can also increase the credibility 
of research findings in psychology. Examples of such 
open-science practices are registration, open materials, 
data sharing, and code sharing. Preregistration (i.e., 
recording the research plan before data collection) and 
postregistration (i.e., recording the analysis plan after 
data collection but before data access) aim to prevent 
exploitation of the garden of forking paths (Benning 
et al., 2019). Sharing study materials, for example, by 
contributing ESM items to the ESM Item Repository (Kirt-
ley et  al., 2024) increases measurement transparency 
and facilitates replication. Data and code sharing further 
increase transparency and allow for reproduction of the 
data analysis by independent researchers. Fortunately, 
many guidelines are available for reporting (Flake & 
Fried, 2020; Schiavone et al., 2023; Stone & Shiffman, 
2002; Trull & Ebner-Priemer, 2020) and open science in 
ESM research (preregistration, Kirtley et al., 2021; data 
sharing, Alter & Gonzalez, 2018; sharing materials, 
Eisele et al., 2024; Kirtley et al., 2024).

All of the above can be summarized as follows: Across 
all stages of an ESM study, researchers face a large num-
ber of complex methodological decisions, each of which 
requires careful consideration.
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Mapping the Methodological Variation

The methodological variation has been acknowledged by 
many researchers, but few have attempted to systemati-
cally assess the methodological choices made by ESM 
researchers. Such a systematic assessment is a complex 
endeavor because of the breadth of research questions 
that prompt researchers to conduct ESM studies. Wrzus 
and Neubauer (2023) found that emotions were a topic of 
study in the majority of ESM studies in the psychological 
literature, but other popular topics included a wide range 
of psychological concepts, such as personality states and 
health behaviors (Perski et al., 2022). There is also a wide 
variety in populations studied and sampling procedures 
in ESM research. Healthy (young) adult convenience sam-
ples have been found to be the most common, but ESM 
studies are also conducted with clinical or mixed samples 
and with different age groups and can be recruited in 
various ways (Wrzus & Neubauer, 2023). Existing system-
atic reviews on the use of ESM have often focused on 
specific populations (e.g., clinical populations) or specific 
topics of research. Examples are reviews of the use of ESM 
designs in adolescent samples (Van Roekel et al., 2019), 
psychosis research (Bogudzińska et  al., 2024; Deakin 
et al., 2022), research on suicidal ideation (Ammerman & 
Law, 2022; J. J. Janssens et al., 2024), and pediatric health 
care (Van Dalen et al., 2023).

Furthermore, several methodological meta-analyses 
have assessed aspects of ESM-study design in the context 
of their relation to compliance, retention, or data quality. 
Again, most methodological meta-analyses have focused 
on a specific demographic or topic of research (e.g., 
substance use, Jones et al., 2019; severe mental disor-
ders, Vachon et al., 2019). In their broad meta-analysis 
of compliance and dropout in ESM studies in psychology 
and related disciplines, Wrzus and Neubauer (2023) pro-
vided an overview of some important sample and design 
characteristics. They selected a subsample (N = 477) out 
of the 1,523 articles that fulfilled all inclusion criteria 
and coded ESM-design characteristics, sample charac-
teristics, and compliance and dropout.

Other nonsystematic attempts to map methodological 
variation in ESM designs further attest to the broad varia-
tion in design decisions. K. A. M. Janssens et al. (2018) 
conducted a qualitative study with an international sam-
ple of 47 researchers who had experience conducting 
ESM or diary studies. These researchers reported their 
design choices in a recent study and the reasoning 
behind their decisions. Even in a sample of only 47 stud-
ies, there was a large variety in certain aspects of the 
study design (e.g., sampling frequency, number of 
items). Rationales for these decisions were categorized 
into four main themes: statistical reasons, feasibility, reli-
ability, and nature of the variables. The most common 
rationales differed for the different design choices that 

were assessed. Reliability of the measurements was an 
important rationale for the chosen study duration, nature 
of the items (retrospective vs. momentary), the maximum 
response delay, and the sampling scheme (fixed vs. 
semirandom vs. random). Statistical reasons were also 
important for the choice of sampling scheme and study 
duration. The chosen measurement frequency was 
mostly motivated by participant burden (K. A. M. Jans-
sens et al., 2018).

The common thread through this literature is the 
enormous breadth of the methodological variation in 
EMS-study designs. Regarding the sample, most of these 
studies coded the sample size and found a wide range 
(e.g., participants: M = 136.6, SD = 176.0, range = 
4–2,001; Wrzus & Neubauer, 2023). The total number of 
measurements per participant was assessed in most 
cases by recording, on one hand, the study duration in 
days (e.g., Mdn = 17, range = 1–270; K. A. M. Janssens 
et  al., 2018) and, on the other hand, the number of 
measurements per day (e.g., Mdn = 5, range = 1–50;  
K. A. M. Janssens et  al., 2018). However, none of the 
aforementioned reviews or meta-analyses assessed 
whether a justification was provided for the reported 
sample size and/or number of measurements (e.g., a 
power analysis; Lakens, 2022).

Many methodological reviews and meta-analyses have 
also assessed certain aspects of the sampling scheme. 
The findings regarding the most common sampling 
schemes are mixed: K. A. M. Janssens et al. (2018) found 
that 52% of the included studies used a fixed sampling 
scheme, whereas only 18% did so according to Vachon 
et al. (2019). Signal-contingent sampling was found to 
be most common, but other types of sampling (e.g., 
event-based) are often reported as well (Wrzus &  
Neubauer, 2023). Only the qualitative study by K. A. M. 
Janssens et al. assessed researchers’ justifications regard-
ing the chosen sampling schemes; existing reviews and 
meta-analyses did not.

The scarcity of systematic assessment of ESM mea-
surements is striking given that there is a rising interest 
in assessing the quality of measurements in the psycho-
logical ESM literature (e.g., Brose et  al., 2020; Cloos 
et al., 2023; Horstmann & Ziegler, 2020). Many previous 
reviews have recorded only the number of items per 
questionnaire and have found, again, a lot of variation. 
For example, in their meta-analysis, Vachon et al. (2019) 
found that the number of items in their set of primary 
ESM studies varied between two and 135. Other aspects 
of the measurements that have been assessed in a sys-
tematic manner, albeit more rarely, are response scales 
and questionnaire development. Findings indicated that 
Likert scales are the most common response scales 
(Vachon et al., 2019) and that most studies use nonvali-
dated questionnaires (Deakin et al., 2022; Horstmann & 
Ziegler, 2020; Wright & Zimmermann, 2019).
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Regarding the ESM procedure, it is evident that the 
use of electronic devices has become much more popu-
lar than pen-and-paper questionnaires (Ammerman & 
Law, 2022; Vachon et al., 2019). Incentives are often of 
a financial nature (i.e., direct monetary payment/gift 
cards; Wrzus & Neubauer, 2023) and are often compli-
ance-based ( Jones et al., 2019; Van Dalen et al., 2023). 
However, especially in health-care settings, it is increas-
ingly common to receive personalized feedback as an 
incentive (Van Dalen et al., 2023). Despite the impor-
tance of (de)briefing for compliance and data quality 
(Palmier-Claus et al., 2011), very few studies have sys-
tematically assessed (de)briefing in ESM studies. How-
ever, it has been found that many ESM studies include 
at least some training before the ESM period (Deakin 
et al., 2022; Van Roekel et al., 2019).

The aforementioned literature has undoubtedly pro-
vided valuable insights into the process of designing an 
ESM study. However, several arguments can be made 
for a need for further investigation of the research pro-
cess in ESM studies. First, the field of ESM has and 
continues to evolve quickly (Mestdagh & Dejonckheere, 
2021). ESM designs continue to become more popular, 
more advanced, and often more complex (e.g., dyad 
studies, Griffith & Hankin, 2025; episode-contingent 
sampling designs, Revol, Ariens, et al., 2023). Therefore, 
these previous findings might not be representative of 
the field of ESM research today. Second, as mentioned 
previously, most previous reviews and meta-analyses 
have been population-specific or subject-specific. 
Although these works are of immense importance in 
their target subfield, one cannot assume that they are 
representative of the larger psychological ESM literature. 
Third, the methodological choices that were assessed 
in previous research were limited to a set of common 
design choices. Wrzus and Neubauer (2023) coded eight 
design features related to the sample size and sampling 
design (number of participants, total number of assess-
ments, assessments per day, study duration) and the 
study procedure (incentives, reinforcement, participant 
care). Other reviews and meta-analyses coded similar 
sets of design choices. Although these choices remain 
relevant today, they are only a subset of the myriad of 
methodological choices researchers are faced with over 
the course of an ESM study. Out of all the steps of the 
workflow of a study (Fig. 1), the study design is the 
only one that has been reviewed extensively in the ESM 
literature. However, a study does not end after its 
design, and the quality of its final product (communica-
tion of the newfound knowledge to the scientific com-
munity) depends on much more than the quality of the 
design alone. ESM researchers again face complex 
choices during the data collection, when they are pre-
processing/analyzing the data and when they report 
their work (Fig. 1).

Because of inconsistency in describing adaptivity, 
synthesis of the literature is difficult. As a consequence, to 
the best of our knowledge, no reviews or guidelines for 
adaptive methods in ESM research exist. As mentioned 
previously, guidelines and recommendations for prepro-
cessing and analyzing data do exist. However, these 
resources provide only normative information. They do not 
describe the actual approaches taken by ESM researchers. 
In practice, preprocessing is often limited or not reported 
in detail (Blanchard et al., 2023; Revol, Carlier, et al., 2023). 
In a crowdsourcing project, Bastiaansen et al. (2020) asked 
12 teams of researchers to use the same raw ESM data set 
to select target symptoms for treatment. The preprocessing 
included few steps for most teams, although all teams 
applied at least some form of preprocessing (e.g., clus-
tering items, detrending, imputation of missing data; 
Bastiaansen et al., 2020). Researchers also rarely report 
checking statistical-model assumptions before conducting 
the analyses (Blanchard et al., 2023).

Concerning data analysis, Bastiaansen et al. (2020) 
and Blanchard et al. (2023) found that analyses are most 
often conducted using R (R Core Team, 2024) and that 
VAR models are the most common statistical models fit-
ted to the data. Almost all teams in Bastiaansen et al. 
(2020) used a VAR model to investigate autoregressive 
effects (i.e., whether a variable predicts itself at a later 
time point) and cross-lagged effects (i.e., whether a vari-
able predicts another variable at a later time point). 
Several teams additionally investigated contemporane-
ous effects (i.e., whether a variable covaries with another 
variable at the same time point). Some also used network 
approaches, in which multivariate data are analyzed by 
modeling statistical relationships between nodes in a 
network of variables (Borsboom et al., 2021). However, 
no two teams took exactly the same (or even very simi-
lar) approaches. Consequently, no two teams selected 
the same target symptoms for treatment. These results 
illustrate the critical role of the analysis strategy for the 
conclusions of a study. Moreover, they emphasize  
the importance of reporting clearly and completely how 
the results and conclusions of a study came to be.

However, current reporting practices do not neces-
sarily reflect the abundance of resources available. In a 
review of ESM studies published in three major psycho-
pathology journals between 2012 and 2018, Trull and 
Ebner-Priemer (2020) found a lot of room for improve-
ment regarding reporting practices. For example, only 
30% of the included studies reported psychometric prop-
erties of the items used in the ESM measurements, and 
only 32% reported the technical details of the sampling. 
Furthermore, only 17% provided a rationale for their 
sampling design, density, and scheduling. Regarding 
open-science initiatives as well, reviews have found that 
their application in practice is far from perfect. For 
example, many preregistered studies deviate from their 



6	 Peeters et al.

preregistration without adequate disclosure of these 
deviations (Claesen et al., 2021). It is unclear how many 
researchers share their raw data and/or code.

The Current Study

We have illustrated the lack of a comprehensive over-
view of current practices in ESM research in psychology. 
The need for such an overview stems from two goals. 
On one hand, it allows for assessment and improvement 
of the quality of the use of ESM in psychological research. 
Knowledge of the current practices in ESM research can 
inform the development of guidelines and/or resources 
for all stages of the research workflow, which can, in 
turn, help researchers to apply ESM and report their 
work in an informed and methodologically valid manner. 
On the other hand, a broad overview of the current state 
of the art in ESM research can facilitate innovation and 
improvement of the method itself. One example is the 
use of adaptivity in ESM designs: We hope to map how 
ESM researchers apply adaptivity today and to use this 
information to identify how researchers can improve on 
these methods in the future.

To address this need, the aim of the current study is 
twofold: the description of the variation in current meth-
odological practices in ESM research and the assessment 
of transparency in this field. “Methodological practices” 
here include the entire workflow of an ESM study, from 
conception of the research question to interpretation of 
the results (see Fig. 1). “Transparency” refers to both 
reporting practices and open-science practices.

To this end, a systematic review of the ESM literature 
was conducted. As discussed above, previous reviews 
were conducted in a specific subfield of psychology or 
a specific demographic and focused largely on a small 
set of design-related methodological choices. In contrast, 
in the current review, we aimed to describe a wide range 
of methodological choices in the entire field of psycho-
logical research. For each of these methodological 
choices, in this review, we assessed (a) whether they 
were reported clearly and completely; (b) the decisions 
made (as far as they were reported), including the use 
of overarching open-science practices (e.g., preregistra-
tion); and (c) the rationale given for some of the deci-
sions. For this review, we developed an extensive list of 
items covering methodological choices across the entire 
process of conducting an ESM study, from initial concep-
tion to reporting of the results.

Method

Search strategy

The systematic review followed PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses) guidelines (Page et  al., 2021). The key 

component of this search was the ESM in the context of 
psychological research. The following databases were 
searched: PsycARTICLES, MEDLINE, Psychology Data-
bases (via ProQuest), Web of Science Core Collection 
(via Clarivate), and PubMed. To ensure the feasibility of 
the review, the search was limited to works published 
at most 1 calendar year before the start of the search, 
from January 25, 2024, until January 24, 2025. We argue 
that this focus on the recent literature reflects the aim 
of the review, that is, to assess the state of the art in 
psychological ESM research and to map the current 
research/reporting practices. Because the search was 
limited to 1 year, citation tracking would presumably 
identify very few additional records (if any) and was 
therefore not carried out. To ensure the full understand-
ing of the text by all reviewers, the search was limited 
to records written in English.

Search terms were compiled with the help of experts 
in both systematic reviews and ESM. The search query 
included only terms related to ESM. No search terms 
related to psychology were included; whether the 
research belonged to the field of psychology was 
assessed in the screening phase. For the full search 
query, tailored to each of the databases, see the supple-
mentary materials on OSF (https://osf.io/abvxp/files/ 
3c7ta).

Screening

Records were eligible for inclusion if they fulfilled sev-
eral criteria. They must describe an empirical study (i.e., 
no reviews or meta-analyses) in which ESM was applied 
with more than one measurement per day (i.e., no daily 
diary studies). Furthermore, ESM was used as a tool to 
answer a psychological-research question (e.g., whether 
momentary affect is related to social interactions; Achter-
hof et al., 2022), not as a topic of research itself (e.g., 
whether a certain aspect of an ESM design is related to 
compliance; Eisele et  al., 2022). This criterion thus 
excluded feasibility and methodological studies. Only 
records that described the entire research process (i.e., 
no protocols) were included. Secondary data analyses 
were included if they reported all stages of the research 
process. Eligible records must be published in a journal 
that is classified as “psychology/psychiatry” in the Web 
of Science database. The “psychiatry” category was 
included to ensure that the review did not exclude a 
large portion of the clinical ESM literature, which is often 
published in psychiatric journals. For a full list of jour-
nals that fulfill this criterion, see the Supplementary 
materials on OSF (https://osf.io/abvxp/files/8gt2c). 
Records were excluded if passive-sensing data (e.g., 
accelerometry) were analyzed or if the study was not 
exclusively observational (e.g., intervention studies, 
experimental studies). Longitudinal studies that analyzed 
data from multiple ESM study waves (i.e., periods of ESM 

https://osf.io/abvxp/files/3c7ta
https://osf.io/abvxp/files/3c7ta
https://osf.io/abvxp/files/8gt2c
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measurement separated by nonmeasurement periods; 
Myin-Germeys & Kuppens, 2022) were also excluded. 
Although these design features are of increasing impor-
tance in the ESM literature, they lead to a different, 
additional set of design and analysis choices that fall 
beyond the scope of the current review.

Study selection took place in two stages. In Stage 1, 
the titles and abstracts were screened. In Stage 2, the 
full texts of records that survived the first stage were 
scrutinized. In both stages, one reviewer evaluated all 
records, and several other reviewers independently 
screened a subsample to allow for the evaluation of 
consistency in decision-making. Reviewers used separate 
Zotero libraries and decision logs to ensure blinding of 
decisions. Because a skewed distribution of decisions 
(few inclusions and many exclusions) could lead to a 
low Cohen’s kappa despite high values of percentage 
agreement (Belur et al., 2021), both statistics were cal-
culated to assess interrater reliability. According to Lan-
dis and Koch (1977), kappa values between .61 and .80 
can be interpreted as “substantial,” and values above .80 
are “almost perfect.” Discrepancy in decisions was 
resolved through discussion. If the disagreement could 
not be resolved through discussion, an independent 
reviewer that was not involved in the screening stage 
resolved the issue. Discrepancies, discussions, and reso-
lutions were recorded in a decision log1; full-text screen-
ing decisions were also recorded along with reasons for 
exclusions.

After all records were screened, a random sample of 
150 records was selected out of all eligible records. 
Random sampling of eligible records has been used in 
systematic reviews (e.g., Wrzus & Neubauer, 2023) to 
allow for sufficient coverage of the literature while safe-
guarding the review’s feasibility (considering the small 
team). The sample size was decided based on a pilot 
(described in the Supplemental Material) and a rough 
estimate of the number of relevant studies that are pub-
lished in a single year based on previous systematic 
reviews (e.g., Wrzus & Neubauer, 2023). In case the 
number of eligible records would have been unexpect-
edly lower than this limit, we extended the search with 
an additional 6 months—to a total of 1.5 years before the 
start of the initial search.

Data extraction

The data extracted consist of main items (Fig. 2) with 
possible follow-up items in a branched structure (i.e., 
based on the response to the main item, different follow-
up items are relevant). An initial set of items related to 
all stages of the research process was compiled based on 
a scoping search of older literature, available validity and 
reporting tools, and discussion with coauthors. The previ-
ously mentioned reporting recommendations (Flake & 

Fried, 2020; Schiavone et  al., 2023; Stone &  
Shiffman, 2002; Trull & Ebner-Priemer, 2020) and meta- 
analyses (Wrzus & Neubauer, 2023) were particularly 
helpful in this endeavor. This set of items was subse-
quently refined in three rounds. In each round, four to 
six coauthors independently evaluated the list of items 
through Microsoft Forms. At the end of each round, a 
group discussion was held with all reviewers to improve 
the list of items. For details of the review process and the 
final list of data-extraction items including follow-up 
items, see the Supplemental Material. The last item, “Is 
the word ‘Inertia’ mentioned anywhere in the text?,” was 
added in the interest of a separate study, and its results 
are not discussed in this work.

Constructs

Research
question

Sample
size

Sampling
design

Procedure

Measures

Pre-
processing

Statistical
Analysis

Open Science

Da
ta

 A
na

ly
si

s
St

ud
y 

De
si

gn
St

ud
y 

ai
m

Study topic
Population type
Sample type
Type of constructs
Specific constructs
Research question
Number of participants
Sample size justification
Study duration
Sampling design
Measurements per day
Sampling scheme
Incentives
Briefing
Debriefing
Contact during ESM
Study device
ESM software
Measure development
Items per measurement
Item content
Item reporting
Response scales
Final score calculation
Maximum beep delay
Maximum item response time
Minimum compliance required
Careless responding
Missing data
Software & version
Model checking
Level of analysis
Type of analysis
Model selection strategy
Multiple comparisons
Mean compliance
Between vs. Within variance
Exploratory analyses
Registration
Data sharing
Code sharing

Re
po

rt
in

g

Fig. 2.  Methodological choices covered by the data-extraction items.
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For the data extraction, the reviewers made use of a 
data-extraction form created in Microsoft Forms, which 
supports the branched structure of the items. Again, one 
reviewer extracted data from all records, and several 
other reviewers extracted data from only a subsample 
to allow for the evaluation of consistency in decision-
making. Missing data were coded as “not reported,” and 
no attempt was made to contact authors for more infor-
mation. This is in line with the aim of this review because 
part of this aim is to assess the quality of scientific 
reporting in the literature. Thus, the nonreporting of any 
data is also considered valuable information.

If a record reported on more than one (sub)study that 
satisfied all inclusion criteria, data were extracted for 
each study separately. When studies reported on mul-
tiple research questions, up to three main research ques-
tions per study were considered. We included only 
research questions that were presented, including results, 
in the abstract of the record (following Artner et  al., 
2021). If more than three research questions satisfied 
this criterion, the most important research questions 
were selected through discussion with the research team, 
and precedence was given for research questions with 
a priori hypotheses.

The data-extraction form was piloted using records 
that were published in 2022 and would therefore not be 
included in the systematic review. For a full description 
of the pilot, see the Supplemental Material.

Data synthesis

For numerical items (e.g., the study duration in days), 
summary statistics were calculated. For binary or cate-
gorical items (e.g., whether a power analysis was con-
ducted), proportions are reported. The synthesis of 
open-ended items is dependent on the item’s complex-
ity: Simpler items (e.g., the statistical software that was 
used) were grouped into categories during data prepro-
cessing, and proportions are reported. More complex 
items (e.g., a brief description of the statistical analysis) 
were synthesized in a narrative way. Because the syn-
thesis of numerical and categorical data was largely pre-
determined, this synthesis was carried out by one 
researcher, and the reliability of the decisions was not 
assessed. For an RMarkdown document containing the 
preliminary analysis plan for these data, see https://osf 
.io/abvxp/files/nvtzf. Open-ended items were coded by 
two researchers independently, and reliability was 
assessed. Decisions regarding presentation of the numer-
ical results and the narrative synthesis (Popay et  al., 
2006) of the open-ended items were discussed with mul-
tiple members of the research team. All statistical pro-
cedures were conducted using R (Version 4.4.3; R Core 
Team, 2024).

Results

Disclosures

This systematic review is the result of a registered report 
submitted to and peer reviewed by the Peer Community 
in Registered Reports. For the preregistration of the rec-
ommended Stage 1 manuscript, see https://osf.io/ztvn3. 
Small deviations from the Stage 1 protocol occurred. 
During the first round of screening, the wording of some 
exclusion criteria was not clear to all members of the 
team and was revised. However, only the wording in  
the screening manual changed, not the core ideas of the 
criteria. In addition, some items in the data-extraction 
form were changed to include a missing “not reported” 
option or to add extra clarifying instructions.2 Finally, 
open items were coded by one researcher instead of the 
preregistered two because responses were either very 
straightforwardly numerical/categorical (e.g., the statisti-
cal software used) or too broad and/or subjective to be 
meaningfully coded into categories (e.g., justifications 
for certain sampling schemes). For the reviews and rec-
ommendation of the Stage 2 registered report, see 
https://rr.peercommunityin.org/articles/rec?id=1140.

The study materials, raw data, and analysis code used 
to produce the results are available on OSF (https://osf 
.io/abvxp/). The full data are also available in a dynamic 
web-based interface that allows users to easily navigate, 
filter, and group specific variables (https://airtable.com/
appqKHsqcoFJqk9n3/shrqy53nz7EZDvn3y).

Study selection and interrater reliability

The search yielded 3,574 unique records, 473 of which 
passed the first stage of screening. In this stage, the 
percentage agreement between reviewers was 97.4%, 
and Cohen’s kappa was .887, signifying almost perfect 
interrater reliability (Landis & Koch, 1977). In the second 
stage of screening, 369 records fulfilled all inclusion 
criteria. The interrater reliability was lower than in the 
first stage (87.9% agreement, Cohen’s κ = .694) but still 
substantial (Landis & Koch, 1977). The final sample con-
sists of 150 records (reporting on 162 studies), selected 
from all eligible records using a random number genera-
tor. The complete flowchart is shown in Figure 3.

For most categorical data-extraction items, interrater 
reliability was substantial (κ > .60) or almost perfect (κ > 
.80). For some items, kappa indicated less than substan-
tial agreement because of a highly skewed decision dis-
tribution even though the percentage of agreement was 
high. However, a few items required further attention, 
and disagreements most often occurred on whether a 
decision was reported clearly enough. Furthermore, 
some concepts assessed in this review lack clear defini-
tions (e.g., whether variation is adaptive), leading to 

https://osf.io/abvxp/files/nvtzf
https://osf.io/abvxp/files/nvtzf
https://osf.io/ztvn3
https://rr.peercommunityin.org/articles/rec?id=1140
https://osf.io/abvxp/
https://osf.io/abvxp/
https://airtable.com/appqKHsqcoFJqk9n3/shrqy53nz7EZDvn3y
https://airtable.com/appqKHsqcoFJqk9n3/shrqy53nz7EZDvn3y
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different interpretations by different raters. In these cases, 
decisions were discussed within the team and if necessary, 
to ensure high-quality data, reassessed for all records. We 
must also note that although there was often overlap 
between raters for multiselect items, selections were often 
not exactly the same. Particular caution is warranted in 
the interpretation of the study topics and the type of 
research questions. For interrater reliability measures for 
all categorical and numerical items and a more in-depth 
discussion, see the supplementary materials on OSF 
(https://osf.io/abvxp/files/3c7ta).

Study aim

Information related to the study aim was reported in 
(almost) all studies. Only the clinical status of the  
sample was reported in fewer than 90% of all studies 
(Fig. 4). Table 1 presents descriptive statistics. Note that 
some categories have been collapsed for brevity; for a 
more extensive table, see OSF (https://osf.io/abvxp/
files/6xyrp).

Person-level variables were measured and included 
in analyses in most studies (61.1%). Correspondingly, a 

majority of studies investigated relationships between 
time-varying and person-level variables (52.5%).3 How-
ever, the most commonly examined relationships were 
lagged (56.8%) relationships between time-varying vari-
ables. Only 10 studies (6.2%) contained research ques-
tions about the relationship between data of two or 
more participants (e.g., affect dynamics in romantic 
couples). Almost all studies (89.5%) provided a justifica-
tion for the use of ESM data to answer their research 
questions (Table 2).

The most common study topics were emotions 
(45.7%) and mental health (37.7%), followed by a sub-
stantial “other” category (25.9%), which included topics 
such as cognitive control, stigma, and moral behavior. 
The most commonly measured specific constructs, “neg-
ative affect” and “positive affect,” were measured in 51 
(31.5%) and 42 (25.9%) studies, respectively. Many other 
studies also measured emotions but conceptualized them 
more broadly (e.g., one-dimensional affect/mood) or 
more specifically (e.g., happiness, anger, shame). For all 
measured constructs see the full data at https://airtable 
.com/appqKHsqcoFJqk9n3/shrqy53nz7EZDvn3y/
tblT1fQKdsNMcaVgk.
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Fig. 3.  PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 
flowchart.

https://osf.io/abvxp/files/3c7ta
https://osf.io/abvxp/files/6xyrp
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https://airtable.com/appqKHsqcoFJqk9n3/shrqy53nz7EZDvn3y/tblT1fQKdsNMcaVgk
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https://airtable.com/appqKHsqcoFJqk9n3/shrqy53nz7EZDvn3y/tblT1fQKdsNMcaVgk
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Fifty-one studies (31.5%) reported including inten-
tionally recruited clinical participants in their sample 
either with (n = 16) or without (n = 35) a nonclinical 
control group. However, the most common samples were 
general-population samples (47.5%) recruited through 
convenience sampling (67.9%).

First authors were primarily affiliated with universities 
in Europe (45.6%) and North America (42.6%) but also 
in parts of Asia (i.e., China, Taiwan, Japan, Singapore), 
Australia, and Egypt. For a figure depicting the location 
of all first-author affiliations, see supplementary materi-
als on OSF (https://osf.io/abvxp/files/6xyrp).

Study design and adaptivity

As shown in Figure 4, almost all studies reported the 
number of participants included in the statistical analyses, 

the study duration, the measurement frequency, and the 
type of questionnaires used. Other decisions were 
reported less consistently. Some were even reported only 
sparsely (the number of participants that chose to dis-
continue their participation, briefing and debriefing, con-
tact during the ESM period). Clear reporting about 
variation was more prevalent for the measurement fre-
quency and sampling scheme than for the questionnaire 
length and content (Fig. 5).

A majority of studies (60.5%) used secondary data or 
data that were collected as part of a larger project. 
Despite this large percentage, there was little overlap in 
the data sets used in our sample, so we present results 
using all studies. Descriptive statistics of variables related 
to study design are available in Table 3.4

Incentives were most often financial (67.9%) and  
compliance-based (66.7%). A majority of studies used 
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Fig. 4.  Percentage of studies that reported each methodological decision.
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smartphones for the ESM protocol (64.8%), and a wide 
range of ESM software was used. There was no obvious 
“most popular” app/website, although some were used 
more regularly (e.g., mEMA, https://ilumivu.com/; Met-
ricWire, https://metricwire.com/; Wenjuanxing, www.
wjx.cn). Almost half of all studies reported some kind of 
briefing on the protocol through informational materials 
(9.9%) or training by the researchers (40.1%).

Semirandom sampling designs were most common 
(46.9%), followed by fixed sampling designs (29.6%). 
However, justification for the choice of sampling design 
was rarely reported (22.1%; Table 2). The median study 

duration was 10 days with a wide range (4–90 days). 
The measurement frequency as well showed a wide 
range, from two to 21 observations per day (Mdn = 5). 
The measurement frequency was fixed for all partici-
pants in almost all studies with some exceptions, such 
as studies that measured more frequently during the 
weekends or studies that employed event-based sam-
pling (Fig. 5). In the latter case, events might be more 
common on some days and for some participants, thus 
resulting in variation in the number of measurements 
per day. In contrast, a substantial number of studies 
varied the sampling scheme (i.e., the timing of the 

Table 1.  Descriptive Statistics of Variables Related to the Study Aim and 
Population (N = 162)

n Percentage

Type of variables
  Both time-varying variables measured with ESM  
    and person-level variables

99 61.1

  Only time-varying variables measured with ESM 63 38.9
Type of research questiona

  Average level/fluctuations of one ESM variable 16 9.9
  Concurrent relationships between ESM variables 73 45.1
  Lagged relationships between ESM variables 92 56.8
  Relationships between ESM and person-level variables 85 52.5
  Other 14 8.6
Linked data of several participants
  No 152 93.8
  Yes 10 6.2
Clinical statusb

  General population (i.e., clinical participants not  
    intentionally recruited but also not excluded)

78 48.1

  Intentionally recruited clinical participants (with or without  
    control group)

51 31.5

  Nonclinical participants only (clinical participants are  
    excluded)

10 6.2

Type of sampleb

  Convenience sample 110 67.9
  Online sample 9 5.6
  Representative sample 6 3.7
  Student sample 30 18.5
Study topica

  Work/education 24 14.8
  Emotions 74 45.7
  Relationships (general, romantic, family) 37 22.8
  Mental health 61 37.7
  Personality states 7 4.3
  Physical health and health behavior 24 14.8
  Situations/places 2 1.2
  Other 42 25.9

Note: ESM = experience-sampling method.
aMultiple options can be selected for each study.
bFor information on the percentage of studies that reported each variable, see Figure 4.

https://ilumivu.com/
https://metricwire.com/
www.wjx.cn
www.wjx.cn
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measurements) between participants. In most cases, 
this adaptive variation took the form of adapting the 
sampling window to the schedule of the participants 
(e.g., work schedule, waking hours). For all forms of 
adaptivity, a minority of studies provided a justification 
(23.6%–31.4%; Table 2).

More than half of the studies (55.6%) reported a 
beep delay shorter than the interbeep interval (i.e., the 
time period in which participants were allowed to 
respond to questionnaires was shorter than the time 
between two scheduled beeps) and had a median of 
30 min (range = 1.5–480). No studies reported a limit 
on the time participants could spend responding to 
each single item.

Existing questionnaires were used without modifica-
tion in 37.7% of all studies, whereas almost two thirds 
of studies modified existing questionnaires (61.7%) or 
developed new items (64.2%). Eight studies did not pro-
vide sufficient detail about the origins of the question-
naires used. Validity and reliability information was 
reported more often for existing questionnaires5 (37.9% 
and 63.8%, respectively) than for new questionnaires 
(10.6% and 26.9%, respectively). In fewer than half of 
the relevant cases was the modification of existing ESM 
or trait questionnaires clearly described (39.0%) or justi-
fied (44%; Table 2). The full wording and scales of all 
items were included in the text or supplementary materi-
als in approximately half of all studies (50.6%).

There were relatively few studies in which the question-
naire length (28.4%) and content (21.6%) were reported 
to be fixed (Fig. 5). Common forms of questionnaire-
related adaptivity were conditional item branching (i.e., 
between- and within-participants variation depending on 
the responses) and time-of-day-dependent questionnaires 
(i.e., within-participants variation). When the question-
naire length was reported to be fixed, the median number 
of items was 13.5 (range = 2–50). Although the Likert scale 
was most commonly used (74.4%), many studies used 
combinations with other item scales.

A median of 153 participants started the study, which 
dropped to 123 for the final analysis sample. In 10 stud-
ies, the sample size was justified using an a priori mul-
tilevel power analysis, and 64 studies provided a 
sample-size justification other than an a priori power 
analysis (e.g., recommendations in the literature, a post 
hoc power analysis). In total, 48.1% of studies provided 
some justification for their sample size (Table 2).

Table 2.  Number of Studies That Provided a Justification for 
a Selection of Design/Analysis Choices (N = 162)

n Percentage

Use of ESM 145 89.5
Sample size   78 48.1
Sampling type   32 22.1
Modification of existing questionnairea   43 43
Adaptivity
  In measurement frequencya     5 26.3
  In sampling schemea   13 23.6
  In questionnaire lengtha   16 28.1
  In questionnaire contenta   22 31.4
Statistical analysis 111 70.7

Note: ESM = experience-sampling method.
aConditional item: the percentage refers to the percentage of studies 
that justified a particular choice compared with all studies that reported 
that choice.
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Fig. 5.  Variation in measurement frequency, sampling schemes, questionnaire length, and questionnaire content.
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Table 3.  Descriptive Statistics of Variables Related to the Study Design (N = 162)

n Percentage

Incentivesa,b

  Course credits 22 13.6
  Feedback (immediate or later) 6 3.7
  Financial (direct or lottery) 110 67.9
  None 4 2.5
Compliance-based incentives (if financial or course credit, N = 117) 78 66.7
Briefinga,b

  Informative materials (e.g., letter, instruction video) 16 9.9
  Briefing by researcher (in person or online) 65 40.1
Debriefing with discussion of ESM periodb 6 3.7
Contact during ESM periodb 22 13.6
Devicea,b

  Smartphone 105 64.8
  Other 14 8.6
Type of sampling designa,b

  Event-based sampling design 18 11.1
  Fixed sampling design 48 29.6
  Random sampling design 24 14.8
  Semirandom sampling design 76 46.9
  Other 4 2.5
Questionnairesa,b

  Existing questionnaire 58 35.8
  Modified questionnaire 100 61.7
  New questionnaire 104 64.2
Item scalesa,b

  Binary/categorical response scale 75 46.3
  Likert scale 121 74.7
  Open item 28 17.3
  Visual analogue scale 41 25.3
  Other 10 6.2
A priori multilevel power analysis 10 6.2

  M SD Mdn (range)

Number of participantsb

  Start 226.9 246.7 153 (1–1,382)
  Dropout 20.2 44.7 4 (0–284)
  Analyses 192.2 226.9 123 (1–1,913)
Study duration (days)b 13.2 10.1 10 (4–90)
  Measurement frequency (per day; if fixed, N = 140)b 5.1 2.7 5 (2–21)
  Questionnaire length (if fixed, N = 42)b 16.8 12.3 13.5 (2–50)
  Beep delay (minutes)b,c 55.8 64.3 30 (1.5–480)

Note: ESM = experience-sampling method.
aMultiple options can be selected for each study.
bFor information on the percentage of studies that reported each variable see Figure 4.
cDescriptives include only studies in which the beep delay was a fixed number of minutes. Four studies (2.5%) 
allowed participants to respond until the next beep. Nine studies (5.6%) reported varying beep-delay periods.

Data analysis and open science

As shown in Figure 4, few variables related to the data 
analysis—only the type of statistical analysis, the software 
used, and whether some analyses were exploratory—were 
reported in almost all studies. Assessment of careless 

responding, missing-data handling, model-estimation tech-
nique, and correction for multiple comparisons was 
reported in fewer than half of all studies.

Table 4 presents descriptive statistics6 of variables 
related to data analysis. In 74 studies (45.7%), partici-
pants were reported to be excluded based on low 
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compliance. In these studies, the median compliance 
requirement was one third of all beeps (range = 2.9%–
80%). The median of the average compliance was 76.7% 
(range = 21%–97%). In the studies that reported missing-
data handling, some commonly used methods were list-
wise deletion, full-information maximum likelihood,  
and the default settings for dynamic structural equation 
modeling (DSEM; Asparouhov et  al., 2018) in Mplus 
(Muthén & Muthén, 2017). Other preprocessing steps, 
such as assessment of careless responding (19.1%) and 

model-assumption checks (34%), were not often reported 
to have been undertaken. Most studies used a combina-
tion of single-item scores and summary scores in their 
analyses.

Almost all studies reported analyses that modeled 
both between- and within-subjects variability, often with 
multilevel regression models (most commonly, linear 
regressions without an autoregressive effect) or multi-
level structural-equation-modeling (SEM) approaches. 
However, around one fifth of studies (18.5%) conducted 

Table 4.  Descriptive Statistics of Variables Related to the Data Analysis (N = 162)

n Percentage

Final score calculationa,b

  A summary of several items 117 72.2
  One single-item score 110 67.9
  Other     8 4.9
Exclusion based on low complianceb   74 45.7
Assessment of careless respondingb   31 19.1
Missing-data handlingb

  Imputation     7 4.3
  Listwise deletion   18 11.1
  Other   30 18.5
Statistical softwarea,b

  Mplus   48 29.6
  R   96 59.3
  IBM SPSS   22 13.6
  Other   20 12.3
Some model assumptions are discussed   55 34.0
Type of variability modeleda

  Between and within subjects 148 91.4
  Between subjects only   30 18.5
  Within subjects only     4 2.5
Model estimationa,b

  Maximum likelihood   43 26.5
  Bayesian   26 16
  Other     6 3.7
Model selectionb

  Theory driven   91 56.2
  (Combination of theory and) data driven   70 43.2
    Model selected and fitted on the same data (N = 70)   68 97.1
Multiple comparisons   93 57.4
Multiple comparisons correctiona,b (N = 93)
  Benjamini-Hochberg   11 11.8
  Bonferroni     6 6.5
  Other   10 10.8
  None     8 8.6
Exploratory analyses reportedb 104 64.2

  M SD Mdn (range)

Minimum compliance for inclusionb (%; N = 72) 39.1 21.3 33.3 (2.9–80)
Average complianceb (%) 74.9 15.2 76.7 (21–97)

aMultiple options can be selected for each study.
bFor information on the percentage of studies that reported each variable, see Figure 4.
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analyses that focused on between-subjects variability 
using, for example, single-level linear regression or a 
comparison of summary statistics. Four studies (2.5%) 
focused on within-subjects variability. At least some jus-
tification for the choice of statistical analysis was pro-
vided in 70.7% of studies (Table 2). For model estimation, 
authors mainly reported using various maximum likeli-
hood approaches and Bayesian estimation. Models were 
chosen based on theory in just over half of all studies 
(56.2%). In studies in which some data-driven model 
selection took place, the model was almost always 
(97.1%) fitted on exactly the same data that were used 
for the model selection without correction. Although 
multiple comparisons were common (57.4%), reporting 
a correction for multiple comparisons was not. When 
reported, the Benjamini-Hochberg correction was the 
most common. A majority of studies (64.8%) reported 
exploratory analyses. Statistical analyses were most often 
conducted in R (59.3%) and/or Mplus (29.6%).

For an overview of open-science practices, see Figure 
6. Analysis code was reported to be publicly available 
in 40.7% of studies. Data are publicly available for 29.6% 
of studies and available on request in 35.8% of studies. 
Finally, some form of registration occurred in 22.8% of 
studies. However, only 7.4% of studies were preregis-
tered (i.e., before data collection).

Discussion

This systematic review served two primary aims: assess-
ing the transparency (i.e., reporting and open-science 

practices) of ESM studies and describing the method-
ological decisions that are made throughout the process 
of an ESM study. These two aims cannot be viewed 
separately because we cannot map methodological deci-
sions that are not reported clearly. Note that we do not 
intend to discuss reporting practices in a normative man-
ner because development of reporting guidelines is 
beyond the scope of this work (but see Limitations and 
Future Directions). Instead, we aim to provide reporting 
information in a descriptive manner to facilitate inter-
pretation of methodological findings. Therefore, in what 
follows, we discuss these two aspects in tandem for each 
stage of the research process. We compare our findings 
with the existing literature and highlight new insights.

Study aim

Information regarding the study aim (e.g., research ques-
tion, variables of interest) was reported clearly in almost 
all studies. Only the inclusion of clinical participants was 
reported slightly less often, mostly in nonclinical studies. 
One explanation for this could be that for studies that 
intentionally recruit clinical participants because this is 
relevant to their research question, it is evident that this 
information should be reported. When the research 
question of a study is not of a clinical nature and thus 
clinical participants are not intentionally recruited, 
researchers might deem it less relevant to report whether 
clinical participants were explicitly excluded.

As reported by previous syntheses ( J. J. Janssens 
et  al., 2024; Perski et  al., 2022), almost all studies 
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included a rationale for the use of ESM. To our knowl-
edge, the types of research questions in ESM studies 
have not been systematically assessed before. We found 
that most studies included several types of research 
questions, often a combination of (lagged and/or con-
current) relationships between ESM variables, and rela-
tionships between those variables and one or more 
person-level variables. An example of this is a primary 
research question about the lagged relationship between 
momentary stress and momentary positive upregulating 
strategies with an additional investigation of the mod-
erating effect of person-level depressive symptoms on 
this relationship (Colombo et al., 2024).

In general, our findings regarding study topics align 
with those of Wrzus and Neubauer (2023) in that emo-
tions and mental health were the most common topics. 
However, using the same predefined categories, we 
found a large “other” category. This might point toward 
a broadening field of application of ESM. For example, 
there is an increasing interest in applying ESM in the 
field of cognitive psychology (e.g., Brearly et al., 2025; 
Doucette et al., 2024; Hakun et al., 2025).

The interest in emotions and mental health is reflected 
in the constructs that were measured. In line with other 
syntheses (Perski et al., 2022), an affect measure (e.g., 
positive/negative affect, specific emotions) was included 
in the vast majority of studies, including studies in which 
the research question was not primarily about affect. 
Many studies also measured constructs related to mental 
health (e.g., symptoms of affective disorders, substance 
use, disordered eating). Despite the sensitivity of the 
topic, 16 studies (9.9%) measured suicidal ideation/
intent/behavior or nonsuicidal self-injury. This suggests 
that the burdensome nature of ESM does not prevent its 
use with even the most vulnerable populations in men-
tal-health research, a field in which researchers are 
increasingly interested in studying within-persons pro-
cesses (Myin-Germeys et  al., 2018). Furthermore, 
approximately one third of the studies included inten-
tionally recruited clinical participants (with or without 
a nonclinical control group), a number similar to previ-
ous general syntheses (Van Roekel et al., 2019; Wrzus & 
Neubauer, 2023).

It is unclear whether our findings regarding the rela-
tively small number of studies that reported excluding 
participants based on clinical diagnoses is in line with 
previous findings because previous literature often 
reported the percentage of “healthy” samples (K. A. M. 
Janssens et al., 2018; Wrzus & Neubauer, 2023) without 
a separate “general population” category. We assume but 
cannot be certain that in those cases, “healthy” samples 
refer to both purely nonclinical samples and general-
population samples (the latter of which are by far the 
most common in our review). The finding that conve-
nience sampling is the most common recruitment 

strategy is in line with most of the literature (e.g., Deakin 
et al., 2022; Wrzus & Neubauer, 2023).

Study design and adaptivity

The sample size (with a median of 123 participants 
included in the analyses) was higher than reported in 
previous syntheses (e.g., n = 90 in Doucette et al., 2024; 
n = 100 in Perski et  al., 2022; n = 87.5 in Wrzus &  
Neubauer, 2023).7 This finding is quite surprising, taking 
into account that other syntheses did not explicitly dif-
ferentiate between the sample size at the start of the 
study and the one included in the analyses, which could 
have inflated their estimates compared with ours 
(Heggestad et  al., 2022). One possible explanation is 
that in the current review, we included only studies 
conducted very recently and awareness of the impor-
tance of sufficient sample sizes has increased in recent 
years (Vankelecom et al., 2025). This is also reflected in 
the finding that almost half of all studies included some 
justification for their sample size and that 11% conducted 
an a priori power analysis. Although these numbers may 
seem discouraging, they present a large improvement 
compared with the 2% and 0% of studies that provided 
sample-size justifications in the reviews by Trull and 
Ebner-Priemer (2020) and Van Roekel et al. (2019), 
respectively. Even compared with more recent reviews 
that reported between 6.6% and 8.3% of studies conduct-
ing a priori power analyses (Perski et  al., 2022; Van 
Dalen et al., 2023), we see a positive trend.

As previously discussed, previous findings regarding 
sampling types are mixed. We found that semirandom 
sampling was the most common type (in line with 
Blanchard et al., 2023; Bogudzin´ska et al., 2024; Vachon 
et al., 2019) and that event-based sampling was relatively 
uncommon (in line with Ammerman & Law, 2022; Perski 
et al., 2022; Van Roekel et al., 2019; Wrzus & Neubauer, 
2023). Fixed sampling—the prevalence of which previ-
ous literature disagreed the most on—was used in almost 
one third of all studies, more than reported in some lit-
erature (Vachon et al., 2019; Van Roekel et al., 2019) and 
less than reported in other literature (K. A. M. Janssens 
et al., 2018; Perski et al., 2022). Interpretation of these 
findings warrants two notes. First, the percentage of 
nonreporting of the sampling design was higher (10.5%) 
in our review than in all other literature discussed here 
without any obvious explanation.8 Second, although  
we did not formally investigate this, we observed that 
some sampling types were more common in specific 
fields of research. For example, fixed sampling seemed 
to be more common in organizational research than in 
other fields. This might explain part of the discrepancy 
between the current review and previous literature that 
focused on a specific field of research (e.g., mental-
health research; Vachon et  al., 2019). Clear rationales  
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for the chosen sampling type could explain why some 
types are more common than others (in specific  
fields or in general), but rationales were not often 
provided.

The study duration (Mdn = 10 days) and measurement 
frequency (Mdn = 5) observed in this review were within 
the range of other syntheses, although there is quite a 
bit of variability in the literature (e.g., Ammerman & Law, 
2022; Deakin et  al., 2022; Doucette et  al., 2024; Van 
Dalen et al., 2023). Within-studies adaptivity in the mea-
surement frequency was uncommon outside of the 
inherent variation that comes with event-based sampling, 
although some studies sampled more often on specific 
days of the week (e.g., weekends; Van Dalen et  al., 
2023). There was more variation in the distribution of 
the measurements throughout the day because many 
studies adapted the time window during which measure-
ments occurred to the participants’ personal schedules 
(e.g., sleeping times, work schedules).

Although explicit justifications for this adaptivity were 
not often provided, implicitly, we see two main reasons 
for the flexible time windows (and event-based measure-
ments): (a) to safeguard compliance and lower burden 
(by ensuring participants are sampled when they are 
naturally awake/available) or (b) to measure only during 
periods when participants are doing an activity of inter-
est (e.g., working, consuming alcohol). These reasons 
reflect what can be viewed as the main goals of adaptiv-
ity in the study design in general: improving participant 
experience and making sure measurements are maxi-
mally informative.

Similar goals can be assumed to underlie adaptivity 
in questionnaire length and content, which often (but 
not always) co-occur. Common types of questionnaire-
related adaptivity observed in this review were branch-
ing based on previous responses (e.g., about the social 
context) and constructs being measured only at times 
during the day when they are most relevant (e.g., sleep 
in the morning, affect throughout the entire day, work-
task completion at the end of the workday). These 
design features ensure that participants are not burdened 
unnecessarily by irrelevant questions and that constructs 
are measured only at informative times.

Partly because of this adaptivity and partly because 
of a lack of clear reporting (also noted by Van Dalen 
et  al., 2023; Van Roekel et  al., 2019), fewer than one 
third of all studies reported a fixed number of items. The 
questionnaire length in those studies (Mdn = 13.5) was 
comparable with some previous literature (Van Dalen 
et al., 2023) but lower than others (Mdn = 30, K. A. M. 
Janssens et al., 2018; M = 22.5, Vachon et al., 2019). It 
is possible that this can be explained by an increasing 
effort to avoid overburdening participants with long 
questionnaires in recent years (Eisele et  al., 2022), 
although at this time, this is purely speculative.

Newly developed items and modified existing ques-
tionnaires were used in approximately two thirds of all 
studies, and unmodified existing questionnaires were 
used in just above one third. Most studies used a com-
bination of questionnaire types. This aligns with the 
previous finding that two thirds of constructs in ESM 
research are measured using newly developed mea-
sures (Perski et al., 2022) and with the high prevalence 
of questionnaire modification reported by Heggestad 
et al. (2022). The latter reported shortening the ques-
tionnaire and adapting the time frame as the two most 
common types of modification, which is further sup-
ported by our data (in those cases that reported the 
modification clearly, which was a minority). Psycho-
metric properties were generally only sparsely reported 
(in line with Deakin et  al., 2022; J. J. Janssens et al, 
2024), although reliability was reported for more than 
two thirds of the existing questionnaires. Although 
Heggestad et al. (2022) found that 83.3% of ESM studies 
reported reliability, they noted that the vast majority of 
the studies in their sample reported Cronbach’s alpha, 
a less than ideal measure in the context of multilevel 
observations. Although we did not formally record spe-
cific reliability measures in our review, we can attest 
that many studies that discussed reliability reported 
multilevel measures (e.g., McDonald’s omega), indicat-
ing an increased awareness of appropriate reliability 
measures for ESM data.

Our findings regarding the study procedure largely 
align with previous literature. Incentives were reported 
in approximately 70% of studies (comparable with Perski 
et al., 2022; Van Dalen et al., 2023, Wrzus & Neubauer, 
2023) and were most often of a financial nature (Van 
Dalen et  al., 2023; Wrzus & Neubauer, 2023) with a 
compliance-based incentive structure (which was slightly 
more common than observed in other reviews). As could 
be expected, the vast majority of studies used smart-
phones to collect ESM data. The evolution of smartphone 
use is clear when comparing these findings with reviews 
that include older studies, which often used personal 
digital assistants or even pen and paper (e.g., Bell et al., 
2024; Deakin et al., 2022; Vachon et al., 2019). The spe-
cific software used was reported in approximately 60% 
of all studies. There was relatively little overlap in the 
commonly used apps/platforms in the current review 
and the two other reviews that previously reported this 
(Bell et al., 2024; Doucette et al., 2024), reflecting the 
broad variety of software available for ESM data collec-
tion. As noted in some previous literature ( J. J. Janssens 
et al., 2024; Van Roekel et al., 2019), information regard-
ing (de)briefing and contact during the ESM period was 
only sparsely reported. It is unclear whether this reflects 
a lack of reporting or an absence of (de)briefing/contact. 
Because not a single study explicitly reported not brief-
ing participants on the study protocol, we can assume 
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that the vast majority of studies did conduct some brief-
ing, but half of the sample did not report this.

Data analysis and open-science 
practices

Preprocessing steps were reported only sparsely (20%–
60%). Most studies used a combination of single-item 
scores and aggregate scores of multiple items in their 
analyses and used these scores on a momentary level. 
In addition, around one fourth of all studies included 
an aggregate score over all ESM measurements (often 
as a covariate). However, we must note that the calcula-
tion of the final scores used in the analyses was 
reported clearly in only half of the studies, and for the 
others, we deduced the final score-calculation method 
from other available information.9 We saw a slight 
increase in studies reporting that they assessed careless 
responding compared with previous literature (Hegges-
tad et  al., 2022). Missing-data handling was, in most 
cases, reported only if this deviated from the default 
settings (although some studies explicitly reported 
using default Mplus settings). Considering the high 
prevalence of multilevel regressions conducted in R—
for which the default option is listwise deletion of 
missing data—we can assume that the true percentage 
of studies that used listwise deletion is much larger 
than the reported percentage (10.5%; Blanchard et al., 
2023). Around a third of studies reported some checks 
of model assumptions.

In line with Heggestad et al. (2022), approximately 
60% of studies reported whether they excluded partici-
pants based on a minimum compliance cutoff. Almost 
all of those studies that reported doing so reported the 
exact cutoff (which ranged between 3% and 80%). Com-
pliance was reported (or could be calculated based on 
available information) in most studies, and the average 
compliance of 74.9% was within the range reported in 
the literature (e.g., Deakin et al., 2022; Van Roekel et al., 
2019; Wrzus et al., 2023). Note that our estimate includes 
both studies that reported compliance of the whole 
sample (before exclusions) and studies that reported 
compliance of only the final analysis sample (after par-
ticipants with very low compliance had been excluded), 
so this should be interpreted with caution.

Almost all studies conducted at least one type of 
multilevel analysis (in line with Bell et  al., 2024) and 
justified this based on the nested structure of the data. 
Previous investigations of data-analysis practices in ESM 
have focused explicitly on network analyses (Blanchard 
et al., 2023) or on a specific type of research question 
(treatment-target selection; Bastiaansen et al., 2020). This 
hinders comparison with findings of the current general 
synthesis, in which the most common type of analysis 

was (linear/logistic) multilevel regression without time-
lagged predictors (as opposed to the very high preva-
lence of autoregressive models in the aforementioned 
literature). This may be surprising because lagged rela-
tionships between constructs were the most common 
type of research question. However, a significant number 
of studies incorporated this time lag in the study design 
(by measuring the predictor earlier in the day than the 
outcome) instead of in the data analysis. Others did 
model the time lag explicitly by using VAR-based models 
(Ariens et  al., 2020), and there was a relatively high 
prevalence of DSEM (Asparouhov et al., 2018) compared 
with previous literature (Bastiaansen et  al., 2020; 
Blanchard et al., 2023).

Just over half of the studies selected models based on 
theory alone, and the rest included at least some data-
driven model selection (e.g., data-driven selection of 
covariates, fully data-driven machine-learning 
approaches). In the latter case, nearly all studies fitted 
their selected model on the same data that were used 
to select the model, leading to potential invalid postse-
lection inference (Kuchibhotla et al., 2022). Specific esti-
mation methods were sparsely reported, leading us to 
assume that most studies used the default estimation 
option for their analysis (software). In line with previous 
literature (Bastiaansen et  al., 2020; Blanchard et  al., 
2023), a majority of studies used R to conduct analyses, 
although we observed an increase in the use of Mplus, 
possibly because of the increasing popularity of SEM-
based methods.

A positive trend is apparent regarding open-science 
practices given that we found more registered studies, 
publicly available data, and publicly available analysis 
code than observed in previous reviews (Blanchard 
et al., 2023; J. J. Janssens et al., 2024). With registrations 
in almost a quarter, code shared in 40%, and data shared 
(publicly or on request) in more than 60% of studies, 
there is certainly room for further growth. Nevertheless, 
this positive trend is encouraging and shows the value 
of open-science resources and guidelines developed in 
recent years (e.g., Kirtley et al., 2021).

Limitations and future directions

In this systematic review, we succeeded in mapping 
methodological practices and transparency in psycho-
logical ESM research. Our findings build on previous 
literature but also provide new insights into method-
ological practices that were not previously investigated. 
However, this review is not without shortcomings. First, 
feasibility concerns limited the scope of the review and 
the size of the included sample. Intervention studies and 
studies that analyzed passive-sensing data were not 
included despite their increasing prevalence in the field 
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(e.g., ecological momentary interventions; Bronas et al., 
2024; Postma et al., 2024). Furthermore, fewer than half 
of the eligible records were included. However, because 
of the random study selection (following Wrzus and 
Neubauer, 2023), we are confident that our sample is an 
adequate representation of the recent10 literature.

Second, some methodological choices proved to be 
difficult to code objectively and consistently despite 
extensive piloting of the data-extraction form. In some 
cases, discrepancies might have resulted from a combi-
nation of vague or inconsistent reporting and lack of 
consensus within the team on interpretations of the data-
extraction items (e.g., adaptivity, recruitment). Through 
discussion of these cases within the team, we resolved 
these issues and were able to provide high-quality data. 
In other cases, particularly the more exploratory open-
ended ones, items were simply not designed to be purely 
objective (e.g., What counts as a sufficient justification 
for a certain sampling scheme?). Here, some discrepancy 
was expected and did not hinder the narrative interpre-
tations, but the subjectivity of these data should be 
acknowledged.

Third, the current synthesis of the data was purely 
descriptive and focused on each item individually 
regarding both the methodological practices and trans-
parency. This was intentional, and we argued the value 
of such a comprehensive descriptive mapping of ESM 
research above. However, this is not all that can be 
learned from these data. Methodological choices inter-
act: Researchers balance and consider a large web of 
decisions when conducting an ESM study. Further inves-
tigations of these data could replicate previously 
observed relationships (e.g., the trade-off between study 
duration and measurement frequency; Jones et al., 2019; 
Wrzus & Neubauer, 2023). Furthermore, the breadth of 
the methodological decisions recorded in these data 
provide a unique opportunity to further detangle the 
decision-making process of ESM researchers across all 
stages of a study (e.g., How do analytic choices align 
with the research questions asked and the temporal 
structure of the collected data?).

In addition, our findings regarding transparency invite 
further investigation. Some methodological decisions are 
reported more than others. However, information that was 
available only in supplementary materials was not counted 
as reported (with the exception of the full text and scales 
of questionnaire items), and authors can have good rea-
sons to not report certain decisions in the main text. For 
example, some journals have strict word or page limits, 
forcing authors to carefully select which information is 
essential enough for the main text. In their reporting 
guidelines, Trull and Ebner-Priemer (2020) acknowledged 
this and recommended using supplementary materials to 
describe the full extent of the methodology. However, we 

note that information that is not reported in the main 
text may be missed by a casual reader who does not 
consult long supplementary materials.11 The decision of 
which pieces of information are necessary to report in 
the main text can be subjective. Therefore, rigorous 
guidance should be developed in dialogue with ESM 
experts and applied researchers. The extensive list of 
data-extraction items created for this review could serve 
as a starting point for broad yet detailed reporting 
guidelines.

Conclusions

In this broad systematic review, we provided an over-
view of methodological decisions and transparency in 
psychological ESM research. Unsurprisingly, the broad 
range of applications of ESM is accompanied by a large 
variety in methodological practices. Further research will 
have to disentangle the relationships between individual 
methodological decisions and how they potentially differ 
between fields of research. Although there is a lot of 
room for growth regarding clear and complete reporting 
and open-science practices, comparison of our findings 
and reviews conducted in previous years inspires opti-
mism. Detailed consensus-based guidelines could pro-
vide motivated researchers with the guidance necessary 
to further enhance the quality of ESM research and 
reporting in psychology.
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Notes

  1. The decision log is available on OSF (https://osf.io/abvxp/
files/pju78).
  2. The screening manual and data-extraction form are available 
in the supplementary materials on OSF (https://osf.io/abvxp/
files/3c7ta); the deviations from the Stage 1 version are clearly 
indicated.
  3. This percentage is lower than the percentage of studies that 
included person-level variables because some studies included 
person-level variables only as covariates and not as part of the 
main research questions.

  4. Note that some categories have been collapsed for brevity, 
and a more extensive table is available on OSF (https://osf.io/
abvxp/files/6xyrp).
  5. This encompasses reporting of previous investigations of the 
questionnaire’s psychometric properties (e.g., a validation study) 
and/or efforts to establish reliability/validity with respect to the 
study’s own sample (e.g., calculation of reliability coefficients).
  6. Note that some categories have been collapsed for brevity, 
and a more extensive table is available on OSF (https://osf.io/
abvxp/files/6xyrp).
  7. Note that for dyadic or triadic studies, each participant was 
counted separately. For example, a dyadic study with 50 dyads 
was coded as having 100 participants. However, even if each 
dyad was coded as one “participant,” the median would decrease 
only slightly (to Mdn = 117).
  8. We attempted to be very strict in our data extraction by not 
guessing or assuming things that were not reported explicitly, 
which might explain part of this observation. However, we did 
not see the same pattern for other data-extraction items for 
which we were similarly strict.
  9. For eight studies, too little information was available to rea-
sonably deduce how final scores were calculated.
10. The restriction to studies published in 1 year ( January 2024 
until January 2025) limits the generalizability to the entire psy-
chological ESM literature, but this is a minor limitation consider-
ing this study’s focus on the current methodological landscape 
of ESM research.
11. We thank one of the reviewers for this suggestion.
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