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Abstract
Traditionally, behavioral, social, and health science researchers have relied on global/retrospective survey methods adminis-
tered cross-sectionally (i.e., on a single occasion) or longitudinally (i.e., on several occasions separated by weeks, months, or 
years). More recently, social and health scientists have added daily life survey methods (also known as intensive longitudinal 
methods or ambulatory assessment) to their toolkit. These methods (e.g., daily diaries, experience sampling, ecological 
momentary assessment) involve dense repeated assessments in everyday settings. To facilitate research using daily life survey 
methods, we present  SEMA3 (http:// www. SEMA3. com), a platform for designing and administering intensive longitudinal 
daily life surveys via Android and iOS smartphones.  SEMA3 fills an important gap by providing researchers with a free, 
intuitive, and flexible platform with basic and advanced functionality. In this article, we describe  SEMA3’s development 
history and system architecture, provide an overview of how to design a study using  SEMA3 and outline its key features, 
and discuss the platform’s limitations and propose directions for future development of  SEMA3.

Keywords Daily life · Intensive longitudinal methods · Ambulatory assessment · Smartphone surveys · Experience 
sampling method (ESM) · Ecological momentary assessment (EMA) · Daily diary method

Introduction

Psychology has a long tradition of conducting experimen-
tal laboratory research, and an almost equally long history 
of debating the (ecological) validity of lab-based findings 
(Black, 1955; Campbell, 1957; Diener et al., 2022; Mitchell, 
2012; Mook, 1983; Schmuckler, 2001). It is not altogether 
surprising that people’s feelings, thoughts, and behavior 
can differ dramatically between artificial lab contexts and 
the complex environments they encounter in everyday life 
(Bolger et al., 2003; Trull & Ebner-Priemer, 2014; Wilhelm 
& Grossman, 2010).1 Moreover, some aspects of human 
psychology cannot be ethically or practically studied using 
experiments (Diener et al., 2022). Self-report survey meth-
ods are a popular alternative to experiments, which allow 
scientists to study a wide range of psychological processes 
outside the lab. Traditional self-report surveys ask respond-
ents to summarize their psychological experience, behavior, 
or environment over relatively long periods of time (i.e., 
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typically a week or longer). These methods are useful for 
assessing people’s memories and/or beliefs, but they can-
not directly tap into momentary experience without bias 
(Schwarz, 2012). To capture “life as it is lived” (Bolger et al., 
2003) requires naturalistic methods that assess momentary 
experience and behavior as they unfold, in vivo.

Fortunately, recent technological changes – especially 
the widespread adoption of smartphones  –  have made 
it much easier to study humans in their natural habitats 
(Harari et al., 2016; Miller, 2012). Three-quarters of adults 
in wealthy countries and almost half of all adults in emerg-
ing economies own a smartphone (Taylor & Silver, 2019). 
Furthermore, people use their smartphones frequently and 
consistently throughout the day (Andrews et al., 2015). For 
instance, a recent study using eye-level cameras to record 
smartphone use in daily life found that participants spent an 
average of 1 out of every 5 min on their smartphone (Heit-
mayer & Lahlou, 2021). The increasing ubiquity of smart-
phone use in everyday life underscores the usefulness of 
smartphone-based methods for studying human psychology 
“in the wild.” To this end, we introduce  SEMA3, a free, 
flexible, and user-friendly platform for collecting daily life 
survey data available on Android and iOS smartphones.

In what follows, we begin by introducing daily life sur-
vey methods, including a brief history of the development 
and unique strengths of these methods. Next, we provide an 
overview of smartphone-based daily life survey methods and 
then we introduce the system architecture and key features 
of  SEMA3. We then outline the key steps required to design 
a  SEMA3 study before providing an overview of limitations 
and future directions of the platform.

Daily life survey methods

Daily life survey methods can be distinguished from tradi-
tional survey methods, administered either cross-sectionally 
(i.e., at a single occasion) or longitudinally (i.e., at a hand-
ful of occasions, typically separated by months or years). 
Traditional survey methods require respondents to provide 
long-term retrospective (e.g., “over the past month/year”) 
or global (e.g., “in general”) self-reports, and therefore cap-
ture relatively stable, semantic knowledge or beliefs. In con-
trast, daily life surveys comprise repeated measurements of 
momentary (e.g., “right now”) or short-term retrospective 
(e.g., “today” or “since the last survey”) reports, which draw 
on current experience or episodic memory of recent experi-
ences, respectively (Conner & Barrett, 2012; Robinson & 
Clore, 2002).

Some of the earliest applications of daily life survey 
methods were by psychologists, who have a long-standing 
interest in measuring the dynamics of people’s thoughts, 
feelings, and behaviors. For example, Flügle’s (1925) 
study of the daily emotional experiences of nine adults 

who reported their subjective feelings roughly once per 
hour for 30 days, and McCance et al.’s (1937) study of 
167 women who reported on their menstruation symptoms, 
and feelings of sexual desire, depression, and irritability 
each day over 4–6 months. Such early examples of daily 
life research are rare, likely because this approach relied 
on participants’ ability and motivation to remember to 
complete pencil-and-paper surveys each day. The feasi-
bility of daily life methods increased substantially with 
the development of electronic devices (e.g., wristwatches, 
pagers) that could be programmed to prompt participants 
to complete paper-and-pencil surveys, and later devices 
(e.g., personal digital assistants; PDAs) that could both 
prompt participants and record their survey responses 
(Wilhelm et al., 2012).

Naturalistic, intensive repeated surveys have become 
increasingly common in the 21st century (see Fig. 1). Here, 
we collectively refer to this family of approaches as daily life 
survey methods, following Mehl and Conner (2012). These 
approaches include the experience sampling method (ESM; 
Csikszentmihalyi & Larson, 1987), ecological momentary 
assessment (EMA; Stone & Shiffman, 1994), and diary 
methods (Bolger et al., 2003). Other terms used for these 
and related approaches are intensive longitudinal methods 
(Bolger & Laurenceau, 2013) and ambulatory assessment 
(Trull & Ebner-Priemer, 2014). At their core, daily life sur-
vey methods involve frequent (i.e., typically at least once 
daily or more often) assessment of momentary (or very 
recent) experience, behavior, and/or context, as people go 
about their usual daily activities, typically over a relatively 
short time span (i.e., 1–4 weeks; Wrzus & Neubauer, 2023).

Several excellent sources already provide in-depth dis-
cussions of the unique strengths and limitations of daily life 
survey methods (e.g., Bolger et al., 2003; Hamaker, 2012; 
Hamaker & Wichers, 2017; Ram et al., 2017; Schwarz, 
2012; Scollon et al., 2003; Shiffman et al., 2008; Trull & 
Ebner-Priemer, 2013, 2014). We therefore do not review 
these strengths in detail here but instead highlight three 
key points. First, daily life survey methods and traditional 
surveys do not necessarily produce converging results (e.g., 
Koval et al., 2023). Second, while some researchers have 
suggested that divergence between daily life and traditional 
surveys undermines the validity of one or both approaches, 
we see both as providing complementary information (Con-
ner & Barrett, 2012; Finnigan & Vazire, 2018; Lucas et al., 
2021). Third, given the unique characteristics and affor-
dances of daily life survey methods, these methods are 
ideally suited to addressing research questions about short-
term, within-person dynamic processes, and individual dif-
ferences therein (e.g., Pauw et al., 2022; Van Reyn et al., 
2023). For detailed examples of research questions to which 
daily life methods can be applied, as well as recommenda-
tions for how to analyze daily life data, we refer readers to 
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Mehl and Conner’s (2012) Handbook of Research Methods 
for Studying Daily Life, as well as the more recent Open 
Handbook of Experience Sampling Methodology, edited 
by Myin-Germeys and Kuppens (2022). Furthermore, we 
present a list of recent publications reporting findings from 
daily life surveys collected using  SEMA3 in Table 1.

Smartphone‑based daily life survey 
methods

As the ubiquity of smartphones has increased, so too have 
the benefits of using smartphone apps to collect daily life 
survey data. This allows researchers to reach large and 
diverse samples, and does not require participants to carry 
a dedicated research device that could alter the way they 
behave (Bailon et al., 2019). Dozens of commercial smart-
phone-based daily life survey platforms have been developed 
in recent years, with some offering limited free plans (e.g., 
m-Path, ExpiWell) and others requiring paid subscriptions 
(e.g., Metricwire, LifeData, ilumivu). The costs of such 
platforms mean that daily life survey methods remain inac-
cessible for many researchers. A few free platforms also 
exist, but these vary in their ease-of-use, with some requir-
ing significant programming skills (e.g., ExperienceSam-
pler, Thai & Page-Gould, 2018; formr, Arslan et al., 2020; 
PIEL Survey, Jessup et al., 2012). That being said, these 
platforms certainly have their merits and may be preferable 
to  SEMA3 in certain cases. For example, for more complex 
studies involving question types or functions not available 
in  SEMA3, it may be possible to create fully customized 

apps with other platforms (e.g., ExperienceSampler and 
formr), providing maximal flexibility. We believe the great-
est benefit of  SEMA3 over other available free platforms is 
the easy-to-use web-based researcher portal, which greatly 
simplifies study set-up and data monitoring. For a relatively 
recent comparison of daily life survey platforms, including 
 SEMA3, we refer readers to Table 6.1 in Myin-Germeyz and 
Kuppens (2022).

Due to the sharp increase in daily life survey meth-
ods in recent years and their continued popularity, there 
is the space, and need, for multiple platforms to conduct 
this research.  SEMA3 fills an important gap by providing 
researchers around the world with a free, highly intuitive, 
easy-to-use, and flexible platform to conduct research using 
daily life survey methods, thus helping to extend the reach 
of such methods beyond WEIRD (i.e., Western, educated, 
industrialized, rich, and democratic) researchers and samples 
(Rad et al., 2018).

Introducing  SEMA3

Development history

SEMA was originally designed in 2013–2014 with the aim 
of building a flexible smartphone-based EMA research plat-
form, primarily for use in clinical intervention research. Fol-
lowing extensive pilot testing, SEMA was deployed in the 
Horyzons trial, a randomized controlled trial of an online 
psychosocial intervention for young people recovering 
from first-episode psychosis (Alvarez-Jimenez et al., 2021; 
Engel et al., 2024). Our experiences with the first version 
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Fig. 1    Total publications including daily life survey methods as a 
percentage of total publications across all fields from 1980–2022. 
Note. Publications including the terms “experience sampling”, “eco-
logical momentary assessment”, “electronic diary” or “ambulatory 
assessment” in their title or abstract, from 1980 to 2022, as a percent-

age of total publications across all fields with no key words filtered, 
indexed by Dimensions https:// www. dimen sions. ai/. A percentage 
was used to indicate that these methods have increased in popularity 
above and beyond the increase in total scientific output. This plot is 
not cumulative.
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of SEMA in the Horyzons trial (including feedback from 
participants and research assistants) and in other smaller 
research projects led to a major redesign of the platform 
in 2015. The updated  SEMA2 platform included several 
significant upgrades, including support for an offline data 
collection mode, improved data security, greater flexibility 
in survey and sampling-schedule design (e.g., basic format-
ting, randomization, conditional branching, survey ver-
sioning, participant-triggered surveys for event-contingent 
sampling), a new “demo survey” feature, and an improved 
data-monitoring dashboard.  SEMA2 was active from 2015 
to 2019, during which time it was used in dozens of research 
projects globally, including research on emotional experi-
ence and regulation (Grommisch et al., 2020; Haines et al., 
2016; Koval et al., 2023; Medland et al., 2020), sexual objec-
tification (Holland et al., 2017; Koval et al., 2019), and in 
clinical interventions (Gleeson et al., 2017; Gleeson et al., 
2021; Weller et al., 2018). In 2019, the platform underwent 
further major upgrades and was re-released in its current 
version as  SEMA3. In particular,  SEMA3 addresses the need 
for (i) greater flexibility in survey and schedule design; (ii) 
new question types, (iii) personalized graphical feedback to 
participants; and (iv) improved, scalable back-end design 
and a unified codebase for both iOS and Android phones.

System architecture

Figure 2 provides a visual overview of the  SEMA3 system 
architecture.  SEMA3 comprises a backend hosted entirely 
on Google’s Firebase services; a frontend web-application 

(researcher portal) built using the Node and React frame-
works, written in JavaScript and available on the National 
Research Cloud for Australia (NeCTAR); and mobile appli-
cations (for iOS and Android) built using React Native, 
written in JavaScript, Java, and Swift. The backend uses 
Google’s serverless “Cloud Functions”, along with “Cloud 
Firestore” as the main database and “Cloud Storage” for 
file-based storage. The researcher portal communicates 
with the backend via HTTPs and the Firebase JavaScript 
software development kit (SDK). The mobile apps commu-
nicates with the backend via HTTPs and the React Native 
Firebase library, which manages iOS and Android Firebase 
SDK, respectively.

Overview of  SEMA3 researcher portal and workflow

The aim of this section is to provide a broad overview of the 
key functions of  SEMA3, from a researcher perspective.2 
The researcher portal is hosted at https:// sema3. erese arch. 
unime lb. edu. au and requires login credentials. Login creden-
tials can be obtained free of charge by researchers at higher 
education, research, or healthcare institutions by registering 
at www. sema3. com/ regis ter. html. The terms and conditions 

Fig. 2   Overview of  SEMA3 system architecture

2 Although this overview of the  SEMA3 platform was accurate at 
the time of publication,  SEMA3 is continually evolving as we better 
understand and address researchers’ needs. An up-to-date overview 
of the functionalities of the platform, as well as more details of the 
 SEMA3 app for participants, is available via https:// sema3. com/ man-
ual. html 

https://sema3.eresearch.unimelb.edu.au
https://sema3.eresearch.unimelb.edu.au
http://www.sema3.com/register.html
https://sema3.com/manual.html
https://sema3.com/manual.html
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for both researchers and participants are available at https:// 
sema3. com/ legal. html. Once registered, researchers can log 
in and see the  SEMA3 dashboard (described further below). 
Researchers can create a new study from the dashboard by 
clicking the ‘New study’ button at the top right. Researchers 
will then be prompted to input basic details about the new 
study, including a name and brief description of the study, 
contact details for the responsible researcher, and a schedule 
type (discussed further below). Figure 3 illustrates the over-
all workflow for researchers setting up and running a study 
for the first time with  SEMA3. Below we describe the main 
components of a  SEMA3 study, which are also represented 
as tabs displayed on the left panel within a study (see Fig. 4).

Participants

The participants tab within a  SEMA3 study provides a snap-
shot of all participants enrolled in a given study, including 
their randomly generated nine-digit participant ID, their 
compliance rate (i.e., percentage of completed surveys), 
their current status (i.e., active or stopped), charts status 
(described further below), time of their most recent data 
upload, and sync time (see Fig. 3). Researchers can invite 

new participants to their study by clicking the “Invite partici-
pants” button at the top right, which will prompt researchers 
to enter each new participant’s name and e-mail address. 
Participant names are not stored in the  SEMA3 database and 
e-mails are stored only in a one-way hashed format to enable 
verification of existing participant IDs to avoid duplication 
of participant profiles. This ensures participant anonymity 
and security of responses. Other optional fields include par-
ticipant start-date and end-date, as well as a randomization 
probability (described later). Each newly invited participant 
is sent an invite with their participant ID to their provided 
e-mail address. Multiple participants can be invited concur-
rently either by manually adding a row for each new par-
ticipant, or by uploading a .csv file containing details of 
multiple participants.

Once participants are invited, researchers can edit their 
settings (e.g., status, assigned surveys and schedules) either 
individually or in bulk from within the participants tab. 
Additional details about individual participants – e.g., charts 
of a participant’s responses to specific survey questions over 
time, next 20 scheduled surveys, participation start and end 
dates, and detailed compliance information – can be viewed 
by clicking on a specific participant’s ID.

Fig. 3   Workflow for researchers to run a study using  SEMA3

https://sema3.com/legal.html
https://sema3.com/legal.html
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Surveys

A new survey can be created in the surveys tab. A  SEMA3 
study comprises one or more surveys, each of which con-
tains one or more question sets, which each comprise one 
or more questions. For example, as illustrated in Fig. 5, a 
study could contain a “day survey” with two question sets 
(D.1 and D.2), comprising three questions (D.1.1, D.1.2, 
D.1.3) and two questions (D.2.1, D.2.2), respectively; and 
a “night survey” with two question sets (N.1 and N.2), the 
first of which comprises two questions (N.1.1, N.1.2) and 
the second of which contains only a single question (N.2.1).

Surveys can be either schedule-triggered (i.e., interval- or 
signal-contingent sampling) or participant-triggered (i.e., 
event-contingent sampling), or both. Furthermore, the abil-
ity to include multiple surveys within a single study, each 
triggered by a different schedule (or participant-triggered), 
provides a high degree of flexibility for complex designs. 
Returning to the example shown in Fig. 5, the day survey 
could be scheduled at multiple random times throughout 
the day, whereas the night survey could be scheduled once 
each evening at a fixed time. Advanced survey flow features 
shown in Fig. 5 are explained below.

Fig. 4   SEMA3 researcher portal - Participants tab

Fig. 5  Structure of an example  SEMA3 study
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Question types SEMA3 accommodates several question 
types: slider questions have customizable minimum and 
maximum values and labels (including image labels), can 
be set to hide or display the selected numeric value, and 
can include a researcher-determined or random initial value; 
choice questions have customizable response labels (and 
associated numeric values), can allow for selection of a sin-
gle response or multiple responses, and response options 
can be presented in fixed or randomized order; text questions 
allow for free-text responses and can optionally include con-
tent validation (see below); XY questions allow participants 
to place a dot anywhere on a two-dimensional grid with 
customizable axes and an optional background image (e.g., 
to assess feelings along arousal and valence dimensions as 
in the Affect Grid; Russell et al., 1989); and finally choice 
slider questions are a hybrid format combining choice and 
slider questions types, which allow participants to select one 
or more items from a list and then rate each selected item 
along a continuous scale. Finally, instruction-only questions 
(requiring no response) can be included by adding a choice 
question without any response options.

Two additional features worth highlighting are content 
validation and hyperlinks. Text questions can incorporate 
several forms of content validation, which allow researchers 
to restrict responses to be entered as (a) text, (b) numbers, 
(c) e-mail addresses, (d) dates (dd/MMM/yyyy), or (e) times 
(HH:mm). For example, when asking participants what time 
they went to sleep, content validation ensures that partici-
pants can only input responses in a standardized time format. 
Finally, all question types can include clickable hyperlinks 
that redirect participants to a valid URL using their smart-
phone’s default web browser.

Survey flow SEMA3 has several features that allow research-
ers to alter survey flow and question/response display order. 
Question sets can be displayed in a fixed or random order 
within a survey, and questions can be displayed in a fixed 
or random order within each question set. The display order 
of response options can also be randomized within choice 
and choice slider questions. Additionally,  SEMA3 can dis-
play questions conditionally, either branching to another 
question set depending on an answer to a previous question, 
or displaying a random subset of questions within a ques-
tion set. As shown in Fig. 5, conditional branching can be 
configured so that depending on a participant’s answer to a 
previous question (e.g., question D.1.2 in Fig. 5), the sur-
vey branches to a new question set (e.g., question set D.2 in 
Fig. 5), or the survey continues to the next question within 
the original set (e.g., question D.1.3 in Fig. 5). Additionally, 
randomizing question display within a question set can be 
used to show a subset of all questions within the question set 
(e.g., either question N.1.1 or question N.1.2 within question 
set N.1 in Fig. 5). The number of questions to be randomly 

drawn from all available questions in a set is customizable, 
sampling with replacement for each scheduled survey. This 
feature caters to planned missingness designs (e.g., Silvia 
et al., 2014).

Demo survey Surveys can be tested using the demo survey 
feature in the  SEMA3 app, both by researchers (admins) and 
participants of a study. Admins can demo a survey by adding 
themselves as a tester participant, which allows admins to 
test new surveys/questions without publishing a study – any 
edits to an unpublished study will only be visible to tester 
participants via the demo survey feature. Researchers may 
also find it useful to use the demo survey feature with actual 
study participants at the start of a study to ensure that par-
ticipants understand the survey questions and know how to 
submit responses correctly.

Schedules

SEMA3 incorporates three distinct schedule types: weekly 
(i.e., surveys scheduled from Monday to Sunday), day index 
(i.e., surveys scheduled from day 0 to day n of a study), and 
absolute date (i.e., surveys scheduled on specific calendar 
dates), however any given study is restricted to only one 
schedule type. Schedules are created with an intuitive point-
and-click calendar style interface that researchers use to set 
one or more survey windows with a duration of 0 to 1439 
min. Survey windows define the time-interval during which 
participants will receive a survey reminder notification via 
the  SEMA3 smartphone app. A survey window with a dura-
tion of 0 minutes will trigger a notification at a fixed time 
(i.e., interval-contingent sampling), whereas survey win-
dows with durations of 1 to 1439 min trigger notifications at 
random times within the specified time interval. Each survey 
window also has an expiry time from 1 to 1439 min, which 
defines the duration for which the survey remains open for 
completion after being triggered. For example, as shown in 
Fig. 5, a 09:00–10:00 survey window with a 30-min expiry 
implies that a survey will be delivered at a random moment 
between 9 a.m. and 10 a.m. and will remain open for 30 
min after delivery. Thus, the earliest possible delivery time 
would be 9 a.m. and the latest possible delivery time would 
be 10 a.m., with the latest possible completion time of 10:30 
a.m. Survey windows (including their expiry time portion) 
cannot overlap, such that in the previous example the next 
survey window could be scheduled to begin no sooner than 
10:30 a.m.

Crucially, schedules match the time-zone of each partici-
pant’s smartphone, even if the participant is in a different 
time-zone to the researcher who created the schedule. This 
means that a survey scheduled at 10:00 a.m. will be deliv-
ered at 10:00 a.m. for a participant in Singapore, even if the 
researcher is in Belgium, for example.
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Responses

The responses tab provides an overview of all responses 
submitted by participants in a study, including what 
time the survey was scheduled, started, completed, and 
uploaded, as well as the survey ID (indicating which of 
multiple possible surveys was delivered) and participant 
ID associated with that response. Responses can be fil-
tered by survey, participant, and study version. Admins 
can export data from the responses tab by clicking the 
“Export” button at the top-right. The filters selected in 
the responses tab will be reflected in the exported data. 
Researchers can also specify custom values to code 
for missing responses (by default recorded as “<no-
response>”) and survey questions that were not shown, 
for example due to branching logic or random question 
sampling (by default recorded as “<not-shown>”).

Feedback charts SEMA3 creates graphical feedback for par-
ticipants in the form of participant charts. Participant charts 
provide graphs of a participant’s responses to surveys across 
time for slider and choice questions. These charts can be 
filtered by question, and responses from two questions can 
be overlaid in the same chart so they can be easily compared. 
These charts can be viewed at any time by study admins 
(i.e., researchers) and by participants if/when the participant 

charts preview option is set to active within the participants 
tab. When the participant charts preview feature is activated 
for a participant, they receive an e-mail containing a ran-
dom alphanumeric code to access their charts securely via a 
web browser to maintain confidentiality of participant data. 
Providing participants with personalized feedback via the 
charts feature can serve as an incentive for participation and 
engagement with a  SEMA3 study.

Other study components

The version history tab logs admin activity, including 
“unlocking” a study for editing and “publishing” a new 
version of the study. The admins tab provides a list of all 
admins (researchers) with access to a particular study, 
including their e-mail address and e-mail alert preferences 
(i.e., whether they wish to receive e-mail alerts triggered by 
participant compliance and latest upload time thresholds, 
which are set in the study settings tab). The settings tab is 
where information about the study in general can be edited 
(including schedule type, study status, compliance alert 
threshold, and upload time alert threshold), and where the 
entire study can be deleted. The compliance alert threshold 
refers to the percentage participant’s compliance must drop 
below for admins to be alerted (via e-mail). Similarly, the 
upload time alert threshold refers to the number of hours 

Fig. 6   SEMA3 researcher portal dashboard
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that must have elapsed since the participant’s last response, 
before admins are alerted.

Dashboard

My dashboard provides an overview of all  SEMA3 stud-
ies that an individual researcher is currently administering 
(see Fig. 6), including overall compliance (i.e., proportion 
of scheduled surveys completed) and recency of data upload 
across all participants that the researcher is responsible for 
(see left panel in Fig. 6). This information is also available 
at the study level (see right panel in Fig. 6). Studies can also 
be deleted from the dashboard.

Current user‑base, terms of use, 
and researcher support

SEMA3 is currently used worldwide by over 1000 research-
ers in more than 40 countries across Oceania (e.g., Australia, 
New Zealand), North America (United States, Canada), 
Europe (e.g., United Kingdom, Norway, Sweden, Belgium, 
Germany, Croatia, Greece, France, Poland, Switzerland, Por-
tugal, Romania, Spain), and Asia/Middle East (e.g., Hong 
Kong, Singapore, Japan, Israel, South Korea, Philippines). 
 SEMA3’s primary user base comprises researchers at univer-
sities and university-affiliated research institutes. However, 
 SEMA3 is also used in teaching and research hospitals, in 
clinical practice, and in applied organizational settings.

Data security and privacy

We have put in place a range of measures to protect the pri-
vacy of all  SEMA3 users and to ensure that collected data 
are stored securely. We distinguish between two types of 
 SEMA3 users: researchers and participants. To protect par-
ticipants’ privacy, we do not store their personally identify-
ing information (e.g., names, e-mails) in  SEMA3. Participant 
on-boarding requires a valid e-mail address, which is used to 
send participants an invitation to a particular  SEMA3 study 
(via the third-party service, MailGun). However, during 
on-boarding, participants also receive a unique nine-digit 
random numeric identifier (SEMA-ID); this is the only iden-
tifier associated with participants and their survey responses 
after the initial on-boarding process. SEMA-IDs are linked 
to hashed (encrypted) e-mails to enable one-way mapping 
(e-mail ➔ SEMA-ID) for the purpose of verifying whether 
a participant has an existing SEMA-ID when they are on-
boarded into a new  SEMA3 study. Reverse mapping (SEMA-
ID ➔ e-mail) is not possible to prevent participants’ sur-
vey data from being re-identified. Participants can request 
their data to be deleted by contacting the researcher(s) 

administering their  SEMA3 study. Finally, researchers can 
enable participants to access their  SEMA3 survey responses 
via a graphical feedback feature, which is accessed via a 
secure link from within the  SEMA3 smartphone apps and 
requires two-factor authentication. Researchers’ names and 
e-mail addresses are stored in the  SEMA3 researcher portal 
to allow research teams to view and manage who has admin 
access to a  SEMA3 study. This information is only visible to 
other researchers with admin access for that particular study.

We take great care to ensure that personal information is 
handled, stored, and disposed of confidentially and securely. 
Raw  SEMA3 data can only be accessed by researchers with 
admin access to a  SEMA3 study and, if required, by mem-
bers of the  SEMA3 development team. To access the  SEMA3 
researcher portal, researchers must hold a valid admin 
account and log in securely with their e-mail and password. 
 SEMA3 uses Google Firebase services, including Firebase 
Cloud Functions, as the main API to communicate between 
the  SEMA3 researcher portal,  SEMA3 apps, and the  SEMA3 
cloud server (also hosted by Google). All communication 
is encrypted using industry standard (HTTPS) data security 
protocols.  SEMA3 survey data are stored in an instance of 
Google’s cloud-based Firestore database, which encrypts data 
at rest and restricts access to authorized users. Google Fire-
base (including Firestore database) and MailGun process data 
on behalf of  SEMA3 in accordance with their standard terms 
of service, which incorporate appropriate safeguards (includ-
ing standard contractual clauses) where the data includes any 
personal data from the EU or UK (for details, see https:// 
cloud. google. com/ terms/ data- proce ssing- adden dum; and 
https:// www. mailg un. com/ legal/ dpa/). A detailed overview 
of our privacy policy, including details of our data storage 
and security measures, see https:// sema3. com/ legal. html#h-3.

The web application is deployed on the NeCTAR 
Research Cloud with the University of Melbourne avail-
ability zone. All programming and technical maintenance 
of  SEMA3, including management of virtual machines, 
is undertaken by the Melbourne eResearch Group (MeG; 
www. erese arch. unime lb. edu. au) at The University of Mel-
bourne. MeG are involved in a multitude of security-oriented 
research projects including large-scale biomedical projects, 
and projects with defense agencies, intelligence communi-
ties and industry. The  SEMA3 platform adheres to strict 
access control policies with all non-essential services turned 
off and limited physical access. The facility is located in 
a secure data center at The University of Melbourne with 
swipe card access to a limited set of authorized individuals.

Researcher support

Researchers have access to a comprehensive user guide and 
FAQ and troubleshooting document (available via https:// 
sema3. com/ manual. html). This user guide introduces 

https://cloud.google.com/terms/data-processing-addendum
https://cloud.google.com/terms/data-processing-addendum
https://www.mailgun.com/legal/dpa/
https://sema3.com/legal.html#h-3
http://www.eresearch.unimelb.edu.au
https://sema3.com/manual.html
https://sema3.com/manual.html
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research users to all  SEMA3 functions and provides guid-
ance to optimize study set up and participant experience, as 
well as minimizing the risk of avoidable issues while using 
the platform. We aim to continually update this document to 
ensure it reflects the latest available features and up-to-date 
advice.  SEMA3 provides free e-mail support to researchers 
to assist with queries and troubleshooting. However, as a 
gratis research platform, we note that e-mail responses can 
sometimes be delayed due to limited resources and we can-
not provide any minimum service guarantees.

Limitations of  SEMA3

As we summarized above,  SEMA3 is a comprehensive, flex-
ible, and highly intuitive smartphone-based daily life sur-
vey research platform. However, we also wish to acknowl-
edge some limitations of the platform. First, there are some 
Android devices (e.g., Huawei, Oppo, and Realme) that 
are known to have compatibility issues with the  SEMA3 
Android app. To the best of our knowledge, these issues 
are due to manufacturer-specific variations in the Android 
operating system, as Android phones can be made by any 
manufacturer, whereas iOS devices have a single manufac-
turer (i.e., Apple). These (and other Android) devices may 
have different default settings, such as stricter low-power 
mode settings, that can disrupt scheduled notifications in 
the  SEMA3 app. Participants with these brands of Android 
devices may be able to receive  SEMA3 notifications reli-
ably after manually changing their notification settings (see 
FAQ and Troubleshooting, available at https:// sema3. com/ 
manual. html), and some researchers have reported no issues 
with running  SEMA3 on all brands of Android devices. We 
recommend carefully testing with a range of devices and, if 
necessary, screening participants and/or providing partici-
pants with instructions to ensure battery optimization and 
notification settings are unrestricted to ensure  SEMA3 noti-
fications are delivered reliably.

Second, participants can change the notification settings 
on their phones (regardless of phone type) to either stop or 
delay notifications across all phone types. Whilst this limita-
tion is not unique to the  SEMA3 app, it creates the potential 
for participants to miss more survey notifications than they 
otherwise would, therefore reducing compliance. We recom-
mend asking participants to ensure notifications are turned 
on for the  SEMA3 app for the duration of a given study.

Third,  SEMA3 was deliberately designed to limit par-
ticipation to one  SEMA3 study at a time. If a participant is 
set to “active” in one  SEMA3 study, then that participant 
cannot be invited to another  SEMA3 study using the same 
e-mail address (and associated participant ID) with which 
they registered for the first study. For this reason, it is impor-
tant to ensure participants are set to “stopped” once their 
participation in a study has concluded, so that they can be 

added to other studies in the future. This design feature is in 
place because participating in multiple experience sampling 
studies simultaneously can increase participant burden (Has-
selhorn et al., 2022; Stone et al., 2003). When participants 
are completing multiple studies using the same app, their 
responses from one study may influence the other. In turn, 
data quality and quantity for both studies could be under-
mined, due to increased careless responses or lower compli-
ance (Wen et al., 2017).

Finally, while  SEMA3 is set up to retrieve time-zone 
information for participant responses, this information is not 
always available from some iOS or Android devices. For this 
reason, we recommend recruiting participants in no more 
than one or two time-zones per study and for researchers 
to communicate to participants the importance of notify-
ing them of any time-zone changes during the study. This 
information is necessary for interpreting the survey time/
date-stamps that are recorded in the exported data.

Future of  SEMA3

SEMA3 is (and will remain) available free-of-charge to eli-
gible researchers around the world. Further, we will make a 
read-only version of the source code available to research-
ers upon request (via e-mail to the corresponding author). 
Finally, we intend to make  SEMA3 source code publicly 
accessible and editable (i.e., open source) in the future.

We have an extensive list of future  SEMA3 upgrades that 
we are gradually developing and deploying, some of which 
are currently undergoing Beta testing (at the time of publi-
cation). The first Beta feature is random assignment, which 
can be used for micro-randomized trials or experiments (see 
Neubauer et al., 2023). This feature is currently limited to 
randomly displaying one out of two questions within a sin-
gle question set (which must contain exactly two questions). 
Each participant and/or occasion (i.e., survey window) can 
be assigned a unique probability (between 0 and 1) of receiv-
ing the first vs. second question within the to-be-randomized 
question set, allowing for multilevel or even cross-classified 
randomization.3 The second Beta feature is participant-spe-
cific variables. These variables can be imported via a .csv 
file that replaces variables in questions with unique variables 
for each participant. For example, if a participant is asked 
to provide the types of exercise they regularly engage in 
baseline, researchers could automatically use such exercise 
information in subsequent surveys to ask participants if they 
have engaged in those specific activities.

3 A participant probability determines how likely that participant 
is to be shown the first (vs. second) randomized questions across all 
occasions (or in the long-run). In contrast, an occasion probability 
determines how likely all participants in the study are to be shown the 
first (vs. second) randomized question at each occasion.

https://sema3.com/manual.html
https://sema3.com/manual.html
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Platform sustainability

We intend to continue maintaining and upgrading  SEMA3 
to ensure it remains an accessible EMA platform for years 
to come.  SEMA3 has guaranteed funding to maintain cur-
rent functionality for the foreseeable future. We also invite 
researchers with access to research funding, or who are 
applying for grant funding for projects using  SEMA3, to con-
sider making voluntary financial contributions (see https:// 
go. unime lb. edu. au/ gb7s). Up to date information about the 
platform and its latest features and licensing agreements can 
be found on the  SEMA3 website https:// sema3. com/.

Conclusion

SEMA3 is a free, flexible, and user-friendly research plat-
form for designing and administering daily life surveys on 
Android and iOS smartphones. Given the increasing popu-
larity of daily life survey methods and demand for smart-
phone-based research platforms, there is space and need for 
research platforms such as  SEMA3. We have provided an 
overview of basic and advanced features of  SEMA3 that can 
cater to a variety of research topics across fields, and out-
lined the steps involved in designing a study using  SEMA3. 
Our vision is that  SEMA3 allows researchers globally to 
expand their methods into assessing thoughts, feelings, and 
behaviors in everyday life, regardless of funding availability 
or technical experience.
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