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ABSTRACT

The Experience Sampling Method (ESM) enables
researchers to capture information about participants’
experiences in the moment. Adding an end-of-day
retrospective survey also allows participants to elaborate on
those experiences. Although the use of photos in
retrospective interviews and surveys for memory elicitation
is well known, little research has investigated the use of
photos in ESM studies. As smartphone adoption increases
facilitating ESM studies and making photo sharing easier,
researchers need to continuously evaluate the method and
investigate the role of photos in such studies. We conducted
a large-scale ESM and retrospective survey study via
Android smartphones with more than 1,000 US
participants, and analyzed participants’ photo submissions,
including how photo use correlated with participants’ data
quality and what, if any, value photos added for researchers.
Our study sheds light on the role of photos in ESM and
retrospective studies that researchers can reference when
constructing future study designs.
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INTRODUCTION

The Experience Sampling Method (ESM)' refers to a
method for collecting data from a participant in the natural
context of everyday life. In an ESM study, participants are
reminded randomly during fixed windows of time and
asked what they are doing in that moment. It is based on the
work of Edmund Husserl's “pure phenomenology,” which
says that the only things we can really know are the events
represented in our individual streams of consciousness [13].
The ESM was also influenced by William James who stated
that a person’s life can be seen as the sum of all of his or
her experiences accumulated over a lifetime [16]. The ESM
is designed to be a reliable measure of events over time.
Compared to a survey, diary and other self-reported study
methods, the ESM is less susceptible to subjective recall
errors because the focus is on the participant’s immediate
experience [14]; however, it can be disruptive to
participants’ current activities. One way of reducing
disruption is to ask participants to enter briefly what they
are doing when alerted and then later on have them fill out a
more extensive survey. To aid in participant recall,
participants are sometimes encouraged to take photos or
videos for later review in retrospective interviews or
surveys [2]. Russell and Oren [27] found in a study on
search behavior that cuing participants with their screen
captures aided in their recall accuracy. With smartphone
use increasing in popularity, researchers are also turning to
the technology for ESM studies making photo submissions
for retrospective purposes a viable study design option.
Despite the proven value of photos in other types of studies,
there has been minimal work evaluating the role of photos
in ESM studies. In particular, most studies focus on how
photos help participants recall events, while the value of
photos to researchers is neglected.

" The method is sometimes referred to as Ecological Momentary
Assessment (EMA) when used in the medicine domain [29].
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In this paper, we discuss a large scale ESM study with
retrospective surveys conducted to explore people’s daily
information needs with the goal of identifying innovation
opportunities for a search engine. Previous studies using
search logs analysis [17] provide us with a landscape for
what people use a search engine; however, people do not
solve all information needs online. Logged search queries
may be just a small fraction of people’s daily information
needs. Diary studies [30] are often the alternative to log
analysis for understanding information needs.

We used the ESM combined with a retrospective survey
because we wanted a more reliable way of capturing
people’s information needs in a natural context. In this
study, participants provided text descriptions of their
information needs throughout the day for five days and
were encouraged to submit photos if it would help better
describe their needs. We recognize that taking a photo for
every information need could be burdensome or socially
inappropriate at times, so we made it an optional activity
[4]. In addition, participants were asked to complete a
retrospective survey at the end of the day to describe more
about their information needs. While the original purpose of
this study was to collect peoples’ information needs, the
focus of this paper is on the evaluation of the methodology
and the role that photos played in the study design more
generally. Who submits photos? Do participants stay on
task and submit relevant photos for the primary goals of the
study? Do photos help participants provide higher quality
responses during the retrospective parts of the study [27], or
do they interfere with the participants’ goals and the study’s
goals? Do researchers understand the photo submissions
and find them useful or might they only be useful to
participants? In this paper we address the aforementioned
challenges through the following research questions:

RQ1. Who submits photos and when?

RQ2. Do photos help participants provide higher quality
data without interfering with the participants’/study’s
primary goals (e.g., their information seeking)?

RQ3. Do photos help researchers understand participants’
responses (e.g., their information needs) better?

RELATED WORK

The ESM has grown in popularity since Csikszentmihalyi,
Larson and Prescott published a report on one of the first
and most well-known ESM studies in 1977 [5]. The method
is revered for its ecological validity and reduction in
memory bias as well as its ability to capture contingent
observations and within-person processes [28]. The ESM is
commonly used in psychology to study concepts
surrounding experiences of the self like mind-wandering
[31], work stress and satisfaction, and relationship
satisfaction. Researchers have also used the ESM to study
experiences with games [7], ubiquitous computing systems
[4], and programming software [15]. All of these studies are
able to collect data from people in their natural environment
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over an extended period of time. Most ESM studies last one
to two weeks [28] during which participants are ‘pinged’
(alerted) 2-12 times throughout the day at random times and
asked to report their behavior or mood. Early studies were
limited by technology, requiring participants to either set an
alarm or receive a phone call at home. In these studies,
participants would either anticipate the ping, or researchers
were limited to only studying participants in their homes.
Advances in technology have eliminated these early
methodological problems and, now, researchers are using
smartphone technology to help facilitate ESM studies.
Smartphone applications such as Maestro [22] and the
Personal Analytics Companion (PACO) * alert the
participant, present them with a set of questions, and
automatically log the data. These applications eliminate the
need for participants’ access to pen and paper or additional
devices, potentially making the methodology less intrusive
to participants’ daily routines.

However, the ESM has some drawbacks. The act of being
pinged frequently throughout the day may be intrusive and
the people that agree to participate in such studies may lead
to a self-selection bias [28]. Some studies have suffered
from low completion rates; studies that sample 8 or more
times per day over one to two weeks get a 50-80%
completion rate [7]. These drawbacks aside, research has
shown that the ESM is a viable method for collecting
behavioral or emotional activity directly from people in
their natural context over time [28]. However, questions
still exist about what collected information is most useful
for researchers and participants. In particular, the value of
photo submissions in ESM studies, including how to collect
and utilize photos is unclear.

Photos may be particularly relevant to ESM studies because
of elicitation, or their ability to aid participants in providing
retrospective interview and survey responses [12]. For
example, Collier [3] observed that when a researcher used
photos during an interview, participants’ responses tended
to be longer and more pointed than those in the control
group. Others have used photo elicitation to enhance
memory and learning. For example, Lee and Dey [19]
designed a life-logging system with automatic photo and
audio-capture to assist people with memory impairments by
cuing them to remember details from their daily
experiences [19]. Photo elicitation may also be a positive
anchoring tool in educational contexts [6]. Not only can
photos stimulate discussion and learning via vivid and lucid
imagery [9], but they may also serve as effective verbal
prompts, potentially increasing recall rates [6].

Photos have been used in some diary studies [2,8] and ESM
studies [4,14] to help participants capture their experiences
and recall memories. For example in a study evaluating
ubicomp applications, researchers found photo submissions

2 https://quantifiedself.appspot.com/main.jsp
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helpful in highlighting what was important to participants
however, the researchers did not further analyze the photo’s
role or usefulness. Similarly, Intille and colleagues [14]
prototyped a non-intrusive image-based ESM that
automatically took photos of participants’ contexts, but no
formal study was conducted to evaluate the method.
Gabridge and colleagues [8] evaluated users’ information-
seeking behaviors in a photo diary study on library systems,
but focused on the information needs found rather than the
role of photos in eliciting those needs. Despite the usage of
photos in research studies, little research has systematically
investigated the extent to which photo taking is related to
eliciting responses from participants or helping researchers
understand participant responses better.

As smartphone use popularizes, and photo sharing online
also continues to gain popularity [25], increasing the
likelihood of photo-sharing uptake in studies, more
researchers are considering incorporating photos in their
ESM-style research designs. However, more inquiry is
needed to see if there may be biases in who actually
participates and submits photos. For example, background
factors like age and gender tend to relate to who shares
photos online more generally; women are more likely to
engage with photo-sharing services online than men, and
tend to upload more images [e.g., 21,32]. Young adults are
also more likely to post their own photos online than older
adults [26]. Additional factors related to one’s technological
experience are also associated with who shares online [10],
including if and how people share their photos [23]. In this
paper, we examine whether photo submissions in ESM
studies are randomly distributed throughout the sample, or
whether there are also similar systematic patterns among
photo-sharers online and photo-sharers in research studies
online, and the implications behind such potential patterns.

The lack of a systematic evaluation of participants’ photo
use and focus on the value they have for researchers,
combined with the relatively small number (<50) of
participants in prior photo-related studies, leaves many
questions unanswered. Some researchers have debated the
potential shortcomings of the use of auto-photography and
elicitation in research [33]. Allowing participants to
determine what to photograph also limits the researcher’s
control over what information can be elicited [24]. A study
comparing three media (photos, audio, and tangible
artifacts) in diary studies [2] found that photos lead to more
specific recall than the other two, but only 11 participants
were included. Our study incorporates data from a large-
scale ESM study of more than 1000 people, systematically
investigates photo submission as it relates to the quality of
responses, and probes the extent to which such responses
are in practice useful to researchers.

Based on prior research, it is clear that the use of photos in
ESM and retrospective studies is an important topic, but
many questions remain. The goal of this article is to address
this gap in the literature.
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METHODOLOGY

The ESM and end-of-day study design

We recruited more than 1,000 Android phone users across
the US through a vendor as well as through our own
participant database. The study ran between March and
May 2013, and was conducted in five waves that each
lasted five days, with 200-250 participants per wave. Fifty-
two percent of the participants were male and participants
ranged in age from 18 to over 60. Participants represented
46 out of 50 states in the country as well as Washington,
D.C.

Participants were asked to install the Android app “PACO”
from the Google Play Store * on their smartphone.
Participants that successfully installed the app were sent
notifications randomly 8 times a day (between 9am and
7pm in the participants’ local time) and asked to complete a
form about their information needs. The form asked basics
about the information need including what it was (“What”),
how important it was (“Importance”) and how urgent it was
(“Urgency”). For the “What” survey item, we instructed
participants to describe their most recent information need
using a sentence and provided an open text field. The
“Importance” question was a single-selection question with
a 5-point Likert scale and the “Urgency” question was a
single-selection question with a 7-point Likert scale.

During each notification (beneath the “What” question),
participants also had the opportunity to submit a photo with
their entry. This was optional. The instructions stated,
“When to include a photo? - Whenever it gives us insight
about the information you needed and why.” Participants
had one hour to submit information before the notification
timed out and was marked as “missed.” Participants also
had the option of manually submitting information without
having received a notification, whenever they had a need
they wanted to share.

At the end of the day, participants were sent a final
notification to complete a survey on their desktop or
laptop. The retrospective survey showed participants their
text and photo submissions (if applicable) from that day and
asked more information about their needs including why
they needed the information (“Why”), how much of the
information they were able to find that day (“Success™) and
how easy or difficult it was to find the information
(“Ease”). The participants were required to answer all of the
questions for each of their submitted information needs. For
the “Why” survey item, we instructed participants to
describe why they wanted to know the information using a
whole sentence and left an open text field. The “Success”
question was a single-selection question with a 5-point
Likert scale, and the “Ease” item was a single-selection
question with a 7-point Likert scale. The survey asked
additional questions related to information seeking such as

*https://play.google.com/store/apps/details?id=com.pacoapp.paco
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sources participants used to look for the information, but we
do not analyze these in the current paper.

Participants were asked to respond to at least 5 of the
notifications per day and complete each end-of-day survey
for 5 days. The amount of compensation was based on
industry standards for a 5-day rigorous engagement. If they
completed 3 responses and the end-of-day survey for 3
days, they received $150 in incentives. If they responded to
5 or more notifications plus the end-of-day survey for 5
days, they received $200 in incentives.

Quantitative analysis method

The analysis unit in this study is a response from a
participant that describes one information need. In the
following part of this paper, we refer to this as a “DIN”
(Daily Information Need). Excluding notifications that did
not get responses, we have 33,180 DINs in the original
dataset. If a participant responded to a notification but did
not complete the end-of-day survey, the DIN was marked as
incomplete. If the participant responded ‘“nothing,” “no
need,” etc., or if the response was about the study itself, the
DIN was marked invalid. After removing the incomplete
and invalid responses, there were 25,368 DINs from 1,013
participants.

Because photo submissions were optional, not all DINs
were associated with a photo. Among all the DINs in the
cleaned dataset, 889 (3.5%) DINs were associated with a
photo. Therefore, two types of participants were identified
for our analysis: 1) Photo-sharers, or participants who
submitted at least one DIN with a photo; 2) Non-photo-
sharers, or participants who did not submit any DINs with a
photo. However, photo-sharers did not always submit
photos with their DINs, so we categorized the whole dataset
into three groups (shown in Table 1). The first group (G1)
includes DINs from non-photo-sharers. The second group
(G2) includes DINs from photo-sharers that did not have a
photo submission associated with it. The third group (G3)
includes DINs from photo-sharers that have associated
photos. Comparing G1 and (G2+G3) allows us to analyze
any differences between photo-sharers and non-photo-
sharers, whereas comparing G2 and G3 enables us to
examine any differences between DINs without photos and
DINs with photos.

From non- From photo From photo
photo sharers but sharers and
sharers without photos with photos
(G1) (G2) (G3)
# DINs 17,182 7,297 889

Table 1: Three groups of DINs.

In order to answer RQ2 (Do photos help participants
provide higher quality data without interfering with the
participants’/study’s primary goals (e.g., their information
seeking)?), we measured both data quality and the “Ease”
and “Success” of participants’ original primary goal,
information seeking. One set of measurements used for
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evaluating the data quality is the rate of incomplete and
invalid DINs. From the original dataset of 33,180 DINs, we
removed about 7,000 incomplete and 1,000 invalid DINs.
We compared the incomplete and invalid rates among the
three groups with the assumption that higher incomplete
and invalid rates indicate lower data quality.

To further evaluate data quality, we also measured the
length of participant responses to the “What” and “Why”
questions. We chose to focus on response length because
previous research has shown word count to be an effective
quality measure [1], typically allowing for more
opportunity to understand participant responses. We thus
used the number of words as one measurement. Because
many responses were submitted through mobile interfaces,
we note that each additional character adds extra effort for
the participants. Therefore, we also used the number of
characters as another measurement of data quality. In the
analysis, we assumed that the higher the word or character
count, the higher the quality.

Participants’ responses to the “Success” and “Ease”
questions were used to measure the success and ease of
their information seeking for each DIN. For the analysis,
we assume that the higher the ratings, the more successful
participants were at solving their information need and the
easier it was for them to find the information.

Qualitative analysis method

To determine the extent to which photos can provide
additional information to researchers, we recruited 12
researchers to manually code all 889 photos in the dataset.
The photographs were divided into four subsets of 222 or
223 photos, which were randomly assigned to the
researchers such that each photo was ultimately coded by
three researchers. The coding process was conducted using
a Web interface. To help researchers isolate the content
they could surmise from text alone, the webpage first
presented the “What” and “Why” responses without the
photo. Once the coder clicked “Show image,” the
photograph appeared along with two questions for the
coder. The first question captured whether the photo was
relevant or not and asked “Is this photo RELEVANT to the
information need that he/she wrote above?” The second
question measured the photo’s usefulness to researchers and
asked, “Does this photo help you understand more about the
information need BEYOND what he/she wrote above?”
Each question had only “Yes” or “No” as answer options,
but researchers were allowed to skip a maximum of 5% of
trials in rare cases when they were unable to make a
decision. If researchers mistakenly answered ‘“No” to
relevance but “Yes” to usefulness, they were given a pop-
up warning that prevented them from advancing to the next
trial until they reevaluated their choices.

Prior to coding, researchers were trained on standards of
relevance and usefulness, and arrived at a consensus
regarding the usefulness of a photograph. A photo was
deemed useful if the researchers thought the photo helped
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them understand the participants’ information beyond what
was written in the text alone. To determine overall
relevance and usefulness, answers for each photo were
aggregated via a majority vote among the three coders. If a
photo was deemed relevant in the first question by at least
two raters, we then determined its usefulness using a
majority vote on the second question. We treated a skipped
photo as a vote for “Skip,” so if more than one rater skipped
the photo, we removed it from the qualitative analysis.

RESULTS
In this section, we report results for each of the three
research questions.

Who submitted photos and when?

Photo-sharer versus Non-photo-sharer

While participants were not required to submit photos
during the study, almost a third (30.80%), or 312
participants submitted at least one photo. Participants
submitted 889 photos during the study, accounting for
roughly 3.50% of DINs. On average, photo-sharers
uploaded approximately three photos during the study
(M=2.84). Table 2 showcases information on photo-sharers
in comparison to non-photo-sharers.

Photo- Non- Statistic
sharer photo- test
sharer
Gender Female 170 316 x2=7.28
Male 142 385 p =0.007
Age 18-23 39 128
24-30 83 222 x2=11.65
31-40 109 214 p =0.02
41+ 80 135
Mobile Low 80 199 ¥2=0.91
phone usage | Medium 146 310 p=0.634
High 86 192
Phone Low 106 274 x2=4.55
Search High 205 427 p=0.103
frequency

Table 2: Photo-sharer vs non-photo-sharer (some participants
did not provide responses to some of these questions).

Upon examining photo-sharers in comparison to non-photo-
sharers, we find photo submissions are not randomly
distributed among participants, but rather certain people are
more likely to submit photos than others. Similar to photo
sharing online, females were more likely to submit photos
in this ESM study than males. More than a third of females
(34.97%) submitted photos in comparison to just over a
quarter of males (26.94%). However, in contrast to photo
sharing online, younger adults (18-23) were less likely to
submit photos with their DINs than those over 40 years of
age. Less than a quarter (23.35%) of the participants aged
18-23 submitted photos compared to over a third (37.2%) of
participants aged 41 and older. This result holds true even
when controlling for gender effects.
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In addition, we do not see any correlation between who
submitted photos and self-reported technology use, such as
how often participants use their mobile phone and how
often they generally search for information. For example,
we see no significant difference of photo sharing between
people who use their mobile phones frequently in
comparison to those who use their phones less often.

When photos were submitted

To get a better sense of the photo submission timeline, we
analyzed when participants submitted photos. In general,
participants seemed to be more participatory in the
beginning of the study as they were more likely to respond
to notifications sent to them and more likely to include a
photo on the first day of the study in comparison to the
other days. However the decay rate was starker for the
percent of DINs with photos. When we compare photo-
containing DINs with the total number of DINs submitted
per day, we still observe that participants were more likely
to submit photos on the first day. A total of 272 photos
were submitted on the first day, accounting for 5% of the
DINs submitted on the first day, compared with only 2.9%
on the final day of participation (y° = 50.219, df = 4, p <
0.01). Post-hoc analyses suggest that the participants
submitted a higher rate of DINs with photos on the first
day. While participants still submitted photos on all five
days, there may have been a novelty effect with photo
submissions that diminished after the first day.

Dayl | Day2 | Day3 | Day4 | Day$S

DINs w/ photos 272 178 146 144 145

Total DINs 5,410 | 5,130 | 4,959 | 4,820 | 5,027

Table 3: DINs for each day.

Percentage of DINs with photos
4
T T
1 1

T
1

Day1 Day2 Day3 Day4 Day5
Figure 1: Percentage of DINs with photos for each day.

We did not find any significant differences using chi-square
tests in reported “Urgency” or “Importance” of the
information needs between DINs with photos and DINs
without photos. Hence, our findings did not suggest a
correlation between photo submission and urgency or
importance of the information needs.

DIN quality and photo interference

A goal of any study is to obtain high quality data without
placing undue burden on participants. The purpose of RQ2
was to discover whether photo submissions were associated
with higher quality data, (e.g., DINs) and, if so, whether
submitting a photo could interfere with the participant’s
primary goals, in this case, the information seeking process.

DIN quality
Based on prior research on photo elicitation, we
hypothesized that DINs with photos were less likely to be
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incomplete DINs because photos might trigger the
participant’s memory while taking the end-of-day survey.
Our results (as shown in Table 4) indeed show that DINs
with photos have the lowest rate of missing an end-of-day
survey (17.1%) and the lowest rate of invalid DINs (1.8%).
Compared to the DINs from non-photo-sharers, DINs from
photo-sharers but without photos actually had the highest
incompletion rate (22%). Chi-square analyses highlighted
that the overall differences on both incomplete and invalid
rates were significant among the three groups. Post-hoc
analyses further indicated the differences on incomplete
rates between any two groups were significant, and the
invalid rate for DINs with photos was significantly lower
than the other two groups. Overall, these results indicated
DINs with photos were more likely to be higher quality in
comparison to DINs without photos, while DINs from
photo-sharers without photos were less likely to be higher
quality than DINs from non-photo-sharers.

From From From Statistic
non- photo- photo- test
photo- sharers sharers
sharers (no (with
photos) photos)

Incomplete 20.5 22 17.1 ¥2=19.58
DINSs (%) p<.001
Invalid DINs 2.9 2.5 1.8 x2=19.04

(%) p<.001

Table 4: Percentage of incomplete and invalid DINs.

Furthermore, we found significant differences among the
three groups in terms of the length of “What” and “Why”
responses. We predicted that DINs with photos would have
shorter “What” responses because participants may have
used photos as partial replacement for text, and we
hypothesized that “Why” responses in the EOD survey
would be longer because photos would help them recall and
describe their information needs more comprehensively.
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characters) and also the shortest length of “Why” (13.54
words and 67.89 characters). One-way ANOVA tests show
that the overall differences among the three groups were
significant for each of the four measurements on length.
Post-hoc analyses with Bonferroni correction also indicate
the differences between any two groups were significant for
each of the four measurements on length. Hence, DINs
from non-photo-sharers tended to have shorter responses
than DINs from photo-sharers. More importantly, among all
the DINs submitted by photo-sharers, those with photos
were associated with longer responses than those without
photos.

The above analysis shows that submitting a photo
correlated with higher data quality, operationalized in terms
of response length and valid DINs.

Photo interference

Because photo submission required extra effort from the
participant, an important question to address is whether
submitting photos could affect the participant’s original
primary goal at hand, finding information. We analyzed two
self-reported questions about participants’ “Ease” and
“Success” regarding finding information for DINs from
photo-sharers, including those without photos (G2) and
those with photos (G3). We excluded DINs from non-
photo-sharers (G1) to control for the possibility that “Ease”
and “Success” of finding information could be highly
related to the search expertise of participants. Because G2
and G3 were DINs from the same set of photo-sharing
participants, we can mitigate the possible effect of search
expertise. Because the responses for these two questions
were ordinal and the distributions were skewed, we use
Wilcoxon Signed Rank Test. The results (as shown in Table
6) indicate that there was no significant difference on either
“Ease” or “Success” between G2 and G3. Hence, we find
no evidence that submitting photos had a negative (or
positive) impact on the participants’ ability to fulfill their
primary goal.

From photo- | From photo- Statistic
sharers sharers test
(no photos) (with photos)
Median 3 3 W=2445314
“Ease” p=0.49
Median 2 2 W=2460039
“Success” p=0.10

From From From Statistic
non- photo- photo- test
photo- sharers sharers
sharers (no (with
photos) photos)
# word in 8.00 8.23 9.13 F=32.53
“What” p<.001
# char in 42.17 43.10 47.16 F=24.48
“What” p<.001
# word in 13.54 14.88 16.27 F=90.55
“Why” p<.001
# char in 67.89 74.77 81.66 F=87.79
“Why” p<.001

Table 5: Length of “What” and “Why”.

Our results (as shown in Table 5) show that DINs with
photos had both the longest “What” (9.13 words or 47.16
characters) and “Why” (16.27 words or 81.66 characters)
among the three groups. DINs from non-photo-sharers had
the shortest length of “What” (8 words and 42.17
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Table 6: “Ease” and “Success” of finding information

Relevance and usefulness of photos

Our third research question investigated whether the photos
are helpful to researchers. Researchers coded 882 photos
(skipping seven photos) into one of three categories:
irrelevant, relevant but not useful, and relevant and useful
(For confidentiality and privacy, we provide simulated but
representative photo examples for each category as shown
in Figures 1, 2 and 3). The Fleiss’ Kappa inter-rater
reliability (IRR) for the relevance question was 0.53 and the
IRR for the usefulness question was 0.35, which indicated
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that researchers had moderate agreement on the relevance
and usefulness of photos. The final category of each photo
was determined by majority voting. While these are
acceptable IRRs [18], we see that even with training,
researchers still had some difficulty in agreeing upon the
usefulness of the photos for data analysis.

Irrelevant photos

Researchers rated 8.9% of the photos as irrelevant,
indicating the researchers did not think that particular photo
aligned with the participant’s DIN text. A closer look at the
photos revealed that many were unrelated images of the
individuals, images that contained shots of their immediate
context, and photos that were undecipherable. For example,
one need was “[Wanted] to know if there was an evening
Zumba class at any Mountainside Fitness location” and was
accompanied by a picture of the participant holding a pen.
While these irrelevant photos may have been useful to the
participants in triggering their memories later on, the
researchers found them irrelevant, and sometimes even
distracting, when understanding the information need.

Figure 2: Left: An example of an irrelevant photo of the
participant (What: How many days until my trip? / Why: I'm
going on a vacation soon and was thinking about when it
started); Right: An undecipherable photo coded as irrelevant.

Relevant but not useful photos

Researchers marked the majority of photos as relevant, but
not providing any new information (56% of total),
indicating that while oftentimes the photo was related to the
need, it did not provide a deeper understanding. One
common theme among this group of photos was a capturing
of the information-seeking tool itself. For example, a DIN
was, “why do my hands burn after putting on lotion?” The
accompanying photo was of a search engine results page
with the stated need as a search term. It merely signaled
how the participant sought to fulfill the need, but it did not
clarify or elaborate on the need itself. This was not useful
because participants already reported the source they used
for each DIN in the end-of-day survey. Furthermore, some
photos contained a relevant context, but they were often too
general to be useful. For example, one information need
stated, “Is the horse hostile to humans?” and the photo was
of a horse very far away making it impossible to recognize
the horse's breed. A frequent need participants had was
about weather conditions (“Is it going to be sunny
tomorrow?”’) and the accompanying photos were often of
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the current weather itself. Other photos were too blurry or
low quality to be useful for the researcher.

et iaza
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Figure 3: Left: An example of a relevant but not useful photo
of an information-seeking medium (What: Where is the best
pizza in New York? / Why: I wanted to get pizza for lunch and
was trying to decide where to go); Right: A relevant but not
useful photo about weather conditions (What: Is it going to be
sunny tomorrow? / Why: I wanted to plan for a picnic
tomorrow).

Relevant and useful photos

The final category, which comprised 35.1% of the dataset,
are photos that were relevant to the DIN text and provided
the researcher with additional information about the
participant’s need. This type of photo was most helpful to
the researcher. Common themes emerging from this group
were photos that clarified non-specific nouns (e.g., text said
“this fish”; photo showed the type of fish in question),
disambiguating nouns (e.g., text said “keyboard”; photo
showed a computer keyboard rather than a musical
keyboard). While it is possible that participants would not
have used ambiguous or non-specific nouns had they not
included the photo, results from the quantitative analysis
indicate that the “What” and “Why” text is longer (and
possibly more specific) among DINs with photographs.

Figure 4: Left: An example of a relevant photo that
disambiguates the type of ‘pet’ referenced (What: What does
this animal eat? / Why: My friend showed me his pet and I
was curious what it ate.); Right: A relevant photo that
provides more information about the style of keyboard and
disambiguates it from a musical keyboard (What: Where can 1
buy a new keyboard? / Why: My old keyboard broke).

Lastly, some photos in this category provided new
information to the text by giving more nuance to the
information need. For example, a need stated, “My
granddaughters are staying with me this summer. I am
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looking for crafts to keep them busy.” The photograph
showed two young girls, identifying the approximate age
and number of granddaughters.

Overall we found that while participants submitted relevant
photos in the study, for the purposes of our study, the
majority of photos did not help researchers understand the
participants' needs beyond what they had already included
in text responses.

DISCUSSION

Although the ESM has been used as a research method for
decades, as smartphone adoption rises and access to
potential participants becomes easier through apps like
PACO and Maestro, ESM-related studies are also becoming
more prevalent. As researchers increasingly use this method
for data collection, it is important to evaluate its
effectiveness on various levels. Using results from an ESM
study of more than 1,000 participants, we investigated
whether any systematic biases exist between photo-sharers
and non-photo-sharers, how photos relate to participants’
data quality, and whether or not photo submissions are
helpful for researchers.

In our study design in which photo submissions were
optional, we found that photo submission was not common.
Even within the third of participants who shared at least one
photo during the study, photo submissions only accounted
for a small percentage of their responses. Furthermore, we
found that some people were more likely to submit photos
than others. Females were more likely to share photos with
the researchers than males. This finding echoes similar past
research, which suggests that because of differing
communication patterns and desires, women may be more
likely to participate online and share their photos [34].
Surprisingly, in contrast to photo-sharing trends online, we
found that those aged 41 and older in our study were more
likely to submit photos than those 18-23 years old, even
when controlling for gender. Although research on online
photo sharing more generally has found a negative
relationship with age [26], such findings may be
attributable to people’s Internet skills [11], which have been
linked negatively with age (see [20] for a review). This
trend might not hold among participants in our study, who
were Android smartphone users and may thus be more
technologically savvy than the average adult. The age
patterns may also be linked with a social or psychological
variable not explicitly measured in this study, such as time
availability, privacy concerns, financial motivations, and
conscientiousness. Regardless of the specific explanatory
variable, the main conclusion here is that photo-sharers
tended to be different from non-photo sharers. This is
important for researchers who are designing similar studies
involving photo submissions. For example, if researchers
only focus on submissions containing photos, they may
unintentionally bias the overall findings by systematically
leaving out certain people.
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Researchers considering incorporating photos into their
ESM studies should also keep in mind that photo
submissions dropped substantially throughout the study.
While this may be a limitation of this particular study,
which did not provide explicit feedback to participants
regarding how their photo submissions were being used, it
is also possible that this novelty/drop-off effect may persist
in other multi-day studies, in which participants are eager
and compliant in the beginning of the study, but by the end
they may drop off due to repetition and fatigue.

Beyond photo submissions being related to participants’
background characteristics, we also witnessed greater
quality of responses when photos were involved.
Participants were more likely to complete the end-of-day
survey and more likely to share longer responses about their
information needs. Although we did not conduct a
systematic text analysis to discover whether longer
responses were in fact more articulate, our findings are
consistent with prior research suggesting the role of
photos in memory elicitation [3,6]. Photos may have helped
some participants articulate more details about why they
needed the associated information, carrying memory
triggers beyond what had been written in the text responses
alone.

Although our results provide some evidence that photos
may be helpful for participants, we also found that photos
may not be as helpful or relevant to researchers and data
analysis. In accordance with the instruction on submitting a
relevant photo, the overwhelming majority of participants
submitted relevant photos. While researchers had more
difficulty in objectively determining the usefulness of the
photos, they found just over a third of photos helped them
understand participants’ information needs beyond what
they had written. This tended to be particularly true when
the photos helped disambiguate participants’ nouns,
clarified their non-specific nouns, or added more nuance to
their information needs. Although researchers found the
“selfies” (i.e. photos of the participants) and blurry photos
irrelevant, it is possible that these photos may have still
helped the participant in responding to the end-of-day
survey. In the future, researchers may choose to include the
photo-sharing option in their study if they desire longer
responses from participants, but whether it is worthwhile
for researchers to analyze the entire photo dataset remains
an open question. Additionally, researchers may find photos
useful for other objectives beyond data analysis such as
communicating findings in presentations, or creating
personas and use cases for design/product development.

CONCLUSION

Overall, our findings suggest both advantages and
drawbacks to photo submissions in ESM- and retrospective
survey-related studies. Researchers can take these into
account for future work and adjust their study designs based
on their own primary goals. For example, on the one hand,
requiring or encouraging photo submissions may lead to
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more biased samples. On the other hand, photo submissions
may be linked with signals of higher quality data like longer
and more valid responses. Furthermore, as our study
demonstrated, researchers may find at least a subset of
photos critical to understanding participants’ responses.

While our study raises important insights for researchers
incorporating ESM techniques and photos into their studies,
it is important to keep in mind this study’s limitations. For
example, although our research allowed for large-scale data
collection in participants’ everyday environments, our
primary study had a specific set of goals, instructions,
compensation, and quality indicators. Future research can
explore the applicability of these results and issues in more
depth by investigating topics such as how variations in
instructions may affect photo submission compliance or
how participant interviews may impact photo elicitation.

Researchers and developers creating ESM-style technology
can also work to optimize (a) when to encourage photo
submissions, and (b) when researchers should access the
photo data for analysis. For example, the research
technology (e.g., PACO) could alert a user to include a
photo after automatically detecting an issue such as after
the use of a non-specific noun or ambiguous keyword.
During analysis, researchers can in turn use some of the
themes identified in this paper to pinpoint text responses
that may need to be analyzed in conjunction with photo
data. Participants could also aid in the process by manually
flagging when their photo is vital to understanding the
response. Moreover, since many irrelevant photos captured
the individuals’ immediate context rather than relating to
their information need, researchers may consider providing
more feedback on how the photos will be used or allow
greater flexibility in when participants can submit photos.
These may be particularly necessary if the researcher’s
priority is for the photos to provide additional information.

Future research should investigate the specific factors that
influence whether and when participants choose to include
photos from the participants’ perspective, such as through
in-depth interviews. Furthermore, future work can examine
if there are any patterns in the types of responses that are
more likely to receive photos. Likewise, a more structural
analysis of text responses (e.g., using part of speech
tagging) may help shed light on precisely what additional
verbal content is being included in longer text submissions.
Lastly, while our qualitative study provided insight into
researchers’ perspective on the usefulness of photos, we
recognize that other studies and research opportunities may
find the photos more or less useful depending on their
specific objectives. While it is clear there are both benefits
and drawbacks of incorporating photo submissions in ESM-
and retrospective survey-style studies, researchers can
utilize these findings when constructing future studies.
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