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Abstract. The Experience Sampling Method (ESM) is commonly used in hu-
man-computer interaction for capturing subjective and situational experiences of
users in real time. It can be time-based or event-based. The Day Reconstruction
Method (DRM) asks about experiences only on the following day and should
therefore be less disruptive for participants. To determine how the three methods
differ in terms of quantity and quality of the answers, we conducted a direct and
systematic comparison in a between-subject study (N = 17). We compared the
count and duration of experience episodes (N = 157) of each method in a quanti-
tative analysis. We found a significant difference between the durations of epi-
sodes of the time-based ESM and the DRM, which may indicate a reduced time
accuracy with the DRM. Then, we compared the answers obtained in a post-study
survey, which do not indicate a greater satisfaction of participants of the DRM
for short study periods.
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1 Introduction

In human-computer interaction (HCI), the ways in which users experience the interac-
tion with systems have become a central focus [15, 20, 23, 32]. Therefore, precisely
and efficiently assessing the users’ momentary experience is of vital importance [31].
Various methods—particularly different types of the Experience Sampling Method
(ESM) [2, 6, 11, 12, 21, 25, 28] as well as the Day Reconstruction Method (DRM) [24,
26]—have been used for this purpose.

The ESM is used “to study the subjective experience of persons interacting in natural
environments.” [7, p. 526] Generally, the ESM assesses experiences “in natural set-
tings, in real time (or close to the occurrence of the experience being reported), and on
repeated time occasions.” [5, p. 80] In ESM studies, participants provide written re-
sponses to open-ended and closed-ended questions throughout the day [21]. A signal-
ling device can be used to elicit self-reports from participants [7].

ESM studies can be time-based or event-based [1, 5]. In time-based ESM studies
participants are often explicitly triggered by a device and in turn make reports. The
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triggers can follow a timely rhythm (sometimes called schedule) [5]. This rhythm is
typically an interval during the day of the participants, for instance on every hour
(sometimes called interval-contingent) [34]. Participants are either asked about the mo-
mentary situation or about their experience that occurred within a period of time, such
as since the last report [5]. Often the moment is randomised or randomised over inter-
vals (sometimes called signal-contingent) [34].

In event-based ESM studies (sometimes called event-contingent), participants are
required to make their reports in response to certain occasions [33]. These occasions
are predefined events [5, 34]. One possible example is a social event, such as an en-
counter with or interruption by another person [14, 17, 18]. When the event occurs, the
study participants report their experience of the event. Therefore, in most event-based
approaches no explicit triggers for the study participants are needed. Rather than being
actively triggered, participants may answer question sets on their own volition (some-
times known as diary studies) [33].

Time-based and event-based ESM studies have various advantages and disad-
vantages for study participants. The triggers used with the time-based ESM can be in-
trusive, as participants are required to respond in potentially inconvenient situations
[30]. The event-based ESM is best suited for rare events, that do not fit well into strict
intervals [5]. Participants need to decide themselves, which events to capture during the
day. Therefore, it is important to give participants clear instructions on the nature of the
events. If the events are too frequent or too broadly defined, it becomes difficult for the
participants to make their reports [5]. Without explicit triggers, participants have the
extra burden of having to keep in mind that they need to make entries. In any case,
having to report too often can be disruptive to daily activities [34].

The DRM is intended to be a more efficient alternative to the ESM [24]. It “assesses
how people spend their time and how they experience the various activities and settings
of their lives.” [24, p. 1776]. As opposed to the in-situ recordings with the classical
ESM, participants do not report their experiences in real time. Instead, they reconstruct
episodes from the previous day. This has the advantage that participants are not inter-
rupted by triggers [24].

The choice of whether to conduct time-based or event-based ESM study is often not
based on a systematic investigation [22]. Instead, researchers use conceptual criteria to
aid their decision, such as how frequently the participants must respond. Furthermore,
the DRM relies on retrospective reports, which could lead to concerns about accuracy
[29]. [33]

Some previous research directly compares the time-based and the event-based ESM,
such as by Wouters et al. [35], Himmelstein et al. [22], and Dawood et al. [9]. Likewise,
some previous research directly compares the DRM and the time-based ESM, such as
by Dockray et al. [10], Bylsma et al. [3], Kim et al. [27], Han et al. [19], and Lucas et
al. [29]. Researchers considering all three methods would benefit from a direct and
systematic three-way comparison, which to the best of our knowledge has not been
conducted.

In this paper, we address the research question of whether the time-based ESM, the
event-based ESM, or the DRM differ in terms of quantity and quality as well as in terms
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of participant satisfaction. We conduct a between-subject comparison with 17 partici-
pants using questionnaires based on the original DRM questionnaire by Kahneman et
al. [24]. Then, we conduct a post-study survey to acquire data on the participants’ ex-
perience and their satisfaction with the study. In total, we collect 157 experience epi-
sodes, lasting 14,748 minutes. We compare the episode counts and episode durations
as well as the responses of our post-study survey. Our results show a significant differ-
ence between the mean episode durations of the time-based ESM and the DRM, which
may indicate a reduced time accuracy with the DRM. Although the time-based ESM
results in the most responses, the number of responses is comparable in our study. The
post-study survey indicates that the satisfaction of participants is not necessarily higher
with the DRM for studies with a short study period. Therefore, the DRM may not al-
ways be preferable over the time-based and the event-based ESM in terms of participant
satisfaction.

2 Related Work

In the following, we discuss previous work concerning the ESM, the time-based and
event-based ESM, the DRM, and comparisons between the methods.

2.1  ESM Studies

The ESM is a heuristically useful tool [16] for describing the patters of daily experi-
ences [7]. Researchers conducting ESM studies can draw from literature, such as from
Hektner et al. [21] or Conner et al. [5]. The ESM has been practically applied in many
studies, one of the earliest examples being by Csikszentmihalyi et al. [8] to study the
activities adolescents typically engage in.

Today, ESM studies are highly relevant in HCI [33]. For instance, ubiquitous com-
puting (ubicomp) systems are difficult to evaluate in a laboratory setting and are better
studied in the users’ environments [6, 33]. Consolvo and Walker [6] point out that “a
mobile phone user is likely to use the device at the office, at lunch, in the car, at the
store, and at home. Such settings cannot be reasonably approximated in a traditional
laboratory.” [6, p. 24] Van Berkel et al. [33] describe that self-reports by participants
are used in HCI to understand users’ motives and needs.

User experience research relies on self-reported data as it contains information about
the users’ perception [31]. This data is important because it provides insight into users’
emotions and how they feel. Tullis and Albert [31] state that “if it takes users forever
to perform something with a system, if the experience makes them happy, that may be
the only thing that matters.” [31]

2.2  Time-Based and Event-Based ESM

The topic of time-based versus event-based ESM has been thoroughly discussed, and
several recommendations exist for when to choose one over the other. For instance,
Wheeler and Reis [34] advise against using time-based (signal-contingent) ESM when
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the implicit trigger is unlikely to occur because there is not “much chance that the signal
and the event will coincide.” [34, p. 347]. The event-based ESM is less intrusive than
the time-based ESM because triggers from signalling devices are bound to disrupt on-
going activities. On the other hand, they recommend choosing the time-based over the
event-based (event-contingent) ESM when many different situations are intended to be
studied simultaneously. According to Wheeler and Reis [34] the event-based ESM s
only preferable when the triggers can be clearly defined and researchers are interested
in one or a very limited number of activities.

Scollon et al. [30] point out several issues that may arise with time-based, random
sampling from persons’ everyday lives. Similar to Wheeler and Reis [34], they note
that random triggers can be disruptive and that “there may be some instances in which
one is less likely to respond to a signal, or in which it is impossible to do so.” [30, p.
17]. Some infrequent situations (for example being the victim of a crime, intense fear)
are unlikely to occur during random sampling. However, the strength of experience
sampling is also its ability to “provide [a] fine-grained, detailed pictures of human ex-
perience.” [30, p. 13].

2.3 DRM Studies

The DRM was originally conceived as an alternative to the ESM. In their seminal article
Kahneman et al. [24] describe the DRM as a more efficient method than the ESM, as
it addresses some of the issues prevalent in such studies: “It imposes less respondent
burden; does not disrupt normal activities; and provides an assessment of contiguous
episodes over a full day.” [24, p. 1777]. Participants of DRM studies reconstruct se-
quences from the previous day. They first create a diary consisting of sequences of
episodes and subsequently answer questions about their experiences in these situations.
This differs significantly from ESM studies, where participants are instructed to report
on their experiences throughout the day.

2.4 Comparison of Time-Based and Event-Based ESM

In a thorough literature review, we identified three studies that directly compare the
time-based ESM with the event-based ESM.

One such study by Wouters et al. [35] compared the self-reported energy intake from
between-meal snacks by the same participants during two separate periods. The first
period being time-based (using a signal-contingent app), the second being event-based
(using an event-contingent paper and pencil diet diary). They concluded that “Although
the signal-contingent app is comparable with an event-contingent paper and pencil diet
diary in assessing momentary energy intake, both instruments differ in capturing total
daily snack consumption.” [35, p. 366].

A study by Himmelstein et al. [22] randomised participants into groups that either
completed the time-based (signal-contingent) or the event-based ESM. Participants re-
ported on their social behaviour and affect related to their social interactions. Although
participants of the event-based ESM returned a higher number of reported social inter-
actions on average, the study found the data quality for the event-based and time-based
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ESM to be equivalent. This suggested that the methods can be used “interchangeably
to draw conclusions about means, variances, and associations when examining social
interactions.” [22, p. 952]

Finally, a study by Dawood et al. [9] aimed to assess differences in affect experi-
ences (valence and arousal) in relation to the time-based and the event-based ESM.
Using a within-subject design, participants completed a time-based (signal-contingent)
and an event-based survey in parallel. Greater variability within and between partici-
pants was noted with the time-based ESM. With the event-based ESM, participants
reported higher levels of pleasant valence and emotional arousal on average. These
findings [9] implied that the time-based and the event-based ESM cannot be used in-
terchangeably and therefore contrast with the previous findings by Himmelstein et al.
[22].

2.5  Comparison of ESM and DRM

Some studies have directly and systematically compared the ESM to the DRM. These
studies typically focus on the time-based ESM rather than the event-based ESM.

One such study was conducted by Dockray et al. [10]. It compared affect ratings
obtained by the time-based ESM and the DRM of women working at University Col-
lege London. The data was collected with a paper diary. Employing a within-subject
design, the participants completed two 24-hour periods of a time-based ESM study and
a DRM study. They concluded that “the results indicated that the two methods produced
very similar profiles of change over both work and leisure days” and that “the findings
suggest that the DRM does a reasonable job in capturing the profile of affect experi-
enced in real-time.” [10, p. 282].

In a multimethod assessment, Bylsma et al. [3] examined affective responses to life
events of participants with and without depressive disorders. The study found “conver-
gent evidence for a curious mood-brightening effect in individuals with major and mi-
nor depression in response to pleasant events.” [3, p. 165]. They employed the time-
based ESM and the DRM simultaneously. A high correspondence between the emotion
data collected by the ESM and the DRM was suggested by initial analyses [3].

Kim et al. [27] conducted a systematic comparison between the time-based ESM
and DRM. Using a within-subject design, participants first completed an ESM study.
They then completed the original DRM questionnaire by Kahneman et al. [24] about
the same period. Although they did not find a significant difference between the mean
and variability obtained by the DRM and ESM, and the correlations between the DRM
and time-based ESM were significant, Kim et al. [27] found that the DRM did not rec-
ord detailed changes of fatigue and mood [27].

Another study by Han et al. [19] applied the time-based ESM and the DRM simul-
taneously to investigate the relationship between creativity and mood of corporate em-
ployees. Additionally, “the similarities and differences between two methods in meas-
uring mood-creativity relationships™ [19, p. 7] were assessed. Participants completed
both time-based ESM questionnaires and a DRM questionnaire. The authors observed
that the mood-creativity correlation was consistent and that “DRM-based and ESM-



6 Robert Dominic Cobb, Tom Gross

based results were largely consistent in measuring individual’s mood states and every-
day creativity.” [19, p. 1].

Lastly, Lucas et al. [29] reported two studies and compared the time-based ESM to
the DRM. In Study 1, participants completed an ESM study and reconstructed the same
day with the DRM. Study 2 attempted to replicate the findings of Study 1. It employed
an app to collect all data and the authors “added a questionnaire to assess participants’
global expectations about the impact that specific situational factors had on their
mood.” [29, p. 36] They concluded that “for many common purposes, it is not safe to
assume that the DRM provides the same information as ESM.” [29, p. 67]. However,
they noted that “the correspondence between ESM-based and DRM-based measures of
affective experience varies dramatically, depending on one’s goals.” [29, p. 67].

2.6 Comparison of Time-Based ESM, Event-Based ESM, and DRM

To the best of our knowledge, a direct and systematic comparison between the time-
based ESM, the event-based ESM, and the DRM has not been conducted. Therefore,
there is a need to compare all three methods to determine to what extent the methods
differ in terms quantity and quality.

3 Method

In the following, we describe our sample, apparatus, procedure, measures, and study
design.

3.1 Participants

Our sample consisted of 18 voluntary participants, recruited from the personal environ-
ment of students. They did not receive financial incentives. One participant of the
event-based ESM only recorded three episodes and was subsequently excluded from
further analysis (N = 17)*. Participants were between 21 and 60 years old (M = 29.47,
SD =11.38). Eleven were male (64.7%), six were female (35.3%), and zero were non-
binary (0%). Participants had different educational backgrounds. Seven participants
had a graduate degree (41.2%). Two participants (11.8%) had attended graduate school
but did not have a graduate degree. Three participants (17.6%) had a college diploma.
Four participants (23.5%) had a high school diploma or equivalent. Finally, one partic-
ipant (5.9%) did not have a high school diploma. Seven participants (41.2%) were mar-
ried, and ten participants (58.8%) were single (never married). Two participants
(11.8%) had two children each, with one child still living with them. The number of

! Please note with respect to the sample size that due to the nature of the ESM and the DRM,
each participant provides multiple data points. In a systematic literature review of 110 papers,
Van Berkel et al. [28] identified 19 as the median number of participants in ESM studies.
Local standards in the HCI community indicate a median sample size of 18 participants [4,
28].
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people living in the participants’ households ranged from one to four including the par-
ticipants (M = 2.41, SD = .795).

3.2 Apparatus

All questionnaires in our study were answered on two custom-developed Android apps
(cf. Figure 1). The apps were compatible with different devices and Android versions
and were similar in terms of their functionality. The post-study survey was conducted
on a web-based form on the participants’ personal devices (cf. Figure 2).

= "4 B 00:15

& Step2of3

This is Episode "Early Morning",
number 1, which began at 06:30 and
ended at 08:00.

Your notes: waking up, hygiene

What were you doing? (please select all that
apply)

|:| commuting
[ working

shopping

a8 0O

preparing food

<]

doing housework

0

taking care of your children

FINISH

Fig. 1. A screenshot of one of the Android apps we used for our questionnaires. In this case, the
participant is answering questions about an episode they recorded.

3.3 Procedure

Before the start of the study, participants gave informed consent. Participants were ran-
domly assigned to one of three conditions. Each condition completed a different variant
of a questionnaire that was based on the original questionnaire by Kahneman et al. [24].

The difference between variants in our questionnaires was the instruction given to
participants. Participants of the time-based ESM were instructed to take notes about
episodes during the day on which the episodes happened when triggered by a phone
notification. Similarly, participants of the event-based ESM took notes about episodes
during the day on which the episodes happened, deciding themselves anytime an event
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occurred. This event was defined as the end of an episode. Finally, participants of the
DRM recounted episodes of the previous day. All participants were provided with the
following definition of an episode [24]:

“Think of your day as a continuous series of scenes or episodes in a film. Give each
episode a brief name that will help you remember it (for example, ‘commuting to work’,
or ‘at lunch with B’, where B is a person or a group of people).”

Additionally, they were informed that the episodes typically identified last between
15 minutes and 2 hours.

r 3

— — — — 67%

Could you imagine taking part
in such a study if it took place
over the course of multiple
days?

@® Yes
O No

i —

Fig. 2. A screenshot of the web-based form we used for the post-study survey. In this case, the
participant has selected that they could imagine taking part in a multi-day study.

In accordance with the original DRM questionnaire by Kahneman et al. [24], the
questionnaires were comprised of four packets. Packet 1 asked general questions about
the participants’ lives. Packet 2 consisted of a personal diary. The notes written in this
diary were not read or analysed by us. Packet 3 asked questions about the participants’
experiences during the individual episodes from the diary. Finally, Packet 4 asked ques-
tions about the participants’ day overall. Our questionnaires were administered in their
original English language, since all participants were capable of understanding English.

Our study consisted of three days. On the first day (hereafter called Preparation Day)
participants gave informed consent and received the necessary information to complete
the study. Participants in the time-based and event-based ESM questionnaires received
Android devices. The second day (hereafter called Experience Day) was the day con-
cerning the participants’ experiences. The third day (hereafter called Reconstruction
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Day) was the day on which the participants answered questions about and reconstructed
the Experience Day. Additionally, we conducted a post-study survey to gather data
about the participants’ experience and satisfaction.

Preparation Day. On the Preparation Day, all groups were informed that they will
be reconstructing experiences from the following day. Participants of the time-based
and event-based ESM received Android devices on this day. The devices had apps that
would be used to collect the data. Participants of the time-based ESM were asked when
they will wake up and go to sleep and the apps were configured to trigger them within
this timeframe. To closely replicate the original DRM study by Kahneman et al. [24]
in which participants answered questions concerning only the previous day [24] and to
objectively compare the methods, participants of all methods were limited to one day
of answering. Therefore, participants of the time-based ESM were not triggered after
midnight.

Experience Day. On the Experience Day, participants of the time-based ESM created
notes in their personal diaries (Packet 2) when triggered by the app. From the time the
participants woke up to the time they went to sleep, we divided the day into 90-minute
intervals. The triggers were randomised within these intervals. The first interval started
with the time the individual participants stated that they would wake up. The last inter-
val ended with or included the time they stated they would go to sleep. When triggered,
participants were instructed to create a diary entry for each episode they identified since
the last trigger. If the trigger in question was the first trigger of the day, all episodes
since they first woke up were to be noted. Up to 30 episodes could be added in total.
The participants of the event-based ESM were instructed to create a diary entry imme-
diately after they identified the end of an episode. Likewise, they could add up to 30
episodes in total.

Reconstruction Day. On the Reconstruction Day, participants of the DRM received
their devices and retrospectively created notes in their personal diaries (Packet 2). Par-
ticipants of all methods answered general questions about their lives (Packet 1), about
their experiences (Packet 3), and about their day overall (Packet 4).

Post-Study. In the post-study survey, participants answered questions about their ex-
perience with the study and their satisfaction with it (cf. Table 1 for a list of items). The
post-study survey was administered in English as well, and the participants answered
in English (see also quotations below).

34 Measures

We collected demographic data, which included the age, gender, educational back-
ground, marital status, number of children, number of children still living with the par-
ticipant (if applicable), and number of people in the participant’s household. We meas-
ured both the episode counts as well as the episode durations. We asked about the par-
ticipants’ experiences with the study in the post-study survey.
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Table 1. Summary of items in our post-study survey.

Item Condition(s) Type
What was it like to reconstruct your day? De- | Time-based ESM, | Text input
scribe your experience in detail. event-based ESM,

DRM
What advantages and disadvantages did the diary | Time-based ESM, | Text input
notes have? Discuss all advantages and disad- | event-based ESM,
vantages that come to mind in detail. DRM
What advantages and disadvantages did it have | Time-based ESM | Text input
that you were triggered by phone notifications?
Discuss all advantages and disadvantages that
come to mind in detail.
What advantages and disadvantages would it | Event-based ESM | Text input
have had if you were triggered by phone notifi-
cations to take the notes? Discuss all advantages
and disadvantages that come to mind in detail.
What advantages and disadvantages did it have | Time-based ESM, | Text input
that you took the notes on the same day as the | event-based ESM
episodes happened? Discuss all advantages and
disadvantages that come to mind in detail.
What advantages and disadvantages did it have | DRM Text input
that you took the notes on the day after the epi-
sodes happened? Discuss all advantages and dis-
advantages that come to mind in detail.
Could you imagine taking part in such a study if | Time-based ESM, | Radio but-
it took place over the course of multiple days? event-based ESM, | tons

DRM (yes/no)
Do you have any other remarks or comments on | Time-based ESM, | Text input
your general impression? event-based ESM,

DRM

3.5  Study Design

We compared the time-based ESM, the event-based ESM, and the DRM in a between-
subject study. Our questionnaires and study design was based on the original DRM
study by Kahneman et al. [24]. The instructions given to participants differed for each
condition. We analysed the episode counts and episode durations as well as the answers
obtained in our post-study survey.

4 Results

In the following, we present the results of our analysis of the episode counts and dura-
tions, as well as the results of our post-study survey.
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4.1  Episode Count and Episode Duration

In total, 157 episodes were recorded. Overall, participants recorded six to 20 episodes
each (M =9.24, SD = 3.133) (cf. Figure 3). Participants of the time-based ESM recorded
eight to 20 episodes (M = 10.83, SD = 4.665). Participants of the event-based ESM
recorded six to eleven episodes (M = 8.20, SD = 2.168). Finally, participants of the
DRM recorded seven to ten episodes (M = 8.5, SD = 1.049). A one-way ANOVA
showed no significant effect of the condition (time-based ESM, event-based ESM,
DRM) on the episode count, F(2, 16) = 1.258, p = .314, n% = .52.

14
12+ =
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Mean Episode Count

0 I % ]
Time Event DRM
Condition

Fig. 3. Mean episode counts of the time-based ESM, event-based ESM, and DRM.
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Fig. 4. Mean episode durations of the time-based ESM, event-based ESM, and DRM.

In total, 14,748 minutes were recorded. Overall, participants recorded episodes of
five to 359 minutes each (M = 93.94, SD = 60.068) (cf. Figure 4). Participants of the
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time-based ESM recorded episodes of five to 359 minutes (M = 80.05, SD = 59.973),
which included the overall minimum and maximum. Participants of the event-based
ESM recorded episodes of ten to 300 minutes (M = 96.59, SD = 69.583). Finally, par-
ticipants of the DRM recorded episodes of 30 to 315 minutes (M = 109.51, SD =
47.710). A one-way ANOVA showed a significant effect of the condition (time-based
ESM, event-based ESM, DRM) on the episode duration, F(2, 16) = 3.609, p =.029, n?%
=.045. Bonferroni-corrected post-hoc tests [13] indicated that the difference of episode
durations between the time-based ESM and DRM was significant (p < .05). There was
no significant difference between the time-based ESM and the event-based ESM, and
the event-based ESM and the DRM.

4.2 Post-Study Survey

In the post-study survey, we asked all participants what it was like to reconstruct their
day. We manually categorised the sentiment of their experience as “positive,” “nega-
tive,” and “neutral” (expressing a sentiment that was not clearly positive or negative).
Overall, ten participants (58.8%) expressed a positive sentiment, one participant (5.9%)
expressed a negative sentiment, and six participants (35.3%) expressed a neutral senti-

ment (cf. Figure 5).

Time =

Event -

Condition

DRM

L 1 1 1 1 | ]
0 1 2 3 4 5 6

O Positve 0 Neutral 0 Negative

Answer Count

Fig. 5. Counts of the answers of the time-based ESM, event-based ESM, and DRM expressing
positive, neutral, and negative sentiments towards the experience with the study.

Of the time-based ESM, three participants (50%) expressed a positive sentiment,
such as “It was interesting,” and three participants (50%) expressed a neutral sentiment,
such as “Interesting, but also very time consuming.” Of the event-based ESM, three
participants (60%) expressed a positive sentiment, such as “It was fun,” and two par-
ticipants (40%) expressed a neutral sentiment, such as “I had to remember my mood in
detail at specific times of the day. Normally, | don’t do that at all.” Finally, of the DRM,
four participants (66.7%) expressed a positive sentiment, such as “It was interesting. |
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enjoyed it,” one participant (16.7%) expressed a negative sentiment, describing the ex-
perience as difficult, and one participant (16.7%) expressed a neutral sentiment.

We asked all participants whether they could imagine taking part in such a study if
it took place over the course of multiple days. Overall, 15 participants (88.2%) re-
sponded with “Yes” and two participants (11.8%) responded with “No” (cf. Figure 6).
Of the time-based ESM, all six participants (100%) responded with “Yes.” Of the
event-based ESM, four participants (80%) responded with “Yes” and one participant
(20%) responded with “No.” Finally, of the DRM, five participants (83.3%) responded
with “Yes” and one participant (16.7%) responded with “No.”

Time

Event T

Condition

DRM

O Yes 0 No
Answer Count

Fig. 6. Counts of the answers of the time-based ESM, event-based ESM, and DRM stating
whether the participant could imagine taking part in a multi-day study.

We asked the participants of the time-based ESM to discuss what advantages and
disadvantages it had that they were triggered by phone notifications. Likewise, we
asked the participants of the event-based ESM what advantages and disadvantages it
would have had if they were triggered by phone notifications to take the notes. We
categorised whether the triggers were described as an “advantage,” “disadvantage,” or
“both.” Overall, of the time-based and event-based ESM, one participant (9.1%) stated
they are an advantage, one participant (9.1%) stated they are a disadvantage, seven
participants (63.6%) stated they are both, and two participants (18.1%) did not give a
definitive answer (cf. Figure 7).

Of the time-based ESM, one participant (16.7%) stated they are an advantage, de-
scribing them as a reminder, five participants (83.3%) stated they are both, such as
“advantages: helps to not forget to fill in the questionnaire. disadvantages: interruption
(especially when I was working on tasks in which concentration was important).” Fi-
nally, of the event-based ESM, two participants (40%) stated they are both, such as “I
am not a fan of notifications; usually, | have all notifications turned off except phone
calls, texts from important people and work mail. It probably would have distracted me
way too much and it would have been annoying. But it maybe would have helped to
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not lose sight of entering new episodes,” one participant (20%) stated they are a disad-
vantage, stating that “I think it would rather disturb me when I am working,” and two
participants (40%) did not give a definitive answer.

Time T

Condition

Event

1 1 1 1 1 1 |
0 1 2 3 4 5 6

0 Advantage 0O Both [ Disadvantage

Answer Count

Fig. 7. Counts of the answers of the time-based and event-based ESM indicating that the trig-
gers are an advantage, disadvantage, or both.

We asked the participants of the time-based and event-based ESM to discuss what
advantages and disadvantages it had that they took the notes on the same day as the
episodes happened. Likewise, we asked the participants of the DRM to discuss what
advantages and disadvantages it had that they took the notes on the day after the epi-
sodes happened. We categorised the responses as we did previously. Of the time-based
and event-based ESM, nine participants (81.8%) stated that taking the notes on the same
day is an advantage, and two participants (18.2%) stated it is both an advantage and a
disadvantage (cf. Figure 8).

Time T

Condition

Event

I 1 1

0 1 2 3 4 5 6
0 Advantage 0 Both

Answer Count

Fig. 8. Counts of the answers of the time-based and event-based ESM indicating that taking the
notes on the same day as the episodes happen is an advantage or both an advantage and a disad-
vantage.
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Of the time-based ESM, five participants (83%) stated it is an advantage, such as “I
think the notes are more accurate,” and one participant (16.7%) stated it is both an ad-
vantage and a disadvantage, stating: “advantage: it was easy to write down everything
that happened (when you take your notes later, probably you forget stuff), disadvantage:
less flexible.” Of the event-based ESM, four participants (80%) stated it is an ad-
vantage, such as “remembering what has felt important is way easier this way,” and one
participant (20%) stated it is both an advantage and a disadvantage, stating: “This was
an advantage as it let me remember every detail to the episode as it was fresh in my
mind. [...] The disadvantage is a lack of time to fully detail my episode when I was in
a hurry.”

Of the DRM, two participants (33.3%) stated that taking the notes on the day after
the episodes happen is an advantage, such as “I can reflect the whole day and the pos-
sibility to forget things are small,” and four participants (66.7%) stated it is both an
advantage and a disadvantage, such as describing the reliance on memory as a disad-
vantage, but the ability to remember experiences from the previous day as an advantage
(cf. Figure 9).

DRM

Condition

0 Advantage [ Both

Answer Count

Fig. 9. Counts of the answers of the DRM indicating that taking the notes on day after the epi-
sodes happen is an advantage or both an advantage or a disadvantage.

Time -

Event 1

Condition

DRM

1 I 1 1 1 I ]
0 1 2 3 4 5 6

0 Advantage (0 Both [ Disadvantage

Answer Count

Fig. 10. Counts of the answers of the time-based ESM, event-based ESM, and DRM indicating
that the diary notes are an advantage, disadvantage, or both.
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Finally, we asked all participants to discuss what advantages and disadvantages the
diary notes had. We categorised the responses as we did previously. Overall, five par-
ticipants (29.4%) stated advantages, one participant (5.9%) stated disadvantages, nine
participants (52.9%) stated both, and two participants (11.8%) did not give a definitive
answer (cf. Figure 10).

Of the time-based ESM, two participants (33.33%) stated they are an advantage,
such as experiencing the day more consciously, and four participants stated they are
both an advantage and a disadvantage, such as “advantages: makes it easier to remem-
ber details [...] disadvantages: it took time to make the notes.” Of the event-based ESM,
three participants (60%) stated they are an advantage, such as “They helped me remem-
ber certain details of my day more clearly based on facts, esp. how long an episode
actually took instead of how long it felt like,” one participant (20%) stated they are both
an advantage and a disadvantage, stating that “it kept me organised and helped me stay
on track. [...] The disadvantage was that I forgot to write [...] so I had to find a way to
remind myself,” and one participant (20%) did not give a definitive answer. Finally, of
the DRM, one participant (16.7%) stated they are an advantage, stating that “they didn’t
help much,” four participants (66.7%) stated that they are both an advantage and a dis-
advantage, such as “The notes helped me to make accurate rating, but it takes time,”
and one participant (16.7%) did not give a definitive answer.

5 Discussion

The significant difference in the mean episode durations between time-based ESM and
DRM indicates that these methods are not interchangeable and differ in terms of time
accuracy. Since the DRM episodes were significantly longer and the DRM is based on
retrospective reports, it may not be advisable to use the DRM for studies in which ac-
curate time information is important. A similar effect has been previously observed.
Notably, Kim et al. [27] state that the “[t]ime information rated by DRM was signifi-
cantly different” in their study and “that the time information of episodes may not be
accurately reconstructed by DRM” [27, p. 165]. Similarly, Dockray et al. [10] note that,
in their study, the correlations between the time-based ESM and DRM was greater
when comparing averages over the monitoring period rather than individual time points
[10].

The differences in mean episode counts were not significant. This result can be com-
pared to the study of Kim et al. [27] as well. They did “not detect statistically significant
differences in mean and variability” [27, p. 165] between the time-based ESM and the
DRM. Although, the time-based ESM produced the most responses in our study, the
number of responses was overall comparable between all methods. This result indicates
that the methods can be comparable if the number of responses is considered.

Participants in our study did not appear to prefer the DRM over the time-based and
event-based ESM. Taking the notes on the same day as the episodes happened was
generally described as an advantage. Some reasons that were stated were that it was
easy to recall the experiences and improved accuracy. Writing all notes at once was
described as time consuming by some participants of the DRM. This was unexpected,
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as the DRM is intended to reduce the burden for participants. Kahneman et al. [24] state
that the DRM “is more efficient than ESM: It imposes less respondent burden; does not
disrupt normal activities.” [24, p. 1777]

Typically, the triggers of the time-based ESM are described as disruptive. For in-
stance, Bolger et al. [1] emphasise the importance of minimising the disruption of par-
ticipants’ routines through triggers. According to Kahneman et al. [24] the lack of dis-
ruptions with the DRM is also one of its advantages. Surprisingly, participants in our
study generally had a balanced view of the triggers. While the triggers were described
as disruptive by some, they were also described as a helpful reminder.

This study is not without limitations. Firstly, although similar in their functionality,
two apps were used to collect the data that were compatible with different Android
versions and devices. Secondly, our sample size was small and we employed a between-
subject design. Yet, as described above 157 episodes were recorded in total and the
number of participants was consistent with the local standards of the HCI community
[4, 33]. While our results did not indicate that participants prefer the DRM over the
time-based or event-based ESM, our findings may not generalise to all studies. In the
original DRM study participants “revive memories of the previous day” [24, p. 1776]
and we collected experiences on one day for all methods to objectively compare them.
However, this period may not have been sufficient for the drawbacks of the methods to
become fully apparent to the participants. Lastly, we did not collect all of the demo-
graphic data and the detailed data on the participants’ jobs that Kahneman et al. [24]
collected. We only collected the data that was necessary for the purpose of comparing
the methods.

Despite these limitations, our study discovered indications of a reduced time accu-
racy with the DRM, which is supported by previous work. The qualitative data sug-
gested that the DRM may not generally be preferred by participants over the ESM,
especially for studies lasting a short period, such as one day. The time-based or event-
based ESM may therefore be viable options for researchers concerned with participant
satisfaction.

6 Conclusion

In this study we systematically and directly compared the time-based ESM, the event-
based ESM, and the DRM. The episode durations of the time-based ESM and the DRM
differed significantly, while the episode counts were comparable across all three meth-
ods in our study. The post-study survey did not indicate a higher participant burden
with the ESM, nor a greater participant satisfaction with the DRM. The triggers of the
time-based ESM were sometimes disruptive, but a helpful reminder for some partici-
pants. Future studies could be conducted with a larger sample size to confirm these
findings. Additionally, a similar study with several days of experiences could be a topic
for future work, as the study period may influence the advantages and disadvantages of
each method. Our results imply that the DRM may not always be preferable over the
time-based and event-based ESM for studies with a short study period.
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